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Abstract. Global population is growing rapidly. As a result, increasingly large areas are being settled and
farmed. This devastates soils and causes pollution by heavy metals and other components. Heavy metals in
the environment originate from both natural and anthropogenic sources. Natural sources generally include
rock weathering and the propagation of heavy metals, such as Cr and Ni, from ultrabasic rocks. These are nat-
ural processes that generally do not threaten human health. Anthropogenic sources include industry and inap-
propriate disposal of waste in the environment. In such cases concentrations of heavy metals can be harmful
to people and other living beings. Al Zintan is a city located in northwestern Libya, on a plateau mainly built
up of Cretaceous sediments. Since the 1980’s, nomadic population has rapidly been settling this area. As a
result, a former part of the desert was transformed and is used for farming. Soil sampling at Al Zintan was
conducted in 2017, across a 2x2 km grid. A total of 143 samples were collected from depths of about 30 cm.
The samples weighed 2 to 2.5 kg and generally comprised sand with a clay component. A Niton X13t goldd+
instrument was used for chemical analyses, based on which GIS heavy-metal distribution maps were gener-
ated. The distribution of Cr, Ni, Cu and Zn is discussed on the paper.
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AncTpakT. Y cBeTy je NIpUCyTaH paluaaH pacT JbyAcke nonyianuje. Ca THM y Be3H CBE BUILEC ITOBPILINHE
ce KOPHCTH 3a M3rpajiiby Haceba U Kao IOJEOIPUBPEIHO 3eMbuInTe. Kao mocienuna moMeHyTor Joiasu 10
npoleca JieBacTanuje 3eMJbUINTA U 3araljerba TUIKAM MeTaluMa M JPYruM KoMIoHeHTama. Temku MeTann
MIPUCYTHU CY Y )KHBOTHOM OKpPY’KEHY Kao pe3yaTaT MPUPOJHUX U aHTponoreHux akropa. [Ipuponnu dakro-
PH Cy YINIaBHOM paclajiarbe CTeHa M JUCTpUOyILHja TeMIKUX MeTalla, HIIP. XpOM M HHKaJI U3 YITpaba3uaHuX
CTEHa, LITO je NMPHUPOJAH MPOIeC U HE JOBOIH JI0 yrpoXKaBarba 3]paBiba JbYIH. AHTPONOreHH (HaKTOpH Cy
YIJIaBHOM MHJYCTpHja ¥ HeaJIeKBaTHO OJUIarame OTIa/ia y )KUBOTHY cpeinHy. KoHIeHTpalyje TemKuxX MeTa-
Jla y TOM CIiy4yajy MOT'y OUTH OMacHE IO JbYACKO 37paBJbe U Apyra xkupa Ouha. A 3UHTaH je rpaj Koju ce
HaJIa3W Ha BUCOPAaBHM M3rpaljeHo0] yIIIaBHOM O]l KPSIHHX CeIuMeHTaTa Ha ceBeposamnany Jlnbuje. Ox 80-Tux
TOJIMHA JI0JIa3H JI0 HAIJIOT HaceshbaBarha HOMAJICKOT CTAaHOBHHUIITBA Y OBO monpyuuje. Ca THM y Be3H, paHuje
MTyCTUIGCKE TIOBPIIMHE Ce TPaHC(HOPMHUIITY M KOPHCTE 3a moJbonpuBpeny. Toxkom 2017. roguHe W3BpIICHO je
y30pKkoBame Taa An 3uHTaHa 1o Mpeku of 2x2 km. YkymHo je y3ero 143 y3opka ca gyouna on oxo 30 cm.
VY3opun cy Omnum temkn ox 2 1o 2,5 kg, yrmaBHOM m3rpaljeHu of Tecka ca TMIMHOBUTOM KOMIIOHEHTOM. Ype-
hajem Niton XI3t goldd + ypahene cy xemujcke aHamm3e, a Ha OCHOBY HBHUX Cy T€HEpHCaHE KapTe JAUCTPHU-
Oyuuje remkux merana 'y [MC-y. Y oBoM pajy je nar npukas IUcTpuOyLrje XpoMma, HUKIIA, Oakpa U 3WHKA.

KibyuyHe peuu: Temku MeTainu, TUCTpHOyIHja, y3opKoBame, An 3unTtaH, JInbwuja.

Introduction

One of the primary causes of environmental degra-
dation is attributable to rapid global population

growth. Population growth threatens the environment,
due to the expansion and intensification of industry
and agriculture, uncontrolled urbanization, and over-
exploitation of natural resources. This leads to envi-
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ronmental pollution and degradation (RAY S. & RAY
ILA., 2011). Such trends are noted in nearly all coun-
tries of the world, especially big and rapidly growing
cities. Al Zintan in Libya is an example. It is one of
the biggest cities in northwestern Libya, situated
roughly 130 kilometers southwest of Tripoli, in the
Nafusa Mountains area. The city and its surrounding
areas have a population of approximately 50,000
(UNICEF, 2016). The population and the city grew rap-
idly in the latter half of the 20t century and at the
beginning of the 21st. Demographic and industrial
expansion has led to many issues, such as increasing
land prices, random construction, greater demand for
goods and services, and the generation of various
types of waste. The primary consequence is environ-
mental pollution in all parts of the city, both urban and
rural, as well as in the surrounding desert. A lack of
building land has also resulted in the city encroaching
on farmland, which intensified soil pollution and
degradation. Soil contamination is brought about by
many different anthropogenic sources of heavy met-
als, along with other pollutants that affect both agri-
cultural and urban land (ALLOWAY, 2012).

Heavy metals are found in the environment as a result
of natural and anthropogenic factors. In nature, exces-
sive levels of trace metals may be caused by geograph-
ical phenomena like volcanic eruptions, weathering of
rocks, and leaching into rivers, lakes and oceans due to
the action of water. Their natural abundance and distri-
bution in soils are controlled by many factors, e.g. the
parent rocks, maturity of the sediments, stability of min-
erals etc. (EL-SAYED et al., 2017). Industrial activity, ge-
neration of various types of energy, wastewater dis-
charges, disposal of harmful solid waste, mining opera-
tions, exhaust gas emissions, and the like, constitute the
main anthropogenic sources of pollution by heavy met-
als (GRACE et al., 2016; MILADINOVIC et al., 2012).
Heavy metals that are the most frequently encountered
environmental pollutants, and which need to be
removed or immobilized as far as possible, are copper,
cobalt, chromium, cadmium, nickel, lead, mercury,
manganese, zinc, iron, etc. (Wu et al., 2010).

Living beings depend on heavy metals, or their ions,
in many different ways. In low concentrations, some of
these metals are essential for biological processes.
However, in high concentrations they tend to be extre-
mely toxic. In such cases they represent very harmful
pollutants, given that their ions are not biodegradable
like most organic substances (NIEL & SILVER, 2007).

From a biological perspective, heavy metals can be
divided into two groups. The first group includes mi-
cro elements in low concentrations, which have a
physiological function in living beings (NIEL & SIL-
VER, 2007). Metals like cobalt (Co), copper (Cu),
chromium (Cr), iron (Fe), magnesium (Mg), manga-
nese (Mn), molybdenum (Mo), nickel (Ni) and zinc
(Zn) are essential nutrients, needed for a number of
biochemical and physiological processes (WORLD
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HEALTH ORGANIZATION, 1996). Various illnesses or
deficiency syndromes of living beings are caused by
an inadequate supply of these micro nutrients (WORLD
HEALTH ORGANIZATION, 1996). Heavy metals are also
considered to be trace elements because of generally
low concentrations in nature (less than 10 ppm), in
various environmental matrices (KABATA-PENDIA &
PENDIA, 2001). Their bioavailability is influenced by
factors such as temperature, phase association, adsor-
ption, and sequestration, but also chemical factors
(HAMELINK et al., 1994). Biological factors like the
characteristics of the species, trophic interactions and
biochemical/physiological adaptation, also play an
important role (VERKLEJ, 1993). The second group
includes macro elements, or toxic heavy metals harm-
ful to human health and the environment (e.g. emis-
sions of cadmium and mercury vapors and precipita-
tion of lead, manganese, cobalt and nickel). At the cel-
lular level, these metals cause various physiological
irregularities (NIEL & SILVER, 2007; BANFALI, 2011).
The toxicity of heavy metals depends on their concen-
tration, degree of contamination, chemical form, pen-
etration method, solubility in bodily fluids, and bio-
chemical reactions through which they take part in
metabolic processes (SAWICKA-KAPUSTA et al., 2010).

The concentrations of heavy metals in the fourth
period on the periodic table (chromium, nickel, copper
and zinc), which are found in the mainly sandy soils in
and around Al Zintan, and their distribution within the
city and in the extended area, are presented in the paper.

Materials and methods
Sampling

The samples were collected on pre-determined lo-
cations, in an area that was 19.5 km x 22 km in size,
with an average spacing between the samples of 2 km
and depths of about 30 cm. The sampling locations were
selected keeping in mind: that the distribution of the
samples is regular in general and that they cover dense-
ly populated areas, sparsely populated areas and farm-
land. Another consideration pertained to information
obtained from Al Zintan Municipality, whether the set-
tlements were old or recent. The sampling points were
predefined in ellipsoid WGS 84, UTM zone 33. The
weight of the samples was from 2 to 2.5 kg. According
to the geological map of Mizdah, scale 1:250,000, the
city of Al Zintan and surrounding areas are largely situ-
ated on Cretaceous sediments, overlain by sand.

Chemical analyses
Chemical analyses were performed by X-ray fluo-

rescence (XRF). The elemental analysis of powder
was conducted on an XRF Niton X13t Goldd+ analyz-
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er at the University of Belgrade, Faculty of Civil
Engineering. Each sample was tested twice, for about
180 to 240 seconds in the Soil mode, and checked by
TestAll geo. The samples were ground to 70 um. The
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following elements were measured: Cr, Ni, Cu and
Zn. All the measured concentrations were expressed
in ppm (mg/kg) units and the distribution of menti-
oned elements in the Al Zintan area was shown.
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Fig. 1. Basis for displaying the distribution of measured elements.
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Distribution of the tested elements in the
study area

The concentrations of the tested heavy metals and
their distribution and environmental impact were de-
termined by remote detection using the Geographic
Information System (GIS). As raster basis for the maps
shown in this paper was used application SAS.Planet
160707.9476, Landscape w/o names (Google)

Figure 1 shows the geographic position of the study
area, based on which the measured elements were dis-
played.

Results and Discussion

A total of 143 soil samples were collected in the
study area, from a depth of about 30 cm. Assaying cov-
ered 33 elements (Mo, Zr, Sr, U, Rb, Th, Pb, Au, Se, As,
Hg, Zn, W, Cz, Ni, Co, Fe, Mn, Cr, V, Ti, Sc, Ca, K, S,
Ba, Cs, Te, Sb, Sn, Cd, Ag and Pd). The following ele-
ments were below the detection limit in 90% of the
samples: Mo, U, Th, Au, Se, As, Hg, W, Cu, Co, Sc, S,
Cs, Te, Sb, Sn, Cd, Ag and Pd. Of the remaining 14 ele-
ments, eight (Zr, Sr, Rb, Zn, Fe, Ti, Ca and K) were
detected in all the samples and six (Pb, Ni, Mn, Cr, V
and Ba) in more than 50% of the samples.

The paper presents the results for Zn, Cu, Ni and
Cr. Table 1 shows the statistical data.

Table 1: Statistical values of the analyzed elements

Statistics Zn Cu Ni Cr
1 | Number of samples 143 | 143 | 143 | 143
Number of samples
2 above detection limit 145 10 &l e
3 | Max. 35.19 |28.42 | 74.55|51.23
4 | Min. 12.36 |20.27 | 32.77 | 11.53
5 | Average 23.33|23.36 | 46.81 | 23.87
6 | St.dev. 4.88 | 2.27 | 9.62 | 7.05
7 Number of se.lmpl.es . 0 133 63 1
below detection limit
% of samples below
8| detestion limit ¢ 19| M| 8
9| Average 23.3310.93 (22.012] 22.42
10| St. Dev. 4.88 | 3.46 | 16.94| 8.45

Note: Rows 5 and 6 show the averages and standard deviations for
samples that measured values above the detection limit of the
instrument, and rows 9 and 10 show the averages and standard
deviations where half the minimum value was stated for samples
that were below the detection limit.

The layouts below show the measured concentra-
tions of the four tested heavy metals in soil samples.
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Literature sources that contain background levels
of the tested heavy metals in similar soils, as well as
threshold values and maximum recommended con-
centrations of the metals in soil, were used to assess
potential soil contamination in Al Zintan.

Given that there is virtually no topsoil, the land in
Libya is generally covered by sand, clay, gravel, rock
outcrops, and remnants of saltwater lakes (GECONT,
2018). Table 2 shows average background levels in
similar uncontaminated soils from literature sources.

Table 2. Arithmetic (A) and geometric (G) mean concentrations of
some trace metals (mg/kg) in soils from various textural groups
(KABATA-PENDIAS & PENDIAS, 1999).

Light sandy | Medium loamy

Metal A G A G A G
Cr 8.0 7.0 15.3 146 | 25.6 | 24.3
Ni 5.5 48 | 11.81 | 109 | 234 | 215
Cu 10.4 7.2 3.2 11.8 | 20.3 | 185
Zn 41.7 | 32.5 | 59.7 | 51.5 | 91.0 | 79.5

Heavy loamy

Table 2 shows threshold and guideline values of the
given metals in soil.

The standards established by Finnish legislation for
contaminated soils (MINISTRY OF THE ENVIRONMENT -
MEF, FINLAND, 2007) were used in the present study
following a review of various approaches and thresh-
olds values for heavy metals in soils (TOTH et al., 2016).
These standard values represent a very good mean-
value approximation of different national systems in
Europe and India, and they have been applied in the
international context for agricultural soils as well
(UNITED NATIONS ENVIRONMENT PROGRAMME, UNEP,
2013). The legislation sets forth concentration levels
for each hazardous element, to identify soil contamina-
tion and remediation requirements. It establishes low
and high concentration levels, which indicate the need
for action if exceeded. The so-called “threshold value”
(limit) is equally applicable to all sites and points to the
need for further assessment of the area. “Guideline val-
ues” (recommended values) are values that should not
be exceeded. If that happens, the observed area has a
contamination level that poses either an ecological or
health risk. Higher concentrations are determined by

Table 3. Threshold and guideline values for metals in soils
(defined on the basis of ecological risks) (ToTH et al., 2016).

Threshold
value (ppm)| value (ppm)

Low guideline | High guideline
Heavy metal
value (ppm)

Chromium (Cr) 100 200 300
Nickel (Ni) 50 100 150
Copper (Cu) 100 150 200
Zinc (Zn) 200 250 400
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prevailing land uses (i.e. industrial areas or transport
sites), whereas lower guideline values are applicable to
all other land uses (ToTH et al., 2016).

As shown in Figs. 2 through 5, the measured
chromium concentrations in soil range from 11.53 to
51.23 ppm, of nickel from 32.77 to 74.55 ppm, of cop-

per from 21.97 to 28.42 ppm, and of zinc from 12.36
to 35.19 ppm.

Compared to the values in Table 2, the conclusion is
that the tested soil contains elevated concentrations of
chromium, nickel and coper, compared to their potential
background levels. The situation is somewhat different in
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Fig. 2. Measured concentrations of total chromium (ppm).
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the case of zinc, given the measured concentrations. Na-
mely, they are lower than the expected background levels.

Table 3 leads to the conclusion that the measured
concentrations of all the tested heavy metals are lower
than recommended, except in some parts of the city
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where nickel concentrations slightly exceed threshold
values but are still in the guideline range.

Keeping in mind that elevated concentrations of the
studied metals are the most harmful to agricultural
soils because crops are able to absorb soluble com-
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pounds of heavy metals via their roots and thus intro- perspective, with a possible exception of nickel. On
duce them into the food chain (CROMMENTUIN et al., the other hand, apart from ingestion, soil particles that
1997; L1u et al., 2013; KELEPERTZIS, 2014; WU et al., contain these trace elements can be inhaled (Wu et al.,

2015), the conclusion is that the situation at the time 2015), so further investigations would be needed to
of the study was not alarming from a human health assess the composition of air in the study area.
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The distribution of the heavy metals in the studied
parts of the city is very important because of the
potential toxic effect.

The layouts show the distribution of the heavy me-
tals and the distribution of pollution in the urban part
of Al Zintan and surrounding rural and desert areas.

Based on the pollutant distribution, it is not possi-
ble to conclude whether the highest concentrations of
the studied heavy metals are found in the rural/desert
or urban areas. The above figures show different spa-
tial distributions of the four metals within the city and
indicate that there are no correlations among them.
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The possible reasons for this are: the natural distribu-
tion of the metals in the Earth’s crust, the types and
locations of industrial facilities and thermal plants in
parts of the city, and the diffusion of soluble com-
pounds of these pollutants through leaching and muni-
cipal wastewater.

An observation of particular interest is that the city
of Al Zintan is situated on a plateau, at an elevation of
approx. 670—710 m, but increased concentrations of
Ni, Cr, Zn and rarely detected Cu were found in sam-
ples collected about 6 km north—northeast, at eleva-
tions of about 300 m, in zones of pronounced drainage
systems. These occurrences have a similar distribu-
tion pattern to that in the populated areas, such that the
concentrations represent recent pollution because
there are no settlements, farmland or geologic units at
the lower elevations (N-NW of the central parts of Al
Zintan) which would carry elevated concentrations of
Ni, Cr, Cu and Zn (Figs. 2-5).

Conclusions

The current situation is not alarming, as corroborat-
ed by a comparison of analyzed concentrations of
toxic elements Ni, Cr, Cu and Zn with background le-
vels in similar soils (Table 2) from literature sources,
as well as threshold values and guidance levels in
soils (Table 3).

The presence of chromium and nickel in basaltic
rocks has been noted worldwide. While the Cr ore
mineral, chromite, is generally found in ultramafic
rocks, it is also known that Cr is present in basaltic
magmas, with magnetite and ilmenite which contain
Cr (TUREKIAN, 1963).

Nickel is usually in association with rock-formative
magnesium — iron silicates. Due to weathering pro-
cesses, nickel can migrate over large distances, along
with its solutions. Also, it is combined with Fe and
Mn hydroxides (BARALKIEWICZ & SIEPAK, 1999).

There are outcrops of Quaternary outflows of basalt
lava (olivine metabasalt, ANTONOVIC, 1977) east of Al
Zintan, at a distance of about 40 km, altitude 730 m,
heading east-southeast to about 60 km. As Al Zintan
is at altitudes of 680 to 720 m, it is possible that Cr
and Ni were brought from these locations, as products
of weathering — dust and sand carried by winds.

Zn and Cu are typical chalcophilic elements. Ac-
cording to BARNES (2016), Zn could be described as
slightly chalcophilic and Cu as highly chalcophilic.
Specific geological sources of Zn and Cu cannot be
found on the geological map of Libya, 1:250 000,
sheet Mizdah. The distribution of these elements also
shows that they are not specifically associated with
urban zones, farmland or areas devoid of anthropo-
genic impact.

As the city of Al Zintan continues to grow, the rec-
ommendation is to take the 2017 status as a reference

point, given that soil analyses of this type had not pre-
viously been undertaken on any scale. Since the city is
expanding in an uncontrolled manner, sampling
should be undertaken at the same points, or even using
a higher-density grid (especially in places where the
concentrations of the studied metals were found to be
elevated), at equal time intervals (e.g. every two to
five years). Awareness raising among farmers, pollu-
tion control, and the construction of a regional landfill
could certainly maintain or even improve the present
status. Monitoring would especially be needed to
track developments 6 to 10 km N—-NW of the center of
Al Zintan, because it is very likely that pollutants
from the contaminated areas are reaching the previ-
ously unpolluted drainage systems.
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Pe3ume

JAucTpudynuja xpoma, HUKJIA, 0aKpa U
HUHKA Y NOAPYYjy Ay 3UHTAaH,
ceBepo3anaana Jluomnja

VY cBeTy je NpUCYyTaH pamujaaH pacT JbyACKe To-
nynanuje. Ca THM y BE3W CBE BHIIE MOBPIIMHE CE
KOpHCTH y ypOaHe W moJhompuBpenHe cBpxe. Kao
MOCTIeTUIIA J0JIa3u JI0 Mpolieca JeBacTaluje 3eMJbU-
mra U 3aral)ema TeIKUM MeTaauMa U JAPYTHM KOM-
noHeHTama. TemKu MeTanu TPUCYTHU Cy Y IKH-
BOTHOM OKpYXKEHhY Kao pe3yiaTar HPUPOJHUX U
aHTpororernx ¢akropa. Ilpupomaum dakropu cy
VIJIABHOM pacrajiame CTeHA U TUCTPUOYIHja TEIIKHX
MeTana, HIIp. XpOM U HUKAJ U3 yATpada3uyHuX CTEHa,
HITO je TPUPOJAH TPOLEC U HE JOBOIU J0 Yrpoxa-
Bama 3/IpaBjba JbYAU. AHTPONOreHH (AKTOPU Cy
VIJIABHOM HWHAYCTPHja M HEaJCKBATHO OJIarame
0TIaja y )HUBOTHY cpe/uHy. KOHIIeHTpaluje TenKux
MeTaja y TOM CIy4ajy MOTY OMTH OIacHe MO JbYICKO
3apaBibe W Ipyra skuBa Owha. JKuBa Owha Ha BuIIe
HAYMHA 3aBHCE OJ] TEIKUX METaa, OTHOCHO FbUXOBHX
joHa. Heku cy y HHCKMM KOHIIEHTpalujaMa e€CeHIIH-
jaHU 3a OWOIIOIIKE TIpoIiece, aii ce y BehnM KoH-
[EHTpalljaMa CMaTpajy U3y3eTHO TOKCHYIHUM. Y TOM
ClIy4ajy TpENCTaBJbajy BeOMa OIacHe IMONyTaHTE C
003WpoM 1a BUXOBH jJOHH HE TIOAJIEXY Omojerpasa-
IIUjU Kao, Ha TIpUMep, BehrHa OPTaHCKHUX CYTICTAHITH.
An 3uHTaH je rpaj KOju Ce Halla3u Ha BHCOPABHH
n3rpal)eHoj yrmiiaBHOM Ol KpeAHHWX CeIMMEeHTara Ha
ceBepo-3anany Jluomje. Ox 80-THX romuHa J0na3u 10
HAIJIOT HaceJhaBakha HOMAJICKOT CTAHOBHUIIITBA Y OBO
moapydje. Ca THM y Be3W, paHHje IYCTHEHCKE I10-
BpIIUHE ce TPAHCHOPMHUIITY U KOPUCTE 32 TMOJHOIPH-
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Bpeny. Toxom 2017. rogrHe U3BPIIEHO j& Y30pKOBabe
TJa TT0 MpeXH ox 2%2 km Ha oBOM mpocTopy ca 143
y30pKa y3eTux Ha ayomHu ox oxo 30 cm. Y3opmwm cy
Oomnm temku ox 2 o 2,5 kg, yrmaBHoM mirpalh)enn on
Mecka ca TIIMHOBUTOM KOMITOHeHTOM. Ypehajem Niton
XI3t goldd + ypahene cy xemmjcke aHanmmse, a Ha
OCHOBY HHX Cy TEHEpHCaHe KapTe ANCTPUOyIHje
temkux Mertana y ['MIC-y. Oneatama cy npuka3aHe
JUCTpUOyLMje MCIUTHBAHUX TEIIKUX METana, Kao U
IUCTpuOyIHja 3araljema y omHOCYy Ha ypOaHU €0
rpaga 3UHTaHAa, OKOJIHO MOJbOIPUBPEIHO 3EMIBUIITE
U IyCTUECKHU IIpeneo. Y OBOM paay je AaT MpHKas3
JTUCTPUOYTIHje XpoMa, HUKJIa, 0aKkpa U IIHHKA.

3a najby aHamM3y MOTEHIMjaJlHe KOHTaMHHAIWje
3eMJBHINTA Y Tpaxy Al 3uHTaHy KOopHIIheHe Cy JnTe-
paTypHe BPEIHOCTH MIPUPOIHE 3aCTYIIJbEHOCTH UCTIH-
TUBAHUX TELIKUX METaJa y 3eMJBHIUTY CIMYHOM OHOM
Ha TOZAPYYjy OBOT I'paja, KAa0 M IPaHUYHE U IPero-
pyueHe MaKCHMaJIHE KOHLEHTpaLHje JaTHX MeTajla y
semsbnmTy. Mmajyhu y Buay nma cy mosehane koH-
[EHTpallije MCIUTUBAHUX TEIIKUX MeTajla Hajorac-
HUje Ha TOAPYYjy MOJHONPHUBPEIHOT 3€MJBUIITA yC-
Jeq CIOoCOOHOCTH arpOHOMCKHX Ky/ITypa Aa IpPeKo
KOPEHOBOT CHCTeMa arncopOyjy pacTBOPJHUBA jETUEHC-
Hha HAaBEACGHUX TEIIKMX MeTajla M Ha Ta] HAUUH HX
YHECY Yy JIaHall HCXPaHe, MOXKE J]a Ce 3aKJbY4H J1a 3a-
TEUCHO CTamke HUjE aJapMaHTHO C aclleKTa OuyBamba
30paBJba JbYIH.

Ha ocHoBy muctpu0ynmje 3araljema ncnuTuBaHuM
TEIIKUM METaJMMa He MOXeE Jja CE 3aKJbY4H JIa JIU Ce
HajBehie KOHIIEHTpaIije UCITUTHBAHUX TEIIKUX MeTa-

Jla Haja3e y MOJbOIPUBPENHO - MyCTUHHCKOM HIIH yp-
O6anoMm monpydjy. Ha rope HaBemeHWM oiiearama
3araxa ce J1a je mpoCTopHa AUCTPUOYIIHja CBa YETHPH
MeTaa y 3eMJBUINTY Tpajia 3WHTaHA Pa3InInTa, T€ /1a
HeMma MeljycoOHe kopernarije n3Mel)y KOHIIEHTpalmja
WMCMUTHBAHMX TEIIKUX MeTaja. Pasior moxe ma Oyze
MIPUPOIHH (HAKTOpP pacIpOCTPAEHOCTH JaTUX MeTa-
7a 'y 3eMJBHHOj] KOPH, BPCTa ¥ TO3UIIMja UHIYCTPH]-
CKHX ¥ TEPMOCHEPTETCKUX TIOCTpojema y oapehennm
oOmactuma Tpana, kao u audy3uja pacTBOPJHHBHUX
jeIMbeha OBUX TOTyTaHaTa ONEIHIM U KOMYHAJTHIM
BOZIaMa.

[TocebHO 3aHMMIBHBA OTICEpBaIlja je 1a je Tpag Al
3UHTaH Ha BHCOPAaBHM Ha HAJMOPCKO] BUCHHH OJ
puOmmkHO 670 10 710 m, anmu 1a Cy MOBHUIIIEHE KOH-
nentpanuje Ni, Cr, Zn u perko koHcTaroBaHor Cu
Takolje youeHe y y3opluMa y3eTUM Ha oko 6 km y
IIpaBIly CeBep—CceBepo3arnai, Ha HaAMOPCKIM BUCHHA-
Ma of oko 300 m, y 30HM U3PaXKECHUX IPEHAKHHUX
CUCTEMa, W TIpaTe TMaTepH TUCTPUOYIIHje TTOMEHYTHX
3araljyBaua y HaceJheHUM CpelrHama, Tako Jia Cy Te
KOHIICHTpAIMje Y CTBapW HOBOHACTAJO 3araljeme, jep
y oapydjuMa, Ha HIDKHUM HaJMOPCKAM BHCHHaMa Ha
IIOMEHYTOM CEBEp-CeBepo3araj MpaBily O HeHTpa-
HUX JesioBa Al 3MHAaTaHa HEMA HU HAaceJba HU M0JbO-
MIpUBpEIE, a HA TEOJIONIKHX jeIMHUIIA KOje Ou HoChIIe
nouieHe koumneHTpamyje Ni, Cr, Cu u Zn (Cruke 2,
3,4u)).
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