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A bstract: This study presents results for the distribution of heavy metals in soil samples from the Strumica
region, Republic of Macedonia. To perform this study, 132 soil samples were collected (66 from topsoil and 66 from
bottom soil). Soil samples were digested by the mixture of mineral acids for total dissolution. Nineteen elements (Ag,
Al, B, Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V and Zn) were analyzed by atomic emission spectroscopy
with inductively coupled plasma (ICP-AES). The results were statistically processed and maps of spatial distribution
of individual elements in the study area were prepared giving the presence of the analyzed elements in soil from the
Strumica region. From the obtained results and the distribution maps it can be seen that the higher content of the ele-
ments in some areas are mainly due to their presence in the surrounding rocks. Factor analysis is performed from a
number of variables providing a small number of new, synthetic variables called factors. On the basis of the spatial
distribution of element patterns, comparison of basic statistical parameters, the correlation coefficient matrices, and the
results of multivariate (cluster and FA) analyses, three lithogenic associations were established: F1 (Ni-Cr-Fe-V-Cu-

Zn), F2 (Sr-Ca-Al-Mg) and F3 (K-Li).
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INTRODUCTION

Urban and regional contamination with heavy
metals in recent years has become the subject of
many studies. According to the United Nations En-
vironmental Program, the air pollution is the biggest
cause of people's deaths in the world. The environ-
mental pollution can be caused by two factors, nat-
ural and anthropogenic. These pollutants with a
common name are called "primary pollutants".
Apart from primary, there are also secondary pollu-
tants that come from the primary ones. The extent
and extent of the dissemination of pollutants de-
pends on the source of the emission, its type and
composition as well as on the weather conditions.
Most of the emissions are located close to the
source, but some can spread over thousands of kilo-
meters. As main emission sources, there are smel-
ters, mines, thermal power plants, metallurgical fac-
tories, etc. (Kabata-Pendias & Mukherjee, 2007).

Heavy metals are natural constituents of the
Earth's crust, which are also polluting the environ-

ment because they can not be degraded or destroy-
ed. All chemical compounds or elements released
into the atmosphere cause harm to living organisms
and are considered contaminants. The term “heavy
metals” refers to chemical elements — metals that
have relatively high density and are toxic at low
concentrations. In the group of heavy metals the
most present in the environment are: As, Cd, Cr, Hg,
Ni, Pb, Sb or T1 (Baird, 1995; Connell, 1997; Mana-
han, 2000; Holdgate, 1979; Poikolainen, 2004).
Environmental pollution is pollution with the
physical and biological components of the Earth’s
atmosphere to such an extent that the ordinary envi-
ronmental processes are threatened. The intensive
development of the industry is causing pollution and
endangering of the environment. 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 atmosphere, while the other part is
deposited on the soil and the surrounding vegetation
(Kabata-Pendias & Mukherjee, 2007).
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Soil pollution with heavy metals as a result of
mining activities is a significant problem especially
when the mined ore or flotation tailing are left at
open landfills. Through mining activities, water
bodies, soil and air are most affected to the heavy
metals pollution polluted (Garbarino et al., 1995;
Stafilov, 2014). Through rivers and streams, metals
are transported either as dissolved species in water
or as an integral part of suspended sediments.

The Republic of Macedonia has the same prob-
lem that becomes more serious as a result of the
mining activities, smelting plants and thermoeectric
power plants. The results of the previous studies
give an indication of impaired air and soil quality in
terms of presence of heavy metals and possible
pollution (Barandovski et al., 2008, 2012, 2013,

2015; Stafilov, 2014). It was found high impact to
the soil pollution by the Pb-Zn-Cd smelter plant in
the town of Veles with several toxic elements such
as As, Cd, Cu, Hg, In, Pb, Sb and Zn (Stafilov et.
al., 2008, 2010).

The goal of the present study is to investigate
the spatial distribution of 19 elements (Ag, Al, B,
Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, Sr, V and Zn) in soil from the Strumica regi-
on, Republic of Macedonia. For that purpose
132 soil samples were collected (66 from top
soil and 66 from bottom soil). The analysis was
performed by by atomic emission spectroscopy
with inductively coupled plasma (ICP-AES).

MATERIALS AND METHODS

Study area

The Strumica region is situated on the south-
east of the Republic of Macedonia with the biggest
town of Strumica (Figure 1). The Municipality of
Strumica is located on the south-western part of the
Strumica region (Figure 2) and covers an area of
322 km? with a total population of about 55,000
inhabitants. In total the Strumica basin covers an
area of 963 km?.

Fig. 1. Locality of the study area
in the Republic of Macedonia

The entire Strumica region is divided into hilly
mountains, which include scales and flatland soils,
as well as alluvial, scum, rocky and carbonate soils.
Most of the land (46%) is arable land and belongs
to the plain relief part located at an average altitude
of 250-300 m and are of primary importance for ag-
riculture in the region.

The specific geographical and topographical
position of the Strumica region is characterized by
two zonal climates: sub-Mediterranean and conti-
nental. Sub-Mediterranean with long hot summers
with high average daily temperatures and reduced
annual rainfall, decreased winter temperatures and
winds from all directions (Lazarevski, 1993).

The geology of the investigated area is very di-
verse. From the geological map (Figure 2) it can be
noticed that in the northern and east-northern parts
prevail Proterozoic gneisses and shales. In the cen-
tral part along the Strumica river prevail Quaternary
alluvial sediments and Neogene clastitic sediments.
In the central eastern part and in the south-eastern
part magmatic rock are present, while in the south-
western part prevail Paleozoic shales with the inclu-
sion of Paleozoic carbonates (Stafilov & §ajn,
2016).

The Strumica region is reach in non-metallic
mineralization. The mine of feldspar “Hamzali” is
unique in the Republic of Macedonia and the Bal-
kans. The mine of CaCOs “Memesli” is a site that is
basically a marble limestone. Investigations are car-
ried out on Mount Ograzden in the immediate vicin-
ity of the settlement Ilovica where the copper ore
was found.

Geologica Maceonica, 31,2, 117-130 (2017)
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Fig. 2. Geological map of study area

Sample collection, pre-treatment and analysis

Soil samples were collected from 66 predeter-
mined locations within networks with a density of 5
x 5 km (Figure 3). From each location, topsoil (05
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 bodies, 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
applying a mixture of HNOs, HCIO4, HF and HCI
in accordance with the international standards ISO
14869-1:2001. The obtained solution is filtered

Geologica Maceonica, 31, 2, 117-130 (2017)

through filter paper and quantitatively transferred
into a volumetric flask of 25 ml. The flask is supple-
mented with distilled water. The analysis of the soil
samples has determined the content of a total of 19
elements (Ag, Al, B, Ba, Ca, Cr, Cu, Fe, K, Li,
Mg, Mn, Na, Ni, P, Pb, Sr, V and Zn) with ap-
plication of the atomic emission spectrometer with
inductively coupled plasma (ICP-AES), model
Varian 715-ES (Balabanova et al., 2011). Both soil
certified reference material (JSAC 0401) and spiked
intra-laboratory samples were analyzed at a com-
bined 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%.
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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 variables,
the factor analysis (FA) derives a smaller number of
new, synthetic variables. As a measure of similarity
between variables, the product-moment correlation
coefficient (r) was applied. For orthogonal rotation,
the varimax method was used (Reimann et al.,

s
Scale (km)
[ |
0 3 6 9

2002). The universal kriging method with linear
variogram interpolation (Snedecor, 1967) was
applied for construction of the areal distribution
maps of the particular elements and the factor
scores. The basic grid cell size for interpolation was
20%x20 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.

Fig. 3. Sampling location map

RESULTS AND DISCUSSIONT

he descriptive statistics of the contents of
analyzed elements in soil samples are given in
Tables 1 and 2, in which the values have been
calculated for a total of 66 topsoil and 66 subsoil
samples. Values of Al, Ca, Fe, K, Mg and Na are
in %, and remaining elements in mg/kg. An analysis
of the soil samples by ICP-AES gives data for the
content of 19 elements (Ag, Al, B, Ba, Ca, Cr, Cu,
Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V and Zn).
The concentrations data of major elements: Al, Ca,
Fe, K, Mg and Na, are in the following ranges: 0.46—
5.7% in topsoil and from 0.60 to 7.0% in subsoil for

Al; 0.047-8.3% in topsoil and from 0.078 to 8.3%
in subsoil for Ca; 1.0-4.6% in subsoil and from 0.78
to 5.5% in topsoil for Fe; 0.47-3.1% in subsoil and
from 0.47 to 3.5% in topsoil for K; 0.057-1.2% in
subsoil and from 0.099 to 0.99% in topsoil for Mg,
and from 0.34 to 2.4% in subsoil and from 0.27 to
2.6% in topsoil for Na. The contents of major ele-
ments are most frequently a result of the dominant
geological formations of the area: Quaternary allu-
vial and Neogene clastitic sediments, Paleozoic sha-
les, Proterozoic gneisses and magmatic rocks.

Geologica Maceonica, 31, 2, 117-130 (2017)



121

Spatial distribution of chemical elements in soil from the Strumica region, Republic of Macedonia

poylaw Xo0)-Xog Y [PIm paurelqo uonnqmsip — (Jg)d ‘poyiou XoD-Xog 241 Yim paurelqo Anowrwise — (Og)v
‘uonnquisip — g ‘AnowwAse — Y ‘UONBLIBA JO JUSIOIJJO0D — AD ‘(JOIIQ pIepue)s) UOIBIAJD PIBpuB)S — XS ‘UONRIAQD piepue)s — § ‘somuaorad ¢/ — $4g ‘somuedrad ¢z — g
‘samuaorad (g — %6g ‘sonuedorad (g — 0'd ‘WNWIXBW — XBJA ‘WAWIUIW — UI[N ‘UBIPAW — PJA ‘POYIdW XOD-XOg ) [PIM Paule)qo ueaw onowple — (Qg)X ‘Uedw dnowyue — ¥

L9¢ L0~ 6L'19  vL'L 0TI 91 0¢cl 0cCI 919  OII 08 001 6¢ 06 68 0Tt 3yy/8w uz
90T vZ0 109 el 9 L€ 0c v6 0l¢ 6L  L¥ 00T I 99 £9 9 3y/3w A
901 0€0 819 98’1 ¥9 a4 133 S6 €Ll 69 [43 0cc 0¢ 6y 0s 9¢ 3y/Sw 1S
LEOD SCo- 6v'ec  ovvy  0Cl e 144 Ie 4 €C 9L OLI 4 Ll €l 0¢ 3y/Sw qd
690 800~ L8C 'l 87 9C 0lc 018 09¢ 029 08¢ 00wl 0S1 0rs 00$ 0€s 3y/Sw d
61°0 10°0— 98°0 £€8°0 €S €1 Il 133 89 LT €l 123 91 81 61 0¢ 3y/Sw IN
0’0~ S00 S0°0— €10 33 860°0  L¥V'O 0c €80 L'l 86°0 9C LT0 vl 1A ! % BN
o1 110- 769 LET L9 144 09¢ 096 0S¢ 009 0ce  00cc 18 oSy (1194 0cs 3yy/8w UN
II'l— 800~ LTT= 800 124 €00 ST0 €60 LTO 080 S0 660 6600  ¥S°0 9¢°0 LSO % SN
0~ 10 e [ 09 Cl L6 9C 0L 0¢ 6’8 1< (17 4! 4! 91 3yy/8w 1
or'e 90 Ly 601 LT §s0'0  v¥0 [ ¢l 8’1 vl S'e Lv'0 91 91 91 % A
16°0 00— ee’l €0 €€ 0ro ¥8°0 ve (4! e I'c Y 8L°0 9¢ 4 9¢ % o4
81°0 SO0 €6'1 €l 6v €1 Il 6¢ ! 8¢ Sl 8¢ 6'S IC 0¢ [44 3y/Sw no
6¢0~ 000— 81'0— S¥0 Ly 9¢ IC IL €81 6S 6¢ 86 9'8 914 [4% 144 3y/Sw D
8L°0 800~ e iy 0el ¢ro Cl 8’1 1Z4\ 't €e’0 €8 Ly0'0 €90 090 96°0 % €D
900~ 000— 600— IT°0 LE 11 L8 0ore 0CI 08¢ 081 ocy 8¢ 0cc 0¢€e 0¢€e 3yy/8w ed
91— 8T°0~ 0 LOT  OIT [ 81 9 0s°0 94 0c°0 99 0s°0 I8! I'9 91 3yy/8w q
LTO- LT°O- oro— ¥L0 8v y1°0 Cl (9% 1l I'e vl LS 90 0c [ ¥ % v
vl LTO- L6y 961 <8 €0 [ 8¢ 0¥°0 Sl 19°0 6'S 000 €60 01 el 3y/Sw 3y
O OV €| V. AD XS S od  Od  S4d d XeN UIN PN QX X nmn uawd[g
(99=u) sajduivs j10sdoy u1 sjuaU]2 Pa2Lpup Jo JuaIU0I yji 10f SOUSUDIS 2a13d110SI(]
[ 2Iq®e L

Geologica Maceonica, 31, 2, 117-130 (2017)



S. Cancalova, T. Stafilov, R. Sajn, J Alijagic

122

‘poyjew X0)-X0g Ay} YPIM paure)qo uonnquisip — (D) ‘PoyIoW X0)-xog ) Y)Im paure}qo Anowwise — (Og)V
‘uonnqmsip — g ‘AnowwAse — Y ‘UONRLIBA JO JUAIOLJA0D — AD ‘(JOII0 pIEpue)s) UONBIAGD PIepuBlS — XS ‘UOIRIAQD pIepuels — § ‘sonuadrad ¢/ — Stg ‘somuedrad ¢z - g

‘sonuadiad (g — %4 ‘sonuedrdd (] — O'd ‘wnwiIXew — XeJA ‘WANWIUIW — UI[N ‘UBIPAW — PN ‘POYIoW X0D—XOg ) YIIM Paure}qo uedw onowpue — (D)X ‘Uedw dNOWLEe — X
66C 000~ 1769  S0'8  00F 96 08L €1 €79 0l LL  00%9 6¢ 06 06 00T Sy/Sw uz
900~ 910~ wo 8€°0 o a3 LT 96 0¥¢ 8 6 0S1 81 0L 9 89 3y/Sw A
340) 61°0- LS'T 70T 09 (/87 €€ 96 161 IL I€ 0LT ST 0S 6¥ 99 3y/3w IS
69°¢ 61°0 SL'E9 6L 0T€ 4! S6 LE ST €T 0T 08L 'l 81 SI 0¢ 3y/3w ad
91°0 1o TL0 68°0 34 9T 01¢C 08L 0LT 0£9 0S¢ 0011 0TI 0Ty 09t 06t Byy/Bur d
9¢°0- 100~ 0T0— 850 0S €T 1 8¢ L8 8¢ 14l 8% Se T 0T (44 3y/3w N
€0 rIo- 9¢0-  800— 1€ TSOO  TFO 6’1 98°0 91 I'l v'C vE0 vl vl vl % EN
L9°0 80°0 €L 9¢'C 9 w ore 0L8 0€C 019  0T¢  00IC 001 o o 0cs Sy/Sw un
95°0- LT0~ L90- €10 8 €00 8CT0 660  ITO 9.0 80 Tl LSOO 8S0 LSO 650 % SN
0$°0 120~ €5 9’1 LS I'1 T6 LT 9L 1T v'6 Ly €€ vl vl 91 3y/Sw ]
661 €1r0- 07T 80 8T  ¥S00  t¥0 (e 'l LT A I'e LY'0 91 91 91 % S
10— S0°0 €00-  LTO 43 01°0 €80 0 ST I'e 1T 9y 01 9¢ 9C 9C % o
S1°0 S0°0- veT 0T'1 6 v I 8¢ 001 LT S1 9 8y 1T 1T € Byy/3ur nH
190 YIo- S90-  +T0 S 9C 1T 9L | WA 79 €€ 6 01 2% a7 9% Byy/5ur o)
€00~ L0°0 9¢Tc €It O€l S1°0 Tl 0C TT0 'l 8T0 €8 8L00 LSO 65°0 $6°0 % o)
780 10°0 780 81°0 8¢ I 68 (1749 011 08C 081  08% Tl 0re 0€T 0€T Sy/Sw eq
99'1- SO0~ 8¢€°S L8T 0TI 8T (44 Ly 0S°0 ve 0s0 0Tl 0S°0 9L 09 81 Sy/Sw d
81°0- SI°0 16'1 €'l S 91°0 €l €Y 01 8T vl 0L 09°0 0T 1T €T % \%
o 190 0S'C L9T LL €10 01 6'C 8%°0 LT 89°0 I's 70 96°0 'l €T 3y/3w 3y
OQ@a OV q \4 AD XS S 06 org std ssd - Xe ury PN QDX X ) JuswaTg
(99 = u) sajduips j105gns u1 S]UUL]2 PA2LIPUD JO JUIU0D Y] 10f $21ISYDIS 2413d1L1OSI(]
TRlqe L

Geologica Maceonica, 31,2, 117-130 (2017)



Spatial distribution of chemical elements in soil from the Strumica region, Republic of Macedonia 123

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 3).

Table 3

The ration of the element average content
in topsoil (TS) and subsoil (SS) samples

Ele- Unit Top- Sub- FO T

ment soil soil (T/S) (test) Sign  F Sign

Ag mgkg 1.0 1.1 091 -069 NS* 137 NS
Al % 22 21 104 046 NS 106 NS
B mgkg 61 60 1.01 003 NS 1.09 NS
Ba mgkg 230 230 1.00 007 NS 1.06 NS
Ca % 060 059 1.02 011 NS 101 NS
Cr mgkg 42 44 095 -059 NS 100 NS
Cu mgkg 20 21 099 -0.14 NS 1.04 NS
Fe % 25 26 098 -043 NS 105 NS
K % 16 16 102 043 NS 107 NS
Li mgkg 14 14 098 -023 NS 102 NS
Mg % 056 057 098 -021 NS 123 NS
Mn mgkg 450 440 1.01 0.4 NS 1.06 NS
Na % 14 14 099 -0.15 NS 126 NS
Ni mgkg 19 20 092 -092 NS 105 NS
P mgkg 500 460 1.07 094 NS 1.04 NS
Pb mgkg 13 15 089 -067 NS 1.11 NS
St mgkg S0 49 1.02 016 NS 1.03 NS
V mgkg 63 65 096 -056 NS 1.12 NS
Zn mgkg 89 90 098 -030 NS 120 NS

*NS - nonsignificant, F — ratio, FO — ratio of the concentrations
topsoil/subsoil

The elements distribution should not vary
significantly between the topsoil (0-5 cm) and the
subsoil (20-30 cm), except if certain destructive
anthropogenic or natural processes do not contr-
ibute to the variation of the concentration (Dudka &
Adriano, 1997). For almost all elements, not signi-
ficant differences were received for their content in
the topsoil versus subsoil. Thus, this relation varies
from 0.91 for Ag to 1.07 for P. For the other ele-
ments this ration is close to 1 which shows of the

Geologica Maceonica, 31, 2, 117-130 (2017)

absence of the significant influence of possible soil
pollution from anthropogenic activities. Also, this is
confirmed by the great similarity in the spatial dis-
tribution of the investigated elements in topsoil and
subsoil samples. The higher content of P in topsoil
samples insignificant anthropogenic influence due
to the usage of phosphorous fertilizers in agriculture
in this area (Stafilov & Sajn, 2016).

A comparative analysis (Table 4) of the me-
dian contents of the analyzed elements in the soil
from the Strumica region with those obtained for the
soils in Macedonia (Mihajlov et al., 2016; Stafilov
& §ajn, 2016) and Europe (Salminen et al., 2005).
It could be noted that the median values are higher
than the European medians for Ag, Cu, Mg, Na, Pb
and Zn, lower for Ba, Ca, Cr, Mn and Sr, while for
the other elements the values did not show signifi-
cant variations. The median values for the Strumica
region are also very similar to those for the Mace-
donian soils with the exception of higher values for
Na and lower for Al, Ba, Ca, Cr, Li, Mg, Mn, Ni, P
and Sr. 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 extends
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 elements.

Table 5 contains a correlation matrix of
coefficients from which it can be seen how the
content of each element correlates with the content
of all examined elements.

Table 6 contains a factor analysis, i.e. the load-
ing 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 three factors include a total of 12
elements, with a total share of 78.5% in the commu-
nality. The elements Ag, B, Ba, Mn, Na, P and Pb
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 accor-
ding to their degree of correlation. Identical results
were achieved as in the case of application of factor
analysis (the graphical representation is shown in
Figure 4). Namely, Factor 1 (Ni, Cr, Fe, V, Cu and
Zn) corresponds to cluster 2, Factor 2 (Sr, Ca, Al
and Mg) to cluster 1 and Factor 3 (K and Li) corres-
ponds to the claster 3.



S. Cancalova, T. Stafilov, R. Sajn, J Alijagic

124

090€—¢> LY 006T-¢> 1S 00001<-0'8 €8 06—t 8¢ OvhI€ 6¢ 00%9-6¢€ 06  00TI-6¢ 06 | Sy/Buw uz
STE-8T'1 879 | LESILT 09 0LY—0'1 68 0LE=61 IL | 00€I L9 0S1-81 0L 00C-11 99 | SyBuw A
01079 $6 0TIE-8 68 00¥1-1T or1 085—6'6 89  O¥St'6 L 0LI=S'T 0S  0TC0¢ 6 | SyBuw IS
8¢6—¢> TLT  0L6TES 01 00001<—C'T 43 099-8°0  ¥I | 00L-SC LT 08L-T'T 81 0L1-SC LT | 338w ad
0STL-0€ 0Ty OLLS—8F  09S 006£-0T1 029 00€T—¥L  0O¢y | 00PI-0TT  OSH 0011-0ZT  0TF | 00PI—OST OIS | Sy/Bw d
00vT—T> 81T | 069C—C> 81 00ST-1'C 9% 0£S—T'S LE | 08$-ST S¢ 86'¢ IC ¥$—9'1 81 | 3y/8w IN
$'€-20°0 90  €€€00 90 09-€10°0 Tl YT-8L00  v60 | £€T-€€00  S8°0 YTre0  ¥1 0 9T-LTO vl % eN
01LY—€T 89r  8909-I¢ LOS | 0000I<-LI 006 00€-66 09 | 0026091 079 0012-001  Ob¥ = 00TC-18  OSy | Sy/Bw U
¥'11-9000> 090 SI-9000>  L¥O €1-21°0 60 ['€=S1'0 €0  6TI10 990 TI-LSO0 850 | 66°0-6600  +S0 SN
- - - - 01781 9T 69-CT'S 0T 6L-8F 81 LY—€€ 4 IS0 71| SyEw ]
0°$-10°0> LT 1'$—20°0 91 £6-20°0 61 €¢-T60 ST | TEITO v I'e-Lv0 9T  SeLb0 91 % S
6'01-LLO0  T9T 196I-CI'T 9T TI-€0°0 S¢ 08-LLO LT | L'9€90 ST 901 9T | $S8L0 9C of
STI-98°0 6'€l | 9ST-18°0 ¢l 0LT-9T 8T 8L-T'¢ 91 €L-LT 91 Y9-8t IC 866G 1C | 38w n)
orIz—¢> 79 0£79-¢> 09 00L0°S 88 009-T1 €9 | 00911 S S6-01 4% 86-9'8 ¢y | 3yABw e}
ULE-L10  9€18  €9E-T00  8€99 §e-01°0 0€'l 12010 8.0 01T-T600  6L0 €8-8L0°0 LSO  €8LY00 €90 e}
0S0T—€1 68¢ | 0L81-0€ SLE 00629 ot 00L1-99 Ot = 0091-Tt 0T 08+—CI o¥c = 0Th8¢ 0tz | 38w eq
- - - - - - - - - - 0TI-0S0 9L = 99050 I 3y/Sur q
I-II0 790  THI-0T0  0€8S 11-60°0 99 I'S-LLO €T | €6L0 T 0,090 0T = LS990 0C % v
LO'T-T0°0 STO0 STE-100  LTO - - - - - - ['S=t¢0 960 | 650700 €60 | 3yBw 3y

XeN-UIN PN XEN-UIN P XeN—UTN PIN XeN-UTIN PN XeN-UTIN  PIN XeN-UTN PN | XeN-UIN PN ) JUSWI[H

[rosqng ntosdog, (wod Og—0) 11osdoy, [rosqng nrosdog, [rosqng ntosdog,
(S00T “'Te 30 usurwes) (910€ ‘ufeg 2 Aoqyelg) (9107 “T® 32 Ao[feyry)
odomng BIUOPAJEN BIUOPAJBIN uoI3aI BOIWUNNS
$anpa upadons pup UPIUOPIIVI YIIM U0132.4 DITUNLIS Y] wo.Lf sajduips j10sqns pup J105doj 10f sanipa uvipaut ayj Jo uosLbduio))
v 21qe L

Geologica Maceonica, 31,2, 117-130 (2017)



125

Spatial distribution of chemical elements in soil from the Strumica region, Republic of Macedonia

00T  0S0 €0 €0 9T0 I¥F0O  9T0- €€0 €0 €20 100— IS0 €S0 €0 LI'0  SE0 €10 §T0 00— uz
00T 0L0 600 €0 80 TEO- 090 T90  8T0  €S0- T6O  ¥90  ¥80 650  I€0 810 €50 o A
00T  ¥00- 620 9Y0  €00- 60 990  I€0  8¥0- ¥90 €0 LSO €80  0S0  LI'0O-  OLO v00 IS

00T 100 LI'0O 60— 8I'0  800- 800- S00 OI'0 80 IT0  SO0- 900  6£0 LTO-  vT0 ad

00T 600 810 €0 S€0O 910  OI0- 9¢0 T€0 [0 +€0 SO0 €00 €0 vro- d

00T  Lv0- €50 TS0  LI'O  ¥PO0— SLO 190  #60  €€0  LTO  9TO 9¢°0 0z0 N

00T  ST'0- 600- €£0- II'0- #E€0- IS0~ €F0— €00- SO0 810~ 600~ €0~ BN

00T  #P0  LZTO  9T0- €90 80  0SO  I¥0  SI'0 SO0 50 9z0 U

00T  $TO0  0€0- 0L0 TS0 090 TS0  +S0  6T0- 890 LO0- SBI

001  LT0  €€0 90 €10 0T0 oro SE0—  8€0 00~ 1

001  L£0- ¥I'0- 6V0- 6£0- ¥I'0— $I0-  810- 800~ M

00T  0L0 080 #S0  ¥€0  SI'0 790 900 od

00T 090 I¥0 €20 €00 ) sIo ™

00T  Tr0  9¢0  LTO 0r'0 810 1

00T  LZ0  9I'0- 890 600 ®D

00T 120~ LTO 810~ ed

00'1 €0 yro 4

00'1 €ro- IV

001 8y
uz A IS ad d IN eN upN SN r S of nH o) 6] eq q \% 3y Juswa[g

(99 = u) s1U2101f[200 UOD]2410I JO XLV
CoIqe L

Geologica Maceonica, 31, 2, 117-130 (2017)



126 S. Cancalova, T. Stafilov, R. Sajn, J Alijagi¢

Al
Mg

Cr
Ni
Fe

Element

Cu
Zn

E—
T
ji
ji
17

Li 1

0 20 40

60 80 100

Dlink/Dmax (%)

Fig. 4. Dendrogram from cluster analysis

Table 6

Matrix of overload of dominant rotating factors

Elements Factor. F1 F2 F3 Comm
Ni 1.1 0.86 0.22 -0.22 83.7
Cr 1.2 0.85 0.32 -0.28 89.2
Fe 1.3 0.79 0.51 0.01 88.0
v 1.4 0.78 0.51 -0.16 88.8
Cu 1.5 0.75 0.28 0.18 66.9
Zn 1.6 0.72 0.00 0.31 61.4
Sr 2.1 0.29 0.88 -0.11 87.5
Ca 22 0.16 0.88 -0.10 80.6
Al 23 0.23 0.83 0.22 79.4
Mg 24 0.47 0.65 0.03 64.9
K 3.1 -0.26 -0.36 0.80 83.2
Li 32 0.19 0.35 0.72 68.0

Prp total 101 35.4 30.5 12.5 78.5
Eigen val 102 6.51 1.49 1.41
Expl. var 103 4.25 3.67 1.50

Factor 1 (Ni, Cr, Fe, V, Cu, and Zn) represents
a lithogenous association of elements with the
highest load factor values (47%). The spatial
distribution of factor scores of F1 on both layers
(topsoil and subsoil) is given in Figures 5 and 6. It
can be seen that the spatial distribution of factor
scores for the two layers is very similar which
means that there is no significant difference in the

presence of these elements in the surface and depth
soil. The origin of the elements in this typical
lithogenous association is connected to the
geological composition of the soils in this region. It
can be seen from the distribution maps (Figures 5
and 6) that the higher contents of the elements from
Factor 1 occur in the areas of Paleozoic shales,
Proterozoic gneisses and Quaternary alluvial
sediments, on the western and south- and north-
western part of the investigated area.

From this association of elements very
characteristic is the distribution of copper. From
Figures 7 and 8§ it can be seen that beside in the soil
from the western parts of the investigated area
higher copper content is found in the region of the
village of Ilovica, where opening of an open pit
copper mine is planned.

The spatial distribution of the factor scores of
Factor 2 (Sr, Ca, Al and Mg) is given in Figures 9
and 10, representing also lithogenous association.
From the distribution maps of the factor scores for
both soil layers (Figures 9 and 10) can be seen that
the higher specific values of the contents of these
elements were determined in soils from the central
western part and eastern part of the study area with
the dominant presence of Paleozoic shales and mag-
matic rocks.

Factor 3 (K and Li) represents the third litho-
genic association of elements. The increased
content of potassium and lithium is typical for the
eastern part of the investigated area and the area
around the town of Strumica on the dominant mag-
matic rocks (Figures 11 and 12).
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Fig. 5. Spatial distribution of factor values of Factor 1 Fig. 6. Spatial distribution of factor values of Factor 1
(Ni, Cr, Fe, V, Cu and Zn) in topsoil (Ni, Cr, Fe, V, Cu and Zn) in subsoil

8
Scale (km)
0 3 6 8

Cu (mg/kg)
B T [ .

720 T

Fig. 7. Spatial distribution of copper in topsoil Fig. 8. Spatial distribution of copper in subsoil
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Fig. 9. Spatial distribution of factor values of Factor 2 Fig. 10. Spatial distribution of factor values of Factor 2
(Sr, Ca, Al and Mg) in topsoil (Sr, Ca, Al and Mg) in subsoil
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Fig. 11. Spatial distribution of factor values of Factor 3 Fig. 12. Spatial distribution of factor values of Factor 3
(K and Li) in topsoil (K and Li) in subsoil
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CONCLUSION

The aim of this study is the systematic investi-
gation of the spatial distribution of various chemical
elements in surface soil over the Strumica region,
Republic of Macedonia. In total 132 soil samples
were collected (66 from topsoil and 66 from
bottom soil). Nineteen elements (Ag, Al, B, Ba,
Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb,
Sr, V and Zn) were analyzed by atomic emission

spectroscopy with inductively coupled plasma
(ICP-AES). From the obtained results and the dis

tribution maps of the factor scores and the analyzed
elements it can be seen that the higher content of the
elements in some areas are mainly due to their pre-
sence in the surrounding rocks. On the basis of the
spatial distribution of element patterns, comparison
of basic statistical parameters, the correlation
coefficient matrices, and the results of multivariate
(cluster and FA) analyses, three lithogenic associa-
tions were established: F1 (Ni-Cr-Fe-V-Cu-Zn), F2
(Sr-Ca-Al-Mg) and F3 (K-Li).
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Pesume
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Canpipa Yanuanosal, Tpajue Craduinos?, Podepr Ilajn’, Jacuunka Anmjaruk

3

TITIY Byyum, Padosuw, Penybuxa Maxedonuja
2Uncmumym 3a xemuja, Ilpupoono-mamemamuuru gaxyamem, Yuueepzumem ,,Ce. Kupun u Memoou;j “,
n. gpax 162, Cronje, Penyonurxa Maxeoonuja
3Teonowxu 3a600 na Crosenuja, Qumuuesa ynuya 6p. 14, 1000 Jbybwana, Crosenuja
trajcest@pmf.ukim.mk
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IIpeseHTHpaHn ce MoAaTOLM 3a JUCTpUOYyIMja HA pas-
JUYHU €JIEMEHTH BO TIOUBHUTE BO CTPYMHUYKHOT PErHoHOT, Pe-
mybirka Makenonuja. 3a Taa men ce 3eMeHH 132 mpumeporu
o1 o4Ba (66 0 HOBPIIUHCKA ¥ 66 01 HOTIIOBPIIMHCKA I0YBA).
IMpumeponure ce pasIokKeHH CO cMeca OJf MUHEPAIHH KHCe-
JIMHY JI0 TOTaJHO pacTBopame. Co IMpuMeHa Ha aTOMCKa eMU-
CHOHA CIEKTPOMETpHUja CO HHAYKTHBHO CIpErHara Ia3ma
(AEC-UCII) BxymHO ce ompeneinenu 19 enementu (Ag, Al, B,
Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V and Zn).
PesynTaru ce ctatuctuuku 00paboTeHH U ce U3paboTEeHH Kap-
TH Ha IPOCTOPHA TUCTPUOYIHja HA CUTE UCIIUTYBAHH €IEeMEH-
TH, CO IITO ce 100MBa CO3HAHUE 3a IIPUCYCTBOTO HA €ICMEHTH-
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T€ BO TIOUBHUTE OJ] CTPYMUUYKHOT peruoH. O noOueHure pesyi-
TaTH U OJl KapTUTE Ha JUCTpUOYLHjaTa MOXKE []a Ce BUIHM JIeKa
TIOBUCOKATA 3aCTAllCHOCT Ha €JIEMEHTHTE BO HEKOHM 00JACTH e
[JIaBHO PE3y]TaT Ha HUBHO IOT0JIEMO IIPUCYCTBO BO OKOJIHUTE
xapru. dakTopHaTa aHANM3a € U3BECHA CO IIeN Of TojieM Opoj
MIPOMEHJIMBY Ja ce nobue moMas Opoj Ha HOBU CHHTETHUKH
HPOMEHJINBH, HapeueHH (axropu. Bp3 ocHoBa Ha npocTopHata
IUCTPHOYIIMja Ha eIEMEHTHUTE, ClIopeadaTa Ha OCHOBHUTE CTa-
THCTHYKH MOJATOLM, MaTpHllaTa Ha KOpeJaluoHuTe Koedu-
LIMEHTH U PE3yNITaTHTE O]l MYJITUBAPHjaHTHUTE aHAIU3H (K1ac-
TepHa U (aKTOpHA) ce YTBPJACHHU 3 muToreHn acouujarun: F1
(Ni-Cr-Fe-V-Cu-Zn), F2 (Sr-Ca-Al-Mg) u F3 (K-Li).



