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dilution) of the Internal Dinarides to the Posavina Neogene Basin and their
implication to the pollution of the Sava River sediments at four sampling sites
in the Eastern Posavina (Zupanja, Bréko, Bosanska Raca and Sremska Mitro-
vica) was studied. For this purpose, comparison of contents of heavy metals
(Pb, Zn, Cu, Ni, Cr, Cd, As and Hg) of the Eastern Posavina sediments with
local background values was performed. Sediments from two boreholes of the
Lopare Basin considered as non-polluted and representative for specific geo-
logic and hydrogeologic system were used for the calculation of local back-
ground values. The aim was to assess whether the observed heavy metals
concentrations at four sampling sites along the Sava River represent back-
ground/natural or anthropogenic contamination. This task was performed using
the geo-accumulation index and total enrichment factor. According to values of
the total enrichment factor (0.25-0.71), the anthropogenic impact on the
investigated area was quite low. The heavy metals contents in river sediments,
soil and groundwater were mainly controlled by geochemical processes, parti-
cularly weathering (chemical proxy of ateration value = 60). The results aso
offer novel insights into the elevated geogenic levels of Cr and Ni in the East-
ern Posavinaregion.
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828 GRBA et al.

INTRODUCTION

The assessment of heavy metal pollution in fluvial sediments is a complex
process, in which physical, chemical and biological data are required. Since in
many areas the necessary biological data are not available, in environmental
geochemistry, the assessment of the contamination status is normally based on
Sediment Quality Guidelines (SQGs) or quantitative indexes such as the enrich-
ment factor with respect to reference values, such as regional/local background
values or average concentrations of shale, average continental crust or upper con-
tinental crugt, etc.1

The key environmental problem in the Sava River Basin is often directed to
the release of contaminated untreated effluents from municipalities and industrial
facilities. However, recent investigations showed that the sedimentary rocks from
the Lopare Basin contain relatively high heavy metal concentrations.2 Since,
erosion activity weather these rocks to soils, the high heavy metal contents repre-
sent a significant geogenic hazard and could potentially represent a hazard for
surface and groundwater, as well.2 It is known that the majority of the clastic
material was transported to the Eastern Posavina region by rivers and streams
from the Bosnian Mountains.3 This was confirmed by the mineral composition of
fluvial sediments, which originated from the serpentinite zone in Bosnia.3 The
main direction of transport from south to north correlates with reducing propor-
tions of coarse-grained clasts and a decreasing grain size in the same direction.4
In thisway, in the southern part, along the Sava River, gravels are predominantly
deposited, and sands in the northern sections.>

The catchments of Drina and Bosna Rivers are much larger than the catch-
ments of rivers from the Papuk Mountains in the north of the Posavina Basin
(Fig. S-1 of the Supplementary material to this paper). Consequently, sediments
from the south should dominate sediments in this part of the Sava River, respect-
ively the Posavina region. In this paper, the influence of geochemical processes
of sediments from the Lopare Basin, which is drained by the Drina and Bosna
Rivers, on the eastern part of the Neogene Posavina Basin (Eastern Posavina
region) was studied. The contents of eight heavy metals (Pb, Zn, Cu, Ni, Cr, Cd,
As and Hg) of the Eastern Posavina region (Zupanja, Bréko, Bosanska Raca and
Sremska Mitrovica) were taken from published data.® For local background
values, the average concentration of the eight heavy metals (Zn, Cu, Cd, Pb, Cr,
Ni, As and Hg) from two sediment boreholes, POT 1 (depth from 18.5 to 193 m)
and POT 3 (depth from 27.8 to 344 m), of the Neogene Lopare Basin (Fig. S-1;
Table S| of the Supplementary material) were used. These sediments are con-
sidered as non-polluted and representative for this specific and unique geologic
and hydrogeologic system.

In the investigated Neogene basins, a significant influence of regional and
local hydrogeological relations as part of the system of groundwater circulation
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was observed. The most important aquifers within the aluvial formations are in
the terrains of northern Bosnia. Given the thickness of the gravel-sand form-
ations and spatial position in relation to rivers, the conclusion may be drawn that
the presence of aquifersis amost regularly found in direct hydraulic contact with
renewable quantities of groundwater. The water quality is directly dependent on
the lithologic composition of the hinterland.® According to the aquifer character-
istics, the first and partly the second hydrogeological groups are present in the
investigated region. Group | (in the northern region) represents a high water-rich
aquifer with a high transmissibility coefficient (more than 10-3 m2 s-1). Group |1,
in the southern part (the region of Mgevica; Fig. S-1) is a medium water-rich
aquifer and it is characterized by an intermediate transmissibility coefficient (103
m2 s71), Thisis avery important factor in regard to processes such as dilution by
tributaries and hill slope erosion from the Bosnian Mountains in the upper part of
sediments of the tributaries of the Sava River, namely from the Majevica Mount-
ains, and the Bosna and Drina Rivers in the eastern Posavina region. Therefore,
the aspect of weathering processes to soils as a potential hazard for surface and
groundwater contamination in this region was also investigated.

MATERIALS AND METHODS

The investigated region included the eastern part of the Posavina Basin (sampling sites
Zupanja, Breko, Bosanska Raca and Sremska Mitrovica), the Lopare Basin and the Drina and
Bosna River catchment (Fig. S-1). This unique region represents a part of the Internal Dina-
rides, which are formed between the Dinaric Ophiolite belt and the Sava—Vardar Zone. From
geologic and hydro-geologic points of view, it belongs to the unique Sava-Vardar nappe and
terrain with aquifers of intergranular porosity.® It was formed during a late stage of orogeny in
the Dinarides by extensional tectonic processes and it is considered to be a part of the wider
Pannonian Basin and trapped sediments from the surrounding Alpine—Carpathian-Dinarian
source area.

The Lopare Basin is a depression between the main Majevica ridge to the south, which
divides the Lopare and Tuzla Basins, and the northern Majevica ridge, which is a natura
border to the Posavina Basin (Fig. S-1).

The investigated sampling sites (along the Sava River), Bréko and Bosanska Raca are
situated in the northeastern (NE) part of Bosnia and Herzegovina; Zupanja is located in the NE
part of Croatia; and Sremska Mitrovica, islocated in the northwestern part of Serbia (Fig. S-1).

From atotal of 46 sediment samples from two boreholes POT-1 (depth to 193 m) and
POT-3 (depth to 344 m) (Table S-I), aquarter of the core for analysis was taken using the “ dot
method”. Firstly, the sediment samples were dried at 105 °C. In the next step, the samples
were successively ground in three stages to a grain size less than 2.36 mm. The samples were
first grinded by a jaw crusher, than by cone crusher and finally by aroller crusher. After this
stage, the samples were homogenized. The rough mill fragmented samples were subsequently
finely pulverized and sieved into a grain size fraction < 63 pm.

The contents of heavy metals were determined by inductively coupled plasma atomic
emission spectrometry (ICP-AES). The ICP-AES measurements were performed using a
Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher Scientific, Cambridge, UK) spectro-
meter equipped with RACID86 Charge Injector Device (CID) detector, pneumatic cross-flow
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type nebulizer, quartz torch, and alumina injector, which enabled the detection of samples
containing HF in a small amount. Nitric acid (HNO3, 65 %), hydrochloric acid (HCI, 37 %),
orthophosphoric acid (H3POy, 85 %) and hydrofluoric acid (HF, 50 %) were used for digest-
ion. The experimental procedure was explained in detail in a previous paper.10

RESULTS AND DISCUSSION
Heavy metal content in background sediments

The background levels of heavy metals were uniformly distributed with
depth of the sediment within the boreholes POT 1 and POT 3 (Table S-1). The
content of almost all heavy metals were generaly high compared to standard
values (Tables S-1 and I). According to their lithologically homogeneous com-
position and the uniform distribution of metals (Table SI), it can be concluded
that they were derived predominantly from homogeneous natural sediment
sources and could, therefore, be used as background levels for surface sediments
of the Sava River in the eastern Posavina Basin to determine the difference
between the geogenic and anthropogenic sources. For background levels of
heavy metals in the Lopare Basin sediments, the average reduced vaue in
relation to the amount of diluted calcium carbonatel® of the two boreholes POT 1
and POT 3 (Table I) was used. The amount of diluted calcium carbonate was
calculated from the CaO contents in the sediments.210 The shallowest sample
from borehole POT 1, which had a sandy clay composition as the result of
weathering, (sample at a depth of 11.85 m; Table S-1) was excluded from the
calculation of the background levels.

TABLE |. Values of the total element concentrations (mg kg1) in sediments of the Sava River
(up to 15 cm),® values of the local background and reference standards

Sampling site Pb Zn Cu Ni Cr Cd As Hg
Zupanja 339 1340 311 2120 3810 047 198 0.27
Breko 520 1650 434 18.0 3120 062 167 0.30
Bosanska Raga 1220 1840 471 1860 273.0 066 179 037
Sremska Mitrovica 79.0 2750 449 1770 2760 084 236 044
Local background values*  136.8 494 262 1358 1594 1.02 206 0.53
SQGP 30.2 1240 187 - 523 0.70 72 017
ONORM S 2088-2¢ 100.0 300.0 100.0 60.0 1000 100 200 1.00
FBiH 72/09¢ 125.0 2500 1000 625 125 188 250 1.88
PEL® 112.0 271.0 108.0 — 160.0 420 416 049

aThe average reduced value in relation to the amount of diluted calcium carbonate of two boreholes POT 1 and
POT 3.1 The shallowest sample from POT 1 with a sandy clay composition was excluded because of weather-
ing processes; Pinterim sediment quality guideline (ISQG) values correspond to the threshold level effects
below which diverse biological effects are not expected (Canadian Sediment Quality Guidelines for the Protect-
ion of Aquatic Life);'? CAustrian Standards on Contaminated Land Management general protocol and generic
criteria (trigger values) for risk assessment regarding human exposure and plant uptake (ONORM S 2088-2) for
soil samples from O to 20 cm in depth; 3 dguideline for the determination of permitted quantities of harmful and
hazardous substances in soil and methods of their investigation (published in an Official Gazette of the Feder-
ation of Bosnia and Herzegovina, No. 72/09);1* ®probable effect level (PEL) characterizes the concentrations of
pollutants that may affect aquatic life (Canadian Sediment Quality Guidelines for the Protection of Aquatic
Life 12,15
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Distribution of heavy metals in the eastern Posavina region

Most of concentrations in the sediments at the sampling sites exceeded the
Interim Sediment Quality Guideline (ISQG)12 vaues, but they were notably
lower in comparison to the Austrian Standard, ONORM S 2088-2,13 and the
Bosnian and Herzegovinian Guideline for the determination of the permitted
quantities of harmful and hazardous substances in the soil and the methods of
their investigation, FBiH 72/0914 values (Table 1). The contamination gradation
increased from Zupanja to Sremska Mitrovica, with the exception of Ni and Cr.
At al sampling locations, the concentrations of Cr were higher than the probable
effect level, PEL1215 (160.0 mg kg1 of Cr), ISQG12 (52.3 mg kg1 of Cr),
ONORM S 2088-213 (100.0 mg kg1 of Cr) and FBiH 72/0914 (125.0 mg kg1 of
Cr) values. However, interestingly, the local background values of 159.4 mg kg1
for Cr were also much higher than 1SQG,12 but very similar to PEL1215 gnd
closer to the ONORM S 2088-213 and FBiH 72/0914 values (Table 1). A similar
observation found for the Ni and Pb contents. The contents of Cr and Ni were
much higher than those for average continental mudstones.16 It is also evident,
that compared to the standards ONORM S 2088-213 and FBiH 72/09,14 the most
representative comparative results were obtained in this study, because their
values were the most similar ones to the element concentrations in the Sava River
sediments and the local background values. Elevated Ni and Cr contents may
result from ophiolites (ocean floor on land that is usually rich in some heavy
metals, such as Cr and Ni) occurring in the neighborhood (Dinaric Ophiolite
Belt).17 Alluvial flooding by the Bosna River, which drains the Central Dinaric
Ophiolite Belt (CDOB) of Central Bosnia, resulted in abnormally high concen-
tration of Cr (502 mg kg21) in the easternmost part of the Posavina area. The
highest content of Cr in the sample of the site Zupanja (381.0 mg kg~! of Cr;
Table 1) aso corroborates this hypothesis. In the absence of industrial pollutants
in the wider area, al the elevated concentrations of Cr in the Pannonian region
are assumed to be of geogenic origin.18

The Bosanska Raca and Sremska Mitrovica samples had on average higher
concentrations of heavy metals than the samples from Zupanja and Breko (Table
1), consistent with the quantity of material that flows close to these sites from the
Drina River, which is a confluent of the Sava River. During geological time, the
Drina River changed its flow into the Macva lowlands from east to west and
formed the spacious terrace plane. The Sava River flow has a direct influence in
the draining and inundation of the alluvia plane and the fuelling of minor flows
and ground-water aquifers below the average river level during maximum water
level events.19
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Calculation of background/natural and anthropogenic contaminated levels

The use of the total concentrations as a criterion to assess the potentia
effects of a sediment concentration implies that al forms of a given metal have
an equal impact on the environment; such an assumption is clearly untenable.20
In this study, the geo-accumulation index (Igeg) and the total enrichment factor
(R) were used as tools for understanding the geogenic versus anthropogenic
hazards.

The geo-accumulation index (lgeo) Was originaly defined by Mller (1979)7
for metal concentrations in pulverized sediment fractions (<2 pum). A previous
expression on sediment fractions (less than 63-65 um) combined with regional
backgrounds was also established.2! The same approach was performed in this
study.

The I geo Was developed for global standard scale values, which is expressed
asfollows:

C
lgeo =| n 1
geo = 1002 (I.SBn ) 1)

where C,, is the measured concentration of metal n in the sediment, which was
taken from a published study,® B, is the geochemical background value for the
metal n (heavy metal concentration in background sediment, Table I), and the
factor 1.5 is incorporated in the relationship to account for possible variation in
the background data due to lithologic effects.

The geo-accumulation index (lgeo) scale consists of seven grades (O to 6)
ranging from unpolluted to very strongly polluted (Table I1).” The | geo Values of
the investigated sediments are given in Table 1.

TABLE II. The geo-accumulation index (I4e0) scale (efter Mlller, 1979)7
lgeo Class Pollution intensity

>5 6 Very strongly polluted

4-5 5 Strongly to very strongly polluted
34 4 Strongly polluted

2-3 3 Moderately to strongly polluted
1-2 2 Moderately polluted

0-1 1 Unpolluted to moderately polluted
0 0 Unpolluted

The analytical data corresponding to each sampling site can be used for the
calculation of an enrichment factor (r), defined as the ratio:8

(Csed — Chack )
Chack

r =

)
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where Cgy is the content of a metal in each sample site (the value was taken
from a published study®), while Cpack is the mean concentration of the same
metal for all the background sediment levels (Table 1). The r values for the Sava
River sediments sampling sites are given in Table I1l. The metals with r > 1.0
could be considered as indicators of anthropogenic metal pollution and used for
evaluating the degree of pollution of the surface sediments by calculation of a
total enrichment factor (R), for each site, by averaging the r values of al (n)
indicator-metals as follow:

R:2 3
n

R values exceeding 1.5 indicate high pollution. R values between 1.5 and 1
imply moderately pollution, whereas samples with R values below unity are
considered as unpolluted or exposed to low pollution.8 As a synthetic multi-
parameter indicator, R can be assumed as an integrated index of the local metal
pollution pattern for sample sites: Zupanja, Bréko, Bosanska Raca and Sremska

Mitrovica (Tablelll).

TABLE I1l. Values of the geo-accumulation index (lgeo), enrichment factor (r) and total
enrichment factor (R) for the sampling sites of the Sava River sediments

Sampling site Pb Zn Cu Ni Cr Cd As Hg
lgeo

Zupanja —2.60 086 034 006 067 -170 -064 -156

Bréko -1.98 1.16 014 -014 038 -130 -0.89 -141

Bosanska Raga -0.75 131 026 -013 019 -121 079 -111

Sremska Mitrovica -1.38 1.89 019 -020 021 -0.87 -039 -0.86

Mean values -1.68 1.30 007 -010 036 -1.27 -0.68 -1.23
r

Zupanja -0.75 171 019 056 139 -054 -0.04 -049

Breko -0.62 2.34 066 036 09 039 -019 -044

Bosanska Raca -0.11 2.73 080 037 071 -035 -013 -0.30

Sremska Mitrovica -0.42 457 071 030 073 -018 014 -0.17

Mean values -0.48 2.84 059 040 09 -037 -005 -0.35
R

Zupanja 0.25

Breko 0.33

Bosanska Rata 0.46

Sremska Mitrovica 0.71

In genera, according to the R values below unity, the target area could be
considered as exposed to low pollution. However, taking r = 1.0 as an operational
threshold value, Zn at all sites and Cr at Zupanja could be considered as synthetic
indicators of alocal pattern of anthropogenic metal pollution, and furthermore,
could be used for evaluating the degree of pollution of surface sediments. Based
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on the mean value of r, the sediments are enriched in metals in the following
order: Zn > Cr > Cu > Ni > As > Hg > Cd > Pb. In contrast to Zn and Cr, the
other elements have values below unity. Elevated values for Zn and Cr most
likely resulted from anthropogenic activities, considering that these metals have
content at least two times higher than the background sediment (Table 1). More-
over, the obtained results clearly show that Ni is not related to an anthropogenic
source of pollution in any of theinvestigated sediments of the Sava River (Tablel).

A gradient increase of the mean lgeo Value in the following order: Zn > Cr >
Cu > Ni > As > Hg > Cd > Pb was observed. The Ige index for Zn implies
unpolluted to moderately polluted classification of the Zupanja site and moder-
ately pollution for the other sites. The increase in this parameter for Zn values
follows the course of the Sava River and because of the influence of its tributary
Drina River, reaches the highest level of 1.89 in the Sremska Mitrovica sedi-
ments (Table I11). In the group of the unpolluted to moderately polluted sites, the
lgeo for Cr varies from 0.19 to 0.67, but in the opposite direction to the gradient
of the Zn values. Higher values of r and lgeo indexes for Zn and Cr could be
explained as being the result of geochemical processes, which will be discussed
in the following paragraph.

Geochemical association significant for carbonate rock weathering and river
transport

Weathering and erosion processes express themselves in the chemical
composition of the so-called “Critical Zone” extending from the unweathered
bedrock through soils to the atmosphere.22

The chemical proxy of ateration, CPA = [Al,03/(Al03 + Nap0)]x10023 is
a geochemical proxy for measuring the weathering intensity. It does not involve
silicate CaO that is difficult to estimate in calcareous sediments or potassium
because of its inconsistent behavior during chemical weathering. The index was
proposed as a geochemical proxy of silicate weathering for loess and paleo-soils.
As a proxy of the intensity of silicate weathering for the upper part of borehole
POT 1 (sample 1 at a depth of 11.85 m; Table S, with values of 18.8 % for
Al>,O3 and 7.7 % for NaxO), the CPA has a value of 60, indicating a relatively
high intensity of alteration.23

On larger spatial scales, rivers are natural integrators of these westhering and
erosion products and fluxes over their drainage areas.24 The hydrological differ-
entiation processes that operate on river sediments combined with source rock
composition and chemica weathering tend to produce sediment suites with dif-
ferent chemical compositions.2526 As discussed above, the elevated Cr values
are of geogenic origin and also the consequence of anomalies registered in the
easternmost part of the Posavina area due to alluvial flooding by the Bosna River,
which drains the Central Dinaric Ophiolite Belt. In the area of an active con-
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tinental margin, an indented relief with several rises and troughs existed facil-
itating the emplacement of the olistostromes and the deposition of first overstep
sequences, in which ophiolitic material was re-deposited. Sedimentation occurred
in some areas in shallow-water environments and some of the rises emerged and
the ophiolites underwent weathering according to models of the geodynamic
evolution of the Central Dinarides.2” Thisis likely one of several reasons for the
elevated metal contents in the Posavina region. Considering the total enrichment
factor (R), which is very low, there was no anthropogenic pollution following the
Sava River flow from Zupanja to Sremska Mitrovica. When discussing river
transport of heavy metals, it isinteresting to mention that more than 97 percent of
the mass transport of heavy metals to the oceans is associated with river sedi-
ments.28 It is most likely that the geological weathering and river transport
(Bosna and Drina Rivers) are the factors responsible for the increase in the con-
centration of the given heavy metals.

Zn represents a chemical element that was introduced mainly into the envi-
ronment by the natural weathering of ore deposits. In the Pannonian region, the
transport of fine fractions still occurs and results in the concentration of this
group of elements being higher in the topsoil. In addition, the topographic dep-
ressions occurring in these evaporite karst areas are frequently prone to flooding
either by the concentration of surface runoff or by groundwater flooding when
the water table rises above the ground level,29 thereby intensifying the process of
diluting the sediment.

By reviewing the data from the flood hydrograph, it could be asserted that
intensive floods occurred over a limited space. The most flood-prone area is the
region called Donje Posavlje, downstream of Zupanja. The flood duration
depends on the flood volume (measured by a hydrograph) and the size of the
catchment. The flood duration of the Sava River near the Sremska Mitrovica
sampling site is 40 to 70 days.30

In historically or periodically flooded areas of the Pannonian region, the
average concentrations of Cd (1.7 mg kgL topsoil, 1.2 mg kg1 subsoil), Pb (170
mg kg1 topsoil; 130 mg kgL subsoil) and Zn (470 mg kg1 topsoil, 390 mg kg1
subsoil)3! are similar to those observed in this study (Table I1).

CONCLUSIONS

This study proves that the local background values of heavy metals in the
sedimentary rocks play an important role in the interpretation of the level of geo-
chemical hazard of the investigated region.

The geo-accumulation indexes (Igeo)7 and the total enrichment factors (R)8
were caculated to assess whether the observed concentrations represent
background/natural or anthropogenic contamination.
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Analyzing the significance of Igeo, R and chemica proxy of ateration (CPA)
leads to the conclusion that weathering, erosion and dilution during aquatic
transport are the major factors regarding their effects on the various environ-
mental media (sediments, soil, surface and groundwater). The aspect of the
weathering process to soils is a potential hazard for surface and groundwater in
the Eastern Posavina region. Based on the geologic processes associated with
sediment transfer from source to sink, geochemical principles play a major role
in defining the origin of the heavy metal pollution levelsin the region.

A geogenic hazard is generated by primary enrichment in rocks, processes of
weathering and hill slope erosion as factors that determine the source of pollution
in the investigated region. In this paper, based on European (Austrian) ONORM
S 2088-2 and Bosnian and Herzegovinian FBiH 72/09 values, it was clearly
shown that the high local geogenic background values exclude a dominant
anthropogenic influence on the high heavy meta contents (e.g., Cr and Ni) in the
river sediments.

SUPPLEMENTARY MATERIAL

Figure S-1 and Table S| are available electronically from http://www.shd.org.rs/JSCS/,
or from the corresponding author on request.
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U3BOJ
CAIPXAJ TEIIKMX METAJIAY HEOTEHUM CEJUMEHTHUM CTEHAMA — MOI'YRU
PU3UK OJ HATUBHOT 3ATABEA CETMMEHATA, 3EMJ/bUIITA, ITIOBPIIMHCKUX U
[TOA3EMHUX BOJA (MCTOYHA ITOCABHUHA U JIOITAPCKH BACEH, CEBEPOUCTOYHA
FOCHA U XEPLIETOBHUHA)

HEHAJ FPBA1’2, FRANZ NEUBAUERZ, AJIEKCAHJPA LHAJHOBI/I'BS, KCEHHJA CTOJAHOBHER'
v BPAHUMUP JOBAHUMREBUR'
1YHusep3uL_ueu7. y Beoipagy, Xemujcxu paxynimewi, Ciuygentmicku wpi 12—16, 11000 Beoipag, 2paris Lodron
University of Salzburg, Department of Geography and Geology, Hellbrunnerstrasse 34,5020 Salzburg,
Austria u 3YHueep3uu76u7 y Beoipagy, Llentuap 3a xemujy, HXTM, Fbetowesa 12, 11000 Beoipag

HcnutrBaH je yTHLaj reoXeMHjCKUX mpoueca (aTMocdepcKor eioBamba Ha CTeHe, epo-
3uje U pasdnaxuBama) yHyTpaluwux JuHapraa Ha ITocaBcku HEOreHU DaceH U BUXOBE MMII-
nMvKauvje Ha 3arahuBame cefumeHaTa peke Case ca 4 ynokauuje y uctouHoj ITocasunu (Ky-
nama, bpuko, bocaHncka Paua n Cpemcka Mutposuna). Y TOM LIW/by U3BEAEHO je mopehewme
cagpkaja tewkux metana (Pb, Zn, Cu, Ni, Cr, Cd, As u Hg) y cenuMeHTHMa ca HaBeIEHUX
JIOKallkja ca IMPOCEYHHUM JIOKAJIHUM Ccafp)KajuMa OBUX eJieMeHaTa y HaTUBHUM He3araheHum
ceguMeHTHMa. ITpoceyHy JToKaaIHy cafpikaj TeIKUX MeTasla U3padyyHar je Ha OCHOBY HHXOBOT
cafipkaja y HesaraheHMM ceOUMEHTHMa U3 [Be OyUIOTHHE JoMnapCcKor daceHa Koju je perpe-
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3eHTaTHBaH 3a OBaj crenr¢UYaH reooMKO-XUAPOreoaomKky cucreM. Llum pazna je 6uo ma ce
MPOLIeHH Ia M je moBehaH cafmpikaj Temkux meTana Ha 4 ynokanutera Oy peke Case mocie-
IvLia MIPUPOJHOT WIM aHTPOIOIeHOr 3arahema. Y Ty CBPXY NPUMEHEHH Cy MHIEKC reoaky-
MyJnauyje U ykynHu ¢aktop odorahema. Ha ocHOBY BpegHOCTH yKynHOTr pakTopa oborahema
(0,25-0,71) yrBpheHo je ma je yTu1laj aHTPONIOreHOT 3arahewa y UICIUTUBAaHOM PETHOHY BEOMa
Hu3ak. CafipKaj TEIIKUX MeTala y CeJUMEHTHMA, 3eM/BULITY U IIOA3EMHUM BOJaMa INPETEKHO
je KOHTpOJHCAH reoXeMHjCKUM Tpoliecuma, nocedHo aTMoCcepCcKUM He0BakeM Ha CTeHe
(xemujcku uHAeKC nmpomeHe ~60). Pe3yntaTi oBOT UCNUTHBaka Takohe cy omoryhunu HOBH
HauMH carjiefaBamba HaTUBHO NMOBHLIEHUX KoHUeHTpauuja Cr u Ni y pernony ucrouse IToca-
BUHE.
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