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A b s t r a c t: 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 Tl (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 km2 with a total population of about 55,000 
inhabitants. In total the Strumica basin covers an 
area of 963 km2. 

 
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 CaCO3 �Meme�li� is a site that is 
basically a marble limestone. Investigations are car-
ried out on Mount Ogra�den in the immediate vicin-
ity of the settlement Ilovica where the copper ore 
was found. 
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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 
× 5 km (Figure 3). From each location, topsoil (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 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 HNO3, HClO4, HF and HCl 
in accordance with the international standards ISO 
14869-1:2001. The obtained 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 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., 

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 
20×20 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. 


