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A bstract: The contents and spatial distributions of various chemical elements in soil in the Veles region,
Republic of Macedonia, are presented. For this purpose, soil samples from two layers (0-5 cm and 20-30 cm) from
53 locations with a network of 5 x 5 km were collected. The samples were analyzed by the application of atomic
emission spectrometry with inductively coupled plasma (AES-ICP) and 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) in all soil samples was determined. From the analyzed
soil samples, 3 chemical associations were determined, from which two factors are characterized as lithogenic associ-
ations: F1 (Cr, Cu, Fe, Li, Mg, Mn, Ni and V) and F3 (Al and Ca), and one as anthropogenic association (F2 includ-
ing Pb and Zn). From the obtained results and from the maps of spatial distribution of all analyzed elements it can be
concluded that the major source of pollution of soil with Pb and Zn in the Veles region is the former lead and zinc
smelter plant located in the near vicinity of the city of Veles.
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INTRODUCTION

Environmental pollution is pollution with the
physical and biological components of the Earth’s
atmosphere to such an extent that the ordinary en-
vironmental processes are threatened (Kemp,
1998). The intensive development of the industry
is causing pollution and endangering of the envi-
ronment. The particles of waste products that stand
out in the atmospheric air have a wide range of
sizes. Part of the particles is suspended in the at-
mosphere, while the other part is deposited on the
soil and the surrounding vegetation (Kabata
Pendias & Mukherijee, 2011).

Contamination of the urban soils has become
the subject of many studies (Plyaskina & Ladonin,
2009; Ajmone-Marsan & Biasioli, 2010; Taghipour
et al., 2013). In most of the cases trace elements
increased in soils of some cities and their environs
as compared with surrounding soils or anthropo-
genic sources in Europe (Crnkovi¢ et al., 2006;

Argyraki & Kelepertzis, 2014; Czarnecki
& Diiring, 2015). It is obvious from the papers
published recently that mining and metallurgical
activities lead to enormous soil contamination
(Douay et al., 2008; Dragovi¢ et al., 2008; Jimé-
nez-Carceles et al., 2008; Wilson et al., 2010; Ni-
koli¢ et al., 2011; Li et al., 2014). It was also es-
tablished that the most serious soil pollution was
influenced by the activities of Pb-Zn mining and
smelter activities (Li et al., 2005; Cappuyns et al.,
2006; Cemek & Kizilkaya, 2006; Cabala et al.,
2008; Rodriguez et al., 2009; Stafilov et al., 2010;
Sajn et al., 2013).

The Republic of Macedonia was involved in
the UNECE ICP Vegetation — Heavy Metals in
European Mosses, for the first time in 2002 and
again in 2005, 2010 and 2015, when atmospheric
deposition of trace elements was studied over the
entire territory of the country using moss biomoni-
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toring. The results of these studies give an indica-
tion of impaired air and soil quality in terms of
presence of heavy metals and possible pollution
(Barandovski et al., 2008, 2012, 2015). The main
emission sources appear to be metallurgic acti-
vities, power plants and mining activities. There-
fore, special studies were performed in the areas
with the highest heavy metal pollution, including
air and soil pollution.

Thus, detailed study was performed to invest-
tigated the impact to the environment of the Pb-Zn-
Cd smelter plant in the city of Veles and it was
found very high soil pollution with several toxic
elements such as As, Cd, Cu, Hg, In, Pb, Sb and
Zn (Stafilov et. al., 2008, 2010) which influence to
the contamination of air with particles with high
content of these metals (Pancevski, 2014) or food
produced in this area (Stankovska et al., 2008;
Pancevski et al., 2014a, 2014b, 2016). The impact
to the water and sediment pollution of the river of
Vardar was also detected (Serafimovska et al.,
2013; Ili¢ Popov et al., 2014, 2016).

The obtained results from our previous study
of spatial distribution of different chemical ele-
ments in the surface soil over of the city of Veles
and its close vicinity (Stafilov et al., 2010) show

that the content of elements such as As, Au, Cd,
Cu, Hg, In, Pb, Sb, Se, Zn in the soil samples
around the lead and zinc smelter and in the adja-
cent part of the town of Veles is much higher than
in those collected in the surrounding areas due to
the pollution from the smelter plant. The enrich-
ment of the elements in the top soil, compared to
the European (Salminen et al., 2005) and Macedo-
nian top soil (Mihajlov et al., 2016; Stafilov &
Sajn, 2016), is typical for this elemental assem-
blage.

It was concluded that the total pollution with
heavy elements is a consequence of anthropogenic
activity, more specifically, a result of operation of
the lead and zinc smelter plant. The critically pol-
luted area is of an ellipse shape (with a surface of
about 7 km®), which is a consequence of the wind
rose. It is important to mention that this study in-
cludes only the SW part of the critically polluted
zone. Therefore, it was important to extend the
study area to determine the scope and direction of
the pollution over a larger area than previously ex-
amined. The goal of the present study is to investi-
gate the spatial distribution of various elements in
the wider region of the city of Veles, including the
areas of the municipalities of Veles and Caska.

MATERIALS AND METHODS

Study area

The study area is located in the central part of
the Republic of Macedonia (Fig. 1). This area in-
cludes the municipalities of Veles and Cagka with
a total of about 1,200 km’. The city of Veles and
its surroundings have a very favorable geograph-
ical position with the Vardar as a main river in the
country and important crossroads. Veles valley is
surrounded by several mountains: on the north is
Taorska Klisura canyon and Mt. OreSnica, Mt.
Klepa is on the south, while on the west of the in-
vestigated area are Jakupica and Babuna moun-
tains. The major tributary to the river of Vardar in
this area is the Babuna river. Veles is one of the
major cities in the country. According to the 2002
census, this area is populated with about 60,000
inhabitants of whom about 44,000 people live in
the city of Veles. The city extends to an altitude of
160-200 m. Veles climate is continental with hot
summers and cold winters. The average annual
temperature is 13.4°C, the average temperature in
January ranges from 1.5 to 5.7°C, and in July from
23 to 42.5°C. The average annual amount of pre-
cipitations is 469 mm (Lazarevski, 1993).
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Fig. 1. Study area
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Geological description

The geology of the investigated area is very
diverse. From the geological map (Fig. 2) it can be
noticed that in the eastern, central and the area
along the river of Babuna prevail tertiary sedi-
ments. In the central eastern part, along the Vardar
river, beside the tertiary sediments, volcanic and
magmatic rocks, Paleozoic and Mesozoic carbo-
nates and Precambrian and Paleozoic schists are
present. In the western part of the investigated area
the Precambrian gneisses and old granites are dom-
inated with the rare occurrences of Precambrian
and Paleozoic schists and Paleozoic and Mesozoic
carbonates. In some parts along the Vardar,
Babuna and Topolka rivers Quaternary sediments
are also present. The lithology of the vicinity of the
town of Veles is also very diverse. The oldest
rocks of date from the Paleozoic period and belong
to an internal part of the Vardar zone. This Paleo-
zoic series is represented by green schist, feld-
spatized schist, biotite schist and quartz-sericite
schist with layers of marble and quartzite. The fol-
lowing Mesozoic carbonate rocks also belong to
the Vardar zone and are outspreaded on the west
side of the study area. A part of this area is covered
by Pliocene sand and clay. The youngest sediments
are alluvial sediments of the river of Vardar and
partly of the Topolka river (Stafilov et al., 2008).
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Fig. 2. Geological map of the studied area
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Sample collection, pre-treatment and analysis

Soil samples were collected from 53 prede-
termined locations (Fig. 3). From each location,
top soil (0-5 cm) and subsoil (20-30 cm) samples
were taken from 5 sublocations in radius of 10 m
(Salminen et al., 2005). The samples were stored in
plastic bags, then were cleaned from external bod-
ies, dried at room temperature, crushed, sieved
through 2 mm sieve and grinded in agate mill to
obtain particles below 0.1 mm. Then, the samples
were digested by wet digestion applying a mixture
of acids (HNO;, HCIO4, HF and HCI) in accor-
dance with the international standards (ISO 14869-
1:2001). The resulting solution is filtered through
filter paper and quantitatively transferred into a
volumetric flask of 25 ml. The flask is supple-
mented with distilled water. The total content 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
by the application of the atomic emission spec-
trometer with inductively coupled plasma (ICP-
AES), model Varian 715-ES. Both soil certified
reference material (JSAC 0401) and spiked intra-
laboratory samples were analyzed at a combined
frequency of 20% of the samples. Recovery for
spiked samples ranges from 90 to 110%, while the
recovery for the certified reference material ranges
from 94 to 108%.

6 9

Fig. 3. Sampling location map
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Data processing

The multivariate R-mode factor analysis
(Davis, 1986) was used to reveal the associations
of the chemical elements. From numerous vari-
ables, the factor analysis (FA) derives a smaller
number of new, synthetic variables. As a measure
of similarity between variables, the product-
moment correlation coefficient () was applied. For
orthogonal rotation, the varimax method was used
(Reimann et al., 2002).

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-
bles 1 and 2, in which the values have been calcu-
lated for a total of 53 top soil and 53 subsoil sam-
ples. Values of Al, Ca, Fe, K, Mg and Na are given
in %, and remaining elements in mg/kg. An analy-
sis of the soil samples by ICP-AES 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 distribution of the con-
centration data of major elements Al, Ca, Fe, K,
Mg and Na, are in the following ranges: 0.79 —
5.1% for top soil and from 0.87 to 5.0% in subsoil
for Al; 0.28 — 11.0% for top soil and from 0.28 to
14.0% in subsoil for Ca; 0.85 — 4.6% for top soil
and from 0.89 to 4.4% in subsoil for Fe; 0.77 —
2.3% for top soil and from 0.55 to 2.5% in subsoil
for K; 0.10 — 1.4% for top soil and from 0.12 to
1.5% in subsoil for Mg, and from 0.27 to 2.6% for
top soil and from 0.19 to 2.1% in subsoil for Na.
The contents of major elements are most fre-
quently a result of the dominant geological forma-
tions of the area: Tertiary and Quaternary sedi-
ments, Precambrian gneisses and granites and Pre-
cambrian and Paleozoic schists.

In order to determine the dependence of the
average contents of the analyzed elements between
the top soil and the subsoil, the ratio of the con-
tents was calculated (Table 3). The elements distri-
bution should not vary significantly between the
top soil (0-5 cm) and the subsoil (20-30 cm), ex-
cept if certain destructive anthropogenic or natural
processes do not contribute to the variation of the
concentration (Dudka & Adriano, 1997). For al-
most all elements, not significant differences were
received for their content in the top soil versus
subsoil. Thus, this relation varies from 0.88 for Ag
to 1.24 for Pb. The much higher content of Pb in
top soil samples indicated anthropogenic influence
due to the high pollution of soils from the city of
Veles and its near vicinity (Stafilov et al., 2010). Is

could be also mentioned the high ratio for phos-
phorpous of 1.16 also indicating the pollution of
surface soil due to the usage of phosphorous fertil-
izers.

For the other elements this ration is close to 1
which shows of the absence of the significant in-
fluence of possible soil pollution from anthropo-
genic activities. Also, this is confirmed by the great
similarity in the spatial distribution of the investi-
gated elements in top soil and subsoil samples.
However, if we consider the contents of elements
in soil samples collected in the near vicinity of the
town of Veles, the values for the elements defined
as anthropogenic and introduced in large quantities
due to the pollution from the Pb-Zn smelter in Ve-
les it could be noted that their contents are signifi-
cantly higher than in the soils from the other part
of the investigated area. Thus, the average content
of Pb in 6 top soil samples around the city of Veles
is 81 mg/kg and in subsoil is 51 mg/kg (averages
for the whole area are 30 mg/kg and 24 mg/kg,
respectively) with the ratio of 1.60; and for Zn
their values are 168 and 133 mg/kg (averages for
whole area are 99 and 92 mg/kg), respectively,
with the ratio of 1.27.

It was also found that the contents of some
other anthropogenic elements (Stafilov et al., 2010)
are higher in the top soil than in the subsoil in the
soil around the city of Veles. Thus, the average
content of Ag in 6 top soil samples around the city
of Veles is 0.93 mg/kg and in subsoil is 0.86 mg/kg
(average for the whole area is 0.82 and 0.93 mg/kg,
respectively) with the ratio of 1.07; the average
content of Cu in top soil samples around the city of
Veles is 23 mg/kg and in subsoil is 21 mg/kg (av-
erage for the whole area is 15 and 14 mg/kg, re-
spectively) with the ratio of 1.10; the average con-
tent of Mn in top soil samples around the city of
Veles is 673 mg/kg and in subsoil is 602 mg/kg
(average for the whole area is 500 and 450 mg/kg,
respectively) with the ratio of 1.13.

Geologica Macedonica, 30 (2), 103-114 (2016)
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Table 1
Descriptive statistics for the content of analyzed elements in top soil samples (n = 53)

Element Unit X X(BC) Md Min Max P, Py Ps Ps S Sx CV A E A(BC) EBO
Ag mg/kg 12 082 075 019 81 041 26 051 1.1 12 0.17 108.6 3.77 1832 049 051
Al % 2.3 2.0 21 079 51 099 39 13 32 1.1 0.16 499 0.54 -0.77 -0.04 -1.23
B mg/kg 2.8 1.0 1.2 0008 17 005 73 028 28 43 059 1547 249 568 -0.19 -048
Ba mg/kg 520 360 380 110 3500 180 810 250 520 590 814 113.7 3.92 16.59 0.08 0.64
Ca % 2.3 1.2 1.1 0.28 11 041 55 062 38 24 033 1076 1.72 296 0.06 -1.17
Cr mg/kg 110 92 100 37 350 47 200 69 130 61 84 556 1.65 391 -022 -0.56
Cu mg/kg 15 14 15 3.2 39 58 26 86 19 83 1.1 541 0.74 037 -021 -049
Fe % 2.2 2.1 22 08 46 12 32 15 26 082 0.11 373 075 067 -0.03 -031
K % 1.4 1.4 1.5 077 23 093 19 13 16 036 0.050 251 023 -0.09 -0.06 -021
Li mg/kg 14 13 12 4.8 31 73 24 89 18 62 086 450 0.88 0.10 0.10 -0.74
Mg % 054 047 046 010 14 022 094 0.27 0.66 030 0.041 55.8 0.89 0.50 -0.14 -0.59
Mn mg/kg 500 460 440 170 1500 250 760 350 580 230 31.7 462 1.71 4.86 0.00 0.38
Na % 1.1 1.1 1.1 027 26 041 1.7 063 14 053 0.073 480 042 -0.11 0.04 -0.66
Ni mg/kg 56 37 39 6.8 230 11 130 20 79 51 7.0 904 1.55 234 -0.11 -0.85

P mg/kg 350 300 300 100 1100 150 620 240 420 210 29.0 60.2 1.82 4.06 -0.15 0.01

Pb mg/kg 35 30 30 80 130 17 62 23 40 22 3.0 61.7 241 759 0.12 099

Sr mg/kg 92 71 74 21 390 29 170 43 120 70 9.6 756 2.00 559 -0.04 -0.57
\'% mg/kg 52 49 50 21 110 29 84 38 64 20 27 373 0.74 027 -0.16 -0.38
Zn mg/kg 99 92 96 49 210 66 130 72 120 34 47 342 127 191 -0.11 -0.22

X — arithmetic mean, X(BC) - arithmetic mean obtained with the Box-Cox method, Md — median, Min — minimum, Max — maximum,
P10 — 10 percentiles, Py — 90 percentiles, P,s — 25 percentiles, P7s — 75 percentiles, S — standard deviation, Sx — standard deviation (standard error),
CV — coefficient of variation, A — asymmetry, E — distribution, A(BC) — asymmetry obtained with the Box-Cox method, E(BC) — distribution

obtained with the Box—Cox method.

Table 2
Descriptive statistics for the content of analyzed elements in subsoil samples (n = 53)

Element Unit X X(BC) Md Min Max P,y Py Pys Py S Sx CV A E AMBC) EBC)
Ag mg/kg 1.3 093 098 0.11 43 048 33 063 12 10 0.14 817 1.63 1.60 -0.49 1.85
Al % 2.2 2.0 21 087 50 12 37 14 28 095 0.13 430 080 0.08 0.07 -0.78
B mgkg 5.2 1.6 1.6 0.050 37 005 15 061 50 9.1 13 175 250 538 003 -040
Ba mg/kg 450 360 380 130 1700 200 740 240 580 290 405 652 2.08 584 -0.11 -0.54
Ca % 2.5 1.2 1.1 028 14 043 6.6 051 32 31 043 126 2.18 470 0.18 -1.17
Cr mg/kg 100 84 88 36 430 48 160 58 120 70 9.6 68.1 2.64 889 028 -0.17
Cu mg/kg 14 13 13 2.4 39 55 29 76 18 88 12 609 1.05 071 0.13 -0.53
Fe % 2.2 2.1 21 08 44 13 30 1.7 24 077 0.11 355 088 1.02 0.02 0.10
K % 1.4 1.4 14 055 25 08 22 1.1 1.7 044 0.061 306 040 -0.03 0.03 -0.09
Li mg/kg 14 13 13 5.0 30 70 22 95 17 58 079 423 092 0.71 -0.12 -0.26
Mg % 052 044 045 0.12 1.5 020 1.0 0.26 0.68 0.33 0.045 63.1 1.16 098 0.11 -0.71
Mn mgkg 450 400 410 130 1300 220 840 310 470 240 324 520 155 298 0.08 0.20
Na % 1.1 1.1 1.1 019 21 043 19 066 1.6 0.55 0076 480 0.00 -1.20 -0.27 -1.05
Ni mg/kg 58 38 37 70 280 13 110 22 67 61 84 105 221 499 0.16 -047

P mg/kg 310 250 250 78 1100 130 590 170 330 210 285 673 2.01 448 0.18 -0.03
Pb mg/kg 28 24 24 50 120 16 46 18 30 18 24 628 328 14.61 -0.23 3.67
Sr mg/kg 89 70 63 22 320 30 180 48 120 63 87 712 150 221 0.09 -0.66
v mg/kg 51 48 48 23 130 30 69 37 58 20 28 390 149 338 0.18 0.20
Zn mg/kg 92 86 84 50 190 63 130 72 100 29 4.0 317 143 241 0.13 -0.18

X — arithmetic mean, X(BC) — arithmetic mean obtained with the Box-Cox method, Md — median, Min — minimum, Max — maximum,
Pio — 10 percentiles, Pyy — 90 percentiles, P,s — 25 percentiles, P;s — 75 percentiles, S — standard deviation, Sx — standard deviation (standard error),

CV — coefficient of variation, A — asymmetry, E — distribution, A(BC) — asymmetry obtained with the Box—Cox method, E(BC) — distribution obtain-
ned with the Box-Cox method.
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Even more, if the content of cadmium in the
most of the samples was bellow the detection limit
(1 mg/kg), Cd average content in the top soil sam-
ples from the vicinity of Veles was 4.0 mg/kg and
in the subsoil 2.6 mg/kg with the ration of 1.52
mg/kg confirming that its presence in the soil is
from the former smelter plant.

Table 3

The ration of the element content in top soil (TS)
and subsoil (SS) samples

Elements Unit Top soil ~ Subsoil Ratio (TS/SS)
Ag mg/kg 0.82 0.93 0.88
Al % 2.0 2.0 0.99
B mg/kg 1.0 1.6 0.63
Ba mg/kg 360 360 1.01
Ca % 1.2 1.2 1.02
Cr mg/kg 92 84 1.10
Cu mg/kg 14 13 1.08
Fe % 2.1 2.1 1.01
K % 1.4 1.4 1.01
Li mg/kg 13 13 1.00
Mg % 0.47 0.44 1.07
Mn mg/kg 460 400 1.13
Na % 1.1 1.1 0.97
Ni mg/kg 37 38 0.98

P mg/kg 300 250 1.16
Pb mg/kg 30 24 1.24
Sr mg/kg 71 70 1.02
v mg/kg 49 48 1.01
Zn mg/kg 92 86 1.06

A comparative analysis (Table 4) was con-
ducted based on the data of the contents of differ-
ent chemical elements in the soils in Macedonia
(Mihajlov et al., 2016) and Europe (Salminen et
al., 2005). For the comparative analysis, the values
of the medians were used as a more stable parame-
ter. It could be noted that the median values are
higher than the European medians for Ca, Cr, Na,
Ni, Pb and Zn, while for the other elements the
values did not show significant variations. The
median values for the Veles region are also very
similar to those for the Macedonian soils with the
exception of higher values for Pb and Zn (anthro-
pogenic effect in the Veles region) and lower for
Mg, Mn and P).

Bivariate statistics has been applied in order
to determine the correlation degree between the
examined elements, which shows that when the ab-
solute value of the correlation coefficient extends
from 0.3 to 0.7, then, it is a matter of good associa-
tion 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 elements. Table
5 contains a correlation matrix of coefficients from
which it can be seen how the content of each ele-
ment correlates with the content of all examined
elements. Table 6 contains a factor analysis, i.e. the
loading matrix for the dominant rotating factors,
which helps to identify four factors. The factor
analysis has eliminated those elements which do
not have a share in the communality, from the total
of 19 analyzed elements. Those four factors in-
clude a total of 12 elements, with a total share of
81.1% in the communality. The elements Ag, B,
Ba, K, Na, P and Sr have low factor values with a
weak tendency to form an independent factor.

Figure 4 presents cluster analysis of data in
which the elements are divided into clusters ac-
cording to their degree of correlation. Identical re-
sults were achieved as in the case of application of
factor analysis (the graphical representation is
shown in Figure 4). Namely, Factor 1 (Cr, Cu,
Fe, Li, Mg, Mn, Ni, V) corresponds to Cluster
2, while Factor 2 (Pb, Zn) and Factor 3 (Al,
Ca) corresponds to subclusters 1 and 2 of the
Claster 1.
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Fig. 4. Dendrogram from cluster analysis
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Table 4
Comparison of the median values for topsoil and subsoil samples in the Veles region,
Macedonian and European values (in mg/kg)
Polog, 2012 (present work) Europe (Salminen et al., 2005) Macedonia (Mihajlov et al., 2016) i
Element Top soil Subsoil Top soil Subsoil Top soil Subsoil
Md Min-Max Md Min-Max Md Min- Max | Md Min- Max Md Min-Max "1_\/1121 _____ l_\/il_n_—_l_\/ia_l;n
Al 21000 7900-81000 21000 8700-50000 | 5800 200014000 6200 110014000 | 22000 790043000 23000 770051000
Ba | 380 110-3500 380  130-1700 | 380  30-1900 | 390  13-2100 | 420  41-1600 | 440  66-1700
Ca [ 11000 2800-110000 11000 2800-140000| 6600 190-340000 8100 170-370000 | 7900 920-210000 7800  1000-210000
cr | 100 37-350 88 36430 | 60 <3.0-6200 @62 <30-2100 | 54  11-600 = 63  11-600
Cu | 15 3239 13 2439 | 13 081260 | 14 086130 | 16 1773 | 16  32-78
Fe |22000 8500-46000 21000 8900-44000 |25000 1100-15000026000 770-110000 | 25000 630067000 | 27000 770080000
K | 15000 7700-23000 14000 5500-25000 [16000 220-51000 17000 <83-50000 | 14000 2600-32000 | 15000  5200-33000
Mg | 4600 1000-14000 4500 1200-15000 | 4700 <61-150000 | 6000 <61-110000 | 6600 1100-290001 7300  1500-31000
Mn | 440 1701500 410  130-1300 | 510  31-61000 | 470 234700 | 620  160-3200 | 640 994300
Na | 11000 2700-26000 11000 1900-21000 | 6000 300-33000 | 6500 230-36000 | 8500 330-23000 | 9400  780-24000
Ni | 39 68230 37  70-280 | 18 <20-2700 @ 22  <2.0-2400 | 35 25530 @ 37  52-530
P | 300 1001100 250  78-1100 | 960  83-9900 | 720  53-12000 | 450  120-1400 | 430  74-1300
Pb | 30  80-130 24 50320 | 10 53970 | 17  <30-940 | 17  25-700 = 14  0.80-660
St | 74 21390 63 22320 | 89  80-3100 | 95  60-2000 | 71  94-540 | 68  9.9-580
v 50 21-110 48 23-130 | 60 27540 | 63  13-330 67 14300 | 71 19-370
Zn 96 490210 84  50-190 52 <3-2900 | 47  <3-3100 39  3.1-440 | 38  4.4-490
Table 5
Correlation matrix of coefficients
Element Ag Al B Ba Ca Cr Cu Fe K Li Mg Mn Na Ni P Pb Sr \Y% Zn
Ag 100
Al —0.02 1.00
B 036 -043 1.00
Ba 039 -0.11 051 1.00
Ca 015 071 -033 -0.03 1.00
Cr -003 053 -0.50 —0.14 046 1.00
Cu 013 057 032 004 047 071 1.00
Fe 014 066 -039 —0.03 051 077 072 1.00
K 002 -030 024 022 -047 —0.48 034 -037 1.00
L 011 040 -032 —0.08 0.6 051 061 073 -0.04 1.00
Mg 021 059 -032 012 054 076 074 085 -0.39 0.65 1.00
Mn 0.3 048 -034 000 048 070 068 065 -040 048 065 1.00
Na 009 —051 050 034 —043 -0.77 -0.69 —0.69 0.61 -0.55 —0.61 -0.65 1.00
Ni 011 059 -0.38 —0.01 052 089 079 083 —0.54 059 087 074 —0.81 1.00
P 003 038 -0.17 0.4 052 037 046 052 -0.14 024 061 045 -0.22 040 1.00
Pb -008 032 -026 —0.13 032 038 037 031 -0.07 028 022 033 030 026 036 1.00
St 003 034 000 044 047 -001 004 007 -0.02 —0.26 023 001 018 006 051 008 1.00
V016 058 -033 007 044 075 073 095 034 071 088 066 —0.64 083 056 027 0.0 1.00
Zn 016 046 -029 004 055 062 065 072 -022 050 0.64 054 -0.50 0.61 062 059 015 067 1.00
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Table 6
Matrix of overload of dominant rotating
factors (F)
Element F1 F2 F3  Communality
Cr 0.75 0.23 0.36 74.6
Cu 0.74 0.28 0.32 73.3
Fe 0.86 0.18 0.34 89.0
Li 0.83 022 -0.12 74.8
Mg 0.85 0.05 0.39 87.3
Mn 0.65 0.21 0.37 61.3
Ni 0.84 0.09 0.41 88.0
v 0.90 0.13 0.27 89.4
Pb 0.11 0.95 0.15 93.2
Zn 0.54 0.63 0.32 78.1
Al 0.39 0.14 0.76 74.5
Ca 0.18 0.21 0.91 90.1
Total variability 47.4 13.6 20.1 81.1
Eigen value 7.66 1.15 0.93

Expllain variance 5.69 1.63 2.41

Factor 1 (Cr, Cu, Fe, Li, Mg, Mn, Ni and V)
represents a lithogenous association of elements
with the highest load factor values (47%). The spa-
tial distribution of factor scores of F1 is given in
Figure 5. The origin of the elements in this typical
lithogenous association is connected to the geo-
logical composition of the soil in this region. It can
be seen from the distribution map (Fig. 5) that the
high contents of the elements from factor 1 occur
in the areas of Tertiary sediments and volcanic and
magmatic rocks. As it can be seen from the results
given in Tables 1 and 2, and shown in Figure 6, the
values of these elements in the top soils and sub-
soils are very similar suggesting their geological
origin. 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. Only the
content of manganese in the surface soil is slightly
greater than in the subsurface soil especially in
soils of Veles and its immediate surroundings,
which may be due to contamination of soil from
the work of the smelter for lead and zinc in the city
(Stafilov et al., 2010).

F1 (percentiles)
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Fig. 5. Spatial distribution of factor values of Factor 1
(Cr, Cu, Fe, Li, Mg, Mn, Ni and V)

I
250 i
!

200 [ |

150 1 I|
4 i — _I

160 1" @i

-

50 17
0 { [Nl |

o G fe

]
L
1
s

N

=
=
B
=
=
=3
=

Fig. 6. Average contents of the elements of Factor 1
in surface and subsurface soil

According to the spatial distribution of the
factor scores of Factor 2 (Pb and Zn) given in Fig-
ure 7, represents mixed lithogenous and anthropo-
genic association with the highest content in the
areas around the city of Veles providing confirma-
tion of the impact on the work of former Pb-Zn
smelter "Zletovo". It could be also seen from Fig-
ure 8 that the average content in the surface soil
samples for both elements are higher than in the
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subsoil samples. From the distribution maps of
lead and zinc (Figs. 9 and 10) can be seen that the
highest specific values of the contents of these two
elements were determined in soils from locations
around the metropolitan area and along the Vardar
river due to pollution from the smelter and in ac-
cordance with the wind-rose in this area (Stafilov
et al., 2008, 2010). It should be mentioned the ap-
pearance of some increased content of these ele-
ments could be found in the areas of Tertiary sed-
iments.
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Fig. 7. Spatial distribution of factor values of Factor 2
(Pb, Zn)
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Fig. 8. Average values of the elements of Factor 2
in surface and subsurface soil

Geologica Macedonica, 30 (2), 103-114 (2016)

Pb (mg/kg)

Fig. 9. Spatial distribution map of Pb
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Fig. 10. Spatial distribution map of Zn

Factor 3 (Al and Ca) represents the second
lithogenic association of elements. The increased
content of aluminium and calcium is typical for the
Tertiary sediments, Paleozoic and Mesozoic car-
bonates and volcanic and magmatic rocks (Fig.
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11). In certain locations these elements are with
increased content in areas of Precambrian and
Paleozoic schists. From the histogram (Fig. 12) it
can be seen that the average value for the content
of aluminium in surface soil is slightly higher

F3 (percentiles)

Scale (km)
— m—
0 3 6 9

Fig. 11. Spatial distribution of factor values of Factor 3 (Al, Ca)

compared to the average of subsurface soils, while
the content of calcium is little but higher in subsur-
face soil. These differences are not due to anthro-
pogenic pollution but because of the geology of
land in this region.

Subsoil

Fig. 12. Average values of the elements of Factor 3
in surface and subsurface soil

CONCLUSION

The aim of this study is the systematic invest-
tigation of the spatial distribution of various che-
mical elements in surface soil over the Veles re-
gion, Republic of Macedonia. In total 106 soil
samples (from 53 locations) were collected and
analyzed for 19 major and trace elements (Al, B,
Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, Sr, V and Zn). Factor analysis with multi-
variance R-method is applied in order to show
three associations of the analyzed elements: Factor
1 (Cr, Cu, Fe, Li, Mg, Mn, Ni, V), Factor 2 (Pb,
Zn) and Factor 3 (Al, Ca). It was established that
the distribution of the first and second associations

is mostly as a result of the complex geology and
lithology of the region. However, the higher con-
tent of the elements included in Factor 2 (Pb and
Zn) in the area in the city of Veles and its environ
is due to anthropogenic pollution impact from the
former work of the Pb-Zn smelter plant “Zletovo”
located very close to the city.
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Peszume

IMPOCTOPHA JMCTPUBYHINJA HA XEMUCKHU EJIEMEHTH BO ITOYBUTE
OJl PETMOHOT HA BEJIEC, PEITIYBJIMKA MAKEJTOHHNJA

Mapuja Jegrumona', Tpajue Cradunos', PoGepr Illajn’, Katepuna Bauesa-Annonoscka’, Mpuna Kapaxkosa

4

! Hucimuinyi 3a xemuja, Ipupogno-maitiemaitiuuxy gaxyaiiei, Ynusepsuitie “Ce. Kupur u Meitioguj” 60 Cxoiije,
i. gpax 162, Croiije, Peiiy6auxa Maxegonuja
Feonowu 3a609 na Crosenuja, Jumuuesa yauya 6p. 14, 1000 Jby6wana, Crosenuja
3ch7pao/cy3auku yeuiap 3a JHcusoina cpequna u maitepujaau, Maxegoncka akagemuja Ha naykuitie u ymeiunociuuiie,
Kpcitie Mucuprog 2, Ckoiije, Peiiyoauxa Maxegonuja
*Oaryaitieis 3a xemuja u papmayuja, Coducku ynusepsuiteini "Ce. Knumenia Oxpugexu ", Coguja, ByTapuja
trajcest@pmf.ukim.mk

Kay4ynu 360poBH: 0o4BH: TEIIKK MeTanu: (pakropHa aHamu3a: peruoH Ha Benec; ICP-AES

IIpe3eHTupanu ce MOAATOLH 33 COAPKUHATA U IIPOCTOP-
Hata QUCTpUOyIMja HA Pa3IMYHH CJIEMEHTH BO IOYBHTE BO
peruonor Ha Benec, Penybnnka Makenonuja. 3a Taa men ce
3eMEeHHU IPUMEpOoLH ouBa of aBa cioja (0—5 cm u 20-30 cm)
Ha 53 nokanuu co Mpexa ox 5 x 5 km. [Ipobure ce ananmusu-
paHu cO MpHUMEHa Ha aTOMCKa €MHCHOHA CIIEKTPOMETpHja CO
UHIYKTUBHO criperHara miasma (AES-ICP) u Bo mpobute ox
10YBa € ompeeneHa coapxkuHaTta Ha 19 enementu (Al, B, Ba,
Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V u Zn).

Op aHaNM3UPAHHUTE EIEMEHTH CE YTBPJCHU 3 XEMHUCKH acOL[H-
jarmu, ox Ko aBa (akTopa ce KapaKTepH3UpPaHU KaKO JIUTO-
rern acomujamun: F1 (Cr, Cu, Fe, Li, Mg, Mn, Ni u V) u F3
(Al u Ca), a F2 (Pb u Zn) kako anTpororeHa acoujauuja. On
noOMeHNUTEe Pe3yNTaTH U Of KapTHTe Ha AUCTpUOylMjaTta Ha
CHTE aHAIM3UPAHU €JIEMEHTH MOXE J]a CE 3aKIIyuH JeKa Hajro-
JIeM M3BOp HA 3araJyBameTo Ha nousure co Pb u Zn Bo peru-
OHOT Ha Bernec e mopaHelHara TONMWIHKUIA 32 OJIOBO U LIMHK
Jonupana Bo Ou3uHa Ha TpajsoT Bernec.
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