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The aim of this study was to investigate the distribution of chemical elements in topsoil and subsoil, focusing on
the identification of natural and anthropogenic element sources in the area of the Crn Drim River Basin, Republic of
Macedonia. For that purpose, by using sampling network of 5 x 5 km, 124 soil samples from 62 locations (topsoil and
bottom soil) were collected. In total 60 elements were analysed, from which 18 elements (Ag, Al, B, Ba, Ca, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, Ni, P, Pb, V u Zn) were analysed by inductively coupled plasma - atomic emission spectrometry
(ICP-AES) and an additional 42 elements were analysed by ICP - mass spectrometry (ICP-MS). Multivariate statistical
analysis was applied to the obtained data. Factor analysis applied to the ICP-AES results produced four geogenic fac-
tors: F1 (Ba and K); F2 (Ag, Cd, Cu, Ni, Pb and zZn), F3 (Cr, Fe, Na, Ni and V) and F4 (Al, Ca, Mg and Mn). Data ob-
tained from the distribution maps and data analysis on soil samples, indicate the natural occurrence of the analysed ele-

ments as well as low concentrations of heavy metals in the studied area.
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INTRODUCTION

Pollution with heavy metals is a global prob-
lem initiated by progress in world technology and
the human exploitation of natural resources; this has
become a subject of many studies. The regional con-
tamination of soil occurs mainly in industrial re-
gions and within large settlement centres, where
factories, traffic and municipal waste are the most
important sources of trace metals [1]. The level of
environmental pollution depends on the proper con-
trol of anthropogenic activities; these factors indi-
cate a global problem of environmental pollution
[2].

Heavy metals occur as natural constituents of
the Earth’s crust, and are persistent environmental
contaminants since they cannot be degraded or de-
stroyed. Some heavy metals have bio-importance as
trace elements, but the biotoxic effects of many on
human biochemistry are of great concern. Hence,

there is a need for the proper understanding of the
conditions, such as concentrations and oxidation
states, which make them harmful, and how biotoxi-
city occurs [3]. The major causes of emission are
anthropogenic sources, specifically mining opera-
tions, where, in some cases, even long after mining
activities have ceased, the emitted metals continue
to persist in the environment [4-6].

The soil cover of the Republic of Macedonia
is very heterogeneous, with great changes over
small distances. Almost all of the relief forms, geo-
logical formations, climatic influences, plant associ-
ations and soils that appear in Europe (with the ex-
ception of podzols) are represented. More than 30
soil types are found in Macedonia [7-9]. According
to Filipovski [10] negative degradation of soils in
Macedonia started a long time ago. In recent years,
results suggest that the Republic of Macedonia has
the same problem of pollution by heavy metals, and
the most important emission sources are mines,

#Dedicated to academician Gjorgji Filipovski on the occasion of his 100" birthday


mailto:trajcest@pmf.ukim.mk

74 Trajée Stafilov, Robert Sajn, lvana Mickovska

drainage systems and smelters near the towns of
Veles, Tetovo, Kavadarci and Probistip [11-21].
The goal of the present study was to investi-
gate the spatial distribution of about 60 chemical
elements in soil from the Crn Drim River Basin, in
the Republic of Macedonia. For this purpose, apply-
ing a sampling network of 5 x 5 km, 124 soil sam-
ples from 62 locations (topsoil and bottom soil)
were collected. The soil samples were analysed by
inductively coupled plasma - atomic emission spec-
trometry (ICP-AES) for macro-elements (Ag, Al, B,
Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, V
u Zn) and inductively coupled plasma - mass spec-
trometry (ICP-MS) for trace elements (As, Be, Bi,
Br, Cd, Ce, Co, Cs, Dy, Er, Eu, Ga, Gd, Ge, Hf, Ho,
I, In, La, Lu, Mo, Nb, Nd, Pd, Pr, Pt, Rb, Sbh, Sc,
Sm, Sn, Sr, Ta, Tb, Te, Ti, T, Tm, W, Y, Yb u Zr).
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Figure 1. The investigated area on the map
of the Republic of Macedonia

In the far southwest of the Republic of Mace-
donia, the Ohrid-Struga valley stretches between the
Mts. of Jablanica, Belicka and Mokra in the west;
Mts. Galicica, Petrina, Pla¢enska and Ilinska in the
east; Stogovo and its branch Karaorman to the north
and the hilly region of Gora to the south. It is char-
acterised by a changed Mediterranean climate and
winds coming from the west and north. The last val-
ley is the Debarca valley, located to the north of the
Ohrid valley [24].

STUDY AREA

The investigated area is located in the south-
western part of Macedonia and covers the basin of
the Crn Drim River (Figures 1 and 2). This river
passes through two valleys: Ohrid-Struga and the
Debar-Radika River basin. Crn Drim flows from the
Ohrid Lake in the town of Struga. First it flows
through Struga Field to the village of TaSmaruniste,
where it enters into the Drimkolska Gorge and im-
mediately in the artificial Globoc¢ica Lake. After the
Globocica dam, a short river flow is again formed to
re-enter the nearby Debar Lake. It leaves it at Debar
Lake dam and continues 12 km as a border river and
then enters into Albania. The Crn Drim River Basin
covers an area of 3,350 km? The area receives an
average of 933 mm of precipitation per year [22, 23].
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Figure 2. Topographic map of the investigated area

The largest part of the Crn Drim River Basin
is tectonically separated as part of the West-
Macedonian zone with properties formed during the
Hercynian and Alpine orogeny. During the Hercyni-
an orogeny, Paleozoic metamorphism was formed in
synclines and anticlines, while the Alpine orogeny
was characterised by intense metamorphism. Later
in this orogeny, Tertiary tectonic trenches were
formed. Triassic sediments were formed during the
Alpine orogeny, in huge structures orientated mostly
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in the north-south and northwest-southeast direc-
tions [25-28].

The area of Debar and low flow of the Radika
River (Debar zone) is in the Cukali-Krasta zone
[25-28]. The Cukali-Krasta zone is composed of
Upper Cretaceous (i.e. Turonian) conglomerates:
sandstones, claystones and limestones with olisto-
stromes. In this zone, evaporites and minor Paleo-
gene sediments are present. The boundary with the
West-Macedonian zone is marked by the Stogovo
nappe, after which the Paleozoic, Triassic and Ju-
rassic complex occurs as a bundled mass; it has an
allochthonous length of at least 710 km through the
Upper Cretaceous sediments and evaporites of the
Cukali-Krasta zone. This zone of the Debar area
essentially represents a tectonic half-window. The
diapiric structure of DeSat Mountain is very im-
portant in the Cukali-Krasta zone; it is composed of
anhydrite and gypsum, characterised by partial but
noticeable diapiric, internal folding and brecciation,
with the development of tectonic breccias — mylo-
nites at the contacts with the adjacent rock masses.

The geological structure of the investigated
area is dominated by alluvial creations and semi-
sedimentary sediments, distributed in the plains
(Figure 3). This area is located in the West-
Macedonian geotectonic zone, within the Ohrid Ne-
ogene Basin. In the bases of the Neogene and Qua-
ternary sediments lies the Triassic rocks, while on
the surface of the terrain are the lake and swamp
sediments that are deposited in the Quaternary peri-
od; here they have the greatest distribution [25-28].

The creation of this graben structure is related
to the end of the lower and early middle Pliocene:
that is, the period when the expansion of the orogen-
ic phase began with the manifestation of intense dif-
ferentiated vertical movements. As a result of such
processes, in the beginning, the old fault structures
were reactivated and later on, they came to be a sink
in the space (i. e. its transformation into Pliocene
lake basins) [25, 29].

The Pliocene sediments in this area are found
in the southern part, as well as in the northwest part.
The Gali¢ica Mountain is a dominant relief appear-
ance located between Ohrid Lake to the west and
Prespa Lake to the east. According to its structural
characteristics, Gali¢ica Mountain is a typical horst
that has been elevated by the dominant neotectonic
interblock faults.

The maximum vertical movement in the
western part of Mt. GaliCica was accomplished via

the system of scalable faults. Due to the massive-
ness of limestones and the intensive radial tectonics,
with which the mountain is cut into several blocks,
the dials cannot be noticed. In the lower parts, the
synclinal structure is constructed of Triassic con-
glomerates that lie over the Paleozoic metamor-
phites [25-28].

The area of Ohrid is characterised by Paleo-
zoic, Triassic, Jurassic, Neocene and Quaternary
formations. The Paleozoic formations consist of a
thick complex of metamorphic and magmatic rocks.
Based on fossil remains, this complex is divided
over the Cambrian, Ordovician and Devonian peri-
ods. The Cambrian and Ordovian sections are com-
posed of phyllite schists, and the Devonian is char-
acterised by phylitic shales, metaconglomerates,
carbon shales and marble limestones. Through the
Paleozoic metamorphism, granodiorites and syenites
were intertwined. The Triassic formations lie trans-
gressive over the Paleozoic complex. In some locali-
ties (Mt. Jablanica), the Triassic sediments are over-
lapped with conglomerates composed of diabase,
gabbro, Triassic limestone and, in the final bounda-
ries, serpentinites and shales. Neocene sediments
have the character of fresh water, and with their mi-
croflora are assumed to have formed during the
Middle Pliocene period. There are also sediments of
the new Pliocene. Quaternary sediments are wide-
spread and consist of glacial, morene, and fluvio-
glacial sediments, Terra Rosa, travertine, breccias,
thallus and alluvial deposits [29].

EXPERIMENTAL
Sampling

Samples of natural surface soils in the Crn
Drim River Basin, in the Republic of Macedonia,
were collected according to the European guidelines
for soil pollution studies [30], and also according to
our experience [12, 13, 20, 31]. The study area
(3350 km?) was covered by a sampling grid of 5 x 5
km (Figure 4). Altogether 124 soil samples were
collected from 62 locations, with the collection of
topsoil (0-5 cm) and subsoil (20-30 cm) samples.
The possible organic horizon was excluded. One
sample represents the composite material collected
at the central sample point itself, and at least four
points within a radius of 10 m around it towards the
north, east, south and west. The mass of the compo-
site sample was about 1 kg.
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Figure 4. Soil sampling locations in the Crn Drim River Basin
Sample preparation
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The soil samples were air dried indoors at
room temperature for about two weeks. They were
then gently crushed, cleaned of extraneous material
and sifted through a plastic sieve with 2 mm mesh
[30]. The sifted mass was quartered and milled in an
agate mill to produce an analytical grain size below
0.125 mm.

For the digestion of soil samples, open wet
digestion with a mixture of acids was applied. The
digestion was carried out in this order: the precisely
measured mass of dust samples (0.25 g) was placed
in Teflon vessels. After this, 5 ml of concentrated
HNO; was added, until brown vapours left the ves-
sels. Nitric acid is a very suitable oxidant for the
digestion of organic matter in samples. For the total
digestion of inorganic components, 5-10 ml HF was
added. When the digest became a clear solution, 2
ml of HCIO, was added for the total digestion of
organic matter. After cooling the vessels for 15 min,
2 ml of HCI and 5 ml of water were added for the
total dissolution of metal ions. Finally, the vessels
were cooled and digests were quantitatively trans-
ferred to 50 ml calibrated flasks [20].

Instrumentation

All samples were analysed by ICP-AES (Var-
ian, model 715-ES) for the elements with higher
contents according to the instrumental conditions
presented by Balabanova et al. [14]. Trace elements
were analysed by ICP-MS measurements on a SCI-
EX Perkin Elmer Elan DRC Il (Canada) inductively
coupled plasma mass spectrometer (with quadruple
and single detector setup) under the instrumental
conditions presented earlier [16]. The quality con-
trol of the applied techniques was performed using
the standard addition method, and the recovery for
the investigated elements ranged from 98.2 % to
100.8 %.

Data processing

Data analysis and the production of maps
were performed on a PC using Paradox (ver. 9), Sta-
tistica (ver. 6.1), AutoDesk Fig. (ver. 2008) and
Surfer (ver. 8.09) software. All field observations,
analytical data and measurements were introduced
into the data matrix. Parametric and nonparametric
statistical methods were used for data analysis [20].
Based on the results of the normality tests and visual
inspection of the distribution histograms, for all el-
ements, logarithms of the element content were used
to acquire normal distributions. Basic statistics for
all 60 elements in the topsoil and bottom soil are
given in Tables 1 and 2.

Multivariate R-mode factor analysis [20] was
used to reveal associations of the chemical elements
that had been determined by ICP-AES. From nu-
merous variables, the factor analysis (FA) derives a
smaller number of new, synthetic variables. Factor
analysis was performed on variables standardised to
a mean of zero and one unit of standard deviation
[32]. As a measure of similarity between variables,
the product-moment correlation coefficient (r) was
applied. For orthogonal rotation, the varimax meth-
od was used.

The universal kriging method with linear
variogram interpolation was applied for the con-
struction of the areal distribution maps of the 18
elements determined by ICP-AES and the factor
scores (F1-F4) for topsoil (0-5 cm) and subsoil
(20-30 cm) samples. 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

ICP-AES was applied for the analysis of 18
macro-elements (Ag, Al, B, Ba, Ca, Cr, Cu, Fe, K, Li,
Mg, Mn, Na, Ni, P, Pb, V u Zn) while the additional
48 elements (As, Be, Bi, Br, Cd, Ce, Co, Cs, Dy, Er,
Eu, Ga, Gd, Ge, Hf, Ho, I, In, La, Lu, Mo, Nb, Nd, Pd,
Pr, Pt, Rb, Sb, Sc, Sm, Sn, Sr, Ta, Tb, Te, Ti, TI, Tm,
W, Y, Yb u Zr) were analysed by inductively coupled
plasma — mass spectrometry (ICP-MS).

Descriptive statistics of the measurements for
topsoil and bottom soil samples from 62 locations
(124 soil samples total) are presented in Tables 1
and 2. Values for Al, Ca, Fe, K, Mg, Na and Ti are
in %, values for I, Lu, In, Te and Tm are in pg/kg,
and the values for the remaining elements are in
mg/kg. In Tables 1 and 2, the following statistical
parameters are given: X — arithmetic average;
X(BC) — arithmetic average after Box-Cox method,;
Md — median; min — minimum; max — maximum;
P10— 10th percentile; Pgo— 90th percentile; Pzs— 25th
percentile; P75 — 75th percentile; S — standard devia-
tion; SX — standard error; CV — coefficient of varia-
tion; A — skewness; E — kurtosis; BC — Box-Cox
transformed values.

The order of the distribution of concentrations
of the major elements Al, Ca, Fe, K, Mg, Na and Ti
were in the following ranges: 0.42-6.5% Al; 0.09—
4.7 % Ca; 2.2-6.7 % Fe; 0.16-2.4 % K; 0.21-7.2 %
Mg, and 0.027-0.68 % Na and 0.10-0.84 % Ti. The
contents of major elements are most frequently a
result of the dominant geological formations of the
area: Quaternary sediments, Precambrian and
Paleozoic schists, Paleozoic sandstones and
Paleozoic and Mesozoic carbonates.
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Table 1. Descriprive statistics for the content of analyzed elements in top-soil samples the Crn Drim River Basin

r'f]'eem N Unit X XBC) Md Min Max Py Py Ps Ps S Sx CV A E A(BC) E(BC)
Ag 62 mgkg 078 076 075 048 12 058 10 065 087 017 0022 219 066 005 024 -0.44
Al 62 % 21 18 17 044 65 091 38 12 28 12 016 601 135 199 012 -0.38
As 62 mgkg 27 16 16 47 270 71 46 11 28 38 48 141 499 2943 -010 -0.25
B 62 mgkg 58 55 54 26 114 37 84 43 71 19 24 323 071 027 -006 -0.37
Ba 62 mgkg 310 270 250 65 940 150 570 180 390 190 24 609 139 180 031 -0.08
Be 54 mgkg 23 22 23 0072 49 051 38 16 29 11 015 492 020 009 -021 0.1
Bi 54 mgkg 023 018 018 0005 083 0050 049 010 032 018 0025 795 130 166 -005 -0.13
Br 54 mgkg 32 27 29 0005 69 087 60 16 47 19 026 596 023 -103 -099 120
Ca 62 % 078 055 056 011 46 026 15 039 076 078 0099 101 3.04 1093 -006 065
Cd 62 mgkg 064 030 030 0005 34 0035 21 015 062 086 011 133 190 260 -020 0.6
Ce 54 mgkg 20 16 16 13 58 50 46 70 27 15 20 739 080 -016 -031 -0.54
Co 57 mghkg 17 14 13 10 76 69 28 10 19 14 18 812 296 1019 031 273
Cr 62 mgkg 120 85 87 50 1000 59 180 69 110 130 17 112 581 39.14 008 -0.43
Cs 54 mgkg 35 31 31 024 11 095 66 21 45 24 033 682 127 148 039 0.09
Cu 62 mgkg 34 31 30 80 125 19 47 23 41 17 21 502 281 1348 031 228
Dy 54 mgkg 16 11 15 0037 60 023 29 053 21 14 018 859 148 240 -028 -0.29
Er 54 mgkg 081 056 071 0016 35 011 15 021 11 072 0098 892 156 303 -028 -0.41
Eu 54 mgkg 053 040 040 0051 17 010 11 023 074 042 0057 787 114 084 -020 -0.72
Fe 62 % 38 37 36 22 66 28 52 33 45 091 012 238 078 029 001 -0.23
Ga 54 mgkg 13 12 12 35 37 57 21 87 15 61 083 471 141 352 026 071
Gd 54 mgkg 22 16 19 0077 76 042 40 075 30 18 025 829 140 191 -0.28 -021
Ge 54 mgkg 036 022 020 0070 24 0099 081 014 041 043 0058 118 305 1094 022 -0.61
Hf 54 mgkg 11 090 10 0065 34 026 19 047 15 074 010 688 103 154 -0.22 -0.39
Ho 54 mgkg 030 021 026 0005 12 0045 056 0085 039 026 0036 881 152 272 -030 -0.29
| 54 pgkg 55 23 22 50 250 50 140 50 98 64 88 116 138 119 003 -157
In 54 pgkg 38 34 36 50 111 15 64 21 48 21 29 562 118 212 007 035
K 62 % 14 14 13 033 24 077 21 11 17 050 0063 359 012 -0.65 006 -0.62
La 54 mgkg 12 84 98 059 57 25 26 40 14 11 15 944 224 638 -011 014
Li 62 mgkg 32 31 30 12 62 19 46 25 39 11 14 352 042 -014 008 -031
lu 54 pgkg 120 88 110 50 460 18 230 43 160 94 13 802 131 233 -025 -047
Mg 62 % 092 067 064 022 72 035 15 047 10 096 012 105 492 3068 001 019
Mn 62 mgkg 820 730 820 61 3700 320 1200 510 1000 510 65 620 300 1623 -0.01 235
Mo 54 mghkg 071 024 043 0005 30 0005 19 0005 11 081 011 115 125 072 -0.33 -1.42
Na 62 % 016 013 012 0029 067 0061 029 0089 020 012 0015 706 210 605 014 -0.08
Nb 54 mgkg 61 19 19 30 950 79 140 12 34 150 20 237 487 2705 -027 073
Nd 54 mgkg 94 75 83 054 29 21 19 34 13 70 096 748 118 125 -025 -0.24
Ni 62 mgkg 92 63 61 12 1000 32 140 42 98 130 17 142 582 3878 003 127
P 62 mgkg 810 720 730 250 2600 430 1300 530 950 420 54 521 200 575 001 043
Pb 62 mgkg 32 32 31 14 62 21 4 26 39 93 12 287 050 073 032 046
Pd 54 mgkg 051 041 041 0050 17 011 10 026 072 038 0052 756 138 186 -0.14 -0.06
Pr 54 mgkg 24 19 22 014 70 057 48 091 34 17 024 725 108 099 -026 -0.27
Pt 54 mg/kg 031 024 030 0005 10 0063 068 0098 048 026 0035 825 090 018 -0.08 -0.88
Rb 54 mgkg 52 47 46 35 148 14 100 24 68 33 46 642 101 067 024 -0.26
Sb 54 mgkg 15 057 064 0074 45 020 13 048 087 60 082 398 730 5350 -032 357
Sc 54 mgkg 63 51 55 11 33 20 10 35 81 49 067 782 333 1665 003 026
Sm 54 mgkg 19 15 17 010 61 038 38 069 26 15 020 780 128 151 -023 -0.26
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Table 1 (continuation)
Sn 54 mglkg 17 11 10 030 141 2.2 3% 58 24 21 29 124 389 2061 -0.19 0.60
Sr 54 mglkg 28 25 27 088 79 9.6 46 17 39 17 23 588 088 097 -047 0.70
Ta 54 mg/kg 1.0 0.62 0.75 0.050 76 0.16 20 0.36 12 12 0.16 117 359 16.66 -0.80 1.08
Tb 54 mg/kg 0.29 0.22 0.26 0.005 10 0051 053 010 041 025 0034 839 143 213 -0.32 -0.05
Te 54 pug/kg 27 11 5.0 5.0 200 5.0 64 5.0 40 38 5.2 144 292 10.00 040 -1.54
Ti 54 % 032 029 029 010 084 018 049 023 036 014 0019 442 145 318 016 046
TI 54 mg/kg 046 036 038 0.050 15 0050 090 017 071 035 0047 764 084 022 -018 -091
Tm 54 pgkg 110 82 100 50 480 16 220 33 150 100 14 875 150 282 -0.18 -0.63
\Y 62 mg/kg 110 99 98 65 410 71 150 87 120 48 6.2 440 421 2467 0.00 -0.09
W 54 mg/kg 14 11 1.1 0.064 48 0.20 28 061 21 11 014 741 097 088 -019 -0.55
Y 54 mg/kg 7.2 53 49 0.22 29 1.6 12 28 11 6.1 083 848 163 301 -024 006
Yb 54 mgkg 073 052 066 0018 31 011 14 022 099 063 008 864 148 282 -025 -0.49
Zn 62 mg/kg 140 130 130 58 290 90 210 110 170 52 65 361 105 103 -020 034
Zr 54 mglkg 58 53 56 7.1 144 21 95 37 78 30 41 517 066 042 -025 -0.17

N — Number of samples; X — mean; X(BC) — mean of Box-Cox transformed values; Md — median; Min — minimum;

Max — maximum; P1o — 10" percentile; Ps — 25t percentile; P-s — 75" percentile; Pgo — 90™ percentile; S — standard deviation;
Sx — standard deviation of transformed values; CV — coefficient of variation, A — skewness; E — kurtosis;

BC — Box-Cox transformed values

Table 2. Descriprive statistics for the content of analyzed elements in sub-soil samples from the Crn Drim River Basin

rELem n Unit X XC()B Md Min Max Py Pw Ps Ps S Sx CV A E AC(;3 EC()B
Ay 62 mgkg 08 08 08 044 12 059 11 068 093 018 0022 215 020 -051 -024 -0.29
Al 62 % 24 20 19 042 59 08 44 14 32 14 017 580 089 017 -015 -058
As 62 mgkg 27 16 16 55 280 82 50 11 31 39 50 143 500 3039 020 -0.39
B 62 mgkg 60 56 59 25 140 38 8 45 67 21 27 355 143 351 004 0.60
Ba 62 mgkg 310 260 240 28 980 90 580 150 390 210 26 672 119 127 -013 -0.11
Be 58 mgkg 23 23 21 0005 53 084 39 18 31 12 016 507 036 020 -008 020
Bi 58 mgkg 020 016 017 0005 078 0048 040 010 024 015 0020 779 158 303 000 0.42
Br 58 mghkg 39 30 27 0005 20 076 81 18 45 42 055 106 252 687 054 138
Ca 62 % 10 056 054 0095 47 021 27 031 10 12 015 117 198 310 002 -0.28
cd 62 mgkg 083 034 029 0005 73 0052 21 013 094 13 017 160 292 990 014 -0.07
Ce 58 mgkg 21 15 14 037 105 25 55 79 29 22 28 102 197 432 015 -0.05
Co 59 mgkg 16 14 14 19 56 70 29 99 22 95 12 585 151 393 -026 0.74
Cr 62 mgkg 120 86 86 49 910 59 180 69 110 120 15 102 503 3075 023 -0.43
Cs 58 mgkg 32 29 32 0069 89 08 55 19 41 19 025 584 071 075 -045 053
Cu 62 mgkg 35 33 34 11 75 21 50 25 44 13 17 379 056 034 -030 -0.05
Dy 58 mgkg 16 11 11 0091 67 023 47 060 21 16 021 994 178 262 021 -024
Er 58 mgkg 084 057 052 0046 38 011 23 030 10 086 011 103 181 277 022 -024
Eu 58 mgkg 052 037 035 0025 22 010 12 018 065 049 0065 945 173 264 013 -0.19
Fe 62 % 40 39 39 24 67 30 53 33 47 091 012 226 074 024 007 -051
Ga 58 mgkg 13 12 13 28 30 67 20 95 16 52 069 401 076 140 -0.25 0.72
Gd 58 mgkg 23 16 15 011 96 031 51 070 28 23 030 986 179 275 019 -0.28
Ge 58 mgkg 037 023 020 0075 15 009 11 015 048 035 0047 962 1.80 264 003 -1.03
Hf 58 mgkg 11 092 094 0071 30 031 27 043 16 082 011 738 084 -031 004 -0.79
Ho 58 mgkg 031 021 021 0018 14 0041 088 012 037 032 0041 102 179 263 025 -0.26
I 58 pgkg 110 36 42 50 1500 50 290 14 95 230 30 209 484 2793 003 -0.66
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Table 2 (continuation)

In
K
La
Li
Lu

Yb
Zn
Zr

58
62
58
62
58
62
62
58
62
58
58
62
62
62
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
62
58
58
58
62
58

ng/kg
%

mg/kg
mg/kg
pg/kg
%

ma/kg
ma/kg
%

mg/kg
mg/kg
ma/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ngrkg
%

mg/kg
pg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

37
14
12
34
120
0.91
820
0.68
0.16
79
9.5
100
750
30
0.45
2.4
0.28
45
11
6.3
2.0
15
27
3.2
0.30
36
0.31
0.47
120
120
14
8.0
0.76
140
62

34
14
7.8
33
88
0.67
720
0.21
0.12
22
7.1
64
650
30
0.34
1.8
0.22
41
051
52
14
9.5
23
0.71
0.22
14
0.29
0.36
81
110
11
54
0.53
130

55

36
15
6.8
33
79
0.69
770
0.44
0.12
20
6.8
68
650
29
0.36
17
0.28
40
0.59
51
13
8.5
21
0.82
0.22
18
0.29
0.40
75
110
11
4.6
0.47
130

51

5.0
0.16
0.39

7.4

5.0
0.21

87
0.005
0.027

3.3

0.39

12
250
5.0
0.050
0.098
0.005
0.95
0.067
1.2
0.050
0.67
2.9
0.050
0.017

5.0

0.11

0.050
5.0
65
0.060
0.33
0.036
68

11

96
24

157

15
0.73
14
19

18
0.30
350
0.005
0.051
10
14
31
320
19
0.050
0.35
0.053
12
0.17
2.4
0.32
25
8.8
0.22
0.043
5.0
0.18
0.050
16

81
0.32
15
0.098
94

22

59
21
30
51
340
17
1300
1.4
0.29
150
22
160
1300
43
0.95
5.6
052
79
11
13
44
42
51
18
0.76
95
0.44
0.96
320
170
32
20
21
210
120

25
1.0
35
26
46
0.44
530
0.005
0.071
13
3.6
43
500
23
0.15
0.98
0.10
28
0.37
35
0.67
3.9
13
0.42
0.11
5.0
0.23
0.16
46
90
0.54
24
0.30
110

35

47
1.9
17
39
150
11
1000
0.80
0.20
37
13
99
890
37
0.61
33
0.44
57
0.82
8.1
2.6
19
36
12
0.40
46
0.37
0.70
150
130
21
12
0.94
170
97

18
0.51
13
12
110
0.84
600
1.2
0.12
210
8.7
150
430
9.0
0.39
2.2
0.23
26
3.4
41
1.8
18
20
17
0.30
49
0.11
0.38
120
49
11
79
0.75
52
36

2.4
0.064
17
15
15
0.11
76
0.16
0.015
27
11
20

54
11
0.052
0.29
0.030
3.4
0.45
0.54
0.24
2.3
2.7
2.3
0.039
6.5
0.014
0.050
16
6.2
0.15
1.0
0.099
6.5
4.7

49.1
359

105
35.1
93.8
915
73.0

175
75.8
261
91.2

154
57.0
29.8
88.1
90.0
80.7
57.9
310
66.0
93.6

118
75.2
535
98.1

138
349
80.4

101
421
80.7
99.4
99.4
36.3
58.2

0.88
-0.13
1.66
0.43
1.67
3.66
3.92
4.24
1.98
4.66
1.61
6.03
1.96
-0.01
1.80
1.60
141
0.87
7.33
1.90
1.65
2.88
1.75
7.58
1.78
297
112
0.95
1.79
3.37
1.32
1.61
177
1.58
0.63

1.26
-0.55
271
0.53
2.50
18.66
23.58
22.22
5.64
23.90
2.37
41.27
6.03
-0.08
4.25
2.47
311
1.53
54.95
5.70
2.36
11.57
3.85
57.62
2.64
11.77
3.54
0.35
2.81
15.88
1.87
214
2.74
3.59
-0.61

-0.06
-0.21
0.06
-0.09
0.15
0.01
0.24
-0.09
-0.04
0.33
0.13
-0.14
0.06
-0.23
0.07
0.13
-0.12
-0.36
-0.02
-0.02
0.12
0.19
0.41
0.60
0.26
0.04
-0.24
-0.03
0.09
0.07
0.06
0.13
0.17
0.24
0.06

0.19
-0.45
-0.50
051
-0.14
-0.36
3.00
-1.08
-0.35
0.73
-0.30
1.08
-0.21
0.34
-0.41
-0.28
-0.30
0.65
2.69
-0.15
-0.22
-0.14
0.25
4.49
-0.26
-1.64
0.85
-1.01
-0.08
0.21
-0.40
-0.45
-0.21
0.18
-0.90

N — Number of samples; X — mean; X(BC) — mean of Box-Cox transformed values; Md — median; Min — minimum

Max — maximum; P;o — 10" percentile; Pos — 25" percentile; P-s — 751 percentile; Pgo — 90" percentile; S — standard deviation;
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S« — standard deviation of transformed values; CV — coefficient of variation, A — skewness; E — kurtosis;
BC — Box-Cox transformed values
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Table 3. The ratios of the element average content in topsoil (TS) and subsoil (SS) samples

from the Crn Drim River Basin

Ratio

Element Topsoil Subsoil (TS/SS) T (test) Sign F (ratio) Sign R (TS/SS) Sign
Ag 0.76 0.80 0.95 -1.35 NS 1.07 NS 0.45 *
Al 17900 20100 0.89 -1.09 NS 111 NS 0.51 *
As 16.23 16.44 0.99 -0.10 NS 1.08 NS 0.30 *
B 54.8 56.3 0.97 -0.46 NS 1.09 NS 0.52 *
Ba 274 256 1.07 0.60 NS 1.44 NS 0.86 *
Be 2.18 2.25 0.97 -0.31 NS 111 NS 0.58 *
Bi 0.18 0.16 1.14 0.79 NS 1.24 NS 0.25 NS
Br 2.69 2.96 0.91 -0.56 NS 1.72 NS 0.23 NS
Ca 54799 5560 0.99 -0.10 NS 171 NS 0.79 *
Cd 0.30 0.34 0.88 -0.47 NS 1.13 NS 0.64 *
Ce 15.52 14.82 1.05 0.25 NS 1.39 NS 0.40 *
Co 14.23 14.15 1.01 0.04 NS 1.26 NS 0.54 *
Cr 85.0 86.2 0.99 -0.20 NS 1.05 NS 0.90 *
Cs 3.14 2.89 1.09 0.63 NS 1.15 NS 0.48 *
Cu 30.95 33.05 0.94 -0.86 NS 1.22 NS 0.76 *
Dy 1.13 1.14 1.00 -0.02 NS 1.00 NS 0.40 *
Er 0.56 0.57 0.99 -0.07 NS 1.03 NS 0.43 *
Eu 0.40 0.37 1.07 0.37 NS 1.08 NS 0.31 *
Fe 36932 38931 0.95 -1.32 NS 1.15 NS 0.87 *
Ga 12.11 12.32 0.98 -0.21 NS 1.20 NS 0.21 NS
Gd 1.64 1.60 1.03 0.14 NS 1.08 NS 0.36 *
Ge 0.22 0.23 0.96 -0.27 NS 1.10 NS 0.00 NS
Hf 0.90 0.92 0.98 -0.12 NS 1.10 NS 0.20 NS
Ho 0.21 0.21 0.98 -0.08 NS 1.04 NS 0.43 *
| 0.02 0.04 0.63 -1.72 NS 1.00 NS 0.35 *
In 0.03 0.03 0.99 -0.08 NS 1.27 NS 0.08 NS
K 13792 14033 0.98 -0.27 NS 1.04 NS 0.91 *
La 8.40 7.75 1.08 0.40 NS 1.34 NS 0.46 *
Li 31.18 3291 0.95 -0.83 NS 1.09 NS 0.93 *
Lu 0.09 0.09 1.00 0.00 NS 1.07 NS 0.33 *
Mg 6722 6701 1.00 0.03 NS 1.07 NS 0.88 *
Mn 732 715.6 1.02 0.20 NS 1.18 NS 0.93 *
Mo 0.24 0.21 1.18 0.42 NS 1.02 NS 0.21 NS
Na 1328 1205 1.10 0.82 NS 131 NS 0.91 *
Nb 19.4 221 0.88 -0.69 NS 1.28 NS 0.62 *
Nd 7.48 7.07 1.06 0.33 NS 1.24 NS 0.36 *
Ni 62.6 64.2 0.97 -0.20 NS 1.15 NS 0.93 *
P 720 648 111 1.20 NS 1.24 NS 0.90 *
Pb 32.24 30.01 1.07 1.35 NS 1.00 NS 0.73 *
Pd 0.41 0.34 1.21 1.13 NS 1.17 NS 0.24 NS
Pr 1.94 1.81 1.07 0.39 NS 1.28 NS 0.36 *
Pt 0.24 0.22 1.09 0.46 NS 1.21 NS 0.02 NS
Rb 46.83 40.59 1.15 1.14 NS 1.21 NS 0.42 *
Sh 0.57 0.51 111 0.67 NS 1.05 NS 0.66 *
Sc 5.09 5.20 0.98 -0.17 NS 1.12 NS 0.28 NS
Sm 1.47 1.42 1.04 0.22 NS 1.20 NS 0.35 *
Sn 10.75 9.48 1.13 0.59 NS 1.13 NS 0.17 NS
Sr 25.03 22.97 1.09 0.64 NS 1.14 NS 0.55 *
Ta 0.62 0.71 0.88 -0.65 NS 1.01 NS 0.45 *
Th 0.22 0.22 1.01 0.03 NS 1.01 NS 0.37 *
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Table 3 (continuation)

Te 0.01 0.01 0.79 -1.22
Ti 2921 2906 1.01 0.07
Tl 0.36 0.36 0.99 -0.07
™ 0.08 0.08 1.01 0.03
\% 99.1 105 0.94 -1.26
W 1.14 111 1.03 0.16
Y 5.34 5.38 0.99 -0.04
Yb 0.52 0.53 0.98 -0.09
Zn 132.8 132.6 1.00 0.03
Zr 52.82 55.22 0.96 -0.40

NS 1.07 NS 0.66 *
NS 1.43 NS 0.22 NS
NS 1.06 NS 0.18 NS
NS 1.06 NS 0.42 *
NS 1.16 NS 0.90 *
NS 1.02 NS 0.26 NS
NS 1.26 NS 0.61 *
NS 1.00 NS 0.40 *
NS 1.16 NS 0.65 *
NS 1.25 NS 0.51 *

NS — non-significant; * — significant

In order to determine the dependence of the
average contents (Box Cox) of the analysed ele-
ments between the topsoil and the subsoil, the ratio
of the contents was calculated (Table 3). The ele-
ments distribution should not vary significantly be-
tween the topsoil (0-5 cm) and the subsoil (20-30
cm), except if certain destructive anthropogenic or
natural processes contribute to variation in the con-
centration. For almost all elements, insignificant
differences were noted for their content in the top-
soil versus subsoil. Thus, this relation varied from
0.88 for Cd and Ta to 1.18 for Mo, which shows an
absence of a significant influence of possible soil
pollution from anthropogenic activities. It should be
noted that the significant difference in iodine content
(ration of 0.63) is due to iodine dynamics in soils, by
its movement beyond the topsoil during rainfall or
drainage events; it appears to be effectively retained
in the deeper soil horizons by the substantial adsorp-
tion capacity provided by relatively small amounts of
humus [33].

A comparative analysis conducted based on
the contents of the analysed elements in topsoils
from the Crn Drim River Basin region and soil from
Macedonia [20] and Europe [29] is given in Table 4.
For the comparative analysis, median values were
used as a more stable parameter, as well as the range
of the content for each element. The median content
of Al (1.7 %) and Fe (3.6 %) was higher than the
median for the soil from the whole territory of Mac-
edonia (1.3 % and 3.5 %, respectively), while the
contents of the other macro-elements (Ca, Fe, K, Li,
Mg, Na and Ti) were lower in relation to the Mace-
donian soil. The median values for some of the trace
elements were lower (Ba, Bi, Ce, Co, La, Mo, Rb,
Sh, Sc, TI, W and Y), higher for some elements (As,
Be, Nb, Ni, P, Sn, Sr, Ta and V) and very similar for
other elements (Cd, Cr, Cu, Hf, Li, Mn, Pb) in soil
samples from Crn Drim River Basin compared with
those from Macedonian soil, which shows that their
distribution corresponds to the lithogenic origin of

the rocks. Comparing the median values of soil from
Crn Drim River Basin with the European soil (Table
4), the content of Al and Na was much lower in rela-
tion to the data published by Salminen et al. [30],
while for the other macro-elements the values did not
show significant variations. The distribution of the
remaining chemical elements corresponded to the
lithogenic origin of the rocks in the separate sub-
regions of the area (Figure 3). The only major
difference was in the content of Cu and Zn, which
were more than two times higher in topsoil from the
Crn Drim River Basin than in the European soil. It is
important to note that, except in the case of Ba, the
median value for all the elements included in The
New Dutchlist, such as As, Cd, Co, Cr, Cu, Pb, Mo,
Ni and Zn (http://www.contaminatedland.co.uk),
were mostly below the target values.

Because of the great number of variables,
data reduction was performed using factor analysis;
this was performed only for the elements analysed
by ICP-AES. A matrix of correlation coefficients
was produced based on previously standardised and
Box-Cox transformed values for element contents in
the samples of topsoil and subsoil (Table 5). In the
factor analysis, 62 samples of topsoil (0-5 cm) and
62 samples of subsoil (20-30 cm) and the analysis
of 19 chemical elements were considered. From the
R-mode factor analysis, three chemical elements (B,
Li and P) were eliminated from further analysis be-
cause they had low shares of communality or low
tendencies to form independent factors. Table 5
shows the loadings of values for each individual
element on each factor, showing four geochemical
associations. The total communality of the factors
was 69.8 % (Table 5).

Based on the results of the factor analysis
(Table 5) and the trends shown on the geochemical
maps, four natural geochemical associations in the
soil have been defined: Factor 1 (Ba, K, Ni), Factor
2 (Ag, Cd, Cu, Pb, Zn), Factor 3 (Cr, Fe, Na, Ni, V)
and Factor 4 (Al, Ca, Mg, Mn).
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Table 4. Comparison of the median, minimal and maximal values of the content of the analysed elements
in top-soil from the Crn Drim River Basin with soil from Macedonia and Europe
Element Unit Dutchlist Crn Drim River Basin Macedonia [20] Europe [30]
Target  Action Md Min-Max Md Min—Max Md Min—Max
Ag mg/kg 0.75 0.48-1.2 - - 0.27 0.01-3.15
Al % 1.7 0.44-6.5 1.3 0.05-35 5.8 0.70-14.1
As mg/kg 29 55 16 4.7-270 10 1.0-720 12 0.32-562
B mg/kg 54 26-114 - - - -
Ba mg/kg 200 625 250 65-940 430 6-2900 375 30-1870
Be mg/kg 2.3 0.072-4.9 2.0 <1.0-8.0 <2.0 <2.0-18.7
Bi mag/kg 0.18 0.005-0.83 0.30 <0.1-15 <0.5 <0.5-9.57
Br mg/kg 2.9 0.005-6.9 - - - -
Ca % 0.56 0.11-4.6 1.3 0.05-35 0.66 0.019-34.3
Cd mg/kg 0.8 12 0.30 0.005-3.4 0.30 0.01-110 0.92 0.03-14
Ce mg/kg 16 1.3-58 56 1.0-180 48.2 1.04-379
Co mg/kg 20 240 13 1.0-76 17 0.50-150 8.0 <1.0-191
Cr mg/kg 100 380 87 50-1000 88 5.0-2700 60 <3-6230
Cs mg/kg 31 0.24-11 - - 2.71 <0.5-69
Cu mg/kg 36 190 30 8.0-125 28 1.6-270 13 0.81-256
Dy mg/kg 15 0.037-6.9 - - 3.42 0.18-45
Er mg/kg 0.71 0.016-35 - - 1.98 0.12-26
Eu mg/kg 0.40 0.051-1.7 - - 0.77 0.05-7.0
Fe % 3.6 2.2-6.6 35 0.03-12 1.34 0.049-10.6
Ga mg/kg 12 3.5-37 - - 135 0.54-34
Gd mg/kg 1.9 0.077-7.6 - - 3.85 0.20-36
Ge mg/kg 0.20 0.070-2.4 - - - -
Hf mg/kg 1.0 0.065-3.4 1.0 <0.10-6.6 5.55 <0.2-21
Ho mg/kg 0.26 0.005-1.2 - - 0.72 0.03-9.2
| mg/kg 22 5.0-250 - - 3.94 <2-71
In mg/kg 0.036 0.005-0.11 - - 0.05 <0.01-0.41
K % 1.3 0.33-24 1.9 0.02-5.3 1.59 0.022-5.1
La mg/kg 9.8 0.59-57 25 0.60-88 23 1.10-143
Li mg/kg 30 12-62 26 1.8-210 - -
Lu mg/kg 0.11 0.005-0.46 - - 0.30 <0.02-3.21
Mg % 0.64 0.22-7.2 0.94 0.12-13 0.47 <0.006-15
Mn mg/kg 820 61-3700 900 17-10000 510 31-6070
Mo mg/kg 10 200 0.43 0.005-3.0 0.90 <0.10-51 0.61 <0.10-21
Na % 0.12 0.029-0.67 1.3 0.007-3.7 0.6 0.03-3.34
Nb mg/kg 19 3.0-950 11 0.30-2000 9.68 0.45-134
Nd mg/kg 8.3 0.54-29 - - 21 1.14-132
Ni mg/kg 35 210 61 12-1000 46 2.1-2500 18 <2-2690
P mg/kg 730 250-2600 620 110-3900 960 82-9900
Pb mg/kg 85 530 31 14-62 32 1.2-10000 23 5.3-970
Pd markg 0.41 0.050-1.7 - - - -
Pr mg/kg 2.2 0.14-7.0 - - 5.6 0.29-31.6
Pt mg/kg 0.30 0.005-1.0 - - - -
Rb mg/kg 46 3.5-148 86 0.70-390 - -
Sh mg/kg 0.64 0.074-45 0.80 <0.10-630 0.60 0.02-31
Sc ma/kg 55 1.1-33 12 <1.0-39 8.21 <0.50-54
Sm mg/kg 1.7 0.10-6.1 - - 3.96 0.23-30
Sn mg/kg 10 0.30-141 2.6 <0.10-680 3.00 <2.0-106
Sr mg/kg 27 0.88-79 140 21-1400 89 8-3120
Ta mg/kg 0.75 0.050-7.6 0.70 <0.10-30 0.68 <0.05-6.8
Th mg/kg 0.26 0.005-1.0 - - 0.60 0.03-7.0
Te mg/kg 0.005 0.005-0.20 - - 0.03 <0.02-0.93
Ti % 0.29 0.10-0.84 0.34 0.004-1.2 0.34 0.012-3.27
T mg/kg 0.38 0.050-1.5 0.70 <0.50-16 0.66 0.05-24
Tm mg/kg 0.10 0.005-0.48 - - 0.30 0.05-4.03
\Y% mg/kg 98 65-410 89 1.0-470 60 2.7-537
w mg/kg 11 0.064-4.8 13 0.20-18 <5.0 <5.0-14
Y mg/kg 4.9 0.22-29 18 0.30-110 21 <3.0-267
Yb mg/kg 0.66 0.018-3.1 - - 1.99 0.09-25
Zn mg/kg 130 58-290 83 8.0-10000 52 <3-2900
Zr mg/kg 140 720 56 7.1-144 35 0.80-210 231 5.0-1060

Md — median; Min — minimum; Max — Maximum
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Table 5. Matrix of dominant rotated factor loadings (n = 124, 16 selected elements)

Element F1 F2 F3 F4 Comm
Ba 0.82 0.17 0.05 -0.22 75.5
K 0.86 -0.13 -0.02 -0.07 75.7
Ag -0.08 0.67 0.21 0.20 54.0
Cd -0.34 0.71 -0.01 0.01 62.4
Cu -0.14 0.55 0.30 0.45 58.5
Pb 0.33 0.67 -0.25 0.00 62.1
Zn 0.16 0.79 0.34 0.17 80.0
Cr -0.39 -0.02 0.82 0.12 82.9
Fe -0.09 0.20 0.72 0.38 70.2
Na 0.15 -0.17 0.60 0.38 56.0
Ni -0.60 0.17 -0.62 0.31 87.2
\Y/ 0.24 0.28 0.77 0.02 73.0
Al 0.09 0.12 0.22 0.80 71.0
Ca -0.28 0.34 -0.06 0.72 72.2
Mg -0.19 -0.12 0.29 0.84 84.1
Mn -0.27 0.18 0.19 0.62 52.4

Prp. Totl. 15.6 16.6 19.1 18.6 69.8

Eigen Val 5.52 2.42 1.90 1.33

Expl. Var, 2.50 2.65 3.05 2.97

F1, F2, F3, F4 — Factor loadings; Com — Communality (%); Var — Variance (%)

Factor 1 (Ba, K, Ni) is a lithogenic and geo-
genic association. The spatial distribution of the
scores of this factor is given in Figure 5, both for
topsoil and bottom soil samples. It is obvious that
the highest values for Ba and K content were in are-
as occupied by the Precambrian and Paleozoic
schists, and Paleozoic sandstones. From Tables 1
and 2, it can be determined that the Ba content in the
topsoil ranged from 65 to 940 mg/kg, while in the
bottom soil its values were from 28 to 980 mg/kg.
The median in the surface layer was 250 mg/kg, and
in the subsoil was 240 mg/kg. The highest contents
of this element were observed in soil samples from
the Precambrian and Paleozoic schists, represented
in the central part of the area; that is, on the border
between the municipalities of Ohrid and Struga. The
high Ba content was also found in the soils from the
Paleozoic sandstones, represented in the Gorna De-
barca area, which is primarily characterised by hilly

and mountainous relief. Potassium content ranged
from 0.33 % to 2.4 % in the topsoil and from 0.16 to
2.4 % in the subsoil, with median values of 1.3 %
and 1.5 9%, respectively. According to the
distribution map, its representation extends to the
Precambrian and Paleozoic schists, Paleozoic
sandstones, and Paleozoic and Mesozoic carbonates.
The correlation for Ni in this Factor is negative and
its spatial distribution was much different than that
of the other elements (Figure 6); it is obvious that its
content was the lowest in the previously mentioned
areas and highest in the areas occupied by Paleozoic
and Mesozoic carbonates (Mts. Galicica and Jablan-
ica) and by Tertiary sediments (Figures 3 and 6).
Nickel content ranged from 12 to 1000 mg/kg and
from 12 to 1200 mg/kg in top- and subsoils, with
median values of 61 mg/kg and 65 mg/kg, respec-
tively.
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Figure 5. Spatial distribution of factor scores
of F1 (Ba, K, Ni) in the Crn Drim River Basin

Factor 2 (Ag, Cd, Cu, Pb, Zn) represents the
geogenic association. The spatial distributions of the
factor scores of this factor for topsoil and bottom
soil are shown in Figure 7. The origins of these ele-
ments are mostly related to the Paleozoic and Meso-
zoic carbonates. The highest contents these elements
were in the areas of Mts. Gali¢ica and Jablanica.

The content of silver ranged from 0.48 to 1.2
mg/kg in both top- and subsoil, with very close me-
dian values of 0.75 mg/kg and 0.80 mg/kg, respec-
tively. From the similarity of these values, it can be
concluded that there is no contamination of the
surface layer of the soil from anthropogenic sources.
The highest contents for silver were found in the
Palaeozoic and Mesozoic carbonates, that are no-
ticeable over Mount Gali¢ica and around the city of
Ohrid, and in the northeastern part of Gorna
Debarca, where many types of rocks are present:
Tertiary sediments, Precambrian and Paleozoic
schists and magmatic rocks. A similar distribution
was also observed for Cd and Cu. The median value
for Cd was 0.30 mg/kg in the topsoil, with a range
of 0.005 to 3.4 mg/kg, and 0.29 mg/kg in the subsoil
soil with a range of 0.005 to 7.3 mg/kg. The median
value for Cu in the topsoil was 30 mg/kg, which is
significantly higher compared to the median of the

Ni (mg/kg)

s
Scale (km)
T —
0 3 6 9

Figure 6. Spatial distribution of nickel
in the Crn Drim River Basin

surface layer at the Europe (13 mg/kg) and Macedo-
nia (16 mg/kg) levels. The same applies to the me-
dian in the surface layer with a value of 34 mg/kg.
The minimum and maximum values ranges were 8—
125 mg/kg and 11-75 mg/kg, respectively. The spa-
tial distributions of the content of Pb and Zn (Fig-
ures 8 and 9) were similar to the other elements
from Factor 2 (i.e. the areas occupied by the Paleo-
zoic and Mesozoic carbonates, as well as by Paleo-
zoic sandstones in the northern and eastern part of
the basin). According to the data presented in Table
4, the median value for Pb was higher in relation to
the median for European and Macedonian soils,
both in the topsoil and in the subsoil. In the study
area, it was 31 mg/kg (range: 14-62 mg/kg) and 29
mg/kg (range: 5-50 mg/kg), whereas the values for
European and for Macedonian soil were 10 and 17.2
mg/kg, and 17 and 14 mg/kg, respectively. The last
element in this factor was zinc, whose spatial distri-
bution is given in Figure 9. The median value for Zn
was the same for top- and subsoil samples (130
mg/kg), and it was higher than in the sampled than
in the European and Macedonian soil (Table 4)
These findings for some parts (the town of Ohrid
and its surroundings) of the investigated region
could be also explained by anthropogenic influence
of the urban and industrial activities [34].
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Figure 8. Spatial distribution of lead Figure 9. Spatial distribution of zinc
in the Crn Drim River Basin in the Crn Drim River Basin
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Factor 3 (Cr, Fe, Na, Ni, V) is a natural fac-
tor that depends on the underlying soil lithology and
the spatial distribution of the factor scores. Figure
10 shows that the sources of these elements are
mainly natural phenomena such as the erosion of
rocks and soil chemical processes. Higher content of
these elements was located in areas of Tertiary sed-
iments in the area of Debar, while lower contents
were found in the areas of Paleozoic and Mesozoic
carbonates on the Gali¢ica and Jakupica Mountains,
and of Quaternary sediments in the Ohrid-Struga
Valley. Typical examples of this association of ele-
ments are chromium and nickel (Figures 11 and 12).
The highest values for Cr and Ni were obtained in
soils around the Debar Lake and Center Zupa and
near the village of Slivovo). The content of Cr
ranged from 50 to 1000 mg/kg and from 49 to 910
mg/kg, in top- and subsoil, with median values of 87
mg/kg and 86 mg/kg, respectively. Corresponding
values for Ni content were: a range of 12 to 1000
mg/kg in both layers, and medians of 61 mg/kg and
68 mg/kg.
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130
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Figure 11. Spatial distribution of chromium
in the Crn Drim River Basin
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Figure 10. Spatial distribution of factor scores
of F3 (Cr, Fe, Na, Ni, V) in the Crn Drim River Basin
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Figure 12. Spatial distribution of nickel
in the Crn Drim River Basin
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Factor 4 includes Al, Ca, Mg and Mn. The
highest contents were found in the areas of
Paleozoic and Mesozoic carbonates present on the
Galicica and Jakupica Mountains, and on the eastern
part of the basin, as well as in the areas of volcanic
and magmatic rock in the western part of the area
(Figure 13). This distribution was related to areas
with carbonate rocks; which is very characteristic of
the spatial distribution of Ca and Mg (Figures 14
and 15). The median content for Mg was 0.64 % and
0.69 % for top- and subsoil, respectively, with a
range of 0.22 % to 7.2 % in the surface layer and
0.21 % to 5.8 in the sub-layer. The median value for
Ca was slightly smaller; 0.56 % and 0.54 %
respectively, for the two layers. High value of Ca
and Mg occured in several places: in the middle part
of Gali¢ica Mountain, but also near the village of
Konjari, where the soil is predominantly over the
Paleozoic and Mesozoic carbonates, near the village of
Lukovo, an area dominated by magmatic rocks,
southwest of the city of Struga, near the village of
Radozda, located on the surface of the Paleozoic and
Mesozoic carbonates, and in Upper Debarca, where
Precambrian and Mesozoic schists, magmatic rocks
and Paleozoic and Mesozoic carbonates are dominant.
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Figure 14. Spatial distribution of calcium
in the Crn Drim River Basin
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Figure 13. Spatial distribution of factor scores
of F4 (Al, Ca, Mg and Mn) in the Crn Drim River Basin
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Figure 15. Spatial distribution of magnesium
in the Crn Drim River Basin
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Bivariate statistics were also applied to the ra-
re-earth elements (REE) determined by ICP-MS.
The matrix of correlation coefficients is given in
Table 6, where the correlation for the content of the
following 14 rare elements is represented: Ce, Dy,
Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Th, Tm and Yb.
It is obvious that the correlation coefficients for all
of the REE were very high (from 0.75 to 1.0). The
map of their spatial distribution is presented in Fig-

ure 16. It can be noted that the highest values exist-
ed in the areas dominated by the Paleozoic and
Mesozoic carbonates (in the vicinity of Velestovo
and Konsko, as well as on the part of the Galicica
Mountain, but also in the Struga area near the vil-
lages of Oktisi and Vevcani). There are also high
values for their content in the region of the Precam-
brian and Paleozoic schists in Debarca, occupied by
Precambrian and Paleozoic schists.

Table 6. Matrix of correlation coefficients for the rare-earth elements (n = 124)

Element Ce Dy Er Eu Gd Ho

La Lu Nd Pr Sm Tb Tm Yb

Ce 1.00

Dy 0.81 1.00

Er 0.75 099 1.00

Eu 0.90 092 0.88 1.00

Gd 091 097 094 097 1.00

Ho 0.77 1.00 1.00 0.89 0.95 1.00
La 093 083 079 0.86 090 0.80
Lu 081 098 098 092 096 0.98
Nd 096 091 086 096 0098 0.87
Pr 097 089 084 095 096 0.85
Sm 095 094 089 097 0.99 0.90
Th 0.87 099 097 095 0.99 0.98
Tm 0.76 099 1.00 0.88 0.94 0.99
Yb 0.77 099 1.00 0.89 0.95 0.99

1.00
0.82
0.95
0.95
0.92
0.87
0.78
0.79

1.00
0.90
0.88
0.93
0.97
0.98
0.99

1.00
1.00
0.99
0.95
0.86
0.87

1.00
0.99
0.93
0.84
0.85

1.00
0.97
0.89
0.90

1.00
0.97 1.00
0.97 1.00 1.00
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Figure 16. Spatial distribution of rare-earth elements
in the Crn Drim River Basin
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CONCLUSION

The study on the distribution of sixty ele-
ments in soil from 62 locations in the Crn Drim
River Basin, Republic of Macedonia, was per-
formed. Factor analysis with the multivariate R-
method was applied in order to show the associa-
tions between chemical elements. Four factors were
obtained from applying factor analysis to the first
group of the elements analysed by ICP-AES: Factor
1 (Ba and K), Factor 2 (Ag, Cd, Cu, Ni, Pb and Zn),
Factor 3 (Cr, Fe, Na, Ni and V) and Factor 4 (Al,
Ca, Mg and Mn). Data obtained from the distribu-
tion maps of the factors and individual elements, as
well as data analysis on soil samples, indicate the
natural occurrence of the analysed elements as well
as low concentrations of heavy metals in the studied
area.
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JAUCTPUBYIINJA HA XEMUCKHU EJIEMEHTH BO ITIOYBUTE O/] CJIMBOT HA PEKATA IIPH
JAPUM, PEITYBJINKA MAKEJOHHNJA

Tpajue Cradpuios’’, Podepr Ilaju®, Usana Muukoscka®

HCTHUTYT 3a XeMHja, [IpupogHo-MaTemMaTtuuku dakynrer, Yausepsutet ,,CB. Kupun u Meroauj*,
n IT v Cs. K M “
Ckorje, PenyOnnka Makenonuja
T'eonomku 3aBog Ha CroBennja, Jby6ibana, CioBeHuja

[enTa Ha HCTPaXKyBameTO € YTBPIYyBambe Ha JAUCTPUOYIMjaTa HA XEMHCKHUTE €JIEMEHTH BO MOBPIIUHCKUTE U
MOTIOBPIIMHCKAUTE TOYBHM OFf PETMOHOT Ha cimBOT Ha pekarta LlpH [Jlpum, PemyOnmka Makemonuja, co moceOHO
BHUMaHHE Ha MPUPOJHOTO U aHTPOIIOTEHOTO MOTEKIIO Ha eIEMEHTHTE. 3a Taa eI, CO Mpexa 3a 3eMarhe Ha IIPUMEPOLIU
on 5 x 5 km, 3emenu ce BkymHo 124 mpumepoun mnouBa ox 62 yokauud (MOBPLIMHCKH M TMOTIOBPIIMHCKH).
Awnanmsupanu ce BkynHo 60 enementu, ox kou 18 enementu (Ag, Al, B, Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, V 1 Zn) ce aHanm3upaHu co NpUMEHa HA aTOMCKaTa EMHCHOHA CIIEKTPOMETPHja CO MHIYKTUBHO CIIPErHaTa Ijia3Ma
(ICP-AES) a ocranatute 42 eleMEHTH CO MPUMEHA Ha MaceHaTa CIEKTPOMETPHja CO MHIAYKTUBHO CIperHara Iia3ma
(ICP-MS). Mobuenute pesynTtatu ce 00pabOTEHH CO MYJITHBapUaTHATA CTATUCTHYKA MeTona. PakTopHaTa aHA3a Ha
nojarorure goduenu co |ICP-AES nasa wyerntu reorenu dakropu: F1 (Ba u K); F2 (Ag, Cd, Cu, Ni, Pb u Zn), F3 (Cr,
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Fe, Na, Ni u V) u F4 (Al, Ca, Mg u Mn). TlogarouuTe 0o/ aHaIM3aTa HA MPUMEPOLIMTE M OJ KAPTUTE HA AUCTPUOYIIH]ja
MOKa)KyBaaT MOBP3aHOCT CO JIUTOTEHE3aTa HA UCIIUTYBAHUTE €JIEMEHTH U CO PEIATUBHO HUCKH COJPKMHU HA TEIIKUTE
MeTalli BO MCIIUTYBAHOTO Tojpadje.

Kayunu 300poBu: mousy; cnuB Ha pekata Lpr IpuM; PenyOimka Makenonuja; MynTHBapHjaTHa CTaTHUCTHKA,
TEOXEMHUCKO MaITUpame
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