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Abstract

The concentrations of fifteen metals (Mg, Na, Ca, K, Se, Zn, Mn, Fe, Pb, Cr, Cu, Cd, Sb, Ni
and Co) were determined in water taken from ten artesian wells (AW) in Semberija in
order to obtain a general metal profile of water in this region. The principal components
analysis (PCA) was used in this classification. Two factors controlling the metal variability
were obtained by using principal component analysis, which accounted for nearly 71.5% of
the total variance. Natural (lithogenic) factor is represented by PC1, while anthropogenic
factor is represented by PC2. PC1 with high contribution of Mn, Mg, Na, K, Ca, Zn and Se
accounting for 41.84% of the total variance, while PC2 exhibits high loading for Cd, Ni, Sb,
Cr and Pb (29.66%). Three general areas (clusters) with different metal characteristics were
detected. Water from artesian wells in first cluster (AW1-AW6) had much higher metal
concentration compared with those in the second (AW7-AW9) and third cluster (AW10).
That is as a result of anthropogenic inputs. Also, the analysis of water demonstrated
slightly elevated values for Mn (concentrations up to 0.176 mg/L), while concentrations of
the other investigated elements are below the values recommended by the World Health
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Organization (WHO) and the United States Environmental Protection Agency (US EPA).
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Several metal ions such as sodium, potassium,
magnesium and calcium are essential to sustain biolo-
gical life. At least six additional metals, chiefly tran-
sition metals, are also essential for optimal growth,
development and reproduction, i.e., manganese, iron,
cobalt, copper, zinc and molybdenum. Heavy metals in
the environment originate from two anthropogenic
sources, one is connected with human activity and the
other is in charge for the natural circulation of the
metals throughout nature. The occurrence of heavy
metal ions in water, soils and sediments can result in
serious environmental and human health problems [1].
Heavy metals are dangerous because they tend to
bioaccumulate. Several metal ions are very toxic even
in low concentrations [2], while others are essential in
low concentration, but hazardous in higher concen-
trations. Determination of metals in environment is im-
portant in the context of environmental pollution
monitoring, intoxication, clinical diagnosis, etc.
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Well water is an important resource for the north-
ern part of Bosnia and Herzegovina (B&H), the Sem-
berija region. The whole region is abundant in ground
water, stored in an alluvial aquifer. The aquifer has very
good hydraulic characteristics, but is therefore quite
sensitive with respect to water quality. There are seve-
ral potential groundwater contaminants, both anthro-
pogenic and natural. Some contamination sources inc-
lude agriculture, livestock waste and faulty septic sys-
tem. During the development of the sewerage system,
the care was not taken to protect groundwater [3]. As a
result, there are numerous sources of potential ground-
water pollution. Mobile pollutants leaching to the
groundwater are quickly transported by the consider-
able groundwater flow [4]. Domestic well water (100 to
300 m deep) supplies residents of this area, especially
those who living in villages. But most of these privately
owned domestic wells are not controlled by authorized
institutions, which would confirm its chemical and mic-
robiological quality. During decades before the war in
B&H started (1992), systematic water quality testing
and analysis were done. During the war, the monitoring
system was destroyed and establishment of a new one
needs appropriate human and financial resources.
Therefore, the quality of potable water is still unsatis-
factory in some parts of the country, especially in the

247


https://core.ac.uk/display/26792375?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

A.N. PAVLOVIC et al.: METAL CHARACTERIZATION OF WATER FROM ARTESIAN WELLS IN SEMBERIJA REGION

Hem. ind. 68 (2) 247-256 (2014)

rural areas where much of the potable water is sup-
plied from domestic wells [5].

The main approaches to ground water quality
monitoring were identified as determination of physi-
cal, chemical and biological properties of ground water
[6]. However, as far we know, there is no data on metal
concentration in water from artesian wells. The study
will attempt to identify any potential drinking water
hazards. Well water quality is important because of
possible health hazards that people may face when
using well water for domestic purpose. Also, the sec-
ond purpose of this work is to assess the pollution
distribution in the study area, using pattern recognition
technique of principal component analysis.

EXPERIMENTAL

Study area

Semberija is located between two rivers: Drina on
the east and Sava on the north and Majevica mountain.
Semberija lies on the part of the Pannonian basin.
Many lakes and swamps were left after the regression

of the Pannonian Sea at the end of Miocene. Alluvial
deposits of gravel and sand (60-160 m), layers of clay
and sands with intercalations of gravel were found in
Semberija [3]. It has variable thickness and even disap-
pearing in some zones. Thus, there are some sensitive
areas where the groundwater is not protected natur-
ally. The general slope of the aquifer is from west to
east and from south to the north. The principal direc-
tion of groundwater flow is from the south to the
north, towards the Sava River and parallel with the
Drina. The Semberija alluvium aquifer is mainly recharged
by the Drina River.

Ten sampling stations were selected along the Sava
River in the north Semberija, near the mouth of the
Drina River. The working area and sampling points are
shown in Figure 1.

Water sampling and analysis

The series of investigation were conducted from
February 2011 to January 2012. Artesian well waters
were analyzed at depths from 100 to 200 m. Sampling
periods occurred once a month, every 18™ of the
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Figure 1. A map of study area and location of artesian wells.
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month. Water samples (3x2 L) were collected in clean
PVC sample bottles filtered in a Whatman 0.45 pum
membrane filter and acidified by the addition of 3 mL
of conc. HNO; per liter of water. All samples were
stored at 4 °C until analysis. The metal concentration in
artesian well water samples were analyzed by iCAP
6000 inductively coupled plasma optical emission spec-
trometer (ICP-OES) (Thermo Scientific, Cambridge, UK).
For ICP-OES measurements emission line was chosen
based upon tables of known interferences and baseline
shifts. The analytical lines used for each element, as
well as the instrumental conditions, are given in Table 1.

Table 1. Operational parameters for ICP-OES measurements

Parameter Value
Flush pump rate 100 rpm
Analysis pump rate 50 rpm
Rf power 1150 W
Nebulizer gas flow 0.7 L/min
Coolant gas flow 12 L/min
Auxiliary gas flow 0.5 L/min
Plasma view Axial/radial
Metal Detection wavelength, nm
Ca 422.673
Cd 228.802
Co 238.892
Cr 283.563
Cu 324.754
Fe 259.94
K 766.49
Mg 285.213
Mn 257.61
Na 589.592
Ni 221.647
Pb 220.353
Sb 252.85
Se 196.09
Zn 213.856

Reagent and standards

Ultra scientific (USA) ICP multi-element standard
solution of about 20.00+£0.10 mg/L was used. Sample
bottles were treated with 5% nitric acid and washed
with ultra-pure water 0.05 pS/cm (MicroMed high
purity water system, TKA Wasseraufbereitungs system
GmbH).

Statistical analysis

Data were reported as mean * standard deviation
(SD) for triplicate determinations. Principal component
analysis (PCA) was performed using a statistical pack-
age running on a computer (Statistica 8.0, StatSoft, Inc.,

Tulsa, OK, USA). A probability of p < 0.05 was con-
sidered to be statistically significant [7].

RESULTS AND DISCUSSION

Fifteen elements were analyzed in water from ten
artesian wells during one year. The results, expressed
in milligram per liter (mg/L) or microgram per liter
(ug/L) (Table 2), were obtained from triplicate measu-
rements and rounded according to their standard
deviation (SD).

According to World Health Organization [8], Ca, Na,
K, Mg, Fe, Zn, Cu, Cr, Co and Se among tested elements
are essential for human health. A second group of ele-
ments that have some beneficial health effects include
Mn and Ni. The third group is composed of the poten-
tially toxic elements Pb, Cd, Hg, As, Al, Li and Sn.

Based on mean values (Table 2), the metals follow
the decreasing concentration order: Na > Ca > Mg > K >
> Fe > Mn >Zn > Cu > Cr > Co > Ni>Sb >Pb > Cd > Se.
Na, Ca, Mg and K, those are the elements with major
content in all samples with average concentration of
169; 17.29; 5.44; 2.059 (AW1), 162; 16.67; 4.746; 1.112
(AW2), 164; 20.44; 5.38; 1.607 (AW3), 133; 14.05; 4.44;
0.985 (Aw4), 153; 19.25; 4.84; 1.160 (AWS5), 82.3;
24.48; 15.81; 1.31 (AWe), 103.6; 14.23; 10.81; 1.209
(AW7), 107.5; 19.33; 14.23; 1.467 (AWS), 52.6; 45.6;
21; 1.462 (AW9) and 63.1 mg/L; 48.5; 20; 1.597 mg/L
(AW10), respectively. Sodium is widely distributed in
drinking water. It has been detected in almost all
evaluated surface and groundwater systems. The taste
threshold concentration of Na in water depends on the
associated anion and the temperature of the solution.
At room temperature, the average taste threshold for
Na is about 200 mg/L [9]. World Health Organization
(WHO) [9] does not provide health-based guideline for
the Na content in drinking water and the limit that has
been set by the United States Environmental Protection
Agency (US EPA) [10] is 20 mg/L. Taking into account
the guidelines, concentrations of Na in all tested
samples are below the recommended value. K occurs
widely in the environment and is an essential element
in humans [8]. Although K may cause some health
effects in susceptible individuals, K intake from
drinking-water is well below the level at which adverse
health effects may occur. The origin of Ca and Mg in
the water is related to their high prevalence in nature.
WHO [9] and US EPA [10] guideline do not make
recommendations regarding minimum concentrations
of essential elements, including Ca and Mg, because of
the uncertainties surrounding mineral nutrition from
drinking-water. The increased presence of soluble salts
of these two elements in water (100-300 mg/L) [9] can
influence on taste threshold.
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Table 2. Range and mean+SD of metal ions concentration in water from artesian wells

Sampling station Code Ca, mg/L Cd, pg/L Co, pg/L Cr, ug/L Cu, pg/L Fe, mg/L K, mg/L
Velino selo AW1 15.73-19.21 0.026-0.768 0.47-3.59 0.513-0.568 0.23-3.36 0.021-0.094 1.637-2.555
17.2940.05 0.089+0.001 0.82+0.04 0.709+0.003 1.37+0.04 0.041+0.007 2.059+0.006
Donji Brodac AW2 15.18-18.07 0.025-0.068 0.46-4.65 0.512-1.972 0.22-1.27 0.018-0.067 0.873-1.714
16.67+0.07 0.082+0.002 0.9610.03 0.684+0.004 0.65+0.03 0.029+0.003 1.112+0.004
Gornji Brodac AW3 17.35-22.61 0.024-0.338 0.469-0.56 0.514-0.539 0.32-3.39 0.017-0.080 1.389-2.052
20.44+0.08 0.053+0.001 0.57+0.01 0.619+0.002 1.91+0.04 0.036+0.002 1.607+0.007
Begov put AW4 11.07-15.87 0.023-0.028 0.459-0.492 0.509-0.544 0.29-4.07 0.021-0.125 0.651-1.320
14.05£0.04 0.043+0.002 0.509+0.008 0.527+0.003 1.05+0.04 0.047+0.003 0.985+0.002
Ostojicevo AWS5 17.34-23.18 0.022-0.198 0.459-1.122 0.512-0.542 0.29-2.47 0.01-0.001 1.828-1.643
19.25+0.05 0.114+0.002 0.507+0.004 0.528+0.003 1.05+0.04 0.026+0.003 1.160+0.003
Gornje Crnjelovo AW6 20.53-28.07 0.022-0.159 0.462-0.831 0.522-6.831 0.18-3.17 0.014-0.029 1.196-1.654
24.48+0.08 0.037+0.002 0.520+0.008 1.056+0.003 2.06%+0.03 0.024+0.002 1.31+0.01
Subotiste AW7 10.95-17.62 0.019-0.028 0.459-2.171 0.514-1.966 0.18-2.69 0.022-0.042 0.807-1.592
14.23+0.04 0.025+0.003 0.747+0.008 0.724+0.004 1.25+0.07 0.028+0.003 1.209+0.007
Burum AWS8 15.74-26.13 0.021-0.028 0.466-0.711 0.516-1.600 0.18-4.06 0.023-0.099 0.117-1.883
19.33+0.07 0.025%0.002 0.508+0.006 0.664+0.005 1.68+0.09 0.047+0.002 1.467+0.003
Vrsani AW9 38.3-53.5 0.022-0.027 0.456-1.941 0.521-1.724 0.19-2.66 0.022-0.122 0.978-0.843
45.6+0.2 0.024+0.003 0.508+0.006 0.799+0.006 1.03+0.03 0.057+0.004 1.462+0.004
Cadavica AW10 41.24-52.79 0.023-0.027 0.48-1.94 0.509-2.54 0.23-4.99 0.026-0.162 1.038-2.059
48.5+0.3 0.025+0.003 0.71+0.02 0.687+0.006 1.62+0.05 0.051+0.002 1.597+0.006
Sampling station Code Mg, mg/L Mn, mg/L Na, mg/L Ni, pug/L Pb, ug/L Sb, ug/L Se, pg/L Zn, mg/L
Velino selo AW1 5.15-5.71 0.007-0.009 144.9-200.5 0.07-7.35 0.025-0.113 0.18-0.39 0.041-0.064 0.007-0.021
5.44+0.03 0.008+0.001 169+1 1.76+0.06 0.043+0.002 0.29+0.05 0.051+0.002 0.013+0.001
Donji Brodac AW2 4.194-5.120 0.006-0.0098 129.8-181.6 0.05-0.801 0.018-0.052 0.09-0.25 0.023-0.033 0.019-0.03

4.746+0.002 0.008+0.001 162+1

0.178+0.009 0.040 +0.001 0.18+0.01 0.028+0.001 0.023+0.001

Gornji Brodac AW3 4.86-5.98 0.007-0.023 142.3-179.4 0.07-0.97 0.015-0.037 0.23-0.48 0.035-0.053 0.016-0.04
5.38+0.02 0.014+0.001 164+1 0.24+0.01 0.025+0.001 0.37+0.01 0.041+0.002 0.031+0.001

Begov put AW4  4.21-4.73 0.0155-0.0246 103.8-179.4 0.08-3.38 0.032-0.128 0.21-0.36 0.016-0.033 0.008-0.022
4.44+0.03 0.0207+0.0006  133*1 0.81+0.03 0.049+0.001 0.031+0.02 0.022+0.001 0.013+0.001

Ostojicevo AW5 4.51-5.32 0.007-0.014 126.3-195.6 0.09-1.87 0.011-0.043 0.35-0.43 0.019-0.041 0.02-0.029
4.84+0.02 0.0098+0.0001  153%1 0.25+0.01 0.022+0.001 0.39+0.04 0.029+0.001 0.023+0.001

Gornje Crnjelovo AW6 14.92-17.21 0.064-0.102 68.3-115.4 0.06-1.7 0.039-0.259 0.31-0.52 0.028-0.045 0.006—0.012
15.81+0.03 0.073+0.001  82.3%0.6  0.49+0.03 0.081+0.006 0.043+0.01 0.033+0.002 0.008+0.001

Subotiste AW7 10.29-11.08 0.02-0.04  89.5-124.9 0.09-0.68 0.023-0.216 0.26-0.42 0.028-0.041 0.008-0.013
10.81+0.03 0.027+0.001 103.6+0.7 0.21+0.02 0.053+0.001 0.31+0.01 0.031+0.001 0.009+0.001

Burum AWS8 12.93-19.92 0.067-0.111 72.7-182.2 0.08-1.29 0.035-0.101 0.15-0.47 0.028-0.044 0.042-0.056
14.23+0.07 0.083+0.001 107.5+#0.9 0.39+0.01  0.05+0.01 0.36+0.02 0.037+0.001 0.048+0.001

Vriani AW9 18.8-23.8 0.093-0.164 36.5-81.2 0.06-0.55 0.044-0.231 0.11+0.29 0.029-0.046 0.007-0.015
21+1 0.116+0.002  52.6+0.5 0.26+0.01 0.062+0.001 0.19+0.02 0.036+0.001 0.011+0.001

Cadavica AW10 18.5-20.9 0.129-0.221 43.6-99.8 0.08-4.33 0.041-1.737 0.38-0.45 0.026-0.051 0.211-0.535
20+1 0.176+0.001  63.1+0.5 0.72+0.03  0.21+0.03 0.41+0.01 0.040+0.002 0.276+0.002

Trace elements, essential for human life, such as Fe,
Mn Zn, Cu and Co in higher concentrations can have a
negative impact on human health [11]. Based on the
results given in Table 2, it can be concluded that these
elements are present in the water samples at concen-
trations lower than the values recommended by the
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WHO [9] and US EPA [10]: Cu 1.0 and 2.0 mg/L, Fe 0.3
mg/L [10], Zn 5.0 and <3.0 mg/L, respectively. Only
concentrations of Mn in water from artesian wells:
AW6 (0.073 mg/L), AWS (0.083 mg/L), AW9 (0.116
mg/L) and AW10 (0.176 mg/L) are near or above of the
recommended standard of 0.05 mg/L according to US
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EPA [10] and <0.1 mg/L according to WHO [9]. Mn is
naturally occurring in many surface water and
groundwater sources. Also, several studies suggest a
mainly non-anthropogenic source of Mn, which further
supports the conclusion that it has mainly natural
source [12,13]. There have been several epidemiological
studies that report adverse neurological effects
following extended exposure to very high levels in
drinking-water [14-16]. Cobalt has both beneficial and
harmful effects on human health. Cobalt is beneficial
for humans because it is part of vitamin B12, which is
essential to maintain human health. Small amounts of
cobalt are naturally found in most rocks, soil, water,
plants and animals, typically in small amounts. This
element does not exist in its native form and is most
often found in the form of arsenides and sulphides.
Generally, cobalt compounds that dissolve easily in
water are more harmful than those that are hard to
dissolve in water [17]. Because of the low
concentration of cobalt in water in relation to potential
toxicity, there is no maximum permissible concentra-
tion in drinking-water given by WHO and US EPA.
Selenium is well known as an essential element for
biological systems, both as a nutrient and as a potential
toxicant, the difference between the necessary daily
intake and the toxic value is small [18]. Also, selenium
can be present as impurities in gravel, sands, and other
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water contact materials. The data on exposure of the
population to selenium in drinking water indicate that
selenium in drinking water does not make a significant
contribution to total selenium intake for most of the
population [8]. WHO [9] and US EPA [10] have estab-
lished recommended standard for drinking water for
selenium of 0.04 and 0.05 mg/L, respectively. The
water samples are found to have a lower level for Se
than the recommended values.

Toxic metals like Pb, Cr, Sb, Ni and Cd have been
associated with various forms of cancer, nephrotox-
icity, central nervous system effects and cardiovascular
disease in humans. Human activities have substantially
altered the natural distribution of these metals in the
environment, leading to potentially elevated concen-
trations of these metals in many environmental media
[19]. WHO [9] and US EPA [10] guideline values are: for
Pb 0.01 and 0.015 mg/L, for Cr 0.05 and 0.01 mg/L, for
Sb 0.02 and 0.006 mg/L, for Ni 0.07 (WHO) and for Cd
0.003 and 0.005 mg/L, respectively. Obtained results
(Table 2) showed that the concentrations of Pb, Cr, Ni,
Sb and Cd in water samples are lower than those
recommended by the WHO and US EPA.

Compared metal concentrations in water from dif-
ferent artesian wells, metal levels in water samples
from AW1- AWG are higher than those in water samples
from AW7-AW10 (Figure 2).

mCa
Na

u Mg

AW1 AW2 AW3 AW4 AWS AWE AW7 AWE AWS AWI10

Artesianwells

25 4

15 -

Concentration {mg/L)

0.5 -

mFe
n

mK

AW1 AWZ2 AW3 AW4 AWS5 AWE AW/ AWS AWS AW10

Artesianwells

251



A.N. PAVLOVIC et al.:

METAL CHARACTERIZATION OF WATER FROM ARTESIAN WELLS IN SEMBERIJA REGION

Hem. ind. 68 (2) 247-256 (2014)

2.5

=
¥y}

=

Concentration (ug/L)

<
n

AW1 AW2 AW3 AW4 AWS

AW

m i
m Pb
uSh
mCd
m Co

Cr

w Cu

6 AW7 AWSE

AWS

AW10

Artesian wells

Figure 2. Comparison of metal levels in water from different artesian wells.

Principal component analysis (PCA) and cluster anal-
ysis (CA) are the most common multivariate statistical
methods used in environmental studies [20,21]. PCA
was applied to assist in the identification of source of
pollutants. The PCA results are graphically displayed
using loading plot (Figure 3).

It shows the correlations between variables (metals).
Each point, whose coordinates are the loadings on the
principal components, corresponds to a variable. High
level of a variable affects most the principal component

on which this variable has a high loading. The variables
that have small factor loadings in any principal com-
ponent have little influence. Table 3 displays the factor
loadings as well as eigenvalues.

Factor loadings >0.71 are typically regarded as
excellent and <0.32 very poor [22]. In this study, all
principal factors extracted from the variables were
retained with eigenvalues >1.0, as suggested by the
Kaiser criterion [23]. Two factors were obtained. The
first factor accounts for 41.84% of the total variability
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Figure 3. Principal component score plot (PC1 and PC2) of the studied metals' contents based on ICP-OES measurement.
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and the second one represents 29.66% of the total
variance. PC1 and PC2 explain the largest possible vari-
ation in the data and therefore account for most of the
information (71.5%). Factor 1 is dominated by Mn, Mg,
Na, Ca, K, Zn, Se, Fe and Cu, while Na is negatively
correlated with other elements. In this case, factor
loadings of Cu (0.447) and Fe (0.448) are not as high as
the loadings of the other elements of the group which
may suggest a different origin from the other elements.
According to International Sava River Basin Commission
[13] occurrence of Fe and Mn in alluvium is natural.
Moreover, Mn, Mg and Ca are correlated to each other
because they have similar factor loadings, as well as Zn
and Se. PC1 with high contribution of Mn, Mg, Na, Ca,
K, Zn and Se could be considered to be dominated by
the natural factor of the lithogenic process. Factor 2 is
dominated by Cd, Ni, Sb, Cr, Pb and Co. Co (0.475) is
with the smallest factor loading referring to the other
elements suggesting another source. A strong correl-
ation between Cd and Ni could be an indicator of the
common source or sources of the two elements. Cr and
Pb are also correlated, suggesting another common
source or sources. PC2 loaded by Cd, Ni, Sb, Cr and Pb
indicate the likely influence from anthropogenic factors.

When the location relates to the concentrations of
metals found in water from artesian wells, three clearly
defined groups can be observed (Figure 4).

Table 3. Principal component analysis (PCA loadings > 0.4 are
shown in bold)

Component
Element
1 2

Mn 0.982 -0.03
Mg 0.913 -0.236
Ca 0.908 0.053
Na -0.869 0.367
K 0.836 0.312
Zn 0.758 0.325
Se 0.748 0.046
Fe 0.488 0.181
Cu 0.447 -0.114
Cd -0.601 0.761
Ni -0.059 0.755
Sb -0.306 -0.617
Cr 0.228 0.612
Pb 0.303 0.611
Co -0.157 0.475
Percent of variance 41.843 29.656
Cumulative percent 41.843 71.499

The first group including artesian wells AW1, AW2,
AW3, AW4, AWS5 and AW6 are located in the positive
guadrant. The mean values of the metals in water from
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Figure 4. Principal component score plot (PC1 and PC2) of the studied water samples from different artesian wells based on ICP-OES

data for the metals contents.
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these artesian wells were greater than those in the
second and third group. Artesian wells, AW7, AW8 and
AW9, in the second group are located in the second
guadrant with negative contribution to PC1 and posi-
tive contribution to PC2. Artesian well, AW10, from
third group is located in the third quadrant with nega-
tive contribution to PC1 and PC2.

It is important to note that artesian wells AW1-
—AWSG are located in region with a high density of traffic
and human activities. High mean values of Pb, Cd and
Cr in water are related to heavy traffic on the border
between Bosnia and Herzegovina and Serbia. Atmo-
spheric deposition of heavy metals is considered to be
a significant factor in soil and water pollution [24,25].
This region is also a part of Drina River Basin that there
are certain environmental “hot spots” which are poten-
tial threat to the environment (chemical factory in
Gorazde, aluminium factory in Zvornik and Glinica, vis-
cose factory in Loznica, etc.). The Drina River Basin is
well known for its significant coal, bauxite and iron
resources, the exploitation which has multiple negative
impacts on soil and water quality (through contam-
ination of groundwater and as a result of flooding).
Other potential sources of pollution include agricultural
activities and solid waste disposal [26].

On the other hand, artesian wells, AW7-AW9 are
located in the region of the Sava River basin. The main
causes of groundwater pollution in the Sava River Basin
are intensive agriculture, insufficient wastewater col-
lection and treatment on municipal level, inappropriate
waste disposal sites, urban land use and mining acti-
vities [13]. Also, the chemical status of surface and
underground water can be affected by sediment qua-
lity. The quality of sediments in the Sava River Basin
has been estimated at the national and international
level [27]. The findings of the study based on an anal-
ysis of sediments sampled at 20 locations along the
Sava River indicated a moderate elevation of Hg levels
in sediments (up to 0.6 mg/kg) and Cr and Ni (up to 400
and 210 mg/kg, respectively) in industrially impacted
sites. Contamination of Sava sediments by Pb, Zn, Cu,
Cd and As was not significant. Obtained data also
indicate that the concentrations of elements in sedi-
ments of the Sava River gradually increase from the
Sava River spring to its outflow to the Danube River.
These results are in accordance with Cr, Ni, Pb and Cd
concentrations in water from artesian wells located
near the Sava River. The water from artesian wells,
regarding Cr, Ni, Pb and Cd concentrations, follows the
increasing order: AW8 < AW7 < AW4. Higher concen-
trations of Cr, Cd and Ni at these sampling sites indicate
heavy industry and chemical industry activities along
the Sava River. Higher concentrations of Pb in water
are related to heavy border traffic [27].
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In general, influences between air, soil and water
pollution are mutual. Just as the atmosphere can trans-
fer a large amount of heavy metals into soil and water
[28,29], soil dust can also contribute to the concen-
trations of heavy metals in the water and air [30].

CONCUSION

The investigation of water from artesian wells in ten
sample sites in Semberija region during one year
showed that the concentrations of the investigated
metals are lower than those recommended by the
WHO and US EPA. Mn concentrations were exceeded
WHO and US EPA quality guideline values. Higher Mn
concentrations are attributed to a main origin in soil.
Obtained results also indicate that metal levels in water
samples from artesian wells: AW1-AWG6 are higher
than those in water samples from AW7-AW10.
Furthermore, data indicate that, in general, the concen-
trations of Cr, Ni, Pb and Cd in water from artesian
wells along the Sava River (AWS8, AW7 and AW4) gra-
dually increase from the Sava River spring to its outflow
to the Danube River. This is in accordance with data
obtained from the analysis of sediments sampled at 20
locations along the Sava River. PCA was used to identify
the sources of metals and classified sampling sites
according to metal concentrations. According to the
results of PCA, the original variables could be reduced
to two factors, which accounted for 71.5% of the total
variance. Natural factor controls PC1 of water samples
while anthropogenic factor is represented by PC2. Mn,
Fe and Co are attributed to natural origin in soil. Cr, Ni,
Pb and Cd originate mainly from industrial sources as
well as from traffic sources. Beside metal concentra-
tions all artesian wells were classified into three groups:
the first group including artesian wells AW1-AWS,
second including AW7-AW9 and the third group inc-
luding AW10. Metal concentration is higher in the first
group, followed by the second and the third group.
These findings indicate that more attention should be
paid to the application of systematic measures for
improving the quality of groundwater in this area that
is susceptible to pollution.
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n3soa

MYNTUENEMEHTHO OAPELUBAHE METANIA KOPULLREHEM ONTUYKE EMUCUOHE CNEKTPOMETPUIE CA
WHAYKOBAHO KYNJIOBAHOM MNZTIA3SMOM Y LUn/bY KAPAKTEPU3SALUMIE BOAE N3 APTELLUKMX BYHAPA
CEMBEPMIE: MYNTTUBAPUJAHTHA AHAJIU3A NOAATAKA

AnekcaHapa H. |_|aBl'IOBVIT11, Tamapa J. ﬂaKeTMhz, CHeaHa C. Mmmhl, MwuneHKo J. CaBM'hZ, CHexaHa b. Tommhl,
Mwuogapar C. BOpT)EBMT’lL3

1 .
YHuBep3uTeT y Huwy, MpupoaHo—maTemaTnukmn pakynteT, lenapTmaH 3a xemujy, Huw
2 . .

MHCTUTYT 32 BoAe bujesmsnHa, bujesbmHa, bocHa u XepuerosuHa
3

YHuBep3uTeT y Huwy, MpupoaHo—maTemaTnukmn GpakynteT, [lenapTmaH 3a matemMaTuKy, Huw

(HayuHu paa)

Y pagy je oapeheH cagpkaj netHaect metana (Mg, Na, Ca, K, Se, Zn, Mn, Fe, KroyuHe peyu: Metann e |ICP-OES e Apte-
Pb, Cr, Cu, Cd, Sb, Ni n Co) y Boau 13 aptewkux byHapa (AB) Ha TepuTopuju WKK byHapu e Cembepuja e AHanusa
Cembepuje y uumby npaherba KBasuTeTa noAsemHux Boga. MeTopa rnaBHMX rNaBHUX KOMMNOHEHTU

KomnoHeHTn (PCA) je KopuwheHa Luuby KnacubuKaLmje UCIUTUBAHMUX y30paKa Y
nornefy cagpxaja metana. Metogom ri1aBHMX KOMMNOHEHTU eKCTPaxoBaHa cy ABa
dakTopa Koju 3ajeaHo objawmasajy 71,5% yKynHe pgucnepsuvje nocmaTpaHUx
meperba. MpupogHu (nntoreHn) dakTop npeacras/ba PC1, AOK aHTponoreHn dak-
Top npeacTassba PC2. Mpeu dakTop objawrbasajy Mn, Mg, Na, K, Ca, Zn 1 Se, wto
npeactasma 41,84% paucnepsunje NOCMaTpPaHUX Meperba, A0K Apyrn dakTop
KapakTepulue BucoKa 3acuheHocT 3a Cd, Ni, Sb, Cr u Pb (29,66%). MNojaBa oBuMx
MeTana y BOAM je pe3ynTaT uHAycTpujckor 3arahera M nosehaHor obuma cao-
6pahaja y 61M3MHN NCNUTMBAHMX SIOKanuTeTa. Ha OCHOBY Knactep aHanuse fobu-
jeHa cy TpM jacHO oaBojeHa KnacTtepa. MpBuM Knactep YnHe apTewku byHapu (AB1-
—ABG6) Koju ce 0aMKyjy Behom KoHLEeHTpauujom meTtana y nopehery ca oHUma y
apyrom (AB7-AB9) u tpehem knactepy (AB10). MosehaHe KOHUeHTpauuje cy
pe3ynTaTt aHTponoreHor ¢akTopa. Takohe, aHanM3a BoAe je NoKasana 6aaro nosu-
LeHe KoHUeHTpaumje 3a Mn (KoHueHTpaumja 4o 0,176 mg/L), AOK cy KOHLUEHTpa-
uuje Apyrux MWCNUTMBAHMX efNleMeHaTa WuCnog, BpeAHOCTU Koje npenopyyyjy
CBeTcka 3apascTBeHa opraHusaumja (WHO) u AreHumja 3a 3aWITUTY OKONMHE
CjeanmeHnx Amepuukux Apxasa (US EPA). obujeHn pesynTtaTv yKasyjy Ha To aa
Tpeba BULIE NaXKHe NOCBETUTU NMPUMEHN CUCTEMCKMX Mepa Y Lu/by Nobosbluatba
KBa/IMTeTa NOA3EMHUX BOAA Y 0BOj 061aCTH Koja je NnoanoxHa 3araherby.
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