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Abstract: The main purpose of this paper is to present geochemical investi-

gations in former Yugoslavia. Intensively, in the last decade Geologi-
cal Survey of Slovenia (GeoZS) spread the geochemical researches
to Bosnia and Herzegovina, Macedonia, Croatia, Kosovo and Serbia
through many bilateral projects. The main mines, smelters and iron-
works were the main target of investigation. According to fact that
Slovenia is very rich with mines, and consequently with numerous
ironworks and smelters, the GeoZS has a long tradition in this kind of
researches. Successful cooperation between GeoZS and institutions
from other countries resulted by numerous publications, especially
with Macedonia. Some of our results are already published, but still
some remains unpublished. For determination of contamination, vari-
ous sampling materials such as soil, alluvial sediments, river sedi-
ments, attic dust, lichen and moss were collected. In data processing
various techniques of statistical approach have been used, but for their
visualization also for the preparation of predictive maps of contami-
nation we used universal kriging method, double kriging method and
artificial neural network (ANN).

Izvlecek: Glavni namen prispevka je predstaviti geokemi¢ne raziskave v

nekdanji Jugoslaviji. V zadnjem desetletju Geoloski zavod Sloveni-
je (GeoZS) uspesno sodeluje pri Stevilnih geokemicnih raziskavah v
Bosni in Hercegovini, Makedoniji, na HrvaSkem, Kosovu in v Srbiji
na osnovi Stevilnih bilateralnih in evropskih projektov. Glavno cilj
raziskav je bilo stanje okolja v okolici vecjih rudnikov, topilnic kovin
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in Zelezarn. Glede na dejstvo, da je v Sloveniji delovalo vecje Stevi-
lo rudnikov ter posledicno stevilne Zelezarne in topilnice kovin, ima
GeoZS dolgo tradicijo tovrstnih raziskav. Uspesno sodelovanje med
GeoZS in ustanovami iz drugih drzav je rezultiralo s Stevilnimi obja-
vami, kar posebej velja za sodelovanje z Makedonijo. Za dolocitev
obremenjenosti okolja so bili zbrani razli¢ni vzor¢ni materiali, kot so
tla, aluvialni in re¢ni sedimenti, podstresni prah, liSaji in mahovi. V
postopku obdelave podatkov so bile uporabljene napredne multivari-
antne statisti¢cne metode, za napoved razsirjanja onesnazenja in vizu-
alizacijo pa metode univerzalnega in segmentnega krigiranja, kakor

tudi metode umetne inteligence (ANN — vecslojni perceptron).

Key words: atmospheric contamination; river transport; heavy metals, for-

mer Yugoslavia

Kljuc¢ne besede: tezke kovine, onesnazenje, nekdanja Jugoslavija

INTRODUCTION

This study represents a summary of
environmental geochemical researches
in the countries formed by breakup of
Yugoslavia. Our researches are mainly
focused on mining and metallurgical
processes which are obviously the big-
gest destructors of environment: B&H
(Ironworks Zenica; Ironworks Vares
and Fe mines - Smreka, Droskovac,
Brezik, Pb-Zn-Ba mine Veovaca); Cro-
atia (the Drava valley; Experimental
geochemical map of Slovenia and Cro-
atia); Kosovo (Pb- Zn mine Trepca and
Pb smelter Zve¢an—Kosovska Mitrovi-
ca); Macedonia (Cu mine Bucim, Pb-
Zn mines SASA and Toranica, As-Sb-
Tl mine Alsar), Pb smelter Veles; FeNi
— Kavadarci; thermoelectric power
plants (Ki¢evo and Bitola), alluvial
deposits of the Vardar river, Skopje);

Srbija (Mine and flotation Bor). Af-
ter mineral extraction a big amount of
waste has been exposed to oxidation
conditions on the surface which lead to
mobilisation of toxic material and for-
mation of acidic water. Consequences
of smelting and metallurgic processes
are gaseous and atmospheric particles
emission, waste water and waste min-
eral deposits.

The results help us to determine local
and regional geochemical conditions,
allowing us to understand a main pro-
cesses and causes of the environmental
changes and finally their contribution
to the sustainable spatial planning. Ob-
taining and interpreting utilization data
about chemical composition can be
used in environmental protection and
sustainable development of particu-
lar country, as well as for determina-
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tion of pollution impacts to the human
health, agriculture, forestry and future
land use. Comprehensive approaches
in investigation, understanding envi-
ronmental issues, natural background
and human impact on the environment
is very important for development in
earth and environmental sciences.

Basically, the major goals are strength-
ening an international scientific co-
operation network and partnership
between GeoZS and other former Yu-
goslav countries, improvement of ma-
terial research standards, exploiting the
research and technological demonstra-
tion results as well promoting the Ge-
0ZS to regional centres of excellence.

The results of numerous geochemical
studies of natural distribution and pro-
portion of anthropogenic heavy metals
in the environment, especially in ar-
eas of former mining and smelting in
Slovenia and the region can be used as
guiding principles for the future envi-
ronmental remedial actions.

Specifically, the results from the entire
study will complement our knowledge
about a complexity of chemical com-
pounds in the environment. Special
emphasis is given to the further devel-
opment of advanced data processing
techniques and methods of linear and
nonlinear mathematical models, based
on the application of modern math-
ematical analysis such as PCA (Prin-

RMZ-M&G 2012, 59

cipal Component Analysis), and ANN
(Artificial Neural Network) at the dis-
tribution and transport of heavy metals
in the environment.

DRrRAVA VALLEY (SLOVENIA AND CROA-
TIA)

The Drava watershed, including its
tributaries, has been an important min-
ing and smelting region since antiqui-
ty. The industry underwent significant
development during the middle Ages,
and achieved its peak in the middle of
the last century. Numerous mines and
smelters such as Bleiberg-Kreuth in
Austria, Cave del Predil in Italy and
Mezica in Slovenia have had a sig-
nificant impact on the chemical com-
position of the alluvial sediments of
the Drava. It is widely known that the
broader Drava valley is rich with heavy
metals (Pb, Zn, Cu, As, Cd).

The study area covers the course of
the Drava from the Slovenian-Austrian
border which can be divided into two
regions: Alpine and Pannonian. The
Alpine region occupies the Drava can-
yon from the Slovenian-Austrian bor-
der up to the town of Maribor (about
78 km) where the Alpine landscape is
dominant. The Pannonian region oc-
cupies an area from the town of Mari-
bor downstrem to the confluence of the
Mura and Drava rivers, where the river
valley is wide and exhibits the mor-
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Figure 1. Spatial distribution of zinc in the Drava valley - Pannonian area

(Croatia and Slovenia)

phological characteristics of the Pan-
nonian basin. The Pannonian section
of the study area covers about 123 km
of the river flow. Throughout the study
area, extensive deposits of alluvial sed-
iments are found: in currently flooded
zones (at present mainly behind the
bank systems) covering about 55 km?
in historically or periodically flooded
areas (in recent times protected by the
bulks, where agriculture production is
intensive) covering about 100 km?; and
sediments of alluvial terraces compris-
ing an area of 930 km? (PEH et al., 2008;
SaN et al., 2011).

Across the Alpine region, the 16 sam-
pling locations are defined at places
along the river course where alluvial
plains and river terraces occur. Simul-
taneously, samples of stream sediment

were collected at 8 points in the river.
In the Pannonian part of the study area,
where extensive alluvial plane and river
terraces occur, 118 sampling locations
at 25 profile lines were placed perpen-
dicular to the river course. Analysis of
41 chemical elements was performed.

Based on a comparison of statistical
parameters, spatial distribution of par-
ticular elements and the results of factor
analysis, three natural and one anthro-
pogenic geochemical associations were
identified. The natural geochemical as-
sociations  (Al-Fe-K-Co-Cr-Cu-Li-Ni-
Rb-Sc-Th, Ti-Ce-La-Nb-Ta and Ca-Mg-
Sr) were influenced mainly by lithology.
The anthropogenic association (As-Ba-
Cd-Mo-Pb-Sb-Zn) is mostly the result
of historical zinc and lead mining and
smelting in the Drava river watershed.

RMZ-M&G 2012, 59



Cooperation of GeoZS in geochemical investigation in former Yugoslavia

163

The entire assessed area of about 133
km? is, according to Slovenian and
Croatian legislation, critically polluted
with heavy metals, especially zinc.
Based research of all forms of envi-
ronmental pollution, including mines,
smelters and ironworks in Slovenia at
the present time, we have found that 88
km? of the total surface of the country
is critically polluted with heavy met-
als. This means that alluvial sediments
of the Drava River represent a wider
source of pollution in both Slovenia
and Croatia (Pen et al., 2008; SaN et
al., 2011).

EXPERIMENTAL ~ GEOCHEMICAL
(SLOVENIA AND CROATIA)

MAP

Geochemical research of soil, stream
and overbank sediments, as well as
rocks in Slovenia and Croatia has
been carried out continuously within
the last two decades. The experimen-
tal geochemical map of Croatia and
Slovenia is crated as a result of suc-
cessful international cooperation in
the field of environmental geochem-
istry. Regarding the fact that strategy
and methodology in producing our
national geochemical maps have hith-
erto much in common we decided to
produce the joint geochemical map
explaining the geochemical trends of
the wider area in a more comprehen-
sive way (SaiN at al., 2006; SaiN at al.,
2008)
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The high contents of Fe, Ni, Cr,
Sc, V, Mn, Al and Cu, have found
in the areas covered by Pg and Cre-
taceous flysch, and in the areas of
Neogene postorogenic sedimentary
formations as well as by metamor-
phic rocks of the Pohorje Mt. and its
environs. Nb, La, Th, As, Y and Zr
are characteristic for brown carbon-
ate soils, or terra rossa on carbonate
platforms, as well as for the areas of
eastern Slavonia. Ba, K and Na are
typical for areas covered by igneous
rocks. Ca, Sr, Mg and P are the most
poorly differentiated and are associ-
ated either with rendzinas and simi-
lar soil types in the mountainous
areas or, again, with the carbonate
contents in immature alluvial soils
in the Sava and Drava river valleys.
Pb, Zn, Hg and Cd represents a typi-
cal heavy metal association originat-
ed either as a consequence of natu-
ral erosion of ore-bearing rocks or,
again, of mining activity and smelt-
ing industry in the past. Their high-
est concentrations can be found in
Slovenia in the vicinity of mines and
metallurgic centers (Idrija, MeZica,
Litija, Jesenice and Celje). Mining
activity left its traces as well, which
is reflected in the higher concentra-
tions of heavy metals in recent sedi-
ments of the Sava and Drava rivers.
Increased values in the areas of Gor-
ski kotar, Velebit and Dalmatia de-
rive their origin mostly from atmos-
pheric deposition (Figure 2).



164

SAIN, R., ALUAGIC, J.

Figure 2. Spatial distribution of Cd, Hg, Pb and Zn in topsoil (Croatia and
Slovenia)

ZEN1CA (BosNIA AND HERZEGOVINA)

Zenica, 170 000 inhabitants, is located
in the valley of river Bosna, about 70
km north from Sarajevo. Construction
of the iron and steel works started in

1892, during Austro-Hungarian period,
and until the end of 50’s, becomes the
biggest construction site in the former
Yugoslavia. Expansion of production
reached the record of 1.72 Mt of pig
iron and 1.91 million tons of crude
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Figure 3. Spatial distribution of cadmium in the topsoil and the subsoil
(Zenica, B&H)
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steel in 1986. At the beginning of 90’s
production was completely stopped but
production was continued with less ca-
pacity at the end of last century.

Area of 52 km? is covered with sam-
pling grid that includes: urban zone,
industrial zone and wider valley of the
River Bosna. The entire area is sepa-
rated into cells by the sampling grid
with a density of sample per square kil-
ometer but in the urban zone, sampling
density is increased. At 62 different
sites, 124 samples of topsoil (0—5 cm)
and subsoil (20-30 cm) were collected

Two geogenic and one anthropogenic
geochemical association are estab-
lished on the basis of: visually indicat-
ed similarity of geographic distribution
of elemental patterns in the topsoil and
bottom soil, comparisons of basic sta-
tistics, correlation coefficient matrices,
results of cluster and factor analyses
and comparisons of enrichment ra-
tios (ALUAGIC & SaN, 2006; ALUAGIC,
2008; ALUAGIC & SaN, 2010).

Two natural geochemical associations
(Al, Ca, Ce, K, La, Li, Nb, Rb, Sc, Ta,
Ti Th, V and Y) and (Co, Cr, Na, Ni
and Mg) are influenced mainly by li-
thology, but the third anthropogenic as-
sociation (Ag, Bi, Cd, Cu, Hg, Mo, Pb,
Sb and Zn) is result of historical activi-
ties of the ironworks Zenica, but also
coal mining and other anthropogenic
influences in the past.

High concentrations of Co, Cr and Ni
are result of weathering processes and
critical level of the mentioned elements
is found on c. 2 km? in topsoil and c.
3.3 km? in bottom soil. Natural criti-
cally polluted area is located on sur-
rounding hills, outside from the urban
zone and main share in total natural
pollution is principally with Ni and Cr.
Anthropogenic pollution that associate
high concentrations of As, Cd, Cu, Hg,
Pb and Zn, exceed critical level on c. 2
km? in both soil horizons. For the men-
tioned association is significant that
polluted area is situated in the Zenica
basin and area among the river. Criti-
cally polluted area is mainly situated
on the Miocene coal layers on the NW
side of the study area and refers to As
distribution.

STAVNJA VALLEY (BOSNIA AND HERZE-
GOVINA)

Vares is situated in the valley of the
river Stavnja with 20 000 inhabit-
ants. In this region, iron ore mined
and smelted from Antique period
but with arrival Austrians to Bosnia,
Vare$ admire revival in economy as-
pect. Construction of the ironworks
and metal foundry in Vares started in
1891, and until 1991. Three Fe ore de-
posits Smreka, Droskovac, and Brezik
are situated in municipality of Vares.
Open pit’s reserves and resources in
the mentioned three Fe ore deposits
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are approximately 169 million tones,
in 1991. Apart the Fe in hematite and
siderite there are present another oli-
goelements such as Cu, Pb, Zn, As, Sb
and Sn.

Lead, zinc and barite Veovaca open pit
is situated about 10 km of the town. Sul-
phide mineralization is associated with
layers of barite and have volcanogenic
— sedimentary genesis. Pb — Zn miner-
alization is associated with Droskovac
Fe deposits. From the abandoned open
pit and waste deposit “Veovaca” is sig-
nificant leeching of trace elements that
have great influence on environmental
pollution around the open pit and along
the river Stavnja.

The main goals of the study have
been: Identification of optimal meth-
odology for geochemical research in
the areas of former military operations
(with remain minefields and/or sus-
pected mined areas), according to the
sampling material, sampling density,
data processing and interpretation of
results; Determination of concentra-
tion levels and spatial distribution of
chemical elements in the secondary
materials (soil, river sediments and
attic dust) along the Stavnja valley;
Assessment of the natural background
according to lithology and the propor-
tion of influence of mining and met-
allurgy activities on distribution of
chemical elements in the secondary
materials (soil, river sediments and
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attic dust) along the Stavnja valley;
Identification of main geochemical
associations and their spatial distri-
bution using multivariate statistical
approach (PCA) and Artificial Neu-
ral Network (ANN); Design models
of heavy metal dispersion around the
major emitters, using multivariate sta-
tistical approach (PCA) and Artificial
Neural Network — ANN (Figure 4).

At 153 sampling locations, 265 sam-
ples of soil, stream sediment and at-
tic dust were collected. Analysis of
36 chemical elements was performed.
One anthropogenic and four geogenic
geochemical associations were estab-
lish on the basis of visually indicated
similarity of geographic distribution
of elemental patterns in the topsoil and
subsoil; comparisons of basic statis-
tics, correlation coefficient matrices;
results of cluster and factor analyses
and comparisons of enrichment ratios
(ALuaGIC & SaIN, unpublished data).

The geogenic geochemical associa-
tions (Cr, Ni, Co, Fe, V, Sc and Cu),
(Th, La, As, K, Sc and TI), (Al, Ga
and V) and (K and P) are influenced
mainly by lithology, but anthropogen-
ic geochemical association (Pb, Zn,
Ag, Sb, Hg, Cd, W, Bi, U, Mo, Mn,
Ba, Sr, Ca, Cu, TI, Fe and As) links
elements that are result of historical
activities of the ironworks Vares, min-
ing activities as well as other anthro-
pogenic influences of metallurgical
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Figure 4. A — Landuse map with the sampling grid (Vares, B&H); B - spa-
tial distribution of Ag, Ba, Bi, Cd, Cu, Hg, Mn, Mo, Pb, Sb, W, Zn and
Fe using standard kriging method; C — using segment (multiple) kriging;
D — using ANN (multilayer perceptron neural networks)

factors in the past. The main polluted
zones are found in the city Vare§ and
their surroundings, where are located
two Fe open pits and the Veovaca,
Pb-Zn-Ba mine and ironworks. An-
other zone with high concentration
of aforementioned heavy metals has
been found downstream of the river
Stavnja, in alluvial sediments suitable
for agricultural activities (ALuAGIC &
Sam, unpublished data).

INVESTIGATION IN MACEDONIA

Cooperation GeoZS with Macedonia is
basically the strongest one at the mo-
ment, which can be proved by many al-
ready published materials. We focused
our geochemical researches to most
polluted locations such as the mines
(Cu Buc¢im, Pb-Zn SASA and Toran-
ica, As-Sb-Tl AlSar), Pb-Zn smelter
Veles; FeNi — Kavadarci; thermoelec-
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tric power plants (Kicevo and Bitola),
alluvial deposits of the Vardar river,
Skopje. Here we want to present sev-
eral study cases (Veles, Kavadarci and
Bucim) but several other very interest-
ing studies are: identification of heavy
metals in honey samples (STANKOVSKA
et al., 2007; 2008), and moss samples
(Baranpovski et al., 2012) in R. Mace-
donia; determination of chemical com-
position of soil around the thermoelec-
tric plant Oslomej, in Kicevo (StariLov
etal., 2011).

Veles (Macedonia)

Veles (50 000 inhabitants) is the most
polluted city in Macedonia. In the cen-
tre of town lead and zinc smelter lo-
cated. The Macedonian Institute for
Health Protection reported in 2003,
when the factory still operated, that Ve-
les was absorbing 62 000 t of zinc, 47
300 t of lead and 120 000 t of sulphur
dioxide annually. Plans for the cleanup
include ridding the city of heavy met-
als and decontaminating soil in the 45
ha area around the smelter.

As, Cd, Cu, Hg, In, Pb, Sb and Zn are
chemical elements introduced into the
environment through anthropogenic
activities. Typical for this elemental
assemblage is the enrichment of the
elements in topsoil versus European
topsoil, from 2.2-times for the Sb to
27-times for the Cd. High concentra-
tions and as well the enrichments of
mentioned elements, especially Cd in
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topsoil is noticeable close to Zn smelt-
er in Veles and in urban zone. In area
of the main polluted area average con-
centration of Cd exceed European Cd
average more than 110-times!

The shape of the dispersion halo has
been strongly influenced by local
winds and the shape of the Veles ba-
sin. Cd average in topsoil for the all
study area amount 7.7 mg/kg in range
0.30-600 mg/kg. Considering land
use, the average of Cd in cultivable
area amount to 6.1 mg/kg, in uncul-
tivable area 4.8 mg/kg, in urban area
12 mg/kg and in main polluted area 32
mg/kg. The most of highest values is
in the industrial part of the region with
the maximal Cd content from 76 mg/kg
to 600 mg/kg, and in the part of the city
which is close to the smelter plant (104
mg/kg and 105 mg/kg). In this region
several topsoil samples with extremely
high content of cadmium are present
420 mg/kg (3500-times higher that Eu-
ropean topsoil average. According to
experimental results, the area critically
polluted with Cd is about 6.6 km?, with
Pb 4.2 km? and Zn 3.8 km?. Materials
for the study case are collected from
the following articles: StariLov et al.,
2008; Stafilov et al., 2010. Radionu-
clides in soil were studied in DiMovska
et al., 2010a. This work has awarded
with The State Prize of the Govern-
ment of Republic of Macedonia »Goce
Delcev« for the scientific achievement
in 2008.



170

SAIN, R., ALUAGIC, J.

Ph (mgrkg)

50 ™ 100 160

250 580

Figure 5. Spatial distribution of lead in topsoil (Veles, Macedonia)

Kavadarci (Macedonia)

Materials for the study case are col-
lected from the following articles:
StariLov et al., 2008b; 2009a; 2009b;
2010b. But also several other interest-
ing studies in this area are: BACEvA et
al., 2009; 2011; 2012a; 2012b concern
atmospheric pollution; DiMovska et
al., 2012b represent radioactivity in
soil; ZIBRET et al., 2012 applied artifi-
cial neural network in determination
of contamination; STAFILOV et al., 2012
provide an interesting study of As-Sb-
Tl in this region.

Town Kavadarci is located in Tikves
valley, about 100 km south from the
capital Skopje (Figure 1). The city is
well known and famous by its vine-
yards and it is main vine production
region in Macedonia. The urban area
is located on 200-300 m altitude, sur-
rounded with hills from east and south
sides of the valley (with height differ-
ence between 300 m and 770 m). The
climate in Kavadarci is of a continental
type of climate with a reduced Medi-
terranean climate and with hot summer
and cold winter. The major wind direc-
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Figure 6. A — Landuse map of Kavadarci area with the sampling grid (Ka-
vadarci, Macedonia) B — spatial distribution of As-Sb-TI using standard
kriging method; C — using segment (multiple) kriging; D — using ANN
(radial basis function neural networks)

RMZ-M&G 2012, 59
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tion is from the north and northwest.
The complete investigated region (360
km?) was covered by 172 sampling lo-
cation. 344 soil samples of topsoil and
subsoil were collected.

The highest concentrations of Cr and
Ni are are located on the outcropping
Paleozoic serpentinites (inner parts of
the Vardar zone). High, sometimes crit-
ically content of Cr and Ni in the zone
of Eocene flysch is already proven in
numerous researches from Macedonia
and other Balkan countries. The fer-
ronickel smelter plant “FENI”, in spite
of the obvious environmental pollution
has not contributed significantly to the
measured amount of these elements,
which occur in high concentrations in
the background.

High concentrations of Cd, Hg, Pb and
Zn are also found on the SW and W,
hilly part of the study area as a con-
sequence of the high concentrations
of heavy metals in organic material of
topsoil or the long distance transporta-
tions. High concentrations of the men-
tioned heavy metals were also found as
a result of urban activities in the city
of Kavadarci, but they are very low.
The highest concentrations of As, Sb
and T1 are found on the Holocene allu-
vium of Crna Reka. Enrichment of the
Holocene alluvium of the Crna Reka is
consequence of natural erosion from
the mine deposits (As and Sb) of AlSar
on the Kozuf Mountain, but also from

mine activities in the past. High con-
centrations are determined in the river
sediments of Vardar River. This enrich-
ments with As, Sb and Tl in the Holo-
cene alluvium of the rivers Crna Reka
and Vardar should be studied in the fu-
ture because it is a rare example of en-
richment of alluvial sediments (Fig 6).
Principally, the natural enrichment is
related especially to Ni. Pollution with
As, Cd, Co, Cr, Cu, Hg, Mo, Pb and Zn
is basically insignificant.

Construction of geochemical maps us-
ing universal kriging methods is quite
useful in determination of distribution
patterns, but in such a maps are pre-
sent mistakes called Bull’s eye effect
because in the isotropic space appears
elongated division, that is possible
solve only with denser sampling grid.
Applying the multilayer perceptron
(MLP) avoiding this problem and we
constructed much better maps of con-
tamination, especially from the geo-
logical point of view (Figure 6.).

Bucim (Macedonia)

Materials for the study case are col-
lected from the following articles:
BaraBanova et al., 2009, 2010; 2011a;
2011b; 2012a; 2012b; StaFiLOV et al.,
2010b.

The Buéim copper mine is located in
the eastern part of the Republic of Mac-
edonia. The mine is in function from
1980 and processes 4 Mt of ore annu-
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Figure 7. Spatial distribution of cooper in lichen, moss and attic dust
(Buc¢im, Macedonia)

ally. The ore reserves are estimated to
total about 85 Mt. The deposit is a por-
phyry copper type deposit and miner-
alization is related to Tertiary sub-vol-
canic intrusions of andesite and latite
in a host of Pre-Cambrian gneisses and
amphibolites. The main ore body is ap-
proximately 500 m in diameter and 250
m in vertical and has been worked in
a large open pit, which actually allows
direct exposure of ore particles to the
atmosphere. The igneous rocks have
been altered into clays and micas. The
basic ore proceeding process includes:
drilling and blasting, than blasted ore is
transported towards primary crushing
while the tailings on the mine disposal.

Different sampling media: moss, epi-
phytic lichens and attic dust were used
for comparative analysis due to moni-
toring air pollution and distribution of
15 elements including certain heavy
metals. Thus, attic dust, moss and li-
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chen have the potential for collecting
complementary information on present
and historical air pollution trends.

For the geogenic geochemical associa-
tion Ni-Cr-Cd-Fe-Al-K-Mn-Zn is sig-
nificant a similar distribution pattern,
with minor variations, especially in
the biogenic samples. In all observed
materials, the higher concentrations
are observed in the area of predomi-
nant Pliocene sediments, with fact that
both patterns, in attic dust and moss
are much more similar. Significant de-
viation from that fact represents high
values in moss and lichen in the area
where occur Palaeozoic rocks, mainly
schist. Spatial distribution pattern of
anthropogenic association As, Cu and
Pb is very similar for all three sampled
materials. The association presents dis-
tribution of high contents of potentially
risk elements close to the anthropogen-
ic sources.
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All three treated materials are shown
to be useful in determining an anthro-
pogenic impact as well as the chemical
properties or geological background on
orographic diverse terrain in the pres-
ence of complex geological structure.
With fact that attic dust is the most sta-
ble and responsive to environmental
changes and lichen is the worst.

Based on the research results, the com-
binations of attic dust and moss give
the best results in the determination of
anthropogenic impact on the environ-
ment as well as the natural enrichment.
Attic dust shows very stable historical
reconstruction of contamination, moss
a current state, related to a period of
growth and to period of accumulation
of chemical elements.

Kosovska Mitrovica (Kosovo)
Materials for the study case are collect-
ed from the following articles: ALiu et
al., 2009 2010; StariLov et al., 2020a;
Sametal., 2012;

Mining and metallurgic activities
in Kosovo have a long history. The
Trepéa Mine Limited in K. Mitro-
vica was built in 1927 and produced
lead, arsenic and cadmium from the
1930s until 2000. The smelter close
to Zvecan commenced work in 1939.
Because of the smelter and three huge
tailing dams, environmental pollution
in K. Mitrovica increased dramatically.
The smelter has been working sporadi-

cally since the 1999 conflict between
Kosovo’s Albanian and Serb popula-
tion in Kosovo.

The total production of mine Trepca
from 1931 to 1998 has been estimat-
ed at 34 350 000 t run-of-mine ore at
grades of 6 % Pb and 4 % Zn. The ore
was beneficiated in the flotation plants.
The Pb concentrates were brought to
the lead smelter of Zvecan (capacity 80
000 t per year) and the Zn concentrates
were brought to the zinc smelter of K.
Mitrovica (capacity 50 000 t per year);
there was also a unit for the production
of fertilisers and batteries. The amount
of metal produced was 2 066 000 t Pb, 1
371 000 t Zn as well as Ag, Bi and Cd.

The investigated region (300 km?) was
covered by a sampling grid of 1.4 km
x 1.4 km. In total, 159 soil samples
from 149 locations were collected. In-
ductively coupled plasma-mass spec-
trometry (ICP-MS) was applied for the
determination of 36 elements. For data
evaluation, parametric and non-para-
metric statistics methods were used.

The obtained results show that the
content of Ag, Pb, Sb, Bi, Zn, Cd, As,
Cu, Hg, Au, Tl and Mo appeared as
an anthropogenic association, which
contents mainly depend on mining
and processing activities. In vicin-
ity of cities Zvecan and K. Mitrovica
their content is even higher than the
corresponding intervention values ac-
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Figure 8. Spatial distribution of lead in topsoil (K. Mitrovica, Kosovo)

cording to The New Duch List exceed extremely high elements such as Pb,
in 152 km? of the investigated area. Zn, Cd, Cu, Ag, and Hg. Their aver-
The pollution is involving several age contents are: Pb 450 mg/kg with a
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range of 34-35 000 mg/kg, Zn 30 mg/
kg in the range of 32-12000 mg/kg,
Cd 1.6 mg/kg with a range of 0.10—47
mg/kg, Cu 42 mg/kg in range 9.0-1600
mg/kg, Ag 30 mg/kg in range 0.05-58
mg/kg and Hg 0.20 mg/kg in range
0.02-11 mg/kg.

There is no doubt that the mining
and smelting activities left huge con-
sequences on environment in urban
zones of K. Mitrovica and Zvecan, the
Trep€a mines in Stari Trg, but also in
alluvial sediments of the Ibar River,
where intensive agriculture activities
are present.

INVESTIGATION IN SERBIA

Geochemical researches in Serbia be-
gun in 2011 and finish 2012, we fo-
cused our study on the alluvial sedi-
ments of river Ibar (environmental
impact of mine Trepca and Pb smelter
Zvecan), river sediments and river ter-
races of the river Timok, and the cop-
per mine Bor where we collected the
soil samples and attic dust (SaiN et al.,
2012, unpublished data).

Bor is a town located in eastern Ser-
bia, with one of the largest copper
mines in Europe. The population of
municipality has about 50 000. Basic
economic activities in Bor are copper
mining and metallurgy. The mine was
opened in 1903 and 1905 started the

copper-smelting work. The factory, in
which is now melting the copper con-
centrate was built from 1961 to 1968.
Every year, it emits 4.86 kg to 7.99 kg
of zinc, 6.27 kg to 25.11 kg of lead and
5.3 kg to 19.6 kg of arsenic per capita,
which depends on the emission volume
of production and content of these met-
als in raw materials.

Bor and surrounding is cover by 96
soil sampling sites (topsoil and bottom
soil), 10 sites of urban soil and 86 sites
of attic dust. First, preliminary results
show that the mining and metallurgi-
cal activities in Bor and its surround-
ings caused numerous environmental
problems, and left catastrophic conse-
quences for the entire environment.

The river Timok with its tributaries rep-
resents a drainage water system from
the copper mine Krivelj (Bor), and
heavy metal industry in Bor. Hazard-
ous waste is transported by this river
to the Danube, consequently polluted
by heavy metals. Sampling grid is con-
structed on the way that we cover the
main polluted part from town ZajeCar
till its confluence with Dunav, but also
a two main tributaries from the Krivelj
mine. Altogether, 15 samples of river
sediments and 15 soil samples from al-
luvial plains and 10 soil samples from
river terraces were collected.

After the high concentrations of heavy
metals especially Pb, Zn, Cd, Ag, Hg
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and Cu were discovered in Kosovska
Mitrovica and ZvecCan, we decided to
continue a sampling along the river till
its confluence with the river Zapadna
Morava. Total, 14 samples of river sedi-
ments, 14 alluvial sediments (top and
bottom soil), 14 river terraces (top and
bottom soil) and 4 soil samples on sec-
ond river terraces (top and bottom soil).

CONCLUSION

The major goals are strengthening an
international scientific cooperation
network and partnership between Ge-
0ZS and other former Yugoslav coun-
tries, improvement of material research
standards, exploiting the research and
technological demonstration results
as well promoting the GeoZS to re-
gional centres of excellence. The re-
sults of numerous geochemical studies
of natural distribution and proportion
of anthropogenic heavy metals in the
environment, especially in areas of for-
mer mining and smelting in Slovenia
and the region can be used as guiding
principles for the future environmental
remedial actions.

Specifically, the results from the entire
study will complement our knowledge
about a complexity of chemical com-
pounds in the environment. Special
emphasis is given to the further devel-
opment of advanced data processing
techniques and methods of linear and

RMZ-M&G 2012, 59

nonlinear mathematical models, based
on the application of modern math-
ematical analysis such as PCA (Prin-
cipal Component Analysis), and ANN
(Artificial Neural Network) at the dis-
tribution and transport of heavy metals
in the environment.

Soil is together with water and air, one
of the most important natural resource
of country. Apart of food production,
soil is a natural filter for hazardous and
noxious substances that can run out to
system of drinkable water and ground-
water respectively. Because of that soil
care, as natural treasure, represent very
important priority in environmental
protection. For better soil treatment, is
necessary to know all soil character-
istic, their concentration of chemicals
and concentration of potential toxic el-
ements as well.
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