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A bstract The purpose of this study was to determine the presence and spatial distribution of various
chemical elements in soil in the Polog region, Republic of Macedonia. For this purpose, geochemical monitoring
techniques were applied for determination of 19 macro and trace elements (Al, B, Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg,
Mn, Na, Ni, P, Pb, Sr, V and Zn). A total of 116 soil samples (58 samples of topsoil and 58 samples of subsoil) were
taken from predetermined referent locations. The collected samples were analyzed by the application of atomic emis-
sion spectrometry with inductively coupled plasma (ICP-AES). From the analyzed soil samples, 4 chemical associa-
tions were determined, from which three factors with lithogenic source (F1, F2 and F4) and one factor with mixed
lithogenic and anthropogenic origin (F3). In factor 3 the anthropogenic impact is due to increased deposits of potas-
sium in the surface soil layers in the southern parts of the Polog valley, where potassium fertilizers are used in agri-
culture. The elements which are included in the lithogenic factors are present in soil as a result of the geological
structures in area where these elements are present (schists, carbonates, sandstones and sediments).
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INTRODUCTION

The term "heavy metal" refers to any metallic
element with a relatively high density, toxic or poi-
sonous at low concentrations (Lenntech, 2004).
Heavy metals are present in the composition of the
Earth's crust, in free or bound state in their ores. In
small quantities, they enter the human body
through food, water and air. In the environment,
heavy metals are emitted from natural and anthro-
pogenic sources. The main sources of anthropo-
genic pollution are located in areas with mining
and industrial activities. Heavy metals are emitted
in their natural elemental state or in the form of
organic or inorganic compounds. Mining, trans-
port, production and use of synthetic products such
as pesticides, paints, batteries, industrial waste can
result in heavy metal contamination of urban and
agricultural soils. Potentially contaminated sur-
faces may occur in industrial, mining regions and
places where industrial waste has historically been
deposited from various manufacturing processes.
High content of heavy metals can be observed in
areas with rapid industrial development that gener-
ate industrial wastewater. The processes of ore

processing and tailing disposal have a major im-
pact on the environment through their impact on
the land, water and air (Kabata-Pendias & Muk-
herjee, 2007).

The potential for contamination is higher in
the regions where ore and waste deposits are di-
rectly unloaded and stored. Through large water
bodies (rivers and streams) or by erosion, metals
are transported as dissolved particles in the water
or as components of suspended sediments, and
with the winds they are blown away from the
places where they were originally deposited. The
addition of additives and supplements to increase
soil fertility further exacerbates the situation be-
cause many of these products contain high
amounts of heavy metals which over time accumu-
late to dangerous concentrations. This process leads
to bioaccumulation of heavy metals in humans and
animals through the food chain and causes serious
health disorders, which is why constant monitoring
and regulation of emissions of heavy metals into
the atmosphere, soil and water is necessary (Bo-
wen, 1979; Kabata-Pendias & Mukherjee, 2007).
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The Republic of Macedonia has the same
problem with global pollution by heavy metals
(Stafilov, 2014). Recent years the results obtained
from previous studies, suggest that the most im-
portant emission sources are mines and drainage
systems and smelters near the towns of Veles, Te-
tovo, Kavadarci and Radovi$, and some uranium
deposition patterns which were described by the
activity of power plants using lignite coal as fuel
(Stafilov et al., 2010a, 2010b; Barandovski et al.,
2012; Balabanova et al., 2010, 2011; Baceva et al.,
2012). The soil cover of the Republic of Mace-
donia is very heterogeneous, with great changes
over small distances. Almost all relief forms, geo-
logical formations, climatic influences, plant asso-
ciations and soils that appear in Europe (with the
exception of podzols) are represented. More than
thirty soil types are found in Macedonia (Mitkova
& Mitrikeski, 2005).

The chemical analysis of the soil enables the
levels of deposits of heavy metals to be determined
according to the depth from which samples are

taken. With correlation of different levels, infor-
mation can be obtained on the differences in the
concentrations of heavy metals and the potential
atmospheric pollution can be determined. Within
this studies the distribution of various chemical
elements in the soil from the Polog region, located
in the northwest part of the Republic of Mace-
donia, the contents of a total of 19 elements (Al, B,
Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, Sr, V and Zn) was determined in soil samples
collected from 58 locations. The analysis of these
elements was performed using inductively coupled
plasma — atomic emission spectroscopy (ICP-
AES). The results on the content of elements in the
tested samples were processed with bivariate statis-
tical analysis by making matrix coefficients of cor-
relation and multivariate factor analysis to deter-
mine associations between chemical elements. Ad-
ditionally, maps of spatial distribution of the tested
elements were prepared to support the identifica-
tion of the locations with higher content of certain
heavy metals in the investigated region.

MATERIALS AND METHODS

Study area

The Polog valley is located in the northwest-
ern part of the Republic of Macedonia and extends
in the direction of south e ast-northwest east, with
length of about 55 km and width of 810 km (Fig.

1.
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Fig. 1. Polog region

The region covers the relief units of Mt. Sara,
Polog valley, Mavrovo plateau, Bistra Mt. and the
part of the Radika river valley. The valley is sur-
rounded by mountains Sara, Suva Gora and Zeden.
Places with the highest population in the region are
the cities of Tetovo (86,580 inhabitants) and Gos-
tivar (81,042 inhabitants). The mountain relief has
hills and mountains and is made up of the Suva
Gora (1853 m.as.l.) and Sara (2748 m as.l.)
mountains. Characteristic of the western mountains
is the lush vegetation giving them a distinctively
forest character, while the eastern mountainous
areas are bare and desolate (Suva Gora, Zeden) due
to the limestone composition. The Polog valley is
located at 300-600 meters above sea level and has
a valley relief (Emini, 2010).

The geological composition of the Polog re-
gion is diverse and has the following types of rocks
(Fig. 2): Quaternary and Tertiary sedimentary
rocks, Paleozoic and Mesozoic carbonate rocks,
Paleozoic sandstone, Precambrian and Paleozoic
schists and volcanic and igneous rocks (Blazev &
Arsovski, 2001). Quaternary sediments dominate
in the central part of the region along the river of
Vardar and are in the contact with the Paleozoic
sandstones. On Sara and Bistra mountains Precam-
brian and Paleozoic schists are dominant geologi-
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cal formations where Paleozoic and Mezozoic car-
bonates are incorporated.

Scale (km)
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[ ertiary sediments [ Precambrian gneisses and old granites
[ Paleozoic and Mezozoic carbonates [ Veicanic and magmatic rocks
:I Paleozoic sandstones

Fig. 2. Geological map of the Polog region

Types of soils found in the Polog region are
the following: alluvial soils (slit, clay, sand and
gravel) along the river flows, proluvial in the low-
est valley part and cement soils in the wavy hills.
Silicate soil types are the most present soil types of
the Sara and Suva Gora mountains. There are lime-
stone, screes and rocky places in the carbonate
rocks. Above them, rankers are present in the high
mountains. The composition of soil includes vari-
ous minerals of which the following are primary:
quartz, feldspar and feldspathoids, amphiboles or
mica.

Sample collection, pre-treatment and analysis

Soil samples were collected from 58 prede-
termined locations (Fig. 3). From each location,
topsoil (0-5 cm) and subsoil (20-30 cm) samples
were taken from 5 sub-locations in radius of 10 m.
The samples were stored in plastic bags, then were
cleaned from external bodies (stones, debris, etc.),
dried at room temperature, crushed and grinded in
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agate mill to obtain particles below 0.1 mm. Then,
the samples were digested by wet digestion apply-
ing a mixture of acids (HNOs;, HCIO,, HF and
HCI) in accordance with the international standards
(ISO 14869-1:2001). The resulting solution is fil-
tered through filter paper and quantitatively trans-
ferred into a volumetric flask of 25 ml. The flask is
supplemented with distilled water. The analysis of
the soil samples has determined the content of a
total of 19 elements (Al, B, Ba, Ca, Cd, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V, Zn) with ap-
plication of the atomic emission spectrometer with
inductively coupled plasma (ICP-AES), model
Varian 715-ES. Both soil certified reference mate-
rial (JSAC 0401) and spiked intra-laboratory sam-
ples were analyzed at a combined frequency of
20% of the samples. Recovery for spiked samples
ranges from 90-110%, while the recovery for the
certified reference material ranges from 94—108%.

Fig. 3. Sampling locations matrix

Data processing

The methods of parametric and nonparametric
statistics were used for the data analysis (Davis,
1986). On the basis of the results of the normality
tests and visual inspection of the distribution histo-
grams, logarithms of the element content for ac-
quiring normal distribution were used for all ele-
ments. The multivariate R-mode factor analysis
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(Snedecor & Cochran, 1967; Davis, 1986) was
used to reveal the associations of the chemical ele-
ments. From numerous variables, the factor analy-
sis (FA) derives a smaller number of new, synthe-
tic variables. The factor analysis was performed on
variables standardized to zero mean and unit of
standard deviation (Reimann et al., 2002). As a
measure of similarity between variables, the prod-
uct-moment correlation coefficient (r) was applied.
For orthogonal rotation, the varimax method was
used.

The universal kriging method with linear
variogram interpolation (Snedecor, 1976) was ap-
plied for construction of the areal distribution maps
of the particular elements and the factor scores.
The basic grid cell size for interpolation was 20x20
m. For class limits the percentile values of factor
scores distribution of the interpolated values were
chosen. Seven classes of the following percentile
values were selected: 0-10, 10-25, 25-40, 40-60,
60-75, 75-90 and 90-100.

RESULTS AND DISCUSSION

The descriptive statistics of the contents of
analyzed elements in soil samples are given in Ta-
ble 1, in which the values have been calculated for
a total of 58 topsoil and 58 subsoil samples. Values
of Al, Ca, Fe, K, Mg and Na are in %, and re-
maining elements in mg/kg. An analysis of the soil
samples gives data for the content of 19 elements
(Al, B, Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na,
Ni, P, Pb, Sr, V and Zn). The order of the dis-
tribution of the concentration data of major ele-
ments Al, Ca, Fe, K, Mg, Na are in the following
ranges: 0.98-7.2% Al; 0.06-20% Ca; 1.4-9.7% Fe;
0.34-2.7 K; 0.47-3.9% Mg and 0.15-2.7% Na.
The contents of major elements are most fre-
quently as a result of the dominant geological for-
mations of the area: Paleozoic and Mesozoic
schist, sediments and carbonates.

In order to determine the dependence of the
average contents of the analyzed elements between
the topsoil and the subsoil, the ratio of the contents
was calculated (Table 2). The elements distribution
should not vary significantly between the topsoil
(05 cm) and the subsoil (20-30 cm), except if cer-
tain destructive anthropogenic or natural processes
do not contribute to the variation of the con-
centration (Dudka & Adriano, 1997). For almost
all elements, not significant differences were re-
ceived for their content in the topsoil versus sub-
soil. Thus, this relation varies from 0.95 for B to
1.21 for Ca which shows of the absence of the sig-
nificant influence of possible soil pollution from
anthropogenetic activities. Also, this is confirmed
by the great similarity in the spatial distribution of
the investigated elements in topsoil and subsoil
samples. This similarity in the contents of the ana-
lyzed elements in top- and subsoil are given in
Figs. 4-8.

A comparative analysis (Table 3) was con-
ducted based on the data of the contents of differ-

ent chemical elements in the soils in Europe, pro-
vided by Salminen et al. (2005). For the compara-
tive analysis, the values of the medians were used
as a more stable parameter. The Al content is lower
in relation to the data published by Salminen et al.
(2005), while for the other macro-elements, in-
cluding phosphorus and manganese, the values did
not show significant variations. The distribution of
the remaining chemical elements is characteristic
correspondingly to the lithogenic origin of the
rocks in the separate subregions of the area (Fig.
2). The only big difference is in the content of va-
nadium and zinc, which is two times bigger than
European values in both, top- and subsoil samples.
Similar values of the median of the investigated
elements in soil from the Polog region were found
with those for the soil samples collected from the
whole territory of Macedonia (Mihajlov et al.,
2013; Mihajlov, 2014) (Table 3). There are slightly
higher content of Cr, Cu, Mg, Mn, Na, Ni, V and
Zn in the Polog soils then those for Macedonian
soils, and lower content for Ba and Sr which is a
result of variation in the geological appearance in
some parts of Macedonia (Jovanovski et al., 2012).

Bivariate statistics has been applied in order
to determine the correlation degree between the
examined elements, which shows that when the
absolute value of the correlation coefficient ex-
tends from 0.3 to 0.7, then, it is a matter of good
association of the elements, and when such values
extend from 0.7 to 1.0, then we can say that there
is strong connection between the examined ele-
ments. Table 4 contains a correlation matrix of co-
efficients from which it can be seen how the con-
tent of each element correlates with the content of
all examined elements. Table 5 contains a factor
analysis, i.e. the loading matrix for the dominant
rotating factors, which helps to identify four fac-
tors.
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Table 1
Descriptive statistics of the contents of analyzed elements in soil samples (n=58)
Elem. Unit N X XBC) Md min max Py P; P, Pow S Sx CV A E A®BC) EBC)
Topsoil
Al % 58 34 32 33 067 72 20 45 13 54 15 020 450 029 —0.62 026 —0.64
B mg/kg 58 11 8.0 7.8 1.8 38 5.0 11 4.1 35 99 1.3 893 1.88 231 036 0.08
Ba mgkg 58 320 240 230 110 1800 170 390 130 610 270 35 83.1 3.52 16.76 0.12 -0.77
Ca % 58 2.1 1.0 090 0.17 20 046 25 026 44 33 043 158.73.92 17.69 0.27 -0.63
Cd mgkg 58 2.2 2.1 2.1 0.050 11 1.5 25 1.1 35 14 019 638 3551920 0.67 5.63
Cr mg/kg 58 140 99 9% 15 1300 66 160 37 270 170 23 1227 5.19 33.05 0.06 0.92
Cu mgkg 58 35 32 32 90 140 26 39 20 49 19 25 527 3.73 20.18 -0.05 3.12
Fe % 58 3.7 35 37 14 97 31 43 19 53 14 019 379 150 502 0.05 1.06
K % 58 1.5 14 15 039 27 10 19 076 24 0.56 0074 382 0.37 -039 -0.10 -0.36
Li mgkg 58 34 32 32 79 77 22 44 17 51 14 1.8 40.2 0.54 0.57 -0.08 -0.03
Mg % 58 1.2 1.1 1.1 047 39 084 15 062 1.8 0.56 0.074 46.1 2.03 7.60 0.04 0.20
Mn mgkg 58 1000 980 950 380 1900 770 1200 580 1600 370 49  36.1 0.67 -0.03 0.12 -0.24
Na % 58 13 12 13 017 27 067 1.7 052 21 0.64 0084 504 0.15-0.78 —0.17 —-0.80
Ni  mgkg 58 110 52 55 7.2 2300 38 80 27 100 300 40 279.1 6.58 45.63 -0.44 4.24
P mg/kg 58 790 760 740 350 1500 590 910 450 1300 280 36 349 0.67 -0.18 0.17 -0.50
Pb  mgkg 58 44 35 31 047 320 23 46 15 87 46 6.0 103.4 4.15 23.03 0.28 3.57
Sr  mgkg 58 76 61 63 12 380 42 95 26 130 60 79 79.0 294 11.84 0.11 0.50
V. mgkg 58 110 100 100 33 310 74 130 52 170 51 6.7 464 132 354 005 044
Zn mgkg 58 120 110 110 64 530 95 130 81 150 65 8.5 525 481 2835 0.27 1.61
Subsoil
Al % 58 34 32 31 098 69 23 45 1.7 58 15 020 451 0.66 050 022 -0.80
B mgkg 58 12 84 92 1.1 37 54 11 46 35 10 1.3 854 1.75 1.78 -0.38 2.00
Ba mgkg 58 310 230 220 83 1300 160 370 130 560 230 30 754 249 7.53 0.03 -0.48
Ca % 58 1.9 084 0.80 0063 16 033 25 0.17 42 29 038 152.8 3.54 1445 -0.09 -0.64
Cd mgkg 58 2.1 1.9 19 018 62 14 25 066 37 12 015 554 1.12 2.15 -021 0.81
Cr mgkg 58 150 100 100 17 1100 66 180 38 260 160 20 107.2 455 27.29 -0.08 0.45
Cu mgkg 58 37 33 33 9.0 130 27 40 24 57 20 2.6 53.0 294 11.17 -0.05 3.09
Fe % 58 39 37 38 1.7 88 31 46 19 57 15 0.19 376 097 1.87 -0.04 0.17
K % 58 14 14 14 034 27 10 17 077 24 057 0.075 39.8 0.55 -0.22 0.05 -0.21
Li mgkg 58 34 33 31 10 79 24 46 18 52 14 1.9 422 056 029 0.02 -0.37
Mg % 58 1.2 .1 12 052 38 091 15 061 19 0.55 0.072 44.0 1.81 6.52 -0.04 0.03
Mn mgkg 58 1000 1000 980 330 1900 850 1200 660 1600 340 45 329 0.59 040 -0.13 047
Na % 58 1.2 1.1 12 015 27 062 1.6 031 20 0.63 0.083 535 0.18 -0.83 -0.14 —-0.91
Ni  mgkg 58 110 55 56 12 2300 41 83 27 120 310 40 276.9 6.93 50.05 0.04 2.28
P mg/kg 58 700 660 610 220 1500 490 880 370 1100 280 37  40.5 0.62 -0.01 -0.01 -0.49
Pb  mgkg 58 42 37 33 6.7 110 24 55 13 89 26 34 623 099 0.13 0.13 -045
Sr  mgkg 58 76 62 65 13 320 44 88 25 130 55 7.3 73.1 2.60 877 -0.12 0.62
V.  mgkg 58 110 100 110 39 230 72 130 48 190 50 6.5 444 0.57 -0.26 -0.08 -0.66
Zn mgkg 58 120 110 110 50 390 93 130 81 140 46 6.1 399 3.86 2093 -0.57 331

X — arithmetic mean, X(BC) — arithmetic mean obtained with the Box-Cox method, Md — median, min — minimum, max — maximum,
Py — 10 percentiles, P,s — 25 percentiles, P;s — 75 percentiles, Poy — 90 percentiles, S — standard deviation, Sx — standard deviation (standard error),
CV — coefficient of variation, 4 — asymmetry, E — distribution, A(BC) — asymmetry obtained with the Box-Cox method, E(BC) — distribution obtained
with the Box-Cox method.

Geologica Macedonica, 29 (2), 155-166 (2015)
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Table 2
Average of the elements contents in topsoil and subsoil and their ratio
Element Unit Topsoil Subsoil Topsoil/Subsoil
Al % 32 32 0.98
B mg/kg 8.0 8.4 0.95
Ba mg/kg 240 230 1.04
Ca % 1.0 0.84 1.21
Cd mg/kg 2.1 1.9 1.07
Cr mg/kg 99 100 0.96
Cu mg/kg 32 33 0.96
Fe % 35 3.7 0.95
K % 1.4 1.4 1.03
Li mg/kg 32 33 0.99
Mg % 1.1 1.1 0.97
Mn mg/kg 980 1000 0.98
Na % 1.2 1.1 1.08
Ni mg/kg 52 55 0.94
P mg/kg 760 660 1.15
Pb mg/kg 35 37 0.94
Sr mg/kg 61 62 0.99
\Y mg/kg 100 100 0.98
Zn mg/kg 110 110 1.04
Table 3
Comparison of the median values for top- and subsoil samples in the Polog region,
Macedonian and European values (in mg/kg)
2 Polog, 2012 (present work) Europe (Salminen et al., 2005) Macedonia, 2014 (Mihajlov et al., 2014)
% Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil
= Md min— max Md min—max Md min—max Md  min—max Md min—max Md min—max

Al 33000 6700-72000 31000 9800-69000 : 5800 2000-14000 6200 1100-14000: 22000 7900-43000 23000 7700-51000
Ba | 230 110-1800 220 83-1300 380 30-1900 390 13-2100 420 41-1600 440 66-1700
Ca | 9000 1700-200000 8000  63-160000 : 6600 190-340000 8100 170-370000: 7900 920-210000 7800 1000-210000
Cr 96 15-1300 100 17-1100 60 <3.0-6200 62  <3.0-2100 54 11-600 63 11-600
Cu 32 9.0-140 33 9.0-130 13 0.81-260 14 0.86-130 16 1.7-73 16 3.2-78
Fe 37000 14000-97000 38000 17000-88000: 25000 1100-150000 26000 770-110000; 25000 6300-67000 27000 7700-80000
K {15000 3900-27000 14000 3400-27000 : 16000 220-51000 17000 <83-50000 : 14000 2600-32000 15000 5200-33000
Mg | 11000  4700-39000 12000 5200-38000 | 4700 <61-150000 6000 <61-110000, 6600 1100-29000 7300  1500-31000
Mn @ 950 380-1900 980 330-1900 510 31-61000 470 23-4700 620 160-3200 640 99-4300
Na | 13000 1700-27000 12000 1500-27000 : 6000  300-33000 6500 230-36000 ;{ 8500 330-23000 9400  780-24000
Ni 55 7.2-2300 56 12-2300 18 <2.0-2700 22 <2.0-2400 35 2.5-530 37 5.2-530
P 740 350-1500 610 220-1500 960 83-9900 720 53-12000 450 120-1400 430 74-1300

Pb 31 0.47-320 33 6.7-110 10 5.3-970 17 <3.0-940 17 2.5-700 14 0.80-660
Sr 63 12-380 65 13-320 &9 8.0-3100 95 6.0-2000 71 9.4-540 68 9.9-580
\% 100 33-310 110 39-230 60 2.7-540 63 1.3-330 67 14-300 71 19-370
Zn 110 64-530 110 50-390 52 <3-2900 47 <3-3100 39 3.1-440 38 4.4-490

Geologica Macedonica, 29 (2), 155-166 (2015)
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Table 4
Correlation matrix of coefficients
Al | 1.00
B |[0.05 1.00
Ba |-0.17 0.37 1.00
Ca | 0.74 0.05 -0.39 1.00
cd | 036 0.13 —0.03 029 1.00
Cr | 048 -0.10 -0.38 0.32 0.40 1.00
Cu | 034 027 007 0.5 047 039 1.00
Fe (056 021 0.02 0.19 059 0.75 0.68 1.00
K [-0.16 026 0.73 —0.49 —0.09 —0.14 0.17 0.14 1.00
Li | 002 -0.33 -0.26 0.04 0.08 0.20 0.11 -0.05 0.05 1.00
Mg | 0.65 —0.09 -0.29 0.40 034 0.89 036 0.77 -0.10 0.07 1.00
Mn | 0.19 -0.04 —0.13 0.12 045 043 041 044 -0.11 0.11 0.41 1.00
Na [0.13 —0.31 —0.14 0.01 —0.31 0.01 —0.16 -0.09 0.05 —0.04 0.12 —0.07 1.00
Ni | 048 0.07 -0.26 035 0.57 0.89 0.51 0.78 -0.18 0.13 0.79 0.51 -0.27 1.00
P [0.17 -0.10 -0.07 025 042 0.14 0.33 023 -0.05 026 0.14 0.51 —0.01 0.16 1.00
Pb |-0.15 0.57 0.25 -0.06 0.09 —-0.15 0.17 0.05 0.06 —-0.22 —-0.17 0.07 —0.46 0.03 0.14 1.00
Sr | 059 —0.08 -0.48 0.70 0.00 021 —0.02 0.08 —0.43 0.01 033 —0.04 042 0.09 0.11 —0.12 1.0
vV (057 026 0.16 021 037 049 0.70 0.78 0.29 0.06 0.56 0.27 0.06 0.500.19 0.05 021 1.00
Zn | 005 0.11 0.17 -0.02 0.51 0.23 0.51 042 0.17 0.17 0.19 0.51 -0.29 0.38 0.57 0.30 -0.23 0.31 1.00
Elem. Al B Ba Ca Cd Cr Cu Fe K Li Mg Mn Na Ni P Pb Sr V Zn
Table 5
Matrix of overload of dominant rotating factors (F)
Element F1 F2 F3 F4 Communality.
Cr 0.93 0.11 -0.20 0.19 94.8
Mg 0.90 0.29 -0.08 0.13 91.4
Ni 0.81 0.11 -0.17 0.43 88.4
Fe 0.78 0.19 0.23 0.45 89.8
Ca 0.11 0.86 -0.31 0.14 87.4
Al 0.43 0.82 0.07 0.14 88.9
Sr 0.09 0.81 -0.31 -0.19 80.7
K 0.05 -0.26 0.89 —-0.02 86.7
Ba -0.23 -0.18 0.86 0.10 84.4
Zn 0.08 -0.13 0.13 0.84 74.5
Cd 0.23 0.20 —0.03 0.77 68.1
Mn 0.32 -0.10 -0.24 0.68 63.5
Cu 0.35 0.16 0.27 0.64 63.2
Prp. Totl 26.8 18.7 15.5 20.8 81.7
Expl. Var 3.48 2.42 2.02 2.70
EigenVal 541 2.85 1.28 1.08
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Fig. 4. Spatial distribution of factor scores of Factor 1 (Cr, Mg, Ni, Fe)
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Fig. 5. Spatial distribution of factor scores of Factor 2 (Ca, Al, Sr)
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Fig. 7. Spatial distribution of Factor 4 elements (Zn, Cd, Mn, Cu)
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The factor analysis has eliminated those ele-
ments which do not have a share in the communal-
ity, from the total of 19 analyzed elements. Those
four factors include a total of 13 elements, with a
total share of 81.7% in the communality. The ele-
ments B, Li, Na, P, Pb and V have low factor val-
ues with a weak tendency to form an independent
factor.

Identical results were achieved as in the case
of application of factor analysis (the graphical rep-
resentation is shown in Fig. 8). Namely, Factor 1
(Cr, Mg, Ni, Fe) corresponds to Cluster 3, while
Factor 2 (Al, Ca, Sr) corresponds to Claster 1. The
classification of Cluster 2 (Cd, Cu, Zn, Mn) is the
same of the results of Factor 4, and Cluster 4 is the
same with Factor 3 (K, Ba).
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Fig. 8. Dendrogram of cluster analysis

Factor 1 (Cr, Mg, Ni, Fe) represents a litho-
genous association of elements with the highest
load factor values (F > 0.78). The spatial distribu-
tion of factor scores of F1 is given in Fig. 4. The
origin of the elements in this typical lithogenous
association is connected to the geological composi-
tion of the soil in this region. It can be seen from
the distribution map (Fig. 4) that the high contents
of the elements from factor 1 occur in the areas of
volcanic and igneous rocks, and Paleozoic and
Mesozoic schists. As it can be seen from the results
given in Tables 1 and 2, and shown in Fig. 4, the
values of these elements in the topsoils and sub-
soils are very similar. Thus, the distribution maps
for the contents of these elements are prepared on

the basis of the mean values for the content of each
element in both layers of the soil, for each location.

According to the spatial distribution of the
factor scores of Factor 2 (Ca, Al, Sr) given in Fig.
5, represents mixed lithogenous association with
the highest content in the areas of Paleozoic sedi-
ments and Paleozoic-Mesozoic carbonates. Thus,
higher content of calcium in the topsoil layers can
be seen in the locations reach in carbonate, while
higher content of aluminum can be seen in the soil
at the locations which contain sands, carbonates
and igneous rocks.

Factor 3 (K, Ba) represents mixed lithoge-
nous and anthropogenic association of elements.
The content of barium and potassium is typical for
the Precambrian and Paleozoic—Mesozoic schists.
Fig. 6 shows the spatial distribution of factor
scores of Factor 3. It can be seen that the high con-
tents of potassium occur near the village of
Semsevo on the geologic structure of Quaternary
and Tertiary sedimentary rocks. It is assumed that
higher content of potassium in the topsoil layers in
the Polog region results also from the deposits of
fertilizers as part of the agricultural activities. The
highest content of barium (1800 mg/kg — topsoil,
1300 mg/kg — subsoil) was found in soil from the
location near the village of Gorno Jelovce and the
village of Raven. The maximum content of barium
exceeds the critical limit of The New Dutch List
which amounts 625 mg/kg, which points out to
possible existence of rocks with increased barium
mineralization

Factor 4 (Zn, Cd, Mn, Cu) represents an as-
sociation of elements with lithogenous influence. It
can be seen from the distribution map for the val-
ues of this factor, given in Fig. 7, that the content
of these elements is connected to the presence of
Paleozoic—Mesozoic carbonates and Precambrian—
Paleozoic schists. In the examined area, the highest
value of zinc content in the soil has been found at
the location MK—647, with content of 530 mg/kg
in the topsoil and 390 mk/kg in the subsoil. This is
also the location with the highest content of cad-
mium, 11 mg/kg in the topsoil and 6.2 mg/kg in the
subsoil, as well as copper with the content of 140
mg/kg and 130 mg/kg, respectively.

CONCLUSION

The aim of this study is the systematic inves-
tigation of the spatial distribution of various
chemical elements in surface soils in the Polog re-

gion, Republic of Macedonia. In total 118 soil
samples (from 59 locations) were collected and
analyzed 19 major and trace elements (Al, B, Ba,
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Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb,
Sr, V and Zn). Factor analysis with multivariance
R-method is applied in order to show the associa-
tions of chemical elements. Four factors were ob-
tained: Factor 1 (Cr, Mg, Ni and Fe), Factor 2 (Ca,
Al and Sr), Factor 3 (K and Ba) and Facotr 4 (Zn,
Cd, Mn, Cu). It was established that the distribu-

tion of these associations are mostly as a result of
the complex geology and lithology of the region.
The none obtained factors have not confirmed the
correlation to anthropogenic influence beside the
contamination with K in some fields in the valley
due to the application of potassium fertilizers.
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Pesume

HPOCTOPHA JTUCTPUBYIIUJA HA XEMUCKU EJIEMEHTH BO TIOYBUTE BO NMOJOIIKUOT
PEI'HOH, PEIIYBJIMKA MAKE/IOHUJA
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Kiy4yHu 300poBH: T€0OXEMICKH MOHHTOPHHT; TOYBH; TeIku Metany; [lomor; Makenonuja

Ilenta Ha OBa HCTpPaXKyBamE € ONpPEAETyBamhe Ha IIPH-
CYCTBOTO ¥ NPOCTOPHATA TUCTPHOYIHMja Ha Pa3IMIHUA XEMH-
CKH €JIEMEHTH BO IIOUBHUTE O NOJIOLIKHOT PeruoH, Pemyoinuka
Makenonuja. 3a Taa el € CIPOBEICH I'€OXCMUCKH MOHHUTO-
pHUHT 3a ompenenyBambe 19 MakpoeleMEHTH U €IEeMEHTH BO
tparu ( Al, B, Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni,
P, Pb, Sr, V u Zn). 3emennu ce BkynHo 116 mpumeponu no4sa
(58 mpumepomy o MOBPIIMHCKA B 58 MPUMEPOLH OJ MOTIIO-
BPILIMHCKA T10YBa) O MPETXOIHO YTBPICHH Pe)epEHTHH JIOKa-
Uy, 3eMEHHUTE NPHMEPOLH Ce aHAIM3HPAHHU CO NpHMEHa Ha
aTOMCKaTa €MHCHOHA CIIEKTPOMETPHja CO MHIYKTUBHO CIIPer-
Hara ruiazma (ICP-AES). U3Bpiiena e craructuika odpado-
TKa Ha JOOMEHHTE Pe3yJITaTH CO Liell Ia ce YTBpIAT 00JacTHTe

CO EBEHTYAJIHO 3araJyBame cO TeIIKH MeTanu. Bo anammsupa-
HUTE NPUMEPONH MOYBa € YTBPACHU 4 XEMUCKH acOLV]jalin
(dpaxropm), ox xou Tpu daxropu ce ox auToreHo norexio (F1,
F2 and F4), a enen dakrop (F3) e memran ¢axrop ox TUTOreHO
U aHTPOIOreHo noTekno. PakTopoT 3 ce cMeTa U 3a aHTPOIIOo-
TeH MOpajy 3roJeMeHaTa COAPKUHA Ha KaJUyM BO OJIpeAeHU
obnactu ox [lonomkara KoTnuHa, mTo € pe3ynrar Ha yHooTpe-
0a Ha KamMyMOBH T'yOpuBa Bo 3eMjonenuero. Enementure xou
ce BKIIyY€HH BO JTUTOTE€HHUTE (DAKTOPH C€ MPHUCYTHU BO TOUBH-
TE KaKO pe3yJ]TaT Ha TeOJIOMIKUTE CTPYKTYpH BO 00IacTUTE BO
KOH OBHE €JIEMEHTH C€ NMPUCYTHH (IIKPHINH, KapOoHATH, Iie-
COYHUIM U OPOTCHH CEUMEHTH).
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