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This pa per pres ents the re sults of anal y ses of radionuclide con tent in the sam ples of the sur -
round ing soil and clayey ma te rial of “Zbegovi” open-pit mine in Donje Crniljevo, Ser bia. 
Sam ples from 78 sites were col lected and pre pared.  The ac tiv ity con cen tra tions were de ter -
mined for radionuclides: 238U, 232Th, 40K, 226Ra, and 137Cs. The mean val ues ob tained are as
fol lows: 23 Bqkg–1, 89 Bqkg–1, 372 Bqkg–1, 56 Bqkg–1, and 11 Bqkg–1, re spec tively.  Con cen -
tra tions of 238U, 40K, and 226Ra in the stud ied area do not de vi ate from the val ues ob tained for
the soil in Ser bia.  The con cen tra tion of 232Th in the stud ied area is slightly higher rel a tive to
av er age val ues for soil, and slightly lower com pared to sim i lar de pos its of clayey ma te rial in
the world.  Mea sure ments per formed showed that the open-pit mine of clayey ma te rial is
com pletely un con tam i nated sur face as far as 137Cs is con cerned, while there are sites where
mea sured 137Cs con cen tra tions are sig nif i cantly higher, which is due to top o graphic dif fer -
ences and inhomogeneous sur face con tam i na tion of land af ter the Chernobyl ac ci dent.
To as sess the ra dio log i cal risks in the ob served area, the fol low ing in di ces were de ter mined:
ab sorbed dose rate, an nual out door ef fec tive dose, ab sorbed dose for biota, ex cess life time
can cer risk out doors as well as ex ter nal ra di a tion haz ard in dex. The mean value of the es ti -
mated ab sorbed dose rate in the given area amounts to 80.1 nGyh–1, and the an nual out door
ef fec tive dose ranges from 46.9 to 134 mSv.  Ab sorbed dose rate for biota in the stud ied area is
1.31×10–4 Gyd–1. The mean ex cess life time can cer risk out doors for the pop u la tion is 3.8×10–4,
and the mean value of the ex ter nal ra di a tion haz ard in dex ob tained in this study is 0.48, which 
is con sis tent with the world av er age.  A low dose of ra di a tion will not pose a risk to the pop u -
la tion and biota in the stud ied area.
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IN TRO DUC TION

Ex po sure to nat u ral ra dio ac tiv ity is in ev i ta ble,
orig i nat ing pri mar ily from three nat u ral ra dio ac tive
se ries, with pro gen i tors 232Th, 238U, and 235U, as well
as from 40K. Ura nium and ra dium, as the most im por -
tant nat u ral radionuclides, oc cur in the litho sphere and
hy dro sphere in var i ous geo log i cal ob jects: rocks, ores, 
soil, as well as un der ground and sur face wa ters. The
nat u ral con cen tra tions of radionuclides in soil mainly
de pend on the type of par ent rocks from which these
soils were cre ated. Con cen tra tions of ura nium and
tho rium are higher in mag matic rocks (e. g. gran ites),

but also in some sed i men tary rocks (shales and phos -
phate rocks) [1-3].

The cy cli cal move ment of the chem i cal el e ments
and iso topes in the en vi ron ment takes place con tin u -
ously through geo chem i cal pro cesses. Var i ous ra dio-
nuclides of nat u ral or i gin are found in soil, at very low
con cen tra tions, gen er ally. De pend ing on the geo chem i -
cal pro cesses of the el e ments, these radionuclides can
be con cen trated lo cally in the soil to lev els that pose a
risk to the pop u la tion health.  In the litho sphere, there
are me dium-heavy and heavy radionuclides, most of ten 
at depths of 5-20 cm, where they build com pounds with
pres ent or ganic sub stances. Sub se quently, de pend ing
on their physicochemical prop er ties and mor pho log i cal
char ac ter is tics of the root sys tems of pres ent plant spe -
cies, through the pro cess of ab sorp tion, these ra -
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dionuclides reach and con cen trate in plants, through
which they reach an i mals and fi nally, hu mans.  There -
fore, radionuclides in the soil are con trolled at a depth of 
5 to 20 cm [4].

The dis tri bu tion of ar ti fi cial radionuclides in soil,
pri mar ily 137Cs, is char ac ter ized by pro nounced un even -
ness in pro file depth.  In re gions with mod er ate at mo -
spheric pre cip i ta tions, in soils with heavier me chan i cal
com po si tion, most of the ar ti fi cial radionuclides are re -
tained in the sur face layer (up to 10 cm deep) of soil over
a long pe riod.  In lighter, sandy soils, es pe cially those
with leach ing wa ter re gime, a con sid er able part of ra dio -
ac tive ma te rial mi grates in 10 to 15 years to 40-50 cm
depths but can also reach ground wa ter and by rivers fur -
ther trans ported to seas [5]. The 137Cs ra dio ac tive iso tope
has a half-life of 30.05 years and has reached the en vi ron -
ment due to the Chernobyl nu clear power plant ac ci dent
(1986), but also other nu clear ac ci dents.

Clays are a wide spread min eral re source of great
in dus trial sig nif i cance [6]. Due to their high ion ex -
change ca pac ity, poor per me abil ity, and re ten tion abil -
i ties they are act ing as a phys i cal and chem i cal bar rier
for var i ous en vi ron men tal pol lut ants. They ap pear as a 
set of fine-grained clayey min er als or as a type of sed i -
men tary de posit com posed mostly of clayey min er als
and non-aluminosilicates [7].

The chem i cal com po si tion of clays is sim i lar to
that of pri mary rocks. By for ma tion, clays can be di -
vided into: re sid ual (formed as a re sult of sur face de -
com po si tion of rocks in flu enced by pre cip i ta tion, tem -
per a ture, frost or wind and are mainly found in the place 
of or i gin) and trans ported (sed i men tary – formed as a
re sult of chem i cal de com po si tion of gran ite con tain ing
sil ica (SiO2) and alu mi num(III)-ox ide, (SiO2), by the
dis so lu tion of rocks, or lime stone, and de com po si tion
and dis so lu tion of shales) [7]. Trans ported clays are
sec ond ary be cause they are trans ported from the place
of or i gin by ero sion and de po si tion. By chem i cal com -
po si tion, clays have more ox y gen than sil i con, alu mi -
num, or mag ne sium and can, there fore, be con sid ered
hy drox ides of sil i con, alu mi num, or mag ne sium.  Apart
from be ing used in con struc tion, ce ram ics pro duc tion,
med i cine, phar macy, and pa per in dus try, in re cent de -
cades clays have also been ap plied as adsorbents, cat a -
lysts or their car ri ers, ion exchangers and bleach ing ma -
te ri als [8, 9]. All the aforementioned clay ap pli ca tions

are de ter mined by their spe cific prop er ties de fined by
the pres ence and type of non-clay and clay min er als, or -
ganic mat ter, type and quan tity of ex change able cat -
ions, etc. Now a days, clays are used as cheap, al ter na tive 
adsorbents for re duc ing con cen tra tions of var i ous pol -
lut ants in the en vi ron ment. Among many types of clay
that can be found in the en vi ron ment, ben ton ite clays,
con sist ing pre dom i nantly of montmorillonites and re -
lated clay min er als from the smectite group stand out by 
their ad sorp tion prop er ties [8]. Ben ton ite clays are
widely used in the pu ri fi ca tion of wa ter from heavy
metal and as a de con tam i na tion agent for ra dio log i cal
de con tam i na tion. Re cent re search from Tur key has
shown a new use of clay as an ad mix ture to ce ment and
con crete [6]. 

In some types of clay, a high 232Th and 238U con -
tent was found ex ceed ing per mis si ble lim its pre -
scribed by law [9, 10].

In the pro cess of ex ploit ing clay for con struc tion
pur poses, it is nec es sary to carry out ap pro pri ate anal -
y ses of the type, qual ity, and quan tity of min eral raw
ma te rial as well as of radionuclide con tents in clay.

Mass ex ploi ta tion of clay ma te rial not only dis -
rupts the ex ist ing re lief and eco sys tems of a given
space but also de posit large quan ti ties of by-prod ucts
(tail ings) in the vi cin ity that may con tain radionuclides 
in el e vated con cen tra tions. A ma jor prob lem in
open-pit mines is the im pact of wind and con se quent
dust scat ter ing (ae olian dis tri bu tion). Sur face ex ploi -
ta tion of clay in Ser bia is con sid ered to have de graded
about 850 ha of land while less than 20 % has been re -
culti vat ed [11].

EX PER I MEN TAL PART

Geo graph ical lo ca tion, bound aries, and
char ac ter is tics of the stud ied area

The stud ied area is a wider area of the set tle ment
of Donje Crniljevo, Ser bia, or the sur round ings of the
clayey ma te rial de posit “Zbegovi”. In ad di tion to the
above de posit, there are two more de pos its nearby:
Jovanovi}a brdo and Galovi} (fig. 1).  The set tle ment
it self is in the mu nic i pal ity of Koceljeva, which is sur -
rounded by the Kolubara ba sin in the east, Ma~va, and
Pocerina in the west, Srem in the north, moun tain up -
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Fig ure 1. Stud ied area and soil
sam pling sites



lands of Vlaši} and Valjevo Podgorina in the south. It
is in the south ern part of Posavotamnava which, un like 
other geo graph ical wholes, is not clearly de fined geo -
graph i cally. It is lo cated on the M21 main road con -
nect ing East ern Eu rope and the South ern Adri atic. It is 
31 km away from Valjevo and 37 km from Šabac. The
ad min is tra tive, eco nomic, and cul tural cen ter of the
mu nic i pal ity of Koceljeva is the town of Koceljeva on
the banks of the rivers Tamnava and Rasnica, on an av -
er age al ti tude of 200 me ters [11].

The stud ied area is in the form of a rect an gle (fig. 
1.), mea sur ing 17.8 km2 in area and 17 km in cir cum -
fer ence. It is south east-north west ori ented, bor dered
by four points: A: 44°26¢16.66² north lat i tude and
19°37¢29.59² east lon gi tude (far south ern), B:
44°27¢19.40² north lat i tude and 19°38¢58.72² east
lon gi tude (far east ern), C: 44°29¢27.08² north lat i tude
and 19°36¢57.33² east lon gi tude (far north ern), and D:
44°28¢05.06² north lat i tude and 19°38¢58.72² east
lon gi tude (far west ern).

In the stud ied area there are Donje Crniljevo set -
tle ment, the Tamnava river, M141 road, “Zorka” brick
fac tory, Galovic ka olin dry ing plant as well as two
prom i nent peaks of Vlaši} (Jankov vis – 447 m above
sea level and Razbojište – 465 m above sea level).

The area has a tem per ate con ti nen tal cli mate.
The av er age an nual air tem per a ture is   11.2 °C. The
av er age an nual rain fall is 720 mm3 [11]. The av er age
an nual hu mid ity is 76 %, with 1708 hours of sun shine
a year and av er age an nual cloud i ness of 53 %, which
has a very fa vor able ef fect on the rich ness of flora and
fauna. Al most the en tire mu nic i pal ity be longs to the
Kolubara River ba sin, through its larg est trib u tary
Tamnava [11].

Geo mor phol ogy of the Zbegovi de posit,
Donje Crniljevo, Ser bia

In the 1950¢s, in the area of the West Tamnava
Ter tiary Ba sin (West ern Ser bia), a large num ber of ce -
ramic clay de pos its were dis cov ered and iden ti fied in
cost-ef fec tive quan ti ties [12]. The in ves ti gated de pos -
its of plas tic ce ramic clays are small, and most are in
the wider area of the vil lage of Donje Crniljevo and
rep re sent the whole raw ma te rial base of qual ity ce -
ramic clays in Ser bia (fig. 2).  Clays ap pear at depths of 
2-35 m [12]. The pro duc tive Mio cene se ries ends in
dif fer ent sands, grav els, and con glom er ates.  The len -
tic u lar ap pear ance of clay at var i ous lev els of the Mio -
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Fig ure 2.  Geo log i cal map of the Tamnava ter tiary ba sin and sam pling site



cene se ries can be ex plained by the fre quent os cil la -
tions of the Miopliocene wa ters, by ba sin bot tom
rais ing and deep en ing, i. e. by sed i ment de po si tion. 
Pro duc tion of gray-white ce ramic clay is about
100000 tonnes per year, with to tal re serves es ti mated
at over 50 mil lion tonnes [12, 13].

Based on min er al og i cal, phys i cal, chem i cal and
tech no log i cal qual ity tests of a com pos ite of ex ca vated 
ce ramic clays from ac tive de pos its in Donje Crniljevo
[12]: Jovanovi}a Brdo, Bele Vode and Zbegovi
(opened in 2007) four com mer cial clay types were
sep a rated:
– Red-yel low sandy-grav elly (brick clay).
– Gray-white poorly sandy

(ce ramic and partly re frac tory clay).
– Dark coaly (ce ramic clay).
– Lamellar, greasy, and poorly sandy

(highly aluminous and iron clay).
Brick clays are for in ter nal use, the most im por -

tant be ing gray-sandy ce ramic clay, which was used to
pro duce white fa cade bricks. All three types of ce -
ramic clays from the Tamnava ter tiary ba sin can be
used for the wider non-metal pro cess ing in dus try, and
these de pos its give a full con tri bu tion to fur ther eco -
nomic de vel op ment of this part of South east Eu rope
[12].  By an a lyz ing the ob tained data on the min er al og -
i cal com po si tion of the in ves ti gated ce ramic clays
from the Tamnava ba sin de pos its, we may con clude
that they dif fer from one an other in granulometric
com po si tion (dif fer ent sand, pow der, and clay frac tion 
ra tios) and con tain traces of other min er als (quartz,
smectite clays, iron min er als, or ganic mat ter). Chem i -
cal anal y sis of clay sam ples shows a high con tent of
SiO2, mod er ate con tent of Al2O3, and low con tent of
Fe, Ti, Ca, Mg, K and Na-ox ide (tab. 1) [12].

The tail ings pond of the “Zbegovi” open-pit
mine in Donje Crniljevo is near the open-pit mine, oc -
cu py ing an area of sev eral hect ares and con stantly in -
creas ing dur ing ex ploi ta tion.

Sam pling and mea sure ment meth od ol ogy

Be tween Au gust 2018 and the end of March
2019, within the lim its of the stud ied space, 78 soil
sam ples were col lected and pre pared [14, 15]. First
sam ples of clay and clay-sand ma te rial were taken
from the clay ma te rial de posit it self. The C25 sam ple
of clayey ma te rial was col lected from a depth of 20 m
rel a tive to the sur round ing soil (fig. 2), and C26 sam -
ple of clayey-sandy ma te rial was taken from a depth of
25-30 m. Sub se quently, tail ing (C27) was sam pled
which lies north and con tin ues to the open-pit mine
form ing a flat sur face (fig. 2) and is flush with the sur -

round ing land.  Sub se quently, 15 sam ples were taken
nearby the open-pit mines, and then sam ples were col -
lected from a wider area.  The most char ac ter is tic sam -
pling lo ca tions were (fig. 1): play ground (C47),
school yard (C46), church yard (C48), the two high est
peaks of Vlaši} Moun tain (C57 and C59), area near the 
M141 road (C19), the im me di ate vi cin ity of the brick
fac tory (C28), the im me di ate vi cin ity of the Galovi}
ka olin dry ing plant (C50), stream sed i ment be low the
de posit it self (C29) and sed i ment from the banks of the 
Tamnava River (C33). Of the 78 soil sam ples, 46 were
sam ples from the lo ca tion of non-ar a ble land or the
land as sumed not to be con tam i nated with chem i cal
prep a ra tions (ar ti fi cial fer til izer, pes ti cides, her bi -
cides, etc.), and the other 32 were from ar a ble land.  All 
sam ples were taken from a depth of 0-20 cm. Soil
weight per sam ple was 2.5-3.5 kg.

The soil sam ples were dried at a tem per a ture of
105 °C to con stant weight and then all me chan i cal im -
pu ri ties were re moved, mainly stone ag gre gate and
parts of plant ma te rial, af ter which the sam ples were
ground and ho mog e nized [15]. For gamma ray spec -
tro met ric anal y sis, soil sam ples were sifted af ter ho -
mog e ni za tion through a 0.71 mm open ing sieve and
packed in Marinelli con tain ers of 1000 ml in vol umes
which were, af ter mea sur ing the sam ple's mass, her -
met i cally sealed us ing a semi-trans par ent flex i ble film
com posed of a pro pri etary blend of waxes and
polyolefins (parafilm). The typ i cal weight of the sam -
ples ranged from 1020 g to 1560 g, and the mean den -
sity of the mea sured soil sam ples is 1.26 ± 0.01 gcm–3.
Be fore gamma spec tro met ric mea sure ments Marinelli
con tain ers were left for forty days to es tab lish a ra dio -
ac tive bal ance be tween 226Ra and its de scen dants.

Gamma spec tro met ric anal y sis of the sam ples
was per formed us ing stan dard meth ods ac cord ing to
ISO 18598 stan dard [16-18].

The pre pared soil sam ples were mea sured on a
semi con duc tor HPGe spec trom e ter, man u fac tured by
“AMETEK-ORTEC”, 1.78 keV res o lu tion (FWHM),
and 56.2 % rel a tive ef fi ciency for 60Co at 1332 keV.

The de tec tor was housed in a spe cial low-back -
ground lead pro tec tion with 12 cm thick walls and 5 mm 
thick cop per in ner layer.  All sam ples were mea sured
for 60000 sec onds to ob tain the ap pro pri ate sta tis tics of
count ing speed in the spec trum.

De tec tor ef fi ciency cal i bra tion was per formed
us ing the ra dio ac tive stan dard in 1000 ml Marinelli
con tainer, MBSS type, In spec tor ate for ion iz ing ra di a -
tion Czech metrological in sti tute (Cert. No:
9031-OL-159/08) whose ma trix is sil i cone resin with
radionuclides: 241Am, 109Cd, 57Co, 139Ce, 133Ba, 113Sn, 
85Sr, 137Cs, 88Y, 54Mn, and 60Co. Spec trum an a lyzes
were done based on the pres ent gamma lines.
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Ta ble 1. Chem i cal com po si tion of ce ramic clay sam ple [12]

Com po nent An neal ing loss SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O

Con tent [%] 10.7 61.9 21.6 1.17 1.01 1.05 0.46 0.07 2.05



Gamma lines 234Th at 63 keV and 92.3 keV were
used to de ter mine the spe cific ac tiv ity of 238U; for
226Ra, 214Bi gamma lines at 609.3 keV and 214Pb at
351.9 keV were used.  For de ter min ing the spe cific ac -
tiv ity of 232Th, 228Ac gamma lines at 911.2 keV and
969.1 keV and 212Pb line at 238.6 keV were used.  The
spe cific ac tiv ity of 40K was de ter mined based on the
line at 1460.8 keV, and the spe cific ac tiv ity of 137Cs
was de ter mined based on the line at 661.66 keV, us ing
the Gamma Vi sion 32 soft ware pack age [19]. Ob -
tained val ues of counts be low the peaks of the ob -
served lines were ad justed to the back ground mea -
sured at 250000 sec onds.

To as sess the ra di a tion risk to the pop u la tion liv -
ing in Donje Crniljevo in the vi cin ity of the open-pit
mines the strength of ab sorbed dose, an nual ef fec tive
dose, can cer risk fac tor, and ra di a tion risk in dex were
cal cu lated.  The ra di a tion risk to biota was also as -
sessed.

Ab sorbed gamma dose rate

The ex ter nal ab sorbed dose rate ( &D (nGyh–1))
out door at 1 m above the ground level was cal cu lated
us ing the eq.

& . . .D A A A= + +0462 0604 0042U Th K (1)

where the in dexes: 0.462, 0.604, and 0.0417 are the
dose con ver sion fac tors for 238U, 232Th, and 40K re -
spec tively in soil (nGyh–1 per Bqkg–1) [20], and AU,
ATh, and AK are the ac tiv ity con cen tra tions (Bqkg–1) of
238U, 232Th, and 40K.

An nual out door ef fec tive dose

To es ti mate the health ef fects of the ab sorbed
dose, the an nual ef fec tive dose rate (H(mSv)) should
be de ter mined tak ing into ac count the con ver sion co -
ef fi cients from the ab sorbed dose in the air to the ef fec -
tive dose (0.7 SvGy–1) and the out door oc cu pancy fac -
tor (the frac tion of time spent out doors) of 0.2 both
pro posed by The United Na tions Sci en tific Com mit tee 
on the Ef fects of Atomic Ra di a tion (UNSCEAR). The
an nual ef fec tive dose rate in units of mSv was es ti -
mated us ing the fol low ing for mula [20]

H D N= × × ×& . .h 02 07 (2)

where &D is the ab sorbed gamma dose rate in the air
(nGyh–1) and Nh = 8760 is the num ber of hours in one
year.

Ex cess life time can cer risk out doors

Ex cess life time can cer risk out doors, Frk, was
cal cu lated as fol lows

F H DL Prk = × × (3)

where H is the an nual out door ef fec tive dose (mSv),
DL the life ex pec tancy (70 years), and P the nom i nal
prob a bil ity co ef fi cient for det ri ment-ad justed can cer
risk of 0.055 Sv–1 for the whole pop u la tion [21].

Ex ter nal ra di a tion haz ard in dex

The ex ter nal ra di a tion haz ard in dex, Hex, is used
to es ti mate the ex ter nal ra di a tion haz ard due to the
emit ted gamma ra di a tion. It was cal cu lated [20] ac -
cord ing to the fol low ing equation

H A A Aex U Th K= + +/ / /370 259 4810 (4)

where AU,  ATh,  AK  are  the  ac tiv ity  con cen tra tions
(Bqkg–1) of 238U, 232Th, and 40K, re spec tively, from
soil sam ples. 

The value of this in dex must be less than unity to
keep the ra di a tion haz ard in sig nif i cant, i. e. to keep the
ra dium equiv a lent ac tiv ity and an nual dose un der the
per mis si ble lim its of 370 Bqkg–1 and 1 mSv, re spec -
tively.

As sess ment of ra di a tion risk to biota
us ing the RESRAD-BIOTA com puter code

The con cen tra tion of radionuclides in the en vi ron -
ment in creases with per form ing in dus trial ac tiv i ties (air,
wa ter, as well as their ac cu mu la tion in soil and sed i ment). 
The com mer cially avail able RESRAD-BIOTA code
[22] pro vides a com plete range of pos si bil i ties for es ti -
mat ing the im pact of ion iz ing ra di a tion on biota, from
meth ods for gen eral re view to a com pre hen sive as sess -
ment of the re cep tor-spe cific ab sorbed dose.

The code cal cu lates the ab sorbed ra di a tion dose
due to ex ter nal and in ter nal ex po sure. Liv ing space of the 
or gan ism and the time it spends in the con tam i nated en -
vi ron ment is con sid ered when cal cu lat ing the dose due to 
ex ter nal ex po sure. When cal cu lat ing a dose due to in ter -
nal ex po sure in take of the radionuclide by in ha la tion of
dust par ti cles and in ges tion of con tam i nated soil, sed i -
ment and var i ous sources of food are con sid ered. The
code con tains three lev els of as sess ment.  Level 1 – is the
screen ing level at which de fault val ues for the
bioaccumulation fac tor (Biv) are used to de ter mine Biota 
Con cen tra tion Guide BCG screen ing. The BCG is the ra -
tio of the limit dose (which for land plants and an i mals is
10 and 1 mGyd–1, re spec tively) and dose con ver sion fac -
tor due to ex ter nal and in ter nal ex po sure [23, 24]. The
bioaccumulation fac tor is used to de ter mine, from the ac -
tiv ity con cen tra tions of a given en vi ron ment, the ac tiv ity
con cen tra tion for biota (whole or gan ism). In level 1, if
the max i mum value of the tested en vi ron ment is less than 
the BCG screen ing value and the sum of all co ef fi cients
is less than 1, it is con sid ered that there is no neg a tive ef -
fect of ra di a tion on the biota of the tested area. In lev els 2
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and 3, in ad di tion to re sults for BCG, it is pos si ble to es ti -
mate ra di a tion dose strengths for or gan isms an a lyzed, at
these lev els, it is pos si ble to per form sen si tiv ity anal y sis
for the used pa ram e ters, but an allometric ap proach can
be in cluded as well. The equa tions used in allometric cal -
cu la tions cal cu late bi o log i cal half-lives, the amount of
taken food, the amount of taken soil, in ha la tion, and
max i mum life span. Level 3 al lows the user to cre ate a
new or gan ism and per form a proba bil is tic as sess ment.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions of radionuclides
in soil sam ples

For all 78 soil sam ples, based on mea sure ments
of the spec trum ob tained, ac tiv ity con cen tra tions of
radionuclides 238U, 232Th, 40K, and 137Cs were cal cu -
lated con sid er ing the count in the peak of a given en -
ergy (N), sam ple mea sure ment time, tm, sam ple mass,
m, spec trom e ter ef fi ciency at a spe cific peak en ergy, e
and yield of spe cific en ergy, p

A
N

p t m
S

m

=
( )e

(4)

For all sam ples, the count in the peak of given
en ergy was ad justed to the back ground.  238U, 232Th,
and 40K radionuclide ac tiv ity con cen tra tion re sults ob -
tained for all 78 soil sam ples are pre sented graph i cally
in fig. 3.

Us ing the Sta tis ti cal Pack age for the So cial Sci -
ences soft ware pack age (SPSS) [25], we cal cu lated:
mean, stan dard de vi a tion, min i mum and max i mum
val ues pre sented in tab. 2  for 238U, 226Ra, 232Th, 40K,

and 137Cs ac tiv ity con cen tra tions in soil and clayey
ma te rial sam ples.

The mea sured ac tiv ity con cen tra tions do not de vi -
ate from the av er age val ues for soil in Ser bia [26]. Com -
par ing  the  ob tained val ues of con cen tra tions with the
av er age world val ues given by UNSCEAR (400 Bqkg–1

for 40K, 35 Bqkg–1 for 226Ra, and 30 Bqkg–1 for 232Th
[27]) it can be seen that these val ues are higher at 232Th
and 226Ra. The high est ac tiv ity con cen tra tions of 232Th
(120 ± 4 Bqkg–1) and 40K (739 ± 13 Bqkg–1) are mea -
sured  at  lo ca tion  66 (Vlaši}-Vinogradi}), a site about
1.5 km south west away from the open-pit mine.  Com -
par ing the ob tained re sults with those of other stud ies, it
may be con cluded that the ka olin and sed i ment de pos its
of the stud ied area, as well as the sur round ing land, are
slightly richer in tho rium [27].  The high est con cen tra tion 
of 226Ra was 98 ± 1 Bqkg–1 at lo ca tion num ber 70, which
be longs to ar a ble land and at the time of sam pling (March 
17, 2019) was treated with ar ti fi cial fer til izer.

As for the high est con cen tra tion of 137Cs, it was
at lo ca tion num ber 78 and amounted to 27 ± 1 Bqkg–1,
in for est cov ered land, at higher al ti tude and in the
dom i nant wind di rec tion, which co in cides with the re -
sults ob tained in other stud ies [5]. In the graphs (fig.
3.) show ing the con cen tra tions of radionuclides at
sam pling lo ca tions, the two lo ca tions with the low est
con cen tra tions of 232Th and 226Ra (lo ca tion 28 and 55)
can be clearly seen. The first lo ca tion is near the brick
fac tory and the other at the per im e ter of the Galovi}
open-pit mine. At both sam pling sites there was sandy
ma te rial taken from the mine (now in the ca pac ity of a
ter rain lev el ing em bank ment), with low veg e ta tion
and shrubs al ready be gin ning to emerge at lo ca tion 28.
The low est value of 40K (129 ± 4 Bqkg–1) was mea -
sured in the sam ple of ar a ble land taken from lo ca tion
no. 3, which is in the im me di ate vi cin ity of the
“Zbegovi” open-pit mine. Three times lower con cen -
tra tion of 40K mea sured in the sur round ing land of the
“Zbegovi” mine which is reached by dust from the
mine that de pos its in it, shows that there is no in crease
in the nat u ral ra dio ac tiv ity of the sur round ing soil
caused by the im pact of dust raised dur ing the sur face
ex ploi ta tion of clay.

Ar ti fi cial radionuclide 137Cs had the low est spe -
cific ac tiv ity value in the sam ple No. 55 (the per im e ter
of the clayey ma te rial open-pit mine Galovi}), which
was 0.6 ± 0.1 Bqkg–1. To fur ther an a lyze the re sults ob -
tained for sam ples of clay ma te rial taken on the
“Zbegovi” open-pit mine and tail ings (fig. 2.), ac tiv ity
con cen tra tions of 238U, 232Th, 40K, 226Ra, and 137Cs
radionuclides of these sam ples are given in a sep a rate
ta ble (tab. 3).

Lim its of radionuclide con tent in build ing ma te ri -
als where clay is used for in te rior, amount to: for radium
(226Ra): 3×102 Bqkg–1, for tho rium (232Th): 2×102 Bqkg–1,
for po tas sium (40K): 3×103 Bqkg–1, re spec tively [10]. No
mea sured radionuclide ac tiv ity con cen tra tion ex ceeded
the max i mum per mis si ble value and mean ac tiv ity con -
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Fig ure 3. Ac tiv ity con cen tra tions of radionuclides in the
stud ied area soil

Ta ble 2. De scrip tive radionuclide ac tiv ity
 con cen tra tions sta tis tic in soil of the stud ied area for the
con fi dence level k = 1

Radionuclide/
pa ram e ter

Ac tiv ity con cen tra tion [Bqkg–1]
238U 232Th 40K 226Ra 137Cs

Mid dle value 23 ± 8 89 ± 3 372 ± 7 56 ± 2 11 ± 1

Min i mum <7 18 129 <2 <0.01

Max i mum 70 120 739 98 27



cen tra tions do not de vi ate from the av er age val ues for
clayey ma te rial (tab. 3).

Riekstina et al. [8] have shown that ac tiv ity con -
cen tra tions of 238U, 232Th, and 40K in clays of Lith u a -
nia amounted to: 35, 52, and 1078 Bqkg–1 re spec -
tively, while Todorovi} et al. [9] showed that dif fer ent
clays on the Ser bian mar ket had ac tiv ity con cen tra -
tions of 89 and 1303 Bqkg–1 for 232Th and 40K, re spec -
tively. Com par ing the data for the clayey ma te rial of
pre vi ous stud ies (tab. 4) with the data ob tained in this
pa per (tab. 3), it can be con cluded that the val ues are of 
the same or der of mag ni tude. By ac tiv ity con cen tra -
tions of 238U, 232Th, and 226Ra, this clayey ma te rial is
clos est to the clays of Ser bia (Clay for in door use
“Riznica prirode”). Some what lower 40K con cen tra -
tion val ues in this pa per, com pared to clays from the
Ser bian mar ket, can be in ter preted by dif fer ent way of
pre par ing a clayey ma te rial sam ple, or by mea sur ing a
sam ple that has not un der gone in dus trial pro cess ing.
Mea sured con cen tra tions of radionuclides in the sam -
ple of clayey ma te rial from the mine cor re spond to the
val ues mea sured in the ce ramic tile as build ing ma te -
rial [28]. Ar ti fi cial radionuclide 137Cs was be low the
de tec tion limit in all three clayey ma te rial sam ples
(tab. 3) and it can be con cluded that the openpit mines
of clayey ma te rial, along with the tail ings dump, are
un con tam i nated soil sur faces in terms of ar ti fi cial
radionuclides. No data were found in the avail able lit -
er a ture about con cen tra tions of radionuclide ac tiv ity
in the sur round ings of clay de pos its.

In  or der  to  val i date  the  re sults  ob tained for
spe cific ac tiv i ties, ac tiv ity con cen tra tion con ver sion
was per formed: 238U, 232Th, and 40K to mass con cen -
tra tions  of  ura nium, tho rium and po tas sium in soil

[27,  28]. The fol low ing val ues were ob tained: from
0.6 mgkg–1  to 5.7  mgkg–1 for ura nium (mean value
1.9 mgkg–1);  from 4.4  mgkg–1  to 29.5 mgkg–1 for tho -
rium (mean value 22 mgkg–1) and from 0.4 % to 2.4 %
for po tas sium (mean value 1.2 %). The ob tained val -
ues are in agree ment with pre vi ous in ves ti ga tions
[29-35].

As sess ment of ra di a tion risk
to pop u la tion

Risk in di ces and ab sorbed dose rate of  g-ra di a -
tion due to ex ter nal ex po sure on the stud ied area were
as sessed us ing the mean of ac tiv ity con cen tra tions of
238U, 232Th, and 40K soil sam ples. De scrip tive sta tis -
tics of the ab sorbed dose rate D, an nual out door ef fec -
tive dose H, ex cess life time can cer risk out doors Frk,
and ex ter nal ra di a tion haz ard in dex Hex, on the pop u -
la tion of the stud ied area from 78 lo ca tions are shown
in tab. 5.

Equa tion (1) was used to cal cu late the e ab -
sorbed dose rate of g-ra di a tion in air at a height of one
me ter above ground, which orig i nates from 238U,
232Th, and 40K. Cal cu lated val ues of the ab sorbed  dose  
rate range from 38.3 to 109 nGyh–1, while the mean at
78 lo ca tions of the stud ied area is 80.1 nGyh–1. Ac -
cord ing to data from the lit er a ture, the value of the ab -
sorbed dose rate at a height of one me ter above ground
in nor mal con di tions is 60 nGyh–1, while for dif fer ent
ter ri to ries these val ues vary from 10 to 200 nGyh–1

[27]. The mean value of the ab sorbed dose rate for the
ter ri tory of Bel grade is 60.5 nGyh–1 [20]. Higher val -
ues of ab sorbed dose rate ob tained in this re search can
be in ter preted by the di ver sity of the par ent rocks from
which the soil of the stud ied area orig i nated rel a tive to
the soils in the above stud ies, that is, that slightly
higher val ues of tho rium were mea sured [3, 36]. Ob -
tained ab sorbed dose rate val ues for all 78 lo ca tions of
the stud ied area are pre sented in fig. 4.

Based on eqs. (2) and (3) and the mea sured ac tiv -
ity con cen tra tions of 238U, 232Th, and 40K, an nual out -
door ef fec tive dose and ex cess life time can cer risk out -
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Ta ble 3. Ac tiv ity con cen tra tions of radionuclides in clayey
ma te rial of “Zbegovi” Donje Crniljevo, Ser bia

Sam ple
Ac tiv ity con cen tra tion[Bqkg–1]

238U 232Th 40K 226Ra 137Cs

C25 <11 103 ± 3 668 ± 12 59 ± 2 <0.01

C26 <9 70 ± 2 190 ± 5 59 ± 2 <0.01

C27 <10 100 ± 3 493 ± 9 66 ± 2 <0.01

Mid dle value <10 91 ± 3 450 ± 9 61 ± 2 <0.01

Ta ble 4. Mean con cen tra tions of radionuclide ac tiv ity [Bqkg–1] in clays in var i ous parts of the world and in Ser bia

S.N. Coun try
Ac tiv ity con cen tra tion [Bqkg–1]

238U 232Th 40K 226Ra Lit er a ture

1 Tur key 39.3 49.6 567 / [6]

2 Ni ge ria 38.2 65.1 93.9 / [3]

3 In dia 9.19 45.6 295 / [3]

4 Lith u a nia (De vo nian clay) 34.8 51.6 1078 / [8]

5 Lith u a nia (Qua ter nary clay) 10 14.2 553 / [8]

6 Iraq 101 87.5 305 / [3]

7 Ser bia, Clay for external use (“Riznica prirode”) / 72 ± 1 1055 ± 5 59 ± 2 [9]

8 Ser bia, Clay for internal use (“Riznica prirode”) / 89 ± 2 1303 ± 2 72 ± 1 [9]

9 Ser bia, Nat u ral green clay for external use (YOGA glina) / 71 ± 6 962 ± 9 65 ± 4 [9]

Mid dle value 25.8 61.2 690 65.3



doors due to ex po sure to radionuclides from soil were
cal cu lated. De scrip tive sta tis tics of these pa ram e ters
ob tained based on the re sults of mea sur ing the ac tiv ity
con cen tra tions  of  sam ples  from  78  lo ca tions is
shown  in  tab.  5. Ob tained val ues of an nual out door
ef fec tive dose in the stud ied area vary in the range
46.9-134 mSv. World wide an nual out door ef fec tive
dose, es ti mated on the ba sis of radionuclides from soil, 
is 70 mSv [37].

In the stud ied area, in the vi cin ity of Donje
Crniljevo, the mean value of the es ti mated an nual out -
door ef fec tive dose is 98.2  Sv, which is higher than the
world av er age due to the char ac ter is tic of the soil with
slightly higher tho rium con cen tra tion.  [3, 36].  The
cal cu lated mean value of the ex cess life time can cer
risk out doors is 3.8×10–4 and is con sis tent with the
world av er age of 2.9×10–4 [38].  The re sult ing value
can be in ter preted in a way that the pos si bil ity of get -
ting can cer, as a con se quence of the neg a tive im pact of
radionuclides from the soil, in the pop u la tion in the vi -
cin ity and in the set tle ment of Donje Crniljevo it self, is 
slightly in creased com pared to the value for the ter ri -
tory of Bel grade, Ser bia, which is 2.8×l0–4 [20] and is
lower rel a tive to the Kirklareli area, Tur key, where it
amounts to 5.0×10–4 [38]. Based on ac tiv ity con cen tra -
tions of 238U, 232Th, and 40K us ing eq. (4), the ra di a tion 
risk in dex for the pop u la tion due to nat u ral ex po sure to 
radionuclides from soil was cal cu lated.  The mean of
the ex ter nal ra di a tion haz ard in dex ob tained in this re -
search is 0.48 and is not con sid ered sig nif i cant due to
ex ter nal ex po sure since it is less than one.  The range
of these in dex val ues of 0.22-0.65 in di cates that in the
stud ied area there is no sig nif i cant ra di a tion risk to the
pop u la tion due to ex po sure to nat u ral sources of ra di a -
tion from the soil.  Ex ter nal ra di a tion haz ard in dex due
to ex po sure to radionuclides from soil cal cu lated

based on radionuclide con cen tra tions in soil in a study
con ducted at ka olin mines in Ifonyintedo, Ni ge ria,
amounts to 0.48 [3] which is con sis tent with the re sults 
ob tained in this study.

As sess ment of ra di a tion risk to biota

The le gal frame work pre scribed by the US De -
part ment of En ergy (DOE), rely on a tech ni cal stan -
dard-set ting the lim its for biota, the ap pli ca tion of
which lim its the neg a tive im pact of ion iz ing ra di a tion
on the pop u la tion of plants, an i mals, fun gus and bac te -
ria [23, 39]. The ab sorbed dose rate for aquatic an i mals 
and ter res trial plants should not ex ceed 10 mGyd–1,
and for ter res trial an i mals 1 mGyd–1 from ex po sure of
radionuclides in soil.  In this pa per, an a lyzes were per -
formed at Level 2 RESRAD BIOTA, ver sion 1.8 (lo -
ca tion-spe cific screen ing), us ing ref er ence ter res trial
or gan isms found in the soft ware (ter res trial plants and
ter res trial an i mals) [22-24]. 

As sess ment of ra di a tion risk to biota was done
us ing RESRAD BIOTA soft ware 1.8, Level 2, that is,
lo ca tion-spe cific screen ing (the stud ied area) were
more re al is ti cally re lated pa ram e ters rep re sen ta tive of
the lo ca tion are used [22, 23].  Cal cu lated mean ac tiv -
ity con cen tra tions (Bqkg–1) 238U, 234Th, 40K, 226Ra,
and 137Cs of soil (tab. 2) were the in put data for es ti -
mat ing the ab sorbed dose rate for the ref er ence ter res -
trial or gan isms: plants (li chens, bryophytes, grasses,
shrubs, and trees) and an i mals (am phib i ans, rep tiles,
earth worms, fly ing in sects, saprophyte in ver te brates,
birds, large and small mam mals), which are by de fault
found in the RESRAD BIOTA, in the stud ied area,
also tak ing into ac count the time de pend ence and spa -
tial ex tent of the con tam i na tion.

The re sult ing to tal ra tio was 0.13 (<1), which
means that the ab sorbed dose rate is be low the al lowed
for ter res trial plants and an i mals and does not pose a
threat to biota.  Af ter screen ing there was no need to
move to the fol low ing level of anal y sis, that is, con -
cen tra tions of radionuclides were be low the rec om -
mended, i.e. ir ra di a tion of the biota in the stud ied area
is within the dose limit.

Based on the radionuclide ac tiv ity con cen tra tions
in the soil of the in ves ti gated area, us ing the com puter
code RESRAD-BIOTA, the to tal ab sorbed dose rate
due to ex ter nal and in ter nal ex po sure was cal cu lated, as
well as ab sorbed dose rates for in di vid ual radionuclides
for ref er ence plants and an i mals. The ob tained val ues
are given in tab. 6 and graph i cally shown in fig. 5.  The
larg est con tri bu tion to the to tal ab sorbed dose rate is
given by 40K and 226Ra.  For ex ter nal ex po sure of biota
orig i nat ing from radionuclides from the soil, the ob -
tained value of the ab sorbed dose rate was 5.89×10–6

Gyd–1 (tab. 6, fig. 5).  The value of the ab sorbed dose
rate for in ter nal ex po sure for an i mals was 1.25×10–4

Gyd–1, and for plants 1.22×10–4 Gyd–1 (tab. 6, fig 5). The 
to tal ab sorbed dose rate was 1.31×10–4 Gyd–1 for an i -
mals, or 1.28×10–4 Gyd–1 for plants (tab. 6, fig. 5.),
which is within the rec om mended biota ex po sure lim its
(less than 1×10–3 Gyd–1 for ter res trial an i mals, or less
than 1×10–2 Gyd–1 for plants) [22].
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Fig ure 4.  The ab sorbed dose rate at the sam pling
lo ca tions of the stud ied area

Ta ble 5.  De scrip tive sta tis tics of the ab sorbed gamma
dose rate, an nual out door ef fec tive dose, ex cess life time
can cer risk out doors and ex ter nal ra di a tion haz ard
in dex due to ex po sure to soil radionuclides

Pa ram e ter Mid dle
value

Stan dard
de vi a tion Min Max

&D [nGyh–1] 80.1 12.4 38.3 108.9

H [mSv] 98.2 15.3 46.9 133.5

Frk (´10–4) 3.8 0.6 1.8 5.1

Hex 0.48 0.01 0.22 0.65



CON CLU SIONS

The re sults pre sented in this pa per were ob tained 
based on mea sure ment and anal y sis of the con tent of
radionuclides in soil col lected at 78 lo ca tions at a
depth of 0-20 cm, in the pe riod from 2018 to 2019, in
the vi cin ity of Donje Crniljevo, Ser bia, or clayey ma -
te rial de posit “Zbegovi”:
– Mean val ues of ac tiv ity con cen tra tions (Bqkg–1)

of the an a lyzed radionuclides de ter mined by
gamma-spec tro met ric method in the stud ied area
are as fol lows: 23 ± 8 Bqkg–1 for 238U;
89 ± 3 Bqkg–1 for 232Th; 372 ± 7 for 40K;
56 ± 2 Bqkg–1 for 226Ra and 11 ± 0.5 Bqkg–1 for
137Cs.

– Ob tained val ues of ac tiv ity con cen tra tions do not
de vi ate from the av er age val ues for the soil in Ser -
bia and the Re pub lic of North Mac e do nia [10, 26,
40]. Com par ing data from pre vi ous stud ies with
data ob tained in this pa per for clayey ma te rial, it
can be con cluded that the val ues are of the same
or der of mag ni tude [3, 6].

– In sam ples of clayey ma te rial and soil from the
open-pit mine it self, 137Cs con cen tra tions are be -
low de tect able con cen tra tions.

– The ab sorbed gamma dose rate in the air at a
height of one me ter above the ground, which orig -
i nates from 238U, 232Th, and 40K is in the range
38.3-110 nGyh–1, while the ob tained mean at 78

lo ca tions of the stud ied area is 80.1 nGyh–1. That
value  is  slightly  higher  than the mean value of
ab sorbed dose rate for the ter ri tory of Bel grade
(60.5 nGyh–1 [20]) but is within the lim its spec i -
fied by ab sorbed dose rate val ues de ter mined at
dif fer ent lo ca tions (10-200 nGyh–1 [27]). Higher
ab sorbed dose rate val ues ob tained in this study
can be in ter preted in that the soil has slightly more
tho rium [3, 38]. Ob tained an nual out door ef fec -
tive dose val ues in the stud ied area are in the range
46.9-133 Sv. The mean an nual out door ef fec tive
dose is 98.2 Sv and is slightly higher in rel a tive to
the world av er age, which is 70  Sv [27].

– The mean ex cess life time can cer risk out doors ob -

tained is 3.8×10–4. In a pop u la tion in the vi cin ity
and the set tle ment of Donje Crniljevo, the ex cess
life time can cer risk out doors value is higher rel a -
tive to the value for the ter ri tory of Bel grade

(2.8×l0–4 [20]) and the world av er age (2.9×10–4

[39]), but sig nif i cantly lower than that of the

Kirklareli area, Tur key (5.0×10–4 [38]).
– The mean value of the ex ter nal ra di a tion haz ard

in dex ob tained by this re search is 0.48. All ob -
tained val ues are in the range of 0.22-0.65 in di cat -
ing that there is no sig nif i cant ra di a tion risk to the
pop u la tion on the stud ied area.

– Us ing the com puter code RESRAD BIOTA ver -
sion 1.8, level 2, ab sorbed ra di a tion dose rate was
cal cu lated and ra di a tion risk as sessed for the biota
of the stud ied area.  The ref er ence or gan isms (an i -
mals and plants) that are by de fault found in the
pro gram were used in the as sess ment. Ex ter nal ex -
po sure of the biota orig i nat ing from radionuclides

from soil was 1.31×10–4 Gyd–1 for an i mals and

1.28×10–4 Gyd–1 for plants, which is within the lim -
its of the rec om mended ex po sure of biota, less than
1 mGyd–1 for an i mals, that is, less than 10 mGyd–1

for plants [22].
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Ta ble 6.  Ab sorbed dose rate due to ex ter nal and in ter nal ex po sure and the to tal ab sorbed dose rate due to ex po sure to
137Cs, 40K, 226Ra, 234Th, and 238U from the soil for ref er ence an i mal and plants on the stud ied area

Nu clide
&Dext [Gyd–1] &Dint [Gyd–1] &Dtot [Gyd–1]

Plant An i mal Plant An i mal Plant An i mal
137Cs 1.21×10–7 1.21×10–7 1.23×10–6 1.42×10–5 1.35×10–6 1.43×10–5

40K 3.47×10–6 3.47×10–6 6.94×10–5 8.12×10–5 7.29×10–5 8.47×10–5

226Ra 2.09×10–6 2.09×10–6 5.05×10–5 2.78×10–5 5.26×10–5 2.99×10–5

232Th 1.48×10–8 1.48×10–8 1.01×10–6 1.59×10–6 1.03×10–6 1.60×10–6

238U 2.90×10–7 2.90×10–7 1.05×10–7 1.04×10–7 3.95×10–7 3.94×10–7

Sum 5.98×10–6 5.98×10–6 1.22×10–4 1.25×10–4 1.28×10–4 1.31×10–4

Fig ure 5.  Graph i cal rep re sen ta tion of in ter nal, ex ter nal
and to tal ab sorbed dose rate (mGyd–1) for plants and
an i mals from radionuclides from soil



AU THORS' CON TRI BU TIONS

The o ret i cal anal y sis was car ried out by S. B. Ili},
M. M. Djuraševi}, A. B. Kandi}, and T. D. Golubovi}.
Samples were col lected by S. B. Ili} and N. D. Paji}.

All au thors an a lyzed and dis cussed the re sults. The 
manu script was writ ten by S. B. Ili} and trans la tion of the 
pa per made by M. M. Djuraševi} and N. D. Paji}.
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Sreten B. ILI], Tatjana D. GOLUBOVI],
Nata{a D. PAJI], Mirjana M. \URA[EVI], Aleksandar B. KANDI]

ISPITIVAWE  SADR@AJA  RADIONUKLIDA  U  UZORCIMA  ZEMQI[TA
I  RADIOLO[KI  RIZICI  U  OKOLINI  LE@I[TA  GLINOVITOG

MATERIJALA  “ZBEGOVI”  DOWE  CRNIQEVO,  SRBIJA

U radu su prikazani rezultati ispitivawa sadr`aja radionuklida u uzorcima okolnog
zemqi{ta i glinovitog materijala povr{inskog kopa "Zbegovi" Dowe Crniqevo, Srbija.
Prikupqeni su i pripremqeni uzorci sa 78 lokacija i odre|ene su koncentracije aktivnosti
radionuklida:    238U,   232Th,   40K,  226Ra,   137Cs.  Dobijene  sredwe  vrednosti  su:  23  Bqkg–1,  89  Bqkg–1,
372 Bqkg–1, 56 Bqkg–1, i 11 Bqkg–1, redom. Koncentracije 238U, 40K i 226Ra na istra`ivanom prostoru
ne odstupaju od vrednosti koje su dobijene za zemqi{ta u Srbiji. Koncentracija 232Th na
istra`ivanom prostoru ima neznatno vi{e vrednosti u odnosu na prose~ne vrednosti za zemqi{ta, 
a ne{to mawe u odnosu na sli~na le`i{ta glinovitog materijala u svetu. Izvr{ena merewa su
pokazala da je povr{inski kop glinovitog materijala potpuno nekontaminirana povr{ina {to se
ti~e 137Cs, dok postoje lokacije na kojima su izmerene koncentracije 137Cs zna~ajno ve}e, a {to je
posledica topografskih razlika i nehomogene povr{inske kontaminacije zemqi{ta posle
akcidenta u ^ernobiqu.

Da bi se procenili radiolo{ki rizici na posmatranom prostoru odre|eni su: ja~ina
apsobovane doze, godi{wa efektivna doza, apsorbovana doza za biotu, faktor rizika pojave
kancera za stanovni{tvo kao i indeks radijacionog rizika. Sredwa vrednost procewene ja~ine
apsorbovane doze na datom prostoru iznosi 80.1 nGy h–1, a godi{wa efektivna doza varira u opsegu
46.9 do 134 mSv. Ja~ina apsorbovane doze za biotu na istra`ivanom prostoru iznosi 1.31×10–4 Gyd–1.
Sredwa vrednost faktora rizika pojave kancera za stanovni{tvo iznosi 3.8×10–4, a sredwa vrednost 
indeksa radijacionog rizika dobijena ovim istra`ivawem iznosi 0.48, {to je u skladu sa svetskim
prosekom. Niska doza zra~ewa ne}e predstavqati rizik za stanovni{tvo i biotu na istra`ivanom
prostoru.

Kqu~ne re~i: glina, radioaktivnost, gama spektrometrija, 238U, 232Th,40K, 226Ra,137Cs,
.........................radiolo{ki rizik


