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The aim of this work was to es ti mate the health and ra di a tion haz ard due to ex ter nal ir ra di a -
tion from ter res trial radionuclides in the Stara planina Mt. re gion, which is im por tant be -
cause of past ura nium min ing ac tiv i ties on the moun tain. Soil sam ples were col lected in side
the flo ta tion pro cess ing fa cil i ties, their sur round ings and more dis tant lo ca tions, i. e. from ar -
eas con sid ered cer tainly af fected, po ten tially af fected, and un af fected by for mer min ing and
ura nium ore pro cess ing ac tiv i ties. The ra dio log i cal and health risk as sess ments were done by
cal cu lat ing the six main pa ram e ters, based on the ac tiv ity con cen tra tion of 238U, 232Th, and
40K in soil sam ples as de ter mined by gamma-ray spec trom e try. In creased val ues of the risk pa -
ram e ters were ob served only for sites where ura nium ore was pro cessed, while the lo ca tion
sur round ing these com pounds showed val ues that are usual for this moun tain or slightly
above them. Cal cu la tions of the risk pa ram e ters for the back ground area showed no ra di a tion
risk for the lo cal and sea sonal pop u la tion. The pres ence of U and Th was de tected in all wa ter
sam ples from creeks sur round ing the fa cil i ties, but only in the wa ter from the fa cil ity drain age 
pipe did their con cen tra tion ex ceed the lim its given for the ura nium con tent in drink ing wa -
ter. In con clu sion, the re sults ob tained in this study fall within the range of val ues in sim i lar
stud ies con ducted world wide and are be low the val ues which can cause a sig nif i cant ra di a tion
haz ard.
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IN TRO DUC TION

Ir ra di a tion of the hu man body from ex ter nal
sources orig i nates mainly from gamma ra di a tion of
ter res trial radionuclides of the 238U and 232Th se ries
and from 40K, these el e ments are al ways pres ent, but at 
dif fer ent lev els [1]. Ex ten sive stud ies of the dis tri bu -
tion of pri mor dial radionuclides per formed world wide 
[1] in clud ing Ser bia [2] showed wide vari a tions of the
nat u ral con cen tra tion of these radionuclides de pend -
ing mostly on geo log i cal con di tions. How ever, it is
gen er ally con sid ered that ex ter nal ir ra di a tion from
these radionuclides, ex cept in a few cases [3-6], does
not rep re sent a se ri ous risk to hu man health.

The sit u a tion, how ever, can be quite dif fer ent in
ar eas sur round ing ura nium mines, since ma te ri als with 
higher ura nium con tent can be spread by weath er ing.

Even when min ing ac tiv i ties have ceased, in stal la tions 
at ura nium mines can still have a sig nif i cant im pact on
the en vi ron ment. Con se quently, in ves ti ga tions of ter -
res trial nat u ral ra di a tion near aban doned ura nium
mines have re ceived par tic u lar at ten tion world wide
and led to ex ten sive sur veys in many coun tries [7-9].
These re sults are im por tant for es ti mat ing pop u la tion
ex po sure and serve as ref er ence in for ma tion to as sess
any changes in the ra dio ac tiv ity level.

Geo log i cally, the ter ri tory of Ser bia in cludes a
great num ber of dif fer ent rock com plexes, but the larg -
est ura nium min er al ized area in Ser bia is lo cated on
Stara Planina Mt. In ad di tion, ura nium min ing ac tiv i -
ties have been con ducted on this lo ca tion for sev eral
years. From the en vi ron men tal and health haz ard point 
of view, the in creased ura nium con cen tra tion within
the sites of the aban doned mines and pro cess ing fa cil i -
ties is ex pected and not of much con cern in it self. The
more im por tant is sue is whether this lo cal con tam i na -
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tion had spread over wider pop u lated ar eas. The wider
area around for mer ura nium mines on Stara Planina
Mt. is scarcely in hab ited to day, but the de vel op ment of 
a ski re sort on the moun tain is slowly in duc ing the re -
pop u la tion of some of its re gions. We have re cently
per formed an ex ten sive study of the dis tri bu tion of
nat u ral radionuclides in sur face soils on Stara Planina
Mt. in clud ing the vi cin ity of aban doned mines [10].
An in creased con cen tra tion of radionuclides has been
found in the vi cin ity of mines as com pared to the rest
of the moun tain in di cat ing the spread of radionuclides
from min ing and pro cess ing sites. How ever, the
knowl edge of the con cen tra tion of radionuclides in the 
soil does not show per se whether this poses a health
haz ard for the pop u la tion. We there fore used these re -
sults and some new mea sure ments to cal cu late all rel e -
vant pa ram e ters for as sess ment of the po ten tial risks
from en vi ron men tal ir ra di a tion [1, 10-12]. Some pre -
lim i nary re sults have been pub lished in our ear lier
pub li ca tion [13], but in this work we pres ent a com pre -
hen sive work on a large num ber of sites where po ten -
tial health haz ards are ana lysed ac cord ing to spe cific
re gions around ura nium mines (af fected, po ten tially
af fected, back ground). In ad di tion, we in cluded anal y -
sis of radionuclide con tent in wa ter in the vi cin ity of
mines to com plete the as sess ment of po ten tial health
haz ards in the area.

EX PER I MEN TAL

Study area and sam pling 

Stara Planina, the larg est moun tain in Ser bia, is
lo cated in the east of the coun try and forms a part of the 
Carpathian-Bal kan moun tain range, i. e. the west ern
por tion of the wider Stara Planina (Bal kan Mt.) mas sif. 
There were two cen trally sit u ated ura nium mines on
Stara Planina Mt. The mines were op er a tional from
1960 un til 1966. The max i mum pro duc tion of ura nium 
ore was 200 and 60 tonnes per day in the Gabrovnica
and Mezdreja plant, re spec tively. Af ter the min ing ac -
tiv i ties ceased, the lo cal pop u la tion in ten si fied us ing
the land around the mines for graz ing and some ag ri -
cul tural pro duc tion.

Sam ples of un dis turbed soil (up to the depth of
10 cm, three subsamples per lo ca tion) were taken from 
19 lo ca tions (af fected, A1-A19) in the cen tral part of
Stara Planina Mt. where the aban doned ura nium mines 
are sit u ated (in clud ing a few sam ples from within the
pro cess ing fa cil i ties in Gabrovnica) and from 11 lo ca -
tions (po ten tially af fected, P1-P11) in the area be -
tween these mines which we con sid ered as po ten tially
af fected ac cord ing to their po si tion rel a tive to min ing
in stal la tions, the hydrography of the ter rain and its
geo chem i cal char ac ter is tics (fig. 1). For com par i son,
25 sam ples (B1-B25) were taken in parts of Stara
Planina Mt. where min ing ac tiv i ties have never been

con ducted (in clud ing the ski re sort ar eas). The ex act
geo graph ical co-or di nates of all sam pling lo ca tions
were ob tained via the Global Po si tion ing Sys tem
(Garmin eTrex Vista) and the ma jor ity of them can be
found in our pre vi ous pub li ca tion [10]. 

The wa ter sam ples (fig. 1) were taken from the
drain age pipe of the Gabrovnica mine, by the main
gate of the fa cil ity (A1w) and from two creeks that
flow im me di ately by the pro cess ing fa cil i ties in
Gabrovnica (A2w) and Mezdreja (A3w).

Sam ple prep a ra tion was per formed ac cord ing to
rec om mended pro ce dures [14]. In brief, all soil sam -
ples were weighed and air-dried un til con stant weight
was reached. The sam ples were then pul ver ised, ho -
mogen ised, and sieved to pass through a 2 mm mesh.
Wa ter was sam pled in the amount of 6 dm3, and af ter
sam pling the wa ter was acid i fied, pre-con cen trated to
a tenth part of its ini tial vol ume, and trans ferred to
Marinelli beak ers (to tal vol ume 500 cm3). The beak ers 
with soil and wa ter sam ples were kept her met i cally
sealed for one month prior to ra dio ac tiv ity mea sure -
ments, to en sure equi lib rium be tween 226Rn and its
daugh ters be fore gamma spec tro met ric anal y sis.

Ra dio ac tiv ity mea sure ments

The spe cific ac tiv i ties were mea sured us ing an
HPGe gamma-ray spec trom e ter (ORTEC AMETEK,
34% rel a tive ef fi ciency and 1.65 keV FWHM for 60Co
at 1.33 MeV). The qual ity as sur ance check on cal i bra -
tion was per formed us ing stan dard ref er ence ma te rial
through the In ter na tional Atomic En ergy Agency
(IAEA) pro fi ciency for the de ter mi na tion of gamma
emit ting radionuclides [15]. The to tal un cer tainty of
the ac tiv ity mea sure ments was typ i cally in the range of 
3% to 10%. Ad di tional de tails con cern ing mea sure -
ments of spe cific ra dio ac tiv ity can be found in our pre -
vi ous pa pers [10, 16]. 

Cal cu la tion of quan ti ties for
de ter min ing ra di a tion risks

Ab sorbed gamma dose rate, &D [nGyh–1], in the
air at 1 m above ground level was cal cu lated from the
mea sured spe cific ac tiv i ties of the soil sam ples tak ing
into ac count fac tors of 0.462, 0.604, and 0,042 for
con vert ing spe cific ac tiv i ties to the ab sorbed dose as
given be low

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

where AU, ATh, and AK are the spe cific ac tiv i ties
[Bqkg–1] of 238U, 232Th, and 40K, re spec tively [1].
Other radionuclides such as 137Cs, 90Sr, and the 235U se -
ries can be ne glected as they con trib ute very lit tle to
the to tal dose from the en vi ron men tal back ground
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[17-20]. Con ver sion fac tors for the cal cu la tion of  
from the ac tiv i ties per unit area or mass were pub -
lished by sev eral au thors [17-25]. 

Ra dium equiv a lent ac tiv ity, A
Ra
eq [Bqkg–1], is an

in dex that has been in tro duced to rep re sent the spe cific 
ac tiv i ties of 238U, 232Th, and 40K by a sin gle quan tity
which takes into ac count the ra di a tion haz ards as so ci -
ated with them. It was cal cu lated us ing the equa tion
[12]

A A A A
Ra
eq = + +U Th K143 007. . (2)

Ex ter nal haz ard in dex. This is a use ful guide line
for reg u lat ing the safety stan dards of ra di a tion pro tec -
tion for the gen eral pub lic. The an nual ef fec tive dose
for ra dium equiv a lent ac tiv ity of 370 Bq/kg cor re -
sponds to the dose limit of 1 mSv for the gen eral pop u -
la tion [10]. This in dex is cal cu lated as [12] 

H
A A A

ex
U Th K= + +

370 259 481
(3)

An nual go nadal dose. The go nads, the ac tive
bone mar row, and the bone sur face cells are con sid -
ered the or gans of in ter est [26]. There fore, the an nual
go nadal dose, AGD [µSv], for both in doors and out -
doors due the spe cific ac tiv i ties of radionuclides in the
soil was cal cu lated us ing the fol low ing equa tion [27]

AGD A A A= + +309 418 0314. . .U Th K (4)

An nual out door ef fec tive dose, AEDout [µSv],
was cal cu lated from the ab sorbed gamma dose rate us -
ing the fac tor to con vert the ef fec tive dose rate to the
ab sorbed dose rate in air for adults of 0.7 Sv/Gy for en -
vi ron men tal ex po sures to gamma rays and the out door
oc cu pancy fac tor (the frac tion of time spent out doors)
of 0.2, both pro posed by UNSCEAR [1]

AED D Nout = ×07 02. . &
h (5)

where &D [nGyh–1] is the ab sorbed gamma dose rate in
air, and Nh is the num ber of hours in 1 year (8760 h) [1].
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     Fig ure 1. Sim pli fied map of Stara Planina Mt. with sam pling points in the af fected (A) and po ten tially af fected (P) area



Ex cess life time can cer risk out doors (ELCRout)
was cal cu lated as fol lows

ELCR AED PCDLout out= (6)

where PC is the nom i nal prob a bil ity co ef fi cient for
det ri ment-ad justed can cer risk of 5.5×10–2 Sv–1 for the
whole pop u la tion and DL is the life span (70 years) [1]. 

RE SULTS AND DIS CUS SION

De scrip tive sta tis tics for spe cific ac tiv i ties of
238U, 232Th, and 40K in soil sam ples taken from the
back ground, po ten tially af fected and af fected area of
Stara Planina Mt. are pre sented in tab. 1. The mean
spe cific ac tiv i ties of radionuclides of in ter est (238U
and 232Th) in the po ten tially af fected area are slightly
higher than in the back ground area which could be as -
so ci ated with min ing and pro cess ing ac tiv i ties. How -
ever, spe cific ac tiv i ties for both nuclides are in creased, 
which also could be ex plained on the ba sis of a va ri ety
of lithological com po nents. Also, the range of ac tiv i -
ties, i. e. the dif fer ence be tween max i mum and min i -
mum ac tiv ity is roughly the same for both ar eas and
such vari a tions are within the vari a tions found world -
wide. The sit u a tion in the af fected area is com pletely
dif fer ent. The spe cific ac tiv i ties of 238U and 232Th are
around 2.4 and 1.8 higher than the world wide av er age
val ues [1] and sig nif i cantly higher than in the back -
ground area. Also, val ues of spe cific ac tiv i ties for 238U 
dif fer by a fac tor of 8 in the af fected area which is a
clear in di ca tion for the ex is tence of hot-spots as a con -
se quence of min ing ac tiv i ties, since the af fected ar eas
are rel a tively small (see fig. 1) and no sig nif i cant vari -
a tions in lithological com po nents can be ex pected.

The mean   value for soils in the back ground area
is near the world wide av er age value (58 nGy/h) [1].
Mean val ues for both po ten tially af fected and af fected
ar eas are higher. The re ported val ues of &D for Ser bian
re gions with out min ing and mill ing ac tiv i ties fell in
the in ter val from 16.9 nGy/h to 125 nGy/h [28, 29]. All 
of the cal cu lated &D in the study ar eas are in that range,
ex cept val ues for sam ple points A3 (164 ± 7 nGy/h),
A9 (214 ± 9 nGy/h), and A13 (206 ± 16 nGy/h). The
soil for sam ple A13 was taken in side the fence of the

pro cess ing fa cil ity in Gabrovnica, while sam ple points 
for A3 and A9 are lo cated just nearby the lo cal roads
used for ore trans por ta tion.

The rel a tive con tri bu tion to the to tal gamma
dose rate due to radionuclides from 238U se ries for all
ar eas stud ied is pre sented in fig. 2. It is clearly ev i dent
that radionuclides from the ura nium se ries con trib ute
most to the to tal ab sorbed gamma dose rate in the af -
fected area which is ob vi ously a di rect con se quence of
min ing ac tiv i ties, ore pro cess ing and trans por ta tion.

The ob tained range and mean val ues of the to tal
ab sorbed gamma dose rate due to 238U, 232Th, and 40K
are com pared with val ues re ported for min ing ar eas
world wide (tab. 2). The val ues ob tained in this study
are sim i lar to those re ported for ura nium min ing and
mill ing sites in Aus tra lia, Hun gary, and Spain [30-32].
Higher ab sorbed gamma dose rates have been re ported 
for ura nium min ing ar eas in Kyrgyzstan and Namibia
[8, 33].

The mean val ues of A
Ra
eq  in af fected (200 Bq/kg), po -

ten tially af fected  (175 Bq/kg) and back ground (110 Bq/kg)
ar eas (tab. 3) are well be low the value 370 Bq/kg,  which 
cor re sponds  to  the dose  limit  of  1 mSv ac cept able for the
gen eral pub lic. How ever, in two lo ca tions (A9 and A13) the 
val ues of A

Ra
eq  ex ceed that limit.

Pre vi ous pa ram e ters rep re sent dosimetric quan ti -
ties based on ac tiv ity con cen tra tions of radionuclides of
in ter est. These pa ram e ters can not pro vide use ful in for -
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Ta ble 1. De scrip tive sta tis tics of the to tal ab sorbed gamma dose rate and spe cific ac tiv ity of 238U, 232Th, and 40K in soil from
back ground (B), po ten tially af fected (P), and af fected (A) ar eas

Pa ram e ter To tal ab sorbed gamma
dose rate [nGyh–1]

Spe cific ac tiv ity of
238U [Bqkg–1]

Spe cific ac tiv ity of
232Th [Bqkg–1]

Spe cific ac tiv ity of
40K [Bqkg–1]

Area B P A B P A B P A B P A

Range 46 74 194 36 96 206 32 70 103 522 337 913

Mean 55 83 95 26 63 85 31 51 53 567 564 560

Me dian 52 78 89 24 63 54 30 44 51 550 595 555

Mode 34 46 21 13 22 31 19 44 65 355 394 525

St. de vi a tion 11 23 51 9 34 66 8 21 24 152 122 189

Min i mum 34 46 21 13 22 31 19 30 6 334 394 64

Max i mum 80 120 215 49 118 237 51 99 109 855 731 977

Fig ure 2. Con tri bu tion of radionuclides of 238U se ries to
the to tal ab sorbed dose in the air in the back ground (B),
po ten tially af fected (P), and af fected (A) area



ma tion about risk for peo ple who live (or could live) on
the lo ca tion where the soil sam ples were col lected. That 
kind of in for ma tion can be ob tained through cal cu la -
tions of Hex and AGD. The value of Hex 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 per mis si ble lim its (370 Bq/kg and 1 mSv, re spec -
tively). Al though the mean value of Hex for the af fected
area (0.55) does not ex ceed unity, val ues at two lo ca -
tions (A9 and A13) do ex ceed unity (tab. 3). This in di -
cates a po ten tial ra di a tion risk for the pop u la tion. The
mean AGD value for sam pling points in the po ten tially
af fected area is slightly lower than for sam pling points
in the af fected area, but in the back ground area this
value is 1.7 times lower (tab. 3). The re sults ob tained for 
stud ied lo ca tions in af fected and po ten tially af fected ar -
eas are higher than doses re ported for ex am ple in Bel -
grade (Ser bia) with a mean of 428 µSv (min. 177 µSv,
max. 630 µSv) [34]. On the other hand, all of the AGD
cal cu la tions for the back ground area are within the Bel -
grade range of AGD val ues. Also, the re sults for all
three in ves ti gated ar eas are com pa ra ble with AGD val -
ues re ported for Montenegro rang ing from 0.199 mSv
to 1.270 mSv [35]. The high est val ues were re corded
for  points  A3,  A9,  and  A13,  and  they  are  equal  to
1.13 mSv, 1.48 mSv, and 1.42 mSv, re spec tively, which
can be con sid ered as po ten tially haz ard ous.

The pa ram e ters Hex and AGD do not take into ac -
count the amount of time that peo ple ac tu ally spend in
the af fected ar eas over one year. The as sess ment of po -
ten tial ra di a tion risk should in clude the frac tion of
time dur ing which peo ple are ex posed to an in creased
level of ra di a tion. This ex tra risk can be ex pressed by
the AEDout which takes into ac count the out door oc cu -
pancy fac tor. Based on the as sump tion that peo ple do
not stay out doors in the in ves ti gated lo ca tion more
than 20% of the whole day time (ap prox i mately 5 h per
day), the out door oc cu pancy fac tor was set at 0.2. In -
ves ti gated ar eas are al most un in hab ited af ter min ing
ac tiv i ties have ceased, so the setup of this co ef fi cient at 
this level seems to be ap pro pri ate. As shown in tab. 3
the AEDout val ues for all lo ca tions among the in ves ti -
gated area are far be low the max i mum per mis si ble

value of 1 mSv rec om mended by the ICPR for mem -
bers of the gen eral pub lic [10], even at lo ca tions with
the high est ac tiv ity (A3, A9, and A13). 

The mean val ues of ELCRout for the af fected
(4.47×10–4) and po ten tially af fected (3.94×10–4) area
were found to be higher than the world ELCRout value
(2.90×10–4), while the mean ELCRout for the back -
ground area (2.57×10–4) suits the world av er age [1],
and also the mean val ues for Bel grade (Ser bia)
(2.78×10–4) [34], and Montenegro (2.70×10–4) [35]. All 
cal cu lated ELCRout val ues are in the range of re sults
which were re ported for the Kirklareli val ley and
Bursa in Tur key, re gions with out ura nium min ing ac -
tiv i ties, with the ex cep tion of ELCRout for sam pling
points A9 and A13 that are slightly above the max i -
mum cal cu lated value for the Bursa re gion (8.38×10–4)
[36, 37]. Ob tained ELCRout val ues for all sam pling ar -
eas cov ered by our study are well be low the mean
value for the Mazandaran prov ince in Iran (26×10–4)
which is an area with a high pop u la tion den sity [38].

Based on re sults ob tained in this study, the only
lo ca tions where the mea sured and cal cu lated pa ram e -
ters sig nif i cantly ex ceed the val ues ex pected for this
part of Ser bia are lo ca tions marked A3, A9, and A13.
The site A13 is of no con cern since it is lo cated within
the fence of the pro cess ing fa cil ity in Gabrovnica.
Sites A3 and A9 could be come po ten tially haz ard ous
if houses were to be built there. Also, our study did not
sys tem at i cally cover the area around mines and there
is a pos si bil ity that more “hot-spots” ex ist.

Re sults of ra dio ac tiv ity mea sure ments and ra -
dio met ric de ter mi na tion of U, Th, and K in wa ter sam -
ples are given in tab. 4. The con cen tra tion of U and Th
in wa ter com ing from the drain age pipe in Gabrovnica
(A1w) by far ex ceeds val ues found in the creeks. How -
ever, the con cen tra tion of U and Th in wa ter in the
Gabrovnica creek down stream is rather low. Also, soil
sam ples from the creek bed did not show in creased
con cen tra tions of U and Th, so there is nei ther U and
Th pre cip i ta tion, nor ab sorp tion of these el e ments by
river sed i ments. Ac cord ing to do mes tic reg u la tions,
the max i mum al low able con cen tra tion of U in bot tled
nat u ral drink ing wa ter is 50 mg/dm3 [39]. The pro vi -
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Ta ble 2. Gamma dose rates from dif fer ent min ing re gions world wide

Coun try Mine re gion Gama dose rate [nGyh–1]

Kyrgyzstan [8] Mailuu Suu 148

Aus tra lia [30] Naberlek 125-300

Spain [31]

Albala 46-126

La Haba Don Benito 13-114

Alburquerque 25-117

Juzbado – Vitigudino 32-180

Andujar – Cardena 12-117

Cabril – Penarroya 20-126

Hun gary [32]
Kovagoszolos 95-252

Cserkut 78-123

Namibia [33] Arandis 99 to 1305



sional guide line value for ura nium in drink ing-wa ter is 
30 mg/dm3 based on its chem i cal tox ic ity for kid neys
as set by the World Health Or gani sa tion (WHO) [40].
The same con cen tra tion of ura nium is set as the max i -
mum con tam i nant level for ura nium in drink ing wa ter
by the En vi ron men tal Pro tec tion Agency, USA [41].
WHO guid ance lev els for radionuclides in drink ing
wa ter are 10 Bq/dm3 for 238U and 10 Bq/dm3 for 232Th.

Com par ing spe cific ac tiv i ties for these radionuclides
from tab. 4, it can be seen that all val ues meet WHO
guid ance lev els, but such re sults do not them selves im -
ply that the wa ter is suit able for con sump tion. It seems
that the ana lysed wa ters do not rep re sent a health haz -
ard, ex cept of course the wa ter from the drain age pipe
which is cer tainly not used for any pur pose. More over, 
the wa ter from these creeks is not gen er ally used as
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Ta ble 3. Ra dium equiv a lent ac tiv ity, ex ter nal haz ard in dex, an nual go nadal dose, an nual out door ef fec tive dose, and
ex cess life time can cer risk out doors at dif fer ent lo ca tions in stud ied ar eas; data for back ground area are pre sented only as
the mean value with out spec i fy ing sam pling spots since none of val ues ex ceeded nor mal value for ac tiv ity

Lo ca tion Ra dium equiv a lent
ac tiv ity [Bqkg–1]

Ex ter nal haz ard
in dex

An nual go nadal
dose [µSv]

An nual out door
ef fec tive dose [µSv]

Ex cess life time can cer 
risk out doors [×10–4]

  Back ground area

Mean 110 0.31 387 67 2.6

Min 70 ± 7 0.19 ± 0.02 242 ± 24 42 ± 4 1.6 ± 0.2

Max 163 ± 50 0.46 ± 0.14 571 ± 176 99 ± 30 3.8 ± 1.2

  Potentially affected aea

P1 95 ± 4 0.26 ± 0.01 325 ± 14 56 ± 2 2.2 ± 0.1

P2 218 ± 12 0.60 ± 0.03 713 ± 37 125 ± 7 4.8 ± 0.3

P3 162 ± 12 0.45 ± 0.04 546 ± 50 95 ± 8 3.7 ± 0.3

P4 156 ± 8 0.43 ± 0.02 530 ± 25 92 ± 4 3.5 ± 0.2

P5 140 ± 7 0.39 ± 0.02 482 ± 25 83 ± 4 3.2 ± 0.2

P6 256 ± 8 0.71 ± 0.02 840 ± 26 147 ± 5 5.7 ± 0.2

P7 195 ± 15 0.54 ± 0.04 638 ± 46 113 ± 8 4.4 ± 0.3

P8 164 ± 7 0.45 ± 0.02 537 ± 23 95 ± 4 3.7 ± 0.2

P9 115 ± 5 0.32 ± 0.01 390 ± 16 68 ± 3 2.6 ± 0.1

P10 196 ± 12 0.54 ± 0.03 660 ± 39 116 ± 7 4.5 ± 0.3

P11 228 ± 10 0.63 ± 0.03 759 ± 31 134 ± 6 5.2 ± 0.2

Mean 175 0.48 584 102 3.9

Min 95 ± 4 0.26 ± 0.01 325 ± 14 56 ± 2 2.2 ± 0.1

Max 256 ± 8 0.71 ± 0.02 840 ± 26 147 ± 5 5.7 ± 0.2

  Af fected area

A1 160 ± 13 0.44 ± 0.04 533 ± 49 93 ± 8 3.6 ± 0.3

A2 149 ± 11 0.41 ± 0.03 501 ± 41 87 ±7 3.4 ± 0.3

A3 350 ± 15 0.96 ± 0.04 1132 ± 48 201 ± 9 7.7 ± 0.3

A4 219 ± 12 0.60 ± 0.03 722 ± 38 127 ± 7 4.9 ± 0.3

A5 207 ± 9 0.57 ± 0.03 693 ± 30 122 ± 5 4.7 ± 0.2

A6 194 ± 15 0.53 ± 0.04 639 ± 48 112 ± 9 4.3 ± 0.3

A7 198 ± 13 0.54 ± 0.04 649 ± 43 114 ± 8 4.4 ± 0.3

A8 160 ± 8 0.44 ± 0.02 538 ± 27 94 ± 5 3.6 ± 0.2

A9 458 ± 20 1.26 ± 0.06 1484 ± 67 263 ± 12 10.1 ± 0.4

A10 239 ± 11 0.65 ± 0.03 775 ± 36 138 ± 6 5.3 ± 0.2

A11 188 ± 8 0.52 ± 0.02 622 ± 26 109 ± 5 4.2 ± 0.2

A12 105 ± 4 0.29 ± 0.01 368 ± 13 64 ± 2 2.5 ± 0.1

A13 439 ± 34 1.20 ± 0.09 1421 ± 106 253 ± 19 9.7 ± 0.7

A14 172 ± 6 0.47 ± 0.02 566 ± 20 99 ± 4 3.8 ± 0.1

A15 97 ± 3 0.27 ± 0.01 333 ± 12 58 ± 2 2.2 ± 0.1

A16 190 ± 6 0.52 ± 0.02 619 ± 20 110 ± 4 4.2 ± 0.1

A17 45 ± 2 0.12 ± 0.01 142 ± 6 26 ± 1 1.0 ± 0.1

A18 105 ± 4 0.29 ± 0.01 360 ± 13 63 ± 2 2.4 ± 0.1

A19 119 ± 4 0.33 ± 0.01 416 ± 14 72 ± 3 2.8 ± 0.1

Mean 200 0.55 659 116 4.5

Min 45 ± 2 0.12 ± 0.01 142 ± 6 26 ± 1 1.0 ± 0.1

Max 458 ± 20 1.26 ± 0.06 1484 ± 67 263 ± 12 10.1 ± 0.4



drink ing wa ter, but val ues from tab. 4 are use ful as a
start ing point for a broader anal y sis, since these creeks
are trib u tar ies of the river Trgoviški Timok whose wa -
ters are used both for drink ing and wa ter ing of plants.

CON CLU SION

The re sults of ra dio log i cal char ac ter iza tion of the
aban doned ura nium min ing area showed that po ten tial
ra di a tion risk ex ists only for the pop u la tion of ar eas lo -
cated in the im me di ate vi cin ity of mines and pro cess ing
fa cil i ties. A re gion as signed as po ten tially af fected is an
area where sev eral pop u lated places in clud ing Kalna, a
for mer ad min is tra tive cen tre and head quar ters of the
ura nium mines, are set tled. Ra di a tion haz ard in di ces for 
this area fall be tween or slightly above the lim its re -
ported for Ser bia and also world wide. Though the ra di -
a tion haz ard as so ci ated with ex ter nal ir ra di a tion from
nat u ral gamma emit ters in a po ten tially af fected area is
of no im me di ate con cern, the remediation mea sures are
needed, es pe cially hav ing in mind the tre men dous dis -
re pair of the pro cess ing fa cil i ties.
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PROCENA  RADIJACIONOG  IZLAGAWA  U  OKOLINI
NAPU[TENIH  RUDNIKA  URANIJUMA  NA  STAROJ  PLANINI

Ciq rada je bio procena zdravstvenog i radijacionog rizika za qude usled spoqweg
ozra~ivawa gama zra~ewem terestrijalnih radionuklida u regionu Stare planine, {to je va`no
zbog ranijih aktivnosti rudnika uranijuma na planini. Uzorci zemqi{ta su prikupqeni unutar
samih flotacionih postrojewa, wihove okoline i lokacija na ve}em rastojawu od wih, tj. sa
prostora za koje je smatrano da su sigurni, potencijalno ili uop{te nisu ugro`eni eksploatacijom
rude uranijuma i wenom preradom. Radijacioni i zdravstveni rizik su proceweni izra~unavawem
{est glavnih parametara na osnovu specifi~nih aktivnosti 238U, 232Th i 40K u uzorcima zemqi{ta
koje su odre|ene gama-spektrometrijskom metodom. Povi{ena vrednost parametara rizika je
uo~ena jedino na lokacijama na kojima je vr{ena prerada uranijumske rude, dok su vrednosti ovih
parametara za lokacije iz okoline postrojewa sli~ne ili neznatno vi{e od uobi~ajenih za Staru
planinu. Prora~uni za prostor smatran neugro`enim pokazuju da je radijacioni rizik za lokalno
stanovni{tvo i turiste neznatan. Prisustvo uranijuma i torijuma je ustanovqeno u svim uzorcima
vode uzetim iz vodotokova koji proti~u u neposrednoj okolini flotacionih postrojewa, ali je
samo u vodi koja je uzorkovana iz drena`ne cevi flotacionog postrojewa u Gabrovnici sadr`aj
uranijuma ve}i od dozvoqenih koncentracija ovog elementa u pija}oj vodi. Zakqu~ak je da su
rezultati dobijeni ovim istra`ivawem u opsegu vrednosti dobijenih u sli~nim studijama
sprovedenim {irom sveta, i da se nalaze ispod vrednosti koje mogu dovesti do zna~ajnog
radijacionog rizika.

Kqu~ne re~i: procena radijacionog izlagawa, uranijum, torijum, zemqi{te, voda


