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An investigation of the distribution of 23 chemical elements (Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, Sr, V and Zn) in surface water samples from the entire basin of the Crna River, Republic
of Macedonia, was carried out. In total 31 water samples were collected, from which 8 samples from the Crna River
and 4 samples from four main tributaries of Crna River in the Pelagonia Valley (Blato, Prilepska Reka, Dragor and
Jelaska Reka). Also, surface water samples were collected from 3 locations in the Tikve§ Lake, 8 locations from the
Majdanska River and river of Blasnica before its inflow into the Tikve§ Lake and from 7 locations of the lower course
of the Crna River after the dam of Tikve§ Lake until its inflow into the river of Vardar. Determination of the concen-
tration of the investigated elements was performed by using atomic emission spectrometry with inductively coupled
plasma (ICP-AES). All data obtained for the analyzed samples were statistically processed using software Stat Soft
11.0 where the descriptive statistical analysis of the value for the concentration of the elements was performed. The
maps of spatial distribution of the concentration for each element and a histograms for the representation of elements
with mean values of the concentrations by regions, were also prepared. The obtained results show that the concentration
of investigated element are mainly followed the lithology of the region. However, higher concentrations of arsenic were
found in the water samples from the river of Blasnica which is a result of anthropogenic influence from the abounded
Allchar mine on the Kozuf Mountain. Also, the increased concentrations of nickel were found in the samples from the
lower couse of the Crna River after the dam of Tikve§ Lake due to the anthropogenic influence from the ferronickel
smelter plant Feni Industry, which can influence the quality parameters of surface waters.
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INTRODUCTION versible processes and permanent pollution of wa-
ters. Heavy metals, in addition to being natural con-
stituents of the Earth's crust, regardless of their
origin from natural or anthropogenic sources, are en-
vironmental pollutants [1].

Rivers and streams can be defined as dynamic

systems that constantly adjust to natural and human-

Water is one of the most important and most
prevalent components on the Earth as well as a
source of the life on the planet. Its quality and integ-
rity is of equal and essential importance to all living
systems. The required daily quantities of drinking

water are increasing every day, even though the
aquatic reserves on the Earth are still high. Human
activities are broad and complex and lead to irre-

caused changes. Generally, water resources have a
direct influence on the quality of life of the people,
their health and overall productivity [2, 3]. The in-
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crease of the world's population, the rapid develop-
ment of the industry, the needs for increased crops
in agriculture and food technology, as well as the ur-
banization require increasing quantities of water. In
such conditions of increased anthropogenic activities
and consumption, the degree of water pollution in-
creases sharply. If the change in the quality and integ-
rity of naturally occurring water, whether it comes
from a natural source or from anthropogenic sources,
contributes to the unsuitability or danger of use for
humans, animals and plants, such water is considered
contaminated [4].

About 2% of the territory of the Republic of
Macedonia is under water. There are about 35 rivers
and 53 natural and artificial lakes. According to the
guantities of water resources, Macedonia is an area
with satisfactory water resources, but with their un-
even distribution. The water pollution in the Repub-
lic of Macedonia is connected with the developing
industry, agriculture activities, creation of illegal
landfills, uncontrolled discharge of sewage waters
into rivers contributed to creating contaminated wa-
ter ecosystems [5, 6]. As a central water ecosystem,
river of Vardar’s basin which represents the most im-
portant and humanly influenced water resource in R.
Macedonia, was studied previously [7-11], as well
as its tributary the river of Bregalnica [12, 13].

The aim of this work is to shown the status of
Crna River which is the largest tributary of the river
of Vardar, the main river in the Republic of Macedo-
nia, and the primary objective of this investigation is
to present data about the spatial distribution of 23
chemical elements (Ag, Al, As, B, Ba, Ca, Cd, Co,
Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sr, V
u Zn) in samples of surface water collected from dif-
ferent locations in the Crna River basin, Republic of
Macedonia, and to interpret and correlate there con-
centrations with the lithogenic occurrence and pos-
sible anthropogenic impact.

EXPERIMENTAL
Investigated area

The spring of the river of Crna Reka is located
in the district of the town of Demir Hisar, and it con-
sists of two rivers: llinska and Cerska. Before village
of Zeleznec they merge and continue to flow under
the common name Crna River (Crna Reka). How-
ever, the location of Crna Hole, close to village of
Zeleznec with an altitude of 760 m, is considered as
the true spring of Crna River. In its lower stream, the
Crna River flows into the artificial Tikve§ Lake, and
after it flows into the river of VVardar, near the village

of Gradsko at an altitude of 129 m (Figure 1). The
total length of the river course is 207 km, with a
mean slope of 3.1 %o. The average flow at the stream
is 37 m¥s.

The area of the Crna River basin is an area that
extends into two states in the south-western part of
the Republic of Macedonia and the northern part of
the Republic of Greece. On the territory of the Re-
public of Macedonia, the Crna River basin extends
between 40°51'56" and 41°36'20" north latitude and
20°56'45" and 22°4'58" eastern longitude. Its total
length is 207 km with the total area of the catchment
area in both countries of 5775 km?, of which to the
Republic of Macedonia belongs the largest part of
4870 km?, while the catchment area in the Republic
of Greece is 905 km?.

In the river basin of Crna River the influences
of the Mediterranean, Mediterranean-altered, tem-
perate-continental and mountainous climate are pre-
sent. The mean annual air temperature ranges from
8.4 °C to 13.5 °C over a period of 23 years. The av-
erage absolute maximum air temperatures in the
Crna River are within the limits of 32 °C. The abso-
lute minimum air temperature for the same period is
within the limits of —15°C. The amplitudes of the ex-
treme temperatures are quite large and they range
from 51.5 °C to 66.6 °C [14]. The warmest months
for all meteorological stations in the Crna River ba-
sin are July and August and the coldest month is Jan-
uary. According to the regions of this basin, in Tik-
ve$ Valley the influence of the sub-Mediterranean
climate is generally present, in the central part of the
basin (Pelagonia Valley) the continental climate is
represented, while the influence of the moderate
continental climate appears in the upper part of the
basin [14, 15].

The Crna River basin belongs to three geotec-
tonic structural units: the upper western part lies in
the area of the West-Macedonian zone, the middle
part is on the Pelagonian zone and the lower part to
the Vardar zone [16]. The upper western part which
lies in the area of the West-Macedonian zone is built
mainly from Paleozoic and Triassic formations, pri-
marily from crystalline schists and limestones (mar-
bles and dolomites), as well as from granites. The
middle part which belongs to the Pelagonian geotec-
tonic zone is dominated by Precambrian rocks, such
as: micas and marbles, as well as Neogene deluvial
and alluvial formations. In the lower part of the flow
of Crna River, which belongs to the Vardar zone,
covering the areas of the eastern part of Mariovo and
part of the Tikve$s Valley, the most present are the
crystalline schists, granites and granodiorites, flysch
sediments, volcanic breccias, limestones, marble do-
lomites etc. [15, 16].
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Figure 1. Map of the Republic of Macedonia indicating the Crna River Basin

Sampling

In the period from June to September 2016
year, 31 water samples were collected, from which
13 water samples are collected from the source of
Crna River to the estuary in Tikves Lake, including
8 from the Crna River and 4 from four main tributar-
ies of Crna River in the Pelagonia Valley (Blato,
Prilepska Reka, Dragor and Jelaska Reka). Also, sur-
face water samples were collected from 4 locations
in the Tikves Lake, 8 locations of the river Blasnica
and its tributary Majdanska River before its inflow
into the Tikves Lake and 7 locations of the lower
course of the Crna River after the dam of Tikves
Lake (Figure 2).

Depending on location conditions and availa-
bility, samples were collected in the near vicinity of
the previously specified locations. When collecting
samples, the geographical coordinates were recorded
using a global positioning system and each sample
was inscribed with the sample mark, sample type

and date of sampling. From each location, one sam-
ple of water was taken in a purely sterile plastic bot-
tle with a plastic closure. Surface water samples (1
liter each) are prepared immediately upon arrival in
the laboratory, filtered through a Whatman mem-
brane filter with a pore sizes < 0.45 um using vac-
uum pump (Merck) and acidified with 1 ml of con-
centrated nitric acid (HNOs, 69 %, ultra pure). The
preserved samples were stored in the refrigerator un-
til analysis. The reagent blank was prepared by fil-
tering MilliQ water through the filter and acidified
the sample.

All data for the concentration of the tested el-
ements were statistically processed using the soft-
ware Stat Soft, 11.0. For 31 water samples the basic
descriptive statistical analysis of the values for the
concentration of the elements was performed. By us-
ing bivariate statistics with a level of significance p
< 0.05; p > 0.01 the degree of correlation of the val-
ues of the concentrations of the chemical elements in
the samples is estimated, and the coefficients of cor-
relation are presented in the correlation matrix.
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Figure 2. Map of the investigated basin with the locations of water samples

The analysis of water samples was performed
using an atomic emission spectrometry with the in-
ductively coupled plasma — atomic emission spec-
trometry, ICP-AES (Varian, 715ES). For better ad-
justing of the sensitivity for the most of the analyzed
elements in the moss digests, an ultrasonic nebulizer
CETAC (ICP/U-5000AT) was used. In all samples,
a total of 23 chemical elements were analyzed: Ag,
Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, P, Pb, Sr, V u Zn. Standard solu-
tions of elements were prepared by dilution of 1000
mg/l solutions (11355-1CP multi-element standard
solution). The method of standard additions was ap-
plied, and it was found that the recovery of the in-
vestigated elements ranged between 98 and 101 %
for ICP-AES. The optimal instrumental parameters
for these techniques are given in our previously pub-
lished paper [17].

RESULTS AND DISCUSSION

The obtained data for the concentration of the
analyzed elements determined in surface water sam-
ples from 13 locations from the source of Crna River
to the estuary in Tikves§ Lake, including 8 from the

Crna River, and 4 from four main tributaries of Crna
River in the Pelagonia Valley (Blato, Prilepska
Reka, Dragor and Jelaska Reka), as well as 7 loca-
tions of the lower course of the Crna River after the
dam of Tikve§ Lake. They were statistically pro-
cessed. Their descriptive statistics are presented in
Table 1. Due to the specificity of the lithology and
mining activities in the Kozuf Mountain region, the
descriptive statistics of the concentrations of the
same elements in the surface water samples col-
lected from 8 locations of the Majdanska and
Blasnica rivers (the right tributary of Crna River) be-
fore its inflow into the Tikve$ Lake, are given in a
separate table (Table 2). The following statistical pa-
rameters are given in Tables 1 and 2: X — arithmetic
mean, Md — median, Min — minimum, Max — maxi-
mum, P10 — 10 percentiles, Pgo — 90 percentiles, S —
standard deviation, Sy - standard deviation (standard
error), CV — coefficient of variation, A —asymmetry
and E — distribution.

Tables 1 and 2 give data on concentrations of
only 14 elements because the concentration of the
other elements are below the detection limit of 0.001
mg/l for Ag, B, Cd, Co, Crand V, 0.005 mg/l for Mo
and Ni and 0.01 mg/l for P and Pb.
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Table 1. Descriptive statistics of the concentrations of the analyzed elements in surface water samples
collected from the Pelagonia Valley, Mariovo region, Tikve§ Lake and from the part of the Crna River

after the dam of the Tikve$ Lake (in mg/I)

Element X Md Min Max P1o Pgo S Sx Ccv A E
Al 0.076 0.052 0.021 0.45 0.027 0.12 0.09 0.018 115 3.86 16.50
As <0.010 <0.010 <0.010 <0.010
Ba 0.031 0.028 0.015 0.051 0.022 0.045 0.01 0.002 31 0.80 -0.19
Ca 42 39 10 74 32 59 14 29 34 0.11 0.84
Cu 0.017 0.015 0.002 0.063 0.003 0.027 0.01 0.003 77 1.97 6.00
Fe 0.16 0.11 0.021 0.85 0.032 0.28 0.18 0.037 114 2.88 10.39
K 4.8 4.8 24 10 3.0 6.7 1.6 033 33 150 411
Li 0.029 0.033 0.001 0.051 0.004 0.047 0.02 0.004 59 -059 -1.26
Mg 11 11 2.6 18 5.0 17 4.1 08 36 -042 -0.28
Mn 0.064 0.040 0.006 0.31 0.009 0.15 0.07 0.014 107 244 7.19
Na 11 13 0.005 37 0.005 19 9.3 19 85 0.65 1.01
Ni 0.033 0.019 0.005 0.11 0.007 0.071 0.03 0.006 84 1.17 0.92
Sr 0.19 0.19 0.050 0.28 0.11 0.28 0.06 0.012 31 -042 0.38
Zn 0.023 0.021 0.005 0.088 0.011 0.029 0.02 0.004 77 2.67 7.96

X — arithmetic mean, Md — median, Min — minimum, Max — maximum, P1o — 10 percentiles, Pg — 90 percentiles,
S —standard deviation, Sy — standard deviation (standard error), CV — coefficient of variation,
A —asymmetry, E — distribution
Table 2. Descriptive statistics of the concentrations of 8 surface water samples collected
from the Majdanska and Blasnica rivers (in mg/l)

Element X Md Min Max P10 Pao S Sx Ccv A E
Al 0.081 0.075 0.015 0.145 0.015 0.145 0.002 0.042 0.039 0.044 -0.357
As 0.082 0.052 0.010 0.199 0.010 0.199 0.005 0.071 0.066 0.938 -0.714
Ba 0.047 0.042 0.032 0.084 0.032 0.084 0.000 0.017 0.016 1.71 3.182
Ca 51 52 24 74 24 74 327 18.09 16.92 -0.17 -1.40
Cu 0.017 0.012 0.004 0.053 0.004 0.053 - 0016 0.015 1.982 4.266
Fe 0.107 0.076 0.013 0.327 0.013 0.327 0.010 0.100 0.094 1.769 3.469
K 2.7 2.3 1.6 4.1 1.6 4.1 1.2 1.1 1.04 0431 -2121
Li 0.008 0.003 0.001 0.019 0.001 0.019 0.000 0.009 0.008 0.637 -2.206
Mg 15 13 5.3 22 5.26 224 42.2 6.50 6.1 0.021 -1.482
Mn 0.060 0.017 0.012 0.35 0.012 0.352 0.014 0.12 0111 23811 7.926
Na 3.99 2.77 2.48 6.50 2.48 6.50 3.62 1.90 1.78 0.642 -2.186
Ni <0.005 <0.010 <0.010 <0.010
Sr 0.24 0.21 0.14 0.35 0.14 035 0.007 0.083 0.077 0426 -1.934
Zn 0.06 0.041 0.021 0.161 0.021 0.161 0.003 0.051 0.048 1.274 0.492

X — arithmetic mean, Md — median, Min — minimum, Max — maximum, P, — 10 percentiles, Po — 90 percentiles,
S —standard deviation, Sy — standard deviation (standard error), CV — coefficient of variation,
A —asymmetry, E — distribution

To determine the degree of correlation be-
tween the analyzed elements in the samples of sur-
face water in the investigated area the bivariate sta-
tistics was used to obtain the correlation coefficients
between the analyzed elements. If the absolute value
of the correlation coefficient ranges between 0.50
and 0.72, it is considered that we have good correla-
tion between the individual elements and a strong
correlation between the analyzed elements exists if

the correlation coefficient ranges from 0.72 and 1.
Table 3 provides the correlation coefficient matrix
for 31 surface water samples in all zones of the in-
vestigated area. It could be seen that a strong corre-
lation was obtained between the concentrations of
the earth-alkaline elements: Mg-Sr (0.98), Ca-Sr
(0.88), Ca-Mg (0.88), Ba-Sr (0,80), Ba-Mg (0.77)
and Ba-Ca (0.79) and between Fe-Al (0.87), while a
good correlation exists between the concentrations
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of the following elements: Mn-Al (0.69), Mn-Ba
(0.56), Zn-Cu (0.54), Na-K (0.54) and for the
Blasnica river between As and Zn (0.50). All of

these data are in agreement with the distribution of
these elements in soil from the Crna River Basin
[16].

Table 3. Matrix of correlation coefficients for the analyzed elements in the samples of surface and waters
from the Crna River Basin

Ele- Al As Ba Ca Cu Fe K Li Mg Mn Na Ni Sr Zn
ment

Al 1.00

As 0.12 1.00

Ba 022 040 1.00

Ca -0.07 022 0.79 1.00

Cu 035 020 -0.18 -0.17 1.00

Fe 087 -001 014 -014 013 1.00

K -0.04 -042 008 030 -0.15 013 1.00

Li -0.25 -040 -0.16 0.03 -0.19 -0.10 0.47 1.00

Mg -0.03 021 077 088 -0.19 -013 029 030 1.00

Mn 069 005 058 032 008 073 028 -0.09 0.28 1.00

Na 0.11 -0.27 -0.20 -0.18 0.00 044 054 009 -025 025 1.00

Ni -0.01 -031 013 0.27 -0.02 -015 0.26 041 027 0.09 -042 1.00

Sr -001 015 080 088 -0.19 -009 029 029 098 033 -024 026 1.00

Zn 0.16 050 021 016 054 -008 -030 -0.32 0.15 -0.04 -0.30 -0.13 0.16 1.00

According to the national Decree on the cate-
gorization of water courses, lakes, accumulations
and ground water [18] the water quality of the Crna
River and its tributaries are defined as follow:

— Second class: water from Crna River at sam-
pling locations close to the spring (RC-1), all loca-
tions after the dam of Tikve§ Lake (KS-1 to KS-7),
water from the tributary Eleska River — RC-7 (which
is the only tributary that covers the catchment area
in Greece), sampling locations of Majdanska River
(AS-3, AS-6 and AS-8) and water from Tikve$ Lake
(AT-1, AT-2 and AT-3).

— Third class: water from the tributaries Blato
(RC-12), Prilepska River (RC-3), Dragor (RC-5) and
water from the Crna River from the town of Bitola
to the inflow into Tikves§ Lake (RC-8 to RC-13).

Such a classification of waters, in fact, defines
the quality of surface waters in the Republic of Mac-
edonia, since for each class there are maximum per-
missible concentrations of individual parameters and
pollutants given in the national Decree on classifica-
tion of waters [19]. The maximum permitted concen-
trations of the analyzed elements are given in Table
4. According to this Decree there are no limits for
the concentrations of Ca, K, Li, Mg, Na and Sr.

Table 4. Maximum permissible concentration of the analyzed elements according
to the Decree on Classification of Waters [19]

Element

Maximum permissible concentration, mg/I

Class Il Class 11
Al 1.5 15
As 0.03 0.05
Ba 1.0 4.0
Cu 0.01 0.05
Fe 0.3 1.0
Mn 0.05 1.0
Ni 0.05 0.1
Zn 0.1 0.2
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In order to easily notice the differences that
would arise between the concentrations of the ana-
lyzed elements, the investigated region is divided
into five zones, as follows:

— Crna River and its tributaries in the Pelagonia
Valley (8 samples),

— the part of Crna River in Mariovo (3 samples),

—Tikves Lake (3 samples),

— lower flow of Crna River after the dam of Tik-
ves Lake (8 samples), and

— rivers Majdanska and Blasnica in the Kozuf
Mt. area (8 samples).

The mean, median, minimal and maximal con-
centrations of the analyzed elements for the whole
river basin and for the zones are presented in Table 5.
The results for each individual element together with
the maps for their spatial distribution and histograms
with the mean values for each river basin zone are
given and interpreted in the text below.

Aluminum is the third most abundant largest
element in the Earth's crust just after oxygen and sil-
icon with the content of 8%. Aluminum is a light,
non-ferrous, odorless, silver-white metal. Aluminum
is a highly reactive metal and is not present in a free
form in nature. Aluminium is commonly present in
silicates in clay, soil, various minerals, rocks and
precious stones. Higher concentrations of aluminum
can have a negative impact on plants and animals in
different ways. Spatial distribution of Al in surface

Al(mglL)
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@ w
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Figure 3. Spatial distribution of the concentrations of Al

water samples from the investigated river basin is
shown in Figure 3.

The concentration of Al in water samples
from the whole Crna River basin ranges from 0.015
to 0.451 mg/l with the mean concentration of 0.078
mg/l and median value of 0.054 mg/l (Tables 1, 2
and 5, Figure 4). The determined concentrations of
Al in all water samples are below the maximum al-
lowable concentration of Al for the second and third
class of water (1.5 mg/l) according to the Decree for
Classification of Waters of the Republic of Macedo-
nia [19] in which the waters from the investigated
region are classified [18].

The highest concentration of Al was found in
the sample of surface water from the river Blato, a
tributary of Crna River near the village of Vrbjani,
municipality of Krivogastani (0.45 mg/1) in the Pel-
agonia Valley. Probably the reason for such high
concentration is the water treatment plant in the near
vicinity of the sampling location (about 1 km up-
stream) using usually aluminum salts for the water
purification. Considering the values obtained for Al
concentrations by the zones in the river basin the
highest concentration are found in the water samples
from the Pelagonia Valley (mean concentration of
0.121 mg/l) and the courses of Majdanska and
Blasnica rivers with a mean value of 0.081 mg/l (Ta-
ble 5, Figures. 3 and 4) which is in agreement with
the lithology of the river basin with the highest con-
tent of Al in these two zones [16].
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Figure 4. Mean concentrations of Al
by zones
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Arsenic is metalloid metal and it is usually
present in the nature in the form of sulfides. By the
content it is 40" element in the Earth's crust. The av-
erage presence of arsenic in soils in the world is 5
mg/kg [20]. This element is found in various allo-
tropic modifications but only the gray form is signif-
icant from an industrial point of view. Arsenic and
its compounds, especially trioxide, are widely used
in the production of pesticides, herbicides and insec-
ticides. The toxicity of arsenic is associated with its
solubility, which is directly affected by the pH of the
environment.

Certain regions in the Republic of Macedonia
are rich in arsenic, among which is the Kozuf Moun-
tain. Arsenic has a significant impact on the environ-
ment, especially in the region around the abandoned

Figure 5. Spatial distribution of the concentrations of As

Barium is found to be 14™ most abounded el-
ement in the Earth's crust. Its compounds whether
they are water soluble or acidic, are toxic. The most
present Ba mineral is barite, but Ba is present in vari-
ous silicate minerals. The spatial distribution of the
concentrations of Ba in all water samples in the river
basin is presented in Figure 7 while the histogram
with the mean values for the zones in the basin is pre-
sented on Figure 8. The concentration of Ba ranges
from 0.015 to 0.084 mg/l with the mean value of
0.035 mg/l and median of 0.031 mg/I, which is amuch
lower than the maximum permissible concentration

mine of arsenic, antimony and thallium "Allchar"
[21-24]. As it can be seen from data presented in Ta-
bles 1, 2 and 5, and Figures 5 and 6, the concentra-
tion of arsenic is bellow the detection limit (< 10
mg/l) in all of the samples except for the samples
from the Majdanska and Bla$nica rivers after All-
char locality, where its concentration ranges from
0.010 to 0.199 mg/l, with a mean concentration of
0.082 mg/l and median of 0.052 mg/l, which is
higher than the maximum permissible concentration
(Table 4) for the second (0.03 mg/I) and the third class
(0.05 mg/l). This very high concentration of As in wa-
ters from Majdanska and Blasnica rivers originated
from the former mining activities at the former As-
Sh-TI mine "Allchar" [25-27], as well as high content
of As in the soil from this locality [16, 23].
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Figure 6. Mean concentrations of As by
zones

for the second (1.0 mg/l) and third class (4.0 mg/l)
of waters. The lowest Ba concentration was obtained
in the water sample from the Crna River and the trib-
utaries in the middle and lower flow of the Crna
River in the Pelagonia Valley as well as in the Mar-
iovo area, while the highest concentration of Ba was
found in the waters from Majdanska and Bla$nica
rivers with the mean concentration of 0.081 mg/I.
These differences are in agreement with a very high
content of barium in soil and rocks from the Kozuf
Mt. (over 800 mg/kg) [16].
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Figure 7. Spatial distribution of the concentrations of Ba

Calcium is the fifth most abounded element
in the Earth’s crust. It is reactive, weak-yellow metal
that exposes the air to form a dark oxide or nitride
layer. It belongs to the group of alkaline earth met-
als. Calcium carbonate is the calcium compound that
is most common on Earth. Calcium is an essential
element for plants, animals and humans. Due to the
high solubility of calcium compound in water its
concentration in surface waters is usually high. The
concentration of Ca in the waters from the Crna
River basin is similar almost in the whole area (Fig-
ures 9 and 10) ranges from 10.4 to 74.2 mg/l with a
mean value of 44.0 mg/l and median of 39.3 mg/I
(Tables 1, 2 and 5). The highest Ca concentration of

Figure 9. Spatial distribution of the concentrations of Ca
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Figure 8. Mean concentrations of Ba by zones

74 mg/l is determined in the samples from the river
Prilepska Reka (village of Kadino, Prilep) coming
from the area rich in calcite and dolomite minerali-
zation [16], while the lowest concentration (10 mg/l)
was found in the sample from the Dragor river, a
tributary of Crna River passing through the city of
Bitola collecting all waste waters from the urban
area. The increased concentrations of Ca in the wa-
ters of the Kozuf massif (mean concentration of 51.3
mg/l) and those from the lower flows of Crna River
(mean concentration of 54 mg/l) are due to the in-
creased contents of Ca in the rocks and soils in the
tectonic Vardar zone to which this areas belongs
[16].

Ca (mg/L)

Mariovo

Pelagonija
Tikves lake
Lower flow
Majdan R.

0 15
Crna R.

Figure 10. Mean concentrations of Ca by
zones
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Copper is known for its high thermal and
electrical conductivity and therefore it is the most
commonly used metal as a heat and electricity con-
ductor in the industry. The spatial distribution of the
concentrations of copper in water samples from the
Crna River basin and the mean concentration of the
waters from the zones are shown in Figures 11 and
12. The concentrations of Cu for the whole area
range from 0.002 to 0.063 mg/l with a mean value of
0.017 mg/l and median value of 0.015 mg/l (Table
5). The highest value for the concentration of Cu
(0.063 mg/l) was obtained from a sample of water of

Cu (mglL)

Scale (km)

Figure 11. Spatial distribution of the concentrations of Cu

The concentration of iron in the water sam-
ples from the investigated area ranges from 0.013 to
0.855 mg/I with a mean value of 0.144 mg/l and me-
dian of 0.099 mg/I (Table 5). Higher concentration
of Fe was found in waters from the upper stream of
Crna River, Pelagonia Valley and Mariovo ranges of
0.021 mg/l to 0.85 mg/l (Table 1 and 5) and mean
value of 0.16 mg/l and median value of 0.11 mg/l.
According to the zones (Figures 13 and 14) the high-
est average concentration of Fe was determined in
water samples from the Pelagonia Valley (0.268
mg/l) and Mariovo zone (0.209 mg/l). This is prob-
ably as a result of the increased content of Fe in
south-western part of the Pelagonia Valley [16], us-
age of iron salts as a fertilizer in agriculture, as well
as a results of the pollution from industrial
wastewater from the coal mines located in the Pela-
gonia Valley with high content of Fe,Os; (from
4.65% to 7.60%) [28].

5

the lower flow of Crna River (Table 5), and the low-
est value was obtained in the sample collected from
Crna River after the dam of Tikve§ Lake (0.002
mg/l). Sources of copper in surface waters are
wastewater from industry, agricultural drainage wa-
ters that are partially or not completely purified and
as such flow into the rivers. From the Figures 11 and
12 it could be seen that higher concentration of Cu
was found in water from the river Dragor (0.035
mg/l) as a result of urban pollution from the city of
Bitola. In general most of the obtained concentra-
tions for Cu are bellow the maximal permitted con-
centrations for surface waters of Il and 111 class.
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Figure 12. Mean concentrations of Cu by zones

The spatial distribution of potassium in the
samples of water in the Crna River basin, as well as
the histogram for the mean values of the obtained
potassium concentrations in the surface water sam-
ples by zones are given in Figures 15 and 16, respec-
tively. The concentration of potassium in the water
from the Crna River basin ranges from 1.63 to 10.0
mg/l with a mean value of 4.30 g/l and median value
of 4.21 mg/l (Tables 1, 2 and 5, Figures. 15 and 16).
The lowest concentrations of K were found in the
water samples from the Majdanska and Blasnica riv-
ers (mean value of 2.74 mg/l) which is in accordance
with the low content of K in the rocks and soils of
the Kozuf Mountain region [16]. The mean concen-
trations of K in waters from the other zones are sim-
ilar and range from 4.28 mg/I for waters from Tikves
Lake to 5.18 mg/I for waters from the lower flow of
the Crna River (Tables 1, 2 and 5).
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Figure 15. Spatial distribution of the concentrations of K

The concentrations of lithium in the water
samples from the Crna River basin are very low
range from 0.001 mg/l to 0.051 mg/l with a mean
concentration of 0.24 mg/l and median of 0.030 mg/I
(Table 5). A maximal concentration was found in
water sample collected from the river Crna River
near the village of Sko¢ivir (Figure 17). In general,
according to zones, the concentration of Li is the
highest in the samples from the Crna River in the
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Figure 16. Mean concentrations of K by
zones

Mariovo region with a mean value of 0.045 mg/l
(Figure 18), which is in accordance with the high Li
content in rocks and soils in this region, in particular
the area of the NidZze Mountain located south of Mar-
iovo [16]. This influence on the increase in the con-
centration of Li continues (with a certain decrease)
in the water from the lower course of the Crna River
(mean value of 0.038 mg/l), as well as in the water
of Tikves§ Lake (mean value 0.032 mg/I) (Figure 18).
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Figure 17. Spatial distribution of the concentrations of Li

Magnesium is an alkaline earth metal found in
dolomite, magnesite, epsomite, and other minerals.
The spatial distribution of the concentrations of mag-
nesium in water samples from the Crna River basin is
given in Figure 19. Its concentration for the whole ba-
sin ranges from 2.6 mg/l to 22.4 mg/l, with a mean
concentration of 12.2 mg/L and medina of 11.8 mg/I
(Tables 1, 2 and 5). The highest concentrations of Mg
are determined in the water from the lower course of
the river Blasnica (mean concentration of 14.8 mg/I
and its basin in Tikve$ Lake, and the waters from the
lower course of the Crna River (mean value of 15.8

S % [
4

Figure 19. Spatial distribution of the concentrations of Mg

-

:
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Figure 18. Mean concentrations of Li by zones

mg/l) (Figure 20). This increased concentration of Mg
in waters from these areas is due to its increased con-
tent in rocks and soils in the region of Kozuf Moun-
tain and Tikves Field, where the Neogene magmatic
rocks and Neogene clastitic sediments are predomi-
nant [16]. On the other hand, the lowest concentra-
tions of Mg are recorded in the waters from the region
of Pelagonia (mean value of 7.8 mg/l), a region where
the poorest rocks and soils with magnesium in Mace-
donia are present. Namely, the average content of Mg
in soils in Macedonia is 0.92%, while in the region of
Pelagonia its content is 0.67% [16].
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Figure 20. Mean concentrations of Mg
by zones
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Manganese is the 25" most abounded ele-
ment in the Earth's crust, with an average content of
774 mg/kg, while its content in the Macedonian soils
is 880 mg/kg [16]. Manganese is widely distributed
in wildlife, and is a microelement of exceptional and
essential importance. The spatial distribution of
manganese in surface water samples is shown in Fig-
ure 21. The highest Mn concentration of 0.31 mg/l is
determined in the water sample from the rivers Blato

Mn (mgiL)

@ Min

Figure 21. Spatial distribution of the concentrations of Mn

Sodium is an alkali metal which is the sixth
most abounded element in the Earth's crust. The spa-
tial distribution of sodium in the water samples from
the investigated area is shown in Figure 23. Its con-
centration ranges from 2.5 mg/l to 36.8 mg/l with a
mean concentration of 12.5 mg/l and median of 13.2
mg/l (Table 5). The highest concentration of sodium
is found in the sample of water from the tributary of
Prilepska River (37 mg/l), which can be interpreted
as a result of the increased content of Na in soils
from the region of the city of Prilep (over 2.3% ver-
sus 1.2% content of Na in Macedonian soils) [16].
When comparing the Na concentrations by zones
(Table 5, Figure 24), higher mean concentrations
were found in the waters of the Mariovo region (17.6
mg/l) and Pelagonia (15.2 mg/l), while the lowest
concentrations were found in the waters from lower
flow (1.23 mg/l).

Nickel with atomic number 28 and chemical
symbol Ni is placed as 28" the most abounded ele-
ment in the Earth's crust with an average content of

and Prilepska Reka, a tributaries of Crna River in the
upper flow of Crna River and exceeds the maximum
allowable concentration for water from the Il class
probably due to some anthropogenic influence (Fig-
ures 21 and 22) The concentration of Mn in almost
all other samples does not exceed the maximum per-
missible concentration of Mn for the corresponding
Il class (0.05 mg/l) or 111 class (1.0 mg/l).
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Figure 22. Mean concentrations of Mn
by zones

34 mg/kg. It is a shiny, strong and elastic metal with
a silvery tint. It is used in many industries. Similar
to copper, it is used for preparing special alloys. Its
main use is in the production of stainless steels and
stainless steel cast iron. The spatial distribution of
nickel concentrations in surface water samples and
the histogram with mean values for nickel concen-
trations divided by regions are shown in Figures 25
and 26, respectively. It is obvious that the concentra-
tions of Ni in the water samples from all of the region
(beside lower flow of the Crna River) are very low,
bellow 0.020 mg/L (Table 5, Figure 26), which is
much lower than the maximal allowed concentration
for the waters of Il and 111 class of 0.05 mg/l and 0.1
mg/l, respectively. Higher concentration of Ni in wa-
ters from the lower flow of Crna River can be ex-
plained as being the result of waste water contami-
nation from the ferro-nickel smelter plant "Feni in-
dustry" located near the Crna River close to the vil-
lage of VVozarci [29-33].
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Figure 25. Spatial distribution of the concentrations of Ni

Spatial distribution of strontium concentra-
tions in surface water samples is shown in Figure 27.
The highest concentration of Sr is found in samples
from the lower flow of the Blasnica River of 0.35
mg/l as well as in the samples from the water from
the lower stream of Crna River after the dam of the
Tikve$ Lake (Table 5, Figures 27 and 28). The
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Figure 26. Mean concentrations of Ni by
zones

higher concentration of Sr in the samples in these ar-
eas is due to the high content of Sr in rocks and soils
in the region of Kozuf Mountain and Tikve$ Field,
where the Neogene magmatic rocks and Neogene
clastitic sediments are dominant with the contents of
Sr over 300 mg/kg compared to its average content
in the Macedonian soils of 140 mg/kg [16].
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Figure 27. Spatial distribution of the concentrations of Sr

Spatial distribution of zinc concentrations in
water samples from the whole basin is shown in Fig-
ure 29 and the histogram with a mean concentration
of Zn by region is shown in Figure 30. The concen-
trations of Zn in all of the samples from the regions
of Pelagonia, Mariovo, Tikve$ Lake and lower flow
of Crna River are about 10 times lower (mean con-
centration ranges from 0.018 to 0.034 mg/l) from the
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Figure 29. Spatial distribution of the concentrations of Zn
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maximal allowed concentration for the waters from
I1and 111 class (0.1 mg/l and 0.2 mg/I, respectively).
The exception is only the water from the Majdanska
and Blasnica rivers where the concentration of Zn is
increased (0.063 mg/l), although it is still lower than
the maximum permissible concentration, which is
probably due to the anthropogenic influence of the
activities of the nickel mine "Rzanovo" [23].
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Figure 30. Mean concentrations of Zn by zones
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CONCLUSION

In this study the results of the concentration of
23 elements (Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu,
Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sr, V, Zn) in
samples of surface water from the Crna River basin
are presented. All data obtained were statistically
processed using software Stat Soft, 11.0 and a de-
scriptive statistical analysis of the value for the con-
centration of the elements was performed. The maps
of spatial distribution of elements and histograms
with the mean concentrations of the elements ana-
lyzed by regions were also prepared. The obtained
results show that the concentration of investigated
elements follow the lithology of the region. How-
ever, higher concentration of As were found in the
water samples from the river Blasnica which is a re-
sult of anthropogenic former mining activities at the
abounded Allchar mine. Increased concentrations of
Ni were found in the samples from the lower couse
of the river Crna River after the dam of Tikve§ Lake
due to the anthropogenic influence from the ferro-
nickel smelter plant Feni Industry.
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JUCTPUBYIIMJA HA XEMUCKHN EJIEMEHTH BO ITIOBPIIMHCKUTE BOAU
O CJINBOT HA LIPHA PEKA, PEITYBJINKA MAKEJIOHHUJA

JMumutpu Tomoscku’, Tpajue Crapuaos??, Robert Sajn’, Katepuna bauesa AngonoBcka®

!Ankanonn AJl, Ckomje, Peny6iuka Makeonuja
2HMucturyT 3a xemuja, [IpupoaHo-matemMatnuku Gakynrer, Yuusepsuter ,,Cs. Kupun u Metoauj,
Ckomje, Penybnuka Makenonuja
SHcTpakyBauky LEHTap 3a )KMBOTHA CPEIMHA U POCTOPHO TUIaHUPAKSE,
MakenoHcKka akajieMHja Ha HaykuTe U ymeTHoctuTe, Ckomje, PeryOnnka Makenonuja
“Geological Survey of Slovenia, Ljubljana, Slovenia

M3BpieHo e ucTpaxkyBame Ha nucTpuOynujata Ha 23 xemucku enemeHTH (Ag, Al, As, B, Ba, Ca, Cd, Co, Cr,
Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sr, V u Zn) Bo noBpmmHckuTe Boau oj cnuBoT Ha L[pHa Peka, PenyOnuka
Maxkenonwnja. Bkynao ce 3emenu 31 npumMepok o Bojaa, o Kou 13 mpuMepony ce 3eMeHH BO JAEJIOT OJ M3BOPOT Ha
IpHa Peka no Hej3unnot BiuB Bo Tuksemkoro E3epo, BkinydyBajku 8 mpumeporu on LlpHa Peka u 4 mpumepoiu o
Hej3uHuTe r1aBHU nputoku of Ilenaronuckara Korimua (Bnaro, Ipunencka Peka, [lparop n Jenamka Peka). Vcro
Taka, ce 3¢MCHU NMPUMEPOLH BoAa oJ 3 okanuu ox Tuksemko E3zepo, ox 8 nmokamuu on Majnancka Peka u pekara
Brnamauia npex Hej3uHUOT BB Bo Tukeemrko E3epo kako u of 7 okarmu o 1oTHUOT Tek Ha L[pHa Pexa mo OpanaTa
Ha TwukeemkoTo E3epo mo Hej3uHHOT BiaMB BO pekara Bapmap. OmpenenyBameTo Ha KOHICHTpalyjaTa Ha
UCIIHTYBAHUTE CIIEMCHTH € W3BPLICHO CO NPUMEHA HA aTOMCKaTa €MICHOHA CIIEKTPOMETpPHja CO HHAYKTUBHO
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cnpernara miasma (AEC-HCII). Cure nonaroun o aHaJIM3WpaHUTE NMPHUMEPOLU CTATUCTUYKU ce 0OpaboTeHH co
npuMeHa Ha copTBepoT Stat Soft, 11.0, co mTO € M3BpIIEHA AECKPUIITUBHA CTATUCTUYKA aHAIM3a Ha BPEJHOCTUTE Ha
KOHLICHTPALIMHUTE Ha CUTE UCIUTYBAaHH elIeMEHTH. V3paboTeHn ce ¥ KapTH Ha MPOCTOpPHATA JUCTPUOyNHMja Ha €IeMEH-
THUTE, KAKO ¥ XUCTOTPaMH Ha 3aCTalleHOCTa Ha €JIEMEHTH CO CPEIHUTE KOHIIEHTPALUH 110 PETMOHH O CIUBOT Ha LlpHa
Peka. JloOmeHuTe pe3ynTaTd MOKakKyBaaT AEKa KOHLIEHTPANMHUTE HAa HCIUTYBAHUTE EIEMEHTH TJIaBHO ja Cleaar
JIUTOJIOTHjaTa Ha PEYHUOT CIHB. Mer'yToa, HOBHCOKHITE KOHIICHTPAIIMY Ha apceH KOU Oea HajIeHH BO BOJWTE O] peKaTa
bramnnma mokaxxyBaaT aHTPOIIOTCHO BIIMjaHNE O IMOPAHEIIHUTE PyJapCKH aKTUBHOCTH Ha PYAHUKOT AJIMIap Koj ce
Haora Ha muanuHaTa Koxyd. bea HajneHn 3rojgeMeHn KOHIEHTPAIMK HA HUKET BO BOJUTE O JOJHHOT TeK Ha LlpHa
Pexka, no Opanara Ha Tuxsenikoro E3epo, mro UcTo Taka € pe3yaTaT Ha aHTPOIIOT€HO 3aralyBambe 0J1 OTIAHUTE BOAN
o]l TomuHHULATA 3a (epoHuken ,,DeHn MHAYCTPU, KOEHITO MOXKE Jla BiHjac Ha NMapaMeTpUTE Ha KBAJMTETOT Ha
MOBPIINHCKUTE BOJU.

Koayunu 360poBu: Llpua Peka; PenyOnnka Makenonuja; pedeH ciiuB; BOJM; TELIKH METAIN; TUCTPUOYLIHja
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