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The present study deals with the abundance of the most common accessory elements of radio-
activity carriers on the Stara Planina mountain at four defined locations. All investigated loca-
tions have increased radioactivity, greater than 200 cps, up to 1250 cps. In all examined sam-
ples the following elements were detected and their concentrations were determined: Zr, Rb,
W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni, Cr, V, and Ti. The analysis showed that depending on the
sample, elevated concentrations of all detected elements except titanium were found. As all lo-
calities containing the listed detected elements are located near watercourses, all the present
elements, and in particular, those with elevated concentrations can be relatively easily trans-
ferred to the environment by water action. Likewise, there is the possibility of eolic erosion
from the investigated deposits and tailing dams whereby these chemical elements and/or
radionuclides would be distributed to areas away from the primary sources of natural radio-
activity. These have a high risk of spreading and therefore have harmful or radioecological ef-
fects on the environment. The study indicated a need for adequate monitoring, and risk as-
sessment of the examined locations, which could prevent the distribution of these elements

further into the environment.
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INTRODUCTION

Humans are exposed to natural radioactivity,
which represents continuous radioactive radiation from
extra-terrestrial and terrestrial sources [1]. Almost 90 %
of radiation exposure arises from natural sources [2].
The extra-terrestrial source represents the cosmic
ray-produced radioisotopes continuously generated by
the interactions of cosmic rays with the atmosphere and
crust constituents [1, 3, 4]. Radionuclides, which were
incorporated into the Earth at the time of its formation,
are still present because of their long half-lives and rep-
resent the second source. The main radioactivity carri-
ers are uranium and thorium isotopes (38U, 23°U, and
232Th) as the primordial radionuclides and their radio-
active decay products as the secondary radionuclides
[1, 3, 4]. The main non-chain primordial radionuclides

* Corresponding author; e-mail: dusan@vin.bg.ac.rs

in the Earth's crust of particular interest are “°K, 8’Rb,
and °°Zr [4, 5]. Natural radioactivity mainly comes
from the 238U, 233U, and 2*2Th decay series, and natural
40K [6-8]. The presence of these isotopes in nature is re-
lated to their long half-lives, for example, more than 108
years for 23°U [4]. Consequently, all naturally occurring
radionuclides are contained in rocks, soils, water and
groundwater resources, living organisms, building ma-
terials, etc. [4]. Radionuclides present in soil signifi-
cantly affect terrestrial radiation levels [9]. Since they
are not uniformly distributed, the knowledge of its con-
centration and radiation levels in the environment, es-
pecially in particular localities, is important for assess-
ing the effects of human exposure [10]. Depending on
the rock or soil, within the uranium deposits often there
are trace elements, radionuclides or stable isotopes. The
known carriers of radioactivity are granites, graphitic
schists, sandstones and siltstones [11-13]. The primary
minerals are quartz, oligoclase, K-feldspar (microcline,
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rarely orthoclase), and biotite. The accessory minerals
that have been formed during the solidification of the
rocks from the magma represent sphene (titanite), apa-
tite, zircon, and magnetite. Likewise, the secondary
minerals such as sericite, chlorite, epidote, calcite, li-
monite, tourmaline, zircon, plagioclase (al-
bite-oligoclase), microcline, biotite, allanite, musco-
vite, and hematite represent the minerals formed by the
alteration of a pre-existing primary mineral in igneous
rock [14]. The composition and quantity of minerals de-
pend on the rock type [14, 15]. The primary, accessory,
and secondary minerals might contain stable or radioac-
tive isotopes of some elements, also the main radioac-
tive carriers and/or toxic elements that could be hazard-
ous to the environment and human health, as well as the
other living beings [16]. Under atmospheric conditions
and transfer to the environment by water action, they
might have influence even beyond their place of origin.
The potential health impacts of uranium ores or depos-
its could include the effects of the accessory elements
(trace elements), many of which are commonly re-
garded as toxic to human health when concentrated, e.
g. arsenic, lead, nickel, selenium, etc. Sulfide minerals
associated with breccia pipe deposits have the potential
to produce acidic waters [16].

The present study is the extension of geological and
radioactivity investigation of the Stara Planina mountain
in the Republic of Serbia in order to systematize all col-
lected data. In December 2008, Stara Planina was desig-
nated a nature park, i. e. protected area. These areas in-
clude places where people live or spend holidays [ 17]. The
impact of natural radioactivity on the environment has not
been systematically processed in the Stara Planina area
[18, 19]. Regarding this, accessory elements of represen-
tative petrologic radioactivity carriers (primarily of the
23U isotope) were investigated. In addition to uranium,
the various elements such as Mg, Mn, V, Cr, Cd, Ni, Cu,
Zn, As, Mo, W, Fe, Cd, might be found, due to available
data on their presence, in soils and/or aquatic ecosystems
located on former uranium mines, tailing dumps or depos-
its as they are commonly associated with uranium enrich-
ment in sediments near uranium layers. The lack of de-
fined distribution limits of the accessory elements of the
natural radioactivity carriers in this ecosystem indicates
the necessity for a comprehensive study in order to assess
its impact on living beings and the environment, taking
into account activities typical for this region, e. g. livestock
breeding, dairy farming, herb production, etc., and possi-
bly transferred contamination [20-23].

EXPERIMENTAL PART

Main characteristics and location
of the investigated area

The Stara Planina mountain is known for its de-
posits and numerous occurrences of uranium mineral-
ization. Natural radioactivity on Stara Planina, whose

smaller western part is located in the Republic of Ser-
bia, has been examined since the middle of the last
century. At the end of the 20" century, the waters of
the so-called Colorful Series and the ecological impact
of the former Kalna mines were examined. Since
2000, non-systematic tests of radioactivity and distri-
bution of natural radioactivity carriers (mostly 2*%U,
232Th, and K isotopes) and their environmental im-
pact have been conducted [24-26]. Previous investiga-
tion as part of the study of natural radioactivity on
Stara Planina conducted in 2016 and 2017 was related
to the determination of characteristic geological mem-
bers of radioactivity carriers in the area of Stara
Planina, generally granites and related geological
units, graphitic schists and sedimentary material rep-
resented by reddish sandstones and gray siltstones of
the Colorful Series [27].

The study reported in this paper particularly fo-
cused on the presence of non-ferrous and other metals
at the previously investigated [27] locations with ra-
dioactivity greater than 200 cps, based on an investiga-
tion over several decades, from geochemical and envi-
ronmental viewpoints [19, 27]. In the earlier reported
study [27] the radioactivity at the observation points
was measured in counts per second (cps) units since
the hand-held radiation survey instrument was used.

The investigation included four locations at
Stara Planina, fig. 1. The first two locations are natural
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Figure 1. The boundary of Stara Planina in Serbia (full
line), zones of radioactivity greater than 200 cps (clear),
and points of observation and testing in 2016 and 2017
(dots) [27]. Raster basis Google Landscape w/n,
SASPlanet
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uranium ore deposits, where ore exploration was car-
ried out. These locations are granites in the vicinity of
the village of Janje, and the Mezdreja abandoned
mines. In addition to natural radioactivity, they also
represent an anthropogenic source of radioactivity in
the sense that mining activities have established tailing
damps, i. e. brought the radioactive carriers to the sur-
face. Uranium mining creates so-called TENORM
(Technically Enhanced Naturally Occurring Radioac-
tive Material) [28], which in this way, has become ex-
posed to direct atmospheric influence and might be
transferred, and spread to the environment, especially
by water action. The other two sampling points are
graphitic schists, i. e. the metamorphic Inovo Series
which transgresses the southwestern part of the Janja
granite-metamorphic system, located in the vicinity of
the Gabrovnica deposit, and sedimentary materials of
the Early Triassic, represented by red sandstone and
gray alevrolites of the Colorful Series, both usually
charged with radioactive and trace elements [29] in the
Jelovica-Dojkinci river region.

In a previous study, the radioactivity of these lo-
cations was measured [27]. Radioactivity in
Gabrovnica was 240 cps and the radiation dose rate
was 0.210 uSvh™" at the mine portal, and 254 and 360
cps and 0.248 uSvh™! at the mine dump. Radioactivity
in Mezdreja was 420 cps and 0.322 uSvh™! at the mine
portal, and up to 1250 cps and 0.421 uSvh™' at the
mine dump. Radioactivity at the sampling site in the
Inovo Series area was 650 cps and 0.279 uSvh™!. Ra-
dioactivity in the Colorful Series area at the redox zone
was 280 cps and 0.429 uSvh' [27].

Qualitative and quantitative analysis

Clearly defined petrologic units were sampled in
situ from outcrops and mine dumps, at pre-determined
locations that were 100 mrelative to the map and reg-
istered by GPS with an error of £5 m.

In total, 16 samples were collected and assays
performed by X-ray fluorescence spectroscopy (XRF)
on a Niton X13t Goldd+ analyzer (Thermo Fisher Sci-
entific, USA) in two modes — “Soil” and “Test All
Geo” (i. e. “soil and mining” mode), to check and com-
pare the results [27]. The “Test All Geo” mode auto-
matically applies the correct measurement algorithm
for elements both at low, as well as elements at high
concentrations, i. e. automatically determines the cor-
rect analytical test mode for rapid analysis of major,
minor and trace elements in geological samples. The
excitation time was about three minutes per sample.
The samples were ground to 70 um.

All the samples were collected in areas of ele-
vated radioactivity, where the radiation detector
Exploranium GR-110, Exploranium Radiation Detec-
tion Systems, Canada, measured 200 cps or more and
the hand-held Gamma-Scout radiation detector,

Gamma-Scout GmbH & Co.KG, Germany, measured
0.230 uSvh! or more [27], near the ground surface
(on the ground or maximum 5-10 cm above). The
background radiation level in the study area was 70
cps and 0.135 uSvh! [27].

Seven samples were collected from the Janja
granite and the Gabrovnica and Mezdreja mines (from
the ground surface). Four samples of partially altered
granite were collected near Mezdreja and Gabrovnica,
one from the Mezdreja tailing dump that contained
clayey and cataclazed granitic material, one from a
highly silicified, carbonized and limonitized vein near
Mezdreja, and one from monomineral grains of pink
K-feldspar. Three samples were collected from gra-
phitic metamorphic rocks of the so-called Inovo Series.
It should be noted that the composition varied over rela-
tively small distances (decimeter scale); the concentra-
tions of silicate and graphitic materials differed, as did
occurrences of limonitization on sheared surfaces. Six
samples were collected from the Early Triassic batch of
sediments, i. e. from the Colorful Series in the vicinity
of the Jelovica-Dojkinci rivers: three of gray siltstone
and three of reddish-pink sandstone.

In this phase of the study, the following ele-
ments were measured: Mo, Zr, Sr, Rb, Pb, Au, Se,
As, Hg, W, Cu, Ni, Co, Fe, Mn, Ba, Sb, Sn, Cd, Pd,
Ag, Nb, Bi, Re, Ta, Hf, Cr, V, Ti, Sc, S, Cs, and Te.
The ppm units (1 ppm = 1 mgkg™") were used as a
measure of concentration for ease of comparison
with the literature data related to the trace element
concentration in the Earth's crust.

RESULTS AND DISCUSSION

In all four locations, the following elements
were detected: Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba,
Ni, Cr, V, and Ti.

Table 1 shows the results from granitic samples
in the vicinity of the Mezdreja and Gabrovnica mines
for Zr, Rb, W, Sn, Zn, Ba, Sb and Ni in ppm. Explana-
tions of the sample abbreviations in the tables are: Mzd
Granite Mine — sample of granite taken from the out-
crop at the entrance of the Mezdreja mine; Mzd Gran-
ite — sample of granite taken from the outcrop at the
Mezdreja area; Mzdr Kfeld Gabrr — assay done on
large (3 cm) pink K-feldspar from gabbroid at the
Mezdreja area; Mzd Sil Lim — a silificified and highly
limonitized sample with carbonates, collected in situ
from altered granite with veinlets at Mezdreja; Mzd
Tail Dump — crushed altered granite fragments with
clay from the Mezdreja tailing dump; Gabr Granite
Mine — granite taken from an outcrop at the entrance of
the Gabrovnica mine; Gabr Tail Dump —a granite sam-
ple taken from the Gabrovnica mine tailing dump.

Tables 2 and 3 show results from granitic sam-
ples for Zr, Rb, W, Sn and graphitic schist for Zn, Ba,
Sb, Ni, Mo, Cu, and As in Inovo, in ppm. Explanations
of the sample abbreviations in the tables are: Inov



B. B. Vakanjac, et al.: Investigation of Accessory Elements of Representative ...

Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 4, pp. 384-391 387
Table 1. Results from granitic samples in the vicinity of Mezdreja and Gabrovnica mines (ppm)
Sample Type Zr Rb W Sn Zn Ba Sb Ni
Mzd granite mine Soil 212 80 102 2214 59 22 70 63
Mzd granite mine Test all geo 213 39 181 2125 57 84 98 42
Mzd granite Soil 226 69 133 1577 46 25 <LOD* 44
Mzd granite Test all geo 228 32 156 1678 42 102 65 44
MzdrK feldGabrr Soil 108 49 <LOD 16 46 3654 28 114
MzdrK feldGabrr Soil 35 71 <LOD <LOD 21 5634 13 92
MzdSil lim Soil 126 40 91 <LOD 55 36 <LOD 166
MzdSil lim Test all geo 100 19 119 448 56 128 132 153
Mzd tail dump Soil 141 99 39 953 35 27 29 35
Mzd tail dump Test all geo 109 54 59 1017 40 81 58 <LOD
Gabr granite mine Soil 131 127 139 1009 40 19 <LOD 29
Gabr granite mine Test all geo 122 59 118 1169 38 113 39 26
Gabr tail dump Soil 119 110 166 1066 40 144 <LOD <LOD
Gabr tail dump Test all geo 138 56 1567 1208 53 1501 47 44

"LOD — Limit of detection

Graph — Inovo Series, a highly graphitic sample (al-
most only graphite), friable material from schists; Inov
Graph SiSchist — Inovo Series, graphitic schists with
more silica (Si0,); Inov Graph Schist — Inovo Series,
graphitic schist with more graphitic material.

Tables 4 and 5 show results from red sandstone
and gray siltstone in the Jelovica — Dojkinci area. Ex-
planations of the sample abbreviations in the tables
are: JelDojsandstred — Jelovica — Dojkinci area red
sandstone; JelDojsandstLredt — Jelovica — Dojkinci
area light red sandstone; JelDojsnastorange — Jelovica
— Dojkinci area orange sandstone; JelGsilstRedox —
Jelovica area gray siltstone from the redox zone;

JelGsilst—Jelovica area gray siltstone; JelGsilstmica—
Jelovica area gray siltstone with mica.

A comparison with the average content in the
Earth's crust was made according to available data
[30-33]. Considering previous as average values and
repercussions for a particular element, the following
values in ppm are taken: Zr—130, Rb—90, W —0.7 and
mafic, 1.2 and intermediates and 1.9 in acidic rocks,
forMo—1.5,Sn—2.3,Zn—75,Cu—55, As—1.5,Sb—
0.5,Ba—500,Ni—80,Cr—102, V-_80, and Ti—5000.

It is important to note that Zr, Rb, W, Mo, and Sn
originate and are mainly related to acid magmatic
rocks (granites, riolites, etc.), as well as postmagmatic
processes related to acid rocks. The Zn and Cu are

Table 2. Results from granitic samples Inovo for Zr, Rb, W, Sn (ppm)

Sample Type Zr Rb w Sn

Inov graph Soil 271 168 <LOD* 2242

Inov graph sischist Soil 237 138 50 4759
Inov graph sischist TestAll geo 235 69 <LOD 4990
Inov graph schist Soil 174 95 107 4104
Inov graph schist TestAll geo 159 47 76 4166
"LOD — Limit of detection
Table 3. Results from graphitic schist Inovo Zn, Ba, Sb, Ni, Mo, Cu, and As (ppm)
Sample Type Zn Ba Sb Ni Mo Cu As
Inov graph Soil 207 467 38 154 94 108 54
Inov graph sischist Soil 136 59 174 46 <LOD* 74 38
Inov graph sischist Testall geo 142 178 274 59 4 64 47
Inov graph schist Soil 62 52 122 29 11 21 53
Inov graph schist Testall geo 55 123 150 44 6 19 46
"LOD - Limit of detection
Table 4. Results from red sandstones Jelovica-Dojkinci area (ppm)

Sample Type Zr Rb Sb Sn Zn Ba Cr \Y Ti Ni
JelDojsand stred Soil 131 89 11 6 20 686 22 20 1632 20
JelDojsand stred TestAll geo 62 94 16 9 25 786 56 41 2204 48

JelDojsand stLredt Soil 54 93 18 11 14 743 18 12 636 47
JelDojsnast orange Soil 156 90 49 2482 34 30  |<LOD*| 11 <LOD 35
JelDojsnast orange TestAll geo 150 45 49 2491 30 68 <LOD | <LOD | <LOD | <LOD

"LOD — Limit of detection
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Table 5. Results from gray siltstones Jelovica-Dojkinci area (ppm)

Sample Type Zr Rb | Mo Zn Cu As Ba Cr \% Ti Ni
JelGsilst redox TestAllgeo | 215 | 88 5 86 21 10 603 | <LOD" | <LOD | 4678 77
JelGsilst redox Soil 217 | 179 4 86 17 9 749 76 174 | 4741 86

JelGsilst TestAll geo | 217 | 87 5 87 22 11 590 179 305 | 4662 97
JelGsilst Soil 216 | 178 6 84 20 5 747 69 199 | 4713 90
JelGsilst mica TestAll geo | 251 | 85 3 80 23 11 164 | <LOD | <LOD |<LOD 4
JelGsilst mica Soil 275 | 174 5 91 28 10 69 <LOD | <LOD |<LOD| 52

"LOD — Limit of detection

mainly bound to polymetallic medium-temperature
hydrothermal deposits, in connection with me-
dium-sized rocks. The Sb and Ba originate from low
temperature hydrothermal processes associated with
medium-sized magmatism. The Ni, Cr, V, and Ti
groups originate from ultramafic and mafic rocks. The
Niis also concentrated in liquid segregates that arise in
the first phases of differentiation of magma, as well as
sulphide deposits, and Cr in crystallization differentia-
tions — the first oxides that also occur in the initial
phases of primary magma crystallization [34]. There-
fore, the presence of these elements is quite expected
in the tested samples. Elevated concentrations of zir-
con were measured in the samples of the Mezdreja
granites, the graphitic schists of the Inovo Series and
the gray siltstones of the Colorful Series. Additionally,
they are present in red Early Triassic sandstones, but to
a lesser extent. Since zircon is a rather resistant min-
eral, it is possible that it was transported to the
siltstones during the course of formation of the Color-
ful Series and reached and retained its form in the
metamorphic rocks of the Inovo Series.

The rubidium concentrations were generally
lower than the abundance in the Earth's crust. How-
ever, elevated concentrations were recorded in the
Gabrovnica granites, graphitic schists (batches rich in
graphitic material), and gray siltstones (in the Soil
mode). Tungsten concentrations were distinctly ele-
vated (up to 100x the abundance in the Earth's crust),
in all samples associated with the granites, except in a
monomineral sample of pink K-feldspar where there
was none. Elevated tungsten concentrations (ranging
from 50 to 107 ppm) were also detected in the schists,
but not in all of the samples. Molybdenum concentra-
tions were low and nearly non-existent in the granite
samples, except in clayey material from the Mezdreja
tailing dump. The molybdenum was present in all the
gray siltstone samples, from 3 to 6 ppm, which is two
to four times greater than the abundance in the Earth's
crust. Tin concentrations in the granites were up to
1000 higher than average (2214 ppm) and up to 4990
ppm in the graphitic schists.

The Zn was present in almost all samples, but
generally below average abundance. Somewhat ele-
vated concentrations were measured in the gray
siltstones and graphitic schists, up to 2 times. The Cu
in the granite samples was generally absent. It is found

in the gray siltstones and graphitic schists were
slightly higher than average, and the highest concen-
tration (108 ppm) was measured in the sample of schist
rich in graphitic material.

In nature, arsenic and antimony are often associ-
ated in such cases. Significantly increased arsenic con-
tent was found in graphitic schists, up to 54 ppm and
slightly less in gray siltstones, up to 11 ppm. All units
exhibited elevated Sb concentrations; the highest was
measured in the graphitic schists (up to 274.09 ppm).
The highest barium concentration was detected in a
monomineral fraction of the pink K-feldspar (5634
ppm), and elevated concentrations were found in
Early Triassic sediments, both the red sandstones (up
to 786 ppm) and the gray siltstones (up to 749 ppm).

The highest concentration of Ni was measured in
granitic samples in the vicinity of Mezdreja and
Gabrovnica mines (166 ppm) and somewhat lower in
the graphite schist Inovo (154 ppm), which represents
almost twice the higher concentration than the average
for the Earth's crust. Titanium was found in the gray
siltstones of the Jelovica-Dojkinci area (4741 ppm).
Vanadium and chromium concentrations were highest
in the Jelovica area gray siltstone (305, 179 ppm, re-
spectively). The amount of vanadium in this sample is
almost four times higher than expected.

Since all these localities from which the samples
are examined in this study are located near water-
courses, all the present elements, and in particular
those with elevated concentrations, can be relatively
easily transferred to the environment by the water ac-
tion. Some of the investigated metals, such as copper,
chromium, molybdenum, nickel, and zinc, are essen-
tial nutrients (so-called microelements) needed for
various biochemical and physiological functions of
organisms [35]. However, some of the detected metals
or microelements in higher concentrations are toxic
and pose a threat to human health and the environment
[36, 37]. In addition, some of these elements such as
%zr, 87Rb, 3%V, which represent the naturally occur-
ring radioactive isotopes have radioactive isotopes [5,
38, 39]. Although, their radioactivity is not of signifi-
cance in comparison with the main radioactivity carri-
ers in this area, in case of their penetration into water-
courses, groundwaters, and soil they might represent
serious environmental pollutants. Likewise, there is
the possibility of eolic erosion from the investigated
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deposits and tailing dams whereby these chemical ele-
ments and/or radionuclides would be distributed to ar-
eas away from the primary sources of natural radioac-
tivity. Regarding this, they could enter the food chain,
which would also result in harmful effects on human
health. Since this is a natural phenomenon, without the
influence of anthropogenic factors (except for
TENORM which was exposed during uranium ore ex-
ploitation), the concentration of these elements is dif-
ficult to reduce. Getting into the environment, all de-
tected elements might contaminate food and/or
drinking water, and accumulate in the body over time
provoking harmful health effects [40]. This study indi-
cated a need for adequate monitoring, and risk assess-
ment of the examined locations, which could prevent
the distribution of these metals in the environment.

CONCLUSION

The Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni,
Cr, V, and Ti were detected as the most common acces-
sory elements of the radioactivity carriers at the exam-
ined locations. Depending on the location, elevated
concentrations of all detected elements except tita-
nium were found. Increased concentrations of zirco-
nium and rubidium were found in samples of granite,
graphitic schists, and gray alevrolites. Tungsten was
found in up to 100 times higher concentrations in all
other granite samples. Molybdenum is present in all
samples of gray alevrolite, 2 to 4 times. Tin was de-
tected in granites up to 1000 times higher concentra-
tions than the average. Although zinc is present in al-
most all samples, the measured values were generally
below average except for gray alevrolites and gra-
phitic schists (up to 2 times higher). Copper was found
in gray alevrolites and graphitic schists slightly more
than average values. The significantly increased con-
tent of arsenic was found in graphitic schists and
somewhat less in gray alevrolites. Antimony had an el-
evated concentration at all locations, mostly in gra-
phitic schists. Increased barium content was found in
K-feldspar and sedimentary material. The highest con-
tent of Ni was found in granite and graphite schist sam-
ples, in almost double concentrations relative to the
average values. Chromium and vanadium have the
highest concentrations in the gray siltstones. Since the
observed accessory elements of the representative pet-
rologic radioactivity carriers are present in the soil
mostly due to natural processes their existence is inev-
itable. However, as all localities contained increased
concentrations of some of the investigated elements
(except titanium), a high risk of their harmful effects
on the environment exists and continuous monitoring
is required.
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bopuc b. BAKAIbALL, UBana B. JEJINh, Munena I'. PUKAJTOBUh,
Becna P. PUCTU'h BAKAALL dyman I1. HUKE3WR,
3opana 3. HAYHOBWh, Cnasko 1. IMUMOBUHh

NCTPAXKUBAILE TITPATERUX EJEMEHATA PEINNPEZEHTATUBHUX
NETPOJOMKUX HOCUJAIA PAINOAKTNBHOCTHN HA
CTAPOJ IINTAHUHHA, CPBUJA

OBa crymmja 6aBum ce mpucyctBoM Hajuemrhux mnparehmx ejgemeHara HoOcHiIana
pagnoakTuBHOCTH Ha CTapoj NJIaHWHYU HA YeTUpH iecpuHncane Jokanuje. CBe ucTpaXkeHe JoKalje nMajy
nosehany paguoaxtusHocT, Behy o 200 cps, cBe 1o 1250 cps. Y cBUM UCTIUTUBAHUM y30pLIUMa A€ TEKTOBaHU
cy crnenehu eneMeHTH M yTBpbeHe ¢y lbuxoBe KoHleHTpanumje: Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni, Cr,
V u Ti. Ananu3sa je mokasana fia Cy y 3aBHCHOCTH Off y30pKa HabeHe moBuIlleHe KOHIIEHTpaluje CBHUX
JI€TEKTOBAHUX elleMeHaTa OCUM TUTaHujyMa. bynyhu fa ce cBe okanuje Koje cagpke HaBeJeHe eJIeMEHTe
Hajase y OIM3MHM BOIOTOKOBA, CBU IPUCYTHU €JIEMEHTH, 2 TOCEOHO OHU Ca MOBUIIEHUM KOHIIEHTpaljama
MOTY C€ pelIaTUBHO JIaKO MPEHETHU Y KUBOTHY CpPefIuHy OlielHUM BofaMa. Takobe, mocToju MoryhHocT u
€0JICKE €po3Wje ca MCIUTHBAHUX JIEXKUIITA W jalOBHUINITA, PU Y€MYy O Ce OBHM XEMHjCKU E€IEMEHTH U
PafiMOHYKIMAY AUCTpUOyUpanu U y IOApydYja yAajbeHa Off IPUMAapHUX HU3BOpa IMPHUPOAHE Paauo-
akTuBHOCTH. OBO NpeficTaBba BUCOK PU3UK Of BbUXOBOT LIMPEHA, & CTOTa U IITETHE e€(PEKTe MO KUBOTHY
cpenuny. CTyauja je yKasaja Ha IOTpeOy afleKBaTHOT MOHUTOPHHTA U NMPOIEHE PU3MKA Ha UCTIUTAHUM
JIoKanujama, mTo O MOTJIO CIPEYUTHU AUCTPUOYIIN]y OBHUX €IeMeHaTa 1ajbe y SKUBOTHY CPEJIUHY.

Kmwyune peuu: iipaitiehu eaemenitl, paouoaxitiu6HOCI, MOKCUYHOCT, OUONOUKU PUSUK, HUBOTHHA
cpeouna




