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The pres ent study deals with the abun dance of the most com mon ac ces sory el e ments of ra dio -
ac tiv ity car ri ers on the Stara Planina moun tain at four de fined lo ca tions. All in ves ti gated lo ca -
tions have in creased ra dio ac tiv ity, greater than 200 cps, up to 1250 cps. In all ex am ined sam -
ples the fol low ing el e ments were de tected and their con cen tra tions were de ter mined: Zr, Rb,
W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni, Cr, V, and Ti. The anal y sis showed that de pend ing on the
sam ple, el e vated con cen tra tions of all de tected el e ments ex cept ti ta nium were found. As all lo -
cal i ties con tain ing the listed de tected el e ments are lo cated near wa ter courses, all the pres ent
el e ments, and in par tic u lar, those with el e vated con cen tra tions can be rel a tively eas ily trans -
ferred to the en vi ron ment by wa ter ac tion. Like wise, there is the pos si bil ity of eolic ero sion
from the in ves ti gated de pos its and tail ing dams whereby these chem i cal el e ments and/or
radionuclides would be dis trib uted to ar eas away from the pri mary sources of nat u ral ra dio -
ac tiv ity. These have a high risk of spread ing and there fore have harm ful or radioecological ef -
fects on the en vi ron ment. The study in di cated a need for ad e quate mon i tor ing, and risk as -
sess ment of the ex am ined lo ca tions, which could pre vent the dis tri bu tion of these el e ments
fur ther into the en vi ron ment.
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IN TRO DUC TION

Hu mans are ex posed to nat u ral ra dio ac tiv ity,
which rep re sents con tin u ous ra dio ac tive ra di a tion from 
ex tra-ter res trial and ter res trial sources [1]. Al most 90 % 
of ra di a tion ex po sure arises from nat u ral sources [2].
The ex tra-ter res trial source rep re sents the cos mic
ray-pro duced ra dio iso topes con tin u ously gen er ated by
the in ter ac tions of cos mic rays with the at mo sphere and
crust con stit u ents [1, 3, 4]. Radionuclides, which were
in cor po rated into the Earth at the time of its for ma tion,
are still pres ent be cause of their long half-lives and rep -
re sent the sec ond source. The main ra dio ac tiv ity car ri -
ers are ura nium and tho rium iso topes (238U, 235U, and
232Th) as the pri mor dial radionuclides and their ra dio -
ac tive de cay prod ucts as the sec ond ary radionuclides
[1, 3, 4]. The main non-chain pri mor dial radionuclides

in the Earth's crust of par tic u lar in ter est are 40K, 87Rb,
and 96Zr [4, 5]. Nat u ral ra dio ac tiv ity mainly co mes
from the 238U, 235U, and 232Th de cay se ries, and nat u ral
40K [6-8]. The pres ence of these iso topes in na ture is re -
lated to their long half-lives, for ex am ple, more than 108

years for 235U [4]. Con se quently, all nat u rally oc cur ring 
radionuclides are con tained in rocks, soils, wa ter and
ground wa ter re sources, liv ing or gan isms, build ing ma -
te ri als, etc. [4]. Radionuclides pres ent in soil sig nif i -
cantly af fect ter res trial ra di a tion lev els [9]. Since they
are not uni formly dis trib uted, the knowl edge of its con -
cen tra tion and ra di a tion lev els in the en vi ron ment, es -
pe cially in par tic u lar lo cal i ties, is im por tant for as sess -
ing the ef fects of hu man ex po sure [10]. De pend ing on
the rock or soil, within the ura nium de pos its of ten there
are trace el e ments, radionuclides or sta ble iso topes. The 
known car ri ers of ra dio ac tiv ity are gran ites, gra phitic
schists, sand stones and siltstones [11-13]. The pri mary
min er als are quartz, oligoclase, K-feld spar (microcline,
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rarely orthoclase), and bi o tite. The ac ces sory min er als
that have been formed dur ing the so lid i fi ca tion of the
rocks from the magma rep re sent sphene (ti tan ite), ap a -
tite, zir con, and mag ne tite. Like wise, the sec ond ary
min er als such as seri cite, chlorite, epidote, cal cite, li -
mo nite, tour ma line, zir con, plagioclase (al -
bite-oligoclase), microcline, bi o tite, al la nite, mus co -
vite, and he ma tite rep re sent the min er als formed by the
al ter ation of a pre-ex ist ing pri mary min eral in ig ne ous
rock [14]. The com po si tion and quan tity of min er als de -
pend on the rock type [14, 15]. The pri mary, ac ces sory,
and sec ond ary min er als might con tain sta ble or ra dio ac -
tive iso topes of some el e ments, also the main ra dio ac -
tive car ri ers and/or toxic el e ments that could be haz ard -
ous to the en vi ron ment and hu man health, as well as the
other liv ing be ings [16]. Un der at mo spheric con di tions
and trans fer to the en vi ron ment by wa ter ac tion, they
might have in flu ence even be yond their place of or i gin.
The po ten tial health im pacts of ura nium ores or de pos -
its could in clude the ef fects of the ac ces sory el e ments
(trace el e ments), many of which are com monly re -
garded as toxic to hu man health when con cen trated, e.
g. ar senic, lead, nickel, se le nium, etc. Sul fide min er als
as so ci ated with brec cia pipe de pos its have the po ten tial
to pro duce acidic wa ters [16].

The pres ent study is the ex ten sion of geo log i cal and
ra dio ac tiv ity in ves ti ga tion of the Stara Planina moun tain
in the Re pub lic of Ser bia in or der to sys tem atize all col -
lected data. In De cem ber 2008, Stara Planina was des ig -
nated a na ture park, i. e. pro tected area. These ar eas in -
clude places where peo ple live or spend hol i days [17]. The 
im pact of nat u ral ra dio ac tiv ity on the en vi ron ment has not
been sys tem at i cally pro cessed in the Stara Planina area
[18, 19]. Re gard ing this, ac ces sory el e ments of rep re sen -
ta tive pet ro logic ra dio ac tiv ity car ri ers (pri mar ily of the
235U iso tope) were in ves ti gated. In ad di tion to ura nium,
the var i ous el e ments such as Mg, Mn, V, Cr, Cd, Ni, Cu,
Zn, As, Mo, W, Fe, Cd, might be found, due to avail able
data on their pres ence, in soils and/or aquatic eco sys tems
lo cated on for mer ura nium mines, tail ing dumps or de pos -
its as they are com monly as so ci ated with ura nium en rich -
ment in sed i ments near ura nium lay ers. The lack of de -
fined dis tri bu tion lim its of the ac ces sory el e ments of the
nat u ral ra dio ac tiv ity car ri ers in this eco sys tem in di cates
the ne ces sity for a com pre hen sive study in or der to as sess
its im pact on liv ing be ings and the en vi ron ment, tak ing
into ac count ac tiv i ties typ i cal for this re gion, e. g. live stock 
breed ing, dairy farm ing, herb pro duc tion, etc., and pos si -
bly trans ferred con tam i na tion [20-23].

EX PER I MEN TAL PART

Main char ac ter is tics and lo ca tion
of the in ves ti gated area

The Stara Planina moun tain is known for its de -
pos its and nu mer ous oc cur rences of ura nium min er al -
iza tion. Nat u ral ra dio ac tiv ity on Stara Planina, whose

smaller west ern part is lo cated in the Re pub lic of Ser -
bia, has been ex am ined since the mid dle of the last
cen tury. At the end of the 20th  cen tury, the wa ters of
the so-called Col or ful Se ries and the eco log i cal im pact 
of the for mer Kalna mines were ex am ined. Since
2000, non-sys tem atic tests of ra dio ac tiv ity and dis tri -
bu tion of nat u ral ra dio ac tiv ity car ri ers (mostly 238U,
232Th, and 40K iso topes) and their en vi ron men tal im -
pact have been con ducted [24-26]. Pre vi ous in ves ti ga -
tion as part of the study of nat u ral ra dio ac tiv ity on
Stara Planina con ducted in 2016 and 2017 was re lated
to the de ter mi na tion of char ac ter is tic geo log i cal mem -
bers of ra dio ac tiv ity car ri ers in the area of Stara
Planina, gen er ally gran ites and re lated geo log i cal
units, gra phitic schists and sed i men tary ma te rial rep -
re sented by red dish sand stones and gray siltstones of
the Col or ful Se ries [27].

The study re ported in this pa per par tic u larly fo -
cused on the pres ence of non-fer rous and other met als
at the pre vi ously in ves ti gated [27] lo ca tions with ra -
dio ac tiv ity greater than 200 cps, based on an in ves ti ga -
tion over sev eral de cades, from geo chem i cal and en vi -
ron men tal view points [19, 27]. In the ear lier re ported
study [27] the ra dio ac tiv ity at the ob ser va tion points
was mea sured in counts per sec ond (cps) units since
the hand-held ra di a tion sur vey in stru ment was used.

The in ves ti ga tion in cluded four lo ca tions at
Stara Planina, fig. 1. The first two lo ca tions are nat u ral
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Fig ure 1. The bound ary of Stara Planina in Ser bia (full
line), zones of ra dio ac tiv ity greater than 200 cps (clear),
and points of ob ser va tion and test ing in 2016 and 2017
(dots) [27]. Ras ter ba sis Google Land scape w/n,
SASPlanet



ura nium ore de pos its, where ore ex plo ra tion was car -
ried out. These lo ca tions are gran ites in the vi cin ity of
the vil lage of Janje, and the Mezdreja aban doned
mines. In ad di tion to nat u ral ra dio ac tiv ity, they also
rep re sent an anthropogenic source of ra dio ac tiv ity in
the sense that min ing ac tiv i ties have es tab lished tail ing 
damps, i. e. brought the ra dio ac tive car ri ers to the sur -
face. Ura nium min ing cre ates so-called TENORM
(Tech ni cally En hanced Nat u rally Oc cur ring Ra dio ac -
tive Ma te rial) [28], which in this way, has be come ex -
posed to di rect at mo spheric in flu ence and might be
trans ferred, and spread to the en vi ron ment, es pe cially
by wa ter ac tion. The other two sam pling points are
gra phitic schists, i. e. the meta mor phic Inovo Se ries
which trans gresses the south west ern part of the Janja
gran ite-meta mor phic sys tem, lo cated in the vi cin ity of
the Gabrovnica de posit, and sed i men tary ma te ri als of
the Early Tri as sic, rep re sented by red sand stone and
gray alevrolites of the Col or ful Se ries, both usu ally
charged with ra dio ac tive and trace el e ments [29] in the 
Jelovica-Dojkinci river re gion.

In a pre vi ous study, the ra dio ac tiv ity of these lo -
ca tions was mea sured [27]. Ra dio ac tiv ity in
Gabrovnica was 240 cps and the ra di a tion dose rate
was 0.210 mSvh–1 at the mine por tal, and 254 and 360
cps and 0.248 mSvh–1 at the mine dump. Ra dio ac tiv ity
in Mezdreja was 420 cps and 0.322 mSvh–1 at the mine
por tal, and up to 1250 cps and 0.421 mSvh–1 at the
mine dump. Ra dio ac tiv ity at the sam pling site in the
Inovo Se ries area was 650 cps and 0.279 mSvh–1. Ra -
dio ac tiv ity in the Col or ful Se ries area at the re dox zone 
was 280 cps and 0.429 mSvh–1 [27].

Qual i ta tive and quan ti ta tive anal y sis

Clearly de fined pet ro logic units were sam pled in 
situ from out crops and mine dumps, at pre-de ter mined
lo ca tions that were ±100 m rel a tive to the map and reg -
is tered by GPS with an er ror of ±5 m.

In to tal, 16 sam ples were col lected and as says
per formed by X-ray flu o res cence spec tros copy (XRF) 
on a Ni ton Xl3t Goldd+ an a lyzer (Thermo Fisher Sci -
en tific, USA) in two modes – “Soil” and ”Test All
Geo” (i. e. “soil and min ing” mode), to check and com -
pare the re sults [27]. The “Test All Geo” mode au to -
mat i cally ap plies the cor rect mea sure ment al go rithm
for el e ments both at low, as well as el e ments at high
con cen tra tions, i. e. au to mat i cally de ter mines the cor -
rect an a lyt i cal test mode for rapid anal y sis of ma jor,
mi nor and trace el e ments in geo log i cal sam ples. The
ex ci ta tion time was about three min utes per sam ple.
The sam ples were ground to 70 µm.

All the sam ples were col lected in ar eas of el e -
vated ra dio ac tiv ity, where the ra di a tion de tec tor
Exploranium GR-110, Exploranium Ra di a tion De tec -
tion Sys tems, Can ada, mea sured 200 cps or more and
the hand-held Gamma-Scout ra di a tion de tec tor,

Gamma-Scout GmbH & Co.KG, Ger many, mea sured
0.230 µSvh–1 or more [27], near the ground sur face
(on the ground or max i mum 5-10 cm above). The
back ground ra di a tion level in the study area was 70
cps and 0.135 µSvh–1 [27].

Seven sam ples were col lected from the Janja
gran ite and the Gabrovnica and Mezdreja mines (from
the ground sur face). Four sam ples of par tially al tered
gran ite were col lected near Mezdreja and Gabrovnica,
one from the Mezdreja tail ing dump that con tained
clayey and cataclazed gra nitic ma te rial, one from a
highly si lici fied, car bon ized and limonitized vein near
Mezdreja, and one from monomineral grains of pink
K-feld spar. Three sam ples were col lected from gra -
phitic meta mor phic rocks of the so-called Inovo Se ries.
It should be noted that the com po si tion var ied over rel a -
tively small dis tances (deci me ter scale); the con cen tra -
tions of sil i cate and gra phitic ma te ri als dif fered, as did
oc cur rences of limonitization on sheared sur faces. Six
sam ples were col lected from the Early Tri as sic batch of
sed i ments, i. e. from the Col or ful Se ries in the vi cin ity
of the Jelovica-Dojkinci rivers: three of gray siltstone
and three of red dish-pink sand stone.

In this phase of the study, the fol low ing el e -
ments were mea sured: 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–1) were used as a
mea sure of con cen tra tion for ease of com par i son
with the lit er a ture data re lated to the trace el e ment
con cen tra tion in the Earth's crust.

RE SULTS AND DIS CUS SION

In all four lo ca tions, the fol low ing el e ments
were de tected: Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba,
Ni, Cr, V, and Ti.

Ta ble 1 shows the re sults from gra nitic sam ples
in the vi cin ity of the Mezdreja and Gabrovnica mines
for Zr, Rb, W, Sn, Zn, Ba, Sb and Ni in ppm. Ex pla na -
tions of the sam ple ab bre vi a tions in the ta bles are: Mzd 
Gran ite Mine – sam ple of gran ite taken from the out -
crop at the en trance of the Mezdreja mine; Mzd Gran -
ite – sam ple of gran ite taken from the out crop at the
Mezdreja area; Mzdr Kfeld Gabrr – as say done on
large (3 cm) pink K-feld spar from gab broid at the
Mezdreja area; Mzd Sil Lim – a silificified and highly
limonitized sam ple with car bon ates, col lected in situ
from al tered gran ite with veinlets at Mezdreja; Mzd
Tail Dump – crushed al tered gran ite frag ments with
clay from the Mezdreja tail ing dump; Gabr Gran ite
Mine – gran ite taken from an out crop at the en trance of 
the Gabrovnica mine; Gabr Tail Dump – a gran ite sam -
ple taken from the Gabrovnica mine tail ing dump.

Ta bles 2 and 3 show re sults from gra nitic sam -
ples for Zr, Rb, W, Sn and gra phitic schist for Zn, Ba,
Sb, Ni, Mo, Cu, and As in Inovo, in ppm. Ex pla na tions
of the sam ple ab bre vi a tions in the ta bles are: Inov
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Graph – Inovo Se ries, a highly gra phitic sam ple (al -
most only graph ite), fri a ble ma te rial from schists; Inov 
Graph SiSchist – Inovo Se ries, gra phitic schists with
more sil ica (SiO2); Inov Graph Schist – Inovo Se ries,
gra phitic schist with more gra phitic ma te rial.

Ta bles 4 and 5 show re sults from red sand stone
and gray siltstone in the  Jelovica – Dojkinci area. Ex -
pla na tions of the sam ple ab bre vi a tions in the ta bles
are: JelDojsandstred – Jelovica – Dojkinci area red
sand stone; JelDojsandstLredt – Jelovica – Dojkinci
area light red sand stone; JelDojsnastorange – Jelovica
– Dojkinci area or ange sand stone; JelGsilstRedox –
Jelovica area gray siltstone from the re dox zone;

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

A com par i son with the av er age con tent in the
Earth's crust was made ac cord ing to avail able data
[30-33]. Con sid er ing pre vi ous as av er age val ues and
re per cus sions for a par tic u lar el e ment, the fol low ing
val ues in ppm are taken: Zr –130, Rb – 90, W – 0.7 and
mafic, 1.2 and in ter me di ates and 1.9 in acidic rocks,
for Mo – 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 im por tant to note that Zr, Rb, W, Mo, and Sn
orig i nate and are mainly re lated to acid mag matic
rocks (gran ites, riolites, etc.), as well as postmagmatic
pro cesses re lated to acid rocks. The Zn and Cu are
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Ta ble 1. Re sults from gra nitic sam ples in the vi cin ity of Mezdreja and Gabrovnica mines (ppm)

Sam ple Type Zr Rb W Sn Zn Ba Sb Ni

Mzd gran ite mine Soil 212 80 102 2214 59 22 70 63

Mzd gran ite mine Test all geo 213 39 181 2125 57 84 98 42

Mzd gran ite Soil 226 69 133 1577 46 25 <LOD* 44

Mzd gran ite Test all geo 228 32 156 1678 42 102 65 44

MzdrKfeldGabrr Soil 108 49 <LOD 16 46 3654 28 114

MzdrKfeldGabrr 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 gran ite mine Soil 131 127 139 1009 40 19 <LOD 29

Gabr gran ite 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 de tec tion

Ta ble 2. Re sults from gra nitic sam ples Inovo for Zr, Rb, W, Sn (ppm)

Sam ple 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 de tec tion

Ta ble 3. Re sults from gra phitic schist Inovo Zn, Ba, Sb, Ni, Mo, Cu, and As (ppm)

Sam ple 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

Ta ble 4. Re sults from red sand stones Jelovica-Dojkinci area (ppm)

Sam ple Type Zr Rb Sb Sn Zn Ba Cr V 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 or ange Soil 156 90 49 2482 34 30 <LOD* 11 <LOD 35

JelDojsnast or ange TestAll geo 150 45 49 2491 30 68 <LOD <LOD <LOD <LOD

*LOD – Limit of de tec tion



mainly bound to polymetallic me dium-tem per a ture
hy dro ther mal de pos its, in con nec tion with me -
dium-sized rocks. The Sb and Ba orig i nate from low
tem per a ture hy dro ther mal pro cesses as so ci ated with
me dium-sized magmatism. The Ni, Cr, V, and Ti
groups orig i nate from ultra mafic and mafic rocks. The
Ni is also con cen trated in liq uid seg re gates that arise in 
the first phases of dif fer en ti a tion of magma, as well as
sul phide de pos its, and Cr in crys tal li za tion dif fer en ti a -
tions – the first ox ides that also oc cur in the ini tial
phases of pri mary magma crys tal li za tion [34]. There -
fore, the pres ence of these el e ments is quite ex pected
in the tested sam ples. El e vated con cen tra tions of zir -
con were mea sured in the sam ples of the Mezdreja
gran ites, the gra phitic schists of the Inovo Se ries and
the gray siltstones of the Col or ful Se ries. Ad di tion ally, 
they are pres ent in red Early Tri as sic sand stones, but to 
a lesser ex tent. Since zir con is a rather re sis tant min -
eral, it is pos si ble that it was trans ported to the
siltstones dur ing the course of for ma tion of the Col or -
ful Se ries and reached and re tained its form in the
meta mor phic rocks of the Inovo Se ries.

The ru bid ium con cen tra tions were gen er ally
lower than the abun dance in the Earth's crust. How -
ever, el e vated con cen tra tions were re corded in the
Gabrovnica gran ites, gra phitic schists (batches rich in
gra phitic ma te rial), and gray siltstones (in the Soil
mode). Tung sten con cen tra tions were dis tinctly el e -
vated (up to 100x the abun dance in the Earth's crust),
in all sam ples as so ci ated with the gran ites, ex cept in a
monomineral sam ple of pink K-feld spar where there
was none. El e vated tung sten con cen tra tions (rang ing
from 50 to 107 ppm) were also de tected in the schists,
but not in all of the sam ples. Mo lyb de num con cen tra -
tions were low and nearly non-ex is tent in the gran ite
sam ples, ex cept in clayey ma te rial from the Mezdreja
tail ing dump. The mo lyb de num was pres ent in all the
gray siltstone sam ples, from 3 to 6 ppm, which is two
to four times greater than the abun dance in the Earth's
crust. Tin con cen tra tions in the gran ites were up to
1000 higher than av er age (2214 ppm) and up to 4990
ppm in the gra phitic schists.

The Zn was pres ent in al most all sam ples, but
gen er ally be low av er age abun dance. Some what el e -
vated con cen tra tions were mea sured in the gray
siltstones and gra phitic schists, up to 2 times. The Cu
in the gran ite sam ples was gen er ally ab sent. It is found

in the gray siltstones and gra phitic schists were
slightly higher than av er age, and the high est con cen -
tra tion (108 ppm) was mea sured in the sam ple of schist 
rich in gra phitic ma te rial. 

In na ture, ar senic and an ti mony are of ten as so ci -
ated in such cases. Sig nif i cantly in creased ar senic con -
tent was found in gra phitic schists, up to 54 ppm and
slightly less in gray siltstones, up to 11 ppm. All units
ex hib ited el e vated Sb con cen tra tions; the high est was
mea sured in the gra phitic schists (up to 274.09 ppm).
The high est bar ium con cen tra tion was de tected in a
monomineral frac tion of the pink K-feld spar (5634
ppm), and el e vated con cen tra tions were found in
Early Tri as sic sed i ments, both the red sand stones (up
to 786 ppm) and the gray siltstones (up to 749 ppm).

The high est con cen tra tion of Ni was mea sured in 
gra nitic sam ples in the vi cin ity of Mezdreja and
Gabrovnica mines (166 ppm) and some what lower in
the graph ite schist Inovo (154 ppm), which rep re sents
al most twice the higher con cen tra tion than the av er age 
for the Earth's crust. Ti ta nium was found in the gray
siltstones of the Jelovica-Dojkinci area (4741 ppm).
Va na dium and chro mium con cen tra tions were high est
in the Jelovica area gray siltstone (305, 179 ppm, re -
spec tively). The amount of va na dium in this sam ple is
al most four times higher than ex pected.

Since all these lo cal i ties from which the sam ples
are ex am ined in this study are lo cated near wa ter -
courses, all the pres ent el e ments, and in par tic u lar
those with el e vated con cen tra tions, can be rel a tively
eas ily trans ferred to the en vi ron ment by the wa ter ac -
tion. Some of the in ves ti gated met als, such as cop per,
chro mium, mo lyb de num, nickel, and zinc, are es sen -
tial nu tri ents (so-called microelements) needed for
var i ous bio chem i cal and phys i o log i cal func tions of
or gan isms [35]. How ever, some of the de tected met als
or microelements in higher con cen tra tions are toxic
and pose a threat to hu man health and the en vi ron ment
[36, 37]. In ad di tion, some of these el e ments such as
96Zr, 87Rb, 50V, which rep re sent the nat u rally oc cur -
ring ra dio ac tive iso topes have ra dio ac tive iso topes [5,
38, 39]. Al though, their ra dio ac tiv ity is not of sig nif i -
cance in com par i son with the main ra dio ac tiv ity car ri -
ers in this area, in case of their pen e tra tion into wa ter -
courses, groundwaters, and soil they might rep re sent
se ri ous en vi ron men tal pol lut ants. Like wise, there is
the pos si bil ity of eolic ero sion from the in ves ti gated
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Ta ble 5. Re sults from gray siltstones Jelovica-Dojkinci area (ppm)

Sam ple Type Zr Rb Mo Zn Cu As Ba Cr V Ti Ni

JelGsilst re dox TestAll geo 215 88 5 86 21 10 603 <LOD* <LOD 4678 77

JelGsilst re dox 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 de tec tion



de pos its and tail ing dams whereby these chem i cal el e -
ments and/or radionuclides would be dis trib uted to ar -
eas away from the pri mary sources of nat u ral ra dio ac -
tiv ity. Re gard ing this, they could en ter the food chain,
which would also re sult in harm ful ef fects on hu man
health. Since this is a nat u ral phe nom e non, with out the 
in flu ence of anthropogenic fac tors (ex cept for
TENORM which was ex posed dur ing ura nium ore ex -
ploi ta tion), the con cen tra tion of these el e ments is dif -
fi cult to re duce. Get ting into the en vi ron ment, all de -
tected el e ments might con tam i nate food and/or
drink ing wa ter, and ac cu mu late in the body over time
pro vok ing harm ful health ef fects [40]. This study in di -
cated a need for ad e quate mon i tor ing, and risk as sess -
ment of the ex am ined lo ca tions, which could pre vent
the dis tri bu tion of these met als in the en vi ron ment.

CON CLU SION

The Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni,
Cr, V, and Ti were de tected as the most com mon ac ces -
sory el e ments of the ra dio ac tiv ity car ri ers at the ex am -
ined lo ca tions. De pend ing on the lo ca tion, el e vated
con cen tra tions of all de tected el e ments ex cept ti ta -
nium were found. In creased con cen tra tions of zir co -
nium and ru bid ium were found in sam ples of gran ite,
gra phitic schists, and gray alevrolites. Tung sten was
found in up to 100 times higher con cen tra tions in all
other gran ite sam ples. Mo lyb de num is pres ent in all
sam ples of gray alevrolite, 2 to 4 times. Tin was de -
tected in gran ites up to 1000 times higher con cen tra -
tions than the av er age. Al though zinc is pres ent in al -
most all sam ples, the mea sured val ues were gen er ally
be low av er age ex cept for gray alevrolites and gra -
phitic schists (up to 2 times higher). Cop per was found
in gray alevrolites and gra phitic schists slightly more
than av er age val ues. The sig nif i cantly in creased con -
tent of ar senic was found in gra phitic schists and
some what less in gray alevrolites. An ti mony had an el -
e vated con cen tra tion at all lo ca tions, mostly in gra -
phitic schists. In creased bar ium con tent was found in
K-feld spar and sed i men tary ma te rial. The high est con -
tent of Ni was found in gran ite and graph ite schist sam -
ples, in al most dou ble con cen tra tions rel a tive to the
av er age val ues. Chro mium and va na dium have the
high est con cen tra tions in the gray siltstones. Since the
ob served ac ces sory el e ments of the rep re sen ta tive pet -
ro logic ra dio ac tiv ity car ri ers are pres ent in the soil
mostly due to nat u ral pro cesses their ex is tence is in ev -
i ta ble. How ever, as all lo cal i ties con tained in creased
con cen tra tions of some of the in ves ti gated el e ments
(ex cept ti ta nium), a high risk of their harm ful ef fects
on the en vi ron ment ex ists and con tin u ous mon i tor ing
is required.
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 ISTRA@IVAWE  PRATE]IH  ELEMENATA  REPREZENTATIVNIH
PETROLO[KIH  NOSILACA  RADIOAKTIVNOSTI  NA

STAROJ  PLANINI,  SRBIJA

Ova studija bavi se prisustvom naj~e{}ih prate}ih elemenata nosilaca
radioaktivnosti na Staroj planini na ~etiri definisane lokacije. Sve istra`ene lokacije imaju
pove}anu radioaktivnost, ve}u od 200 cps, sve do 1250 cps. U svim ispitivanim uzorcima detektovani 
su slede}i elementi i utvr|ene su wihove koncentracije: Zr, Rb, W, Mo, Sn, Zn, Cu, As, Sb, Ba, Ni, Cr,
V i Ti. Analiza je pokazala da su u zavisnosti od uzorka na|ene povi{ene koncentracije svih
detektovanih elemenata osim titanijuma. Budu}i da se sve lokacije koje sadr`e navedene elemente
nalaze u blizini vodotokova, svi prisutni elementi, a posebno oni sa povi{enim koncentracijama
mogu se relativno lako preneti u `ivotnu sredinu ocednim vodama. Tako|e, postoji mogu}nost i
eolske erozije sa ispitivanih le`i{ta i jalovi{ta, pri ~emu bi se ovi hemijski elementi i
radionuklidi distribuirali i u podru~ja udaqena od primarnih izvora prirodne ra dio-
aktivnosti. Ovo predstavqa visok rizik od wihovog {irewa, a stoga i {tetne efekte po `ivotnu
sredinu. Studija je ukazala na potrebu adekvatnog monitoringa i procene rizika na ispitanim
lokacijama, {to bi moglo spre~iti distribuciju ovih elemenata daqe u `ivotnu sredinu.

Kqu~ne re~i: prate}i el e ment, radioaktivnost, toksi~nost, biolo{ki rizik, `ivotna
.........................sredina


