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Soil sam ples from Mojkovac, Montenegro, were an a lyzed by stan dard gamma-spec trom e try
for ra dio ac tiv ity due to 226Ra, 232Th, 40K, and 137Cs. Av er age ac tiv ity con cen tra tions have
been found to be 28.6, 43.1, 620.8, and 55 Bq/kg, re spec tively. In or der to eval u ate the ra di a -
tion haz ard, ra dium equiv a lent ac tiv ity, ab sorbed dose rate, an nual ef fec tive dose, ex ter nal
and in ter nal haz ard in dexes, and the an nual go nadal dose equiv a lent were de ter mined and
found to be at an av er age of  133.79  Bq/kg,  65.18  nGy/h, 79.93 mSv/y, 0.37, 0.45, and 0.46
mSv/y, re spec tively. With life ex pec tancy taken to be 70 years, a mean life time out door gamma 
ra di a tion was cal cu lated as 5.6 mSv, yield ing a life time can cer risk of 2.8×10–4.
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IN TRO DUC TION

Nat u ral back ground ra di a tion makes up ap prox i -
mately 80% of the to tal ra di a tion dose a per son re ceives
in a year [1], with soil radionuclide ac tiv ity con cen tra tion 
as one of the main con tri bu tors. This ra di a tion was
formed by the pro cess of nucleosynthesis, but only
radionuclides with half-lives com pa ra ble to the Earth’s
age, such as 40K and radionuclides from the ura nium and
tho rium se ries, can still be found in dif fer ent geo log i cal
ma te ri als. A ma jor ity of them can be con sid ered as
g-emit ting radionuclides. Namely, 40K de cays by elec tron 
cap ture and b+-de cay to sta ble 40Ar (10.7%) (with an
emis sion of 1460.83 keV g-ray), and by b–-de cay to sta -
ble 40Ca (89.3%) [2]; 238U se ries con tains 18 daugh ter
radionuclides (in clud ing 226Ra, with a half-life of 1600
years), and ends with sta ble lead – 206Pb [2]
(radioecological im por tance of 226Ra is mostly re lated to
its de cay prod uct ra don (222Rn) which con trib utes about
50% to the av er age an nual ef fec tive dose that the hu man
pop u la tion re ceives from all nat u ral ra di a tion sources
[3]); 232Th se ries con tains 10 daugh ter radionuclides and
ends with sta ble 208Pb [2]. Their gamma ra di a tion (fol -
low ing de cays of 40K and daugh ters in the ura nium and
tho rium se ries) rep re sents the main ex ter nal source of ir -
ra di a tion and can be con sid ered as the larg est con trib u tor

to the ex ter nal dose ab sorbed by the world pop u la tion.
To tal ex ter nal ex po sure rates from ter res trial gamma ra -
di a tion world wide showed the ab sorbed dose rates me -
dian of 57 (18-93) nGy/h and a pop u la tion-weighted  av -
er age of 59 nGy/h. The me dian value of the ab sorbed
dose rates in air from radionuclides of the 238U se ries has
been found to  be  16  nGy/h, with a  pop u la tion-weighted
value of 15 nGy/h, as is the case with radionuclides of the
232Th se ries – 18 nGy/h, with a pop u la tion-weighted
value – 27 nGy/h [4].

Po tas sium-40 ac tiv ity con cen tra tions in soil
world wide showed me di ans in the range from 140 to
850 Bq/kg, with a mean of 400 Bq/kg, whilst 226Ra ac -
tiv ity me di ans ranged from 17 to 60 Bq/kg, with a
mean  of  35  Bq/kg,  and  those  of  232Th – from 11 to
64 Bq/kg, with a mean of 30 Bq/kg [4].

On the other hand, soil ra dio ac tiv ity is also af -
fected by ar ti fi cial radionuclides, in par tic u lar by 137Cs 
(a fis sion prod uct with a half-life of 30.1 years) formed 
through nu clear tests and ac ci dents. This is why soil
sam ples from Mojkovac, Montenegro, have for the
first time been an a lyzed for ra dio ac tiv ity due to 226Ra,
232Th, 40K, and 137Cs.

In or der to eval u ate the health haz ards of nat u ral
ra dio ac tiv ity, ra dium equiv a lent ac tiv ity, gamma-ab -
sorbed dose rate, an nual ef fec tive dose, haz ard in dex
(ex ter nal and in ter nal), an nual go nadal dose equiv a -
lent and the ex cess life time can cer risk were also es ti -
mated and pre sented here.
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MA TE RI ALS AND METH ODS

Sam pling and sam ple prep a ra tion

A map of the study area (Mojkovac) with 13 soil
sam pling lo ca tions (tab. 1) is shown in fig. 1.

The  town of  Mojkovac,  with a pop u la tion of
10000 (cen sus of pop u la tion, house holds, and dwell -
ings in the Re pub lic of Montenegro in 2003), lies on
the west bank of the Tara River, be tween moun tains
Bjelasica and Sinjajevina. It is lo cated around 850 m
above sea-level, and the ge ol ogy of the re gion is char -
ac ter ized by marl, sand stone, and schist, Tri as sic lime -
stones with chert, keratophyre, quartz keratophyre and 
tuffs, and Qua ter nary al lu vium.

In ad dress ing en vi ron men tal prob lems in
Montenegro, Mojkovac was marked as an eco log i cal
hot spot, mostly due to the waste stor age site
(“Jalovište” in fig. 1, sep a rated from the town only by
a road) of flo ta tion sludge from re-pro cess ing of
Pb-Zn of the Brskovo mine (closed in 1991). There -
fore, eco log i cal haz ards (in clud ing im pact upon the
eco sys tem of the Na tional park Durmitor) were con -
sid ered in many stud ies (par tic u larly in those deal ing
with heavy met als) but, un til now, there has not been a
study eval u at ing en vi ron men tal risk due to ra dio ac tiv -
ity in soil.

A stan dard pro ce dure for soil sam pling [5] has
been ap plied in the pres ent study. The sur face (0-5 cm)
of un cul ti vated  soil  has been taken (from a frame of
25 cm ́  25 cm), for eign bod ies were re moved and the

re main ing soil placed in clean bags. The sam ples were
dried at room tem per a ture, passed through 2 mm
sieves, weighed, placed in Marinelli beak ers and kept
for around 40 days be fore the anal y sis at air tight con -
di tions, so as to al low sec u lar equi lib rium be tween ra -
dium and its daugh ters.

De ter mi na tion of radionuclide ac tiv ity
con cen tra tions and ra dium
equiv a lent ac tiv ity

Gamma-spec trom e try is a stan dard pro ce dure for
40K and 137Cs mea sure ments, but is widely used for var -
i ous ra dium and tho rium mea sure ments, as well. So, the 
soil sam ples from Mojkovac were mea sured us ing the
co ax ial HPGe de tec tor (ORTEC – GEM-40190, rel a -
tive ef fi ciency – 40%, FWHM – 1.80 keV at 1.33 MeV,
FWHM – 840 eV at 122 keV; back ground – 1.23 cps;
soft ware – Gamma Vi sion 32 A66-B32 V 4.12 and
Gamma Vi sion 32 A66-B32 V 5.2), cal i brated us ing
stan dard mix tures of gamma emit ting iso topes in
Marinelli beak ers (Czech Metrological In sti tute). The
soil sam ples were mea sured over dif fer ent live mea sur -
ing times (from 23 156 s /[kolski centar/ to 64 747 s
/Mala {kola/), and ac tiv ity con cen tra tions of 226Ra,
232Th, 40K, and 137Cs were de ter mined by us ing in ten -
sive photopeaks – 226Ra (295.22 keV, 351.93 keV,
609.31 keV, 1120.2 keV, 1764.4 keV), 232Th (338.32
keV, 911.20 keV), 40K (1460.83 keV), and 137Cs
(661.62 keV), in a stan dard pro ce dure (based on the to -
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Fig ure 1. Soil sam pling locations



tal net counts un der the se lected photopeaks, live mea -
sur ing time, photopeak ef fi ciency, gamma ray in ten sity,
and weight of the sam ple).

The ra dium equiv a lent ac tiv ity (Raeq) in Bq/kg
rep re sents the uni for mity with re spect to ex po sure to
ra di a tion, as the dis tri bu tion of 226Ra, 232Th, and 40K in
soil is not uni form. It was cal cu lated by the re la tion [6]

Raeq = Ac(
226Ra) + 1.43Ac(

232Th) +
+ 0.07Ac(

40K) (1)

where Ac
(226Ra), Ac(

232Th), and Ac(
40K) [Bqkg–1] are

the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K, re -
spec tively, in soil sam ples. At the base of cal cu lat ing
Raeq i. e., eq. (1) is the as sump tion that 370 Bq/kg of
226Ra or 259 Bq/kg of 232Th or 4810 Bq/kg of 40K pro -
duce the same g-dose rate.

Ab sorbed and ef fec tive dose rate

The gamma ab sorbed dose rate in air at 1 m
above the ground level, D [nGyh–1] was cal cu lated us -
ing the equa tion

 
D = Ac(

226Ra)0.462 + Ac(
232Th)0.604 +

+.Ac(
40K)0.0417 (2)

where Ac(
226Ra), Ac(

232Th), and Ac(
40K) are ac tiv ity

con cen tra tions of 226Ra, 232Th, and 40K, re spec tively,
and 0.462, 0.604, and 0.0417 (nGy/h)/(Bq/kg), re -
spec tively, are cor re spond ing dose co ef fi cients [4]. In
eq. (2), it is as sumed that all de cay prod ucts of 226Ra
and 232Th are in ra dio ac tive equi lib rium with their pre -
cur sors.

The an nual ef fec tive dose rate, E was es ti mated
by equa tion

E = D [nGyh–1] ×8760 h ×0.2×0.7 Sv/Gy–1 (3)

where the dose con ver sion fac tor (0.7 Sv/Gy), out door 
oc cu pancy fac tor (0.2) and time (8760 hours per year)
are taken into ac count, as pro posed by the UNSCEAR
[4]. 

Haz ard in dex, an nual go nadal
dose equiv a lent and ex cess can cer risk

The ex ter nal haz ard in dex (Hex) was cal cu lated
by [6]

Hex = Ac(
226Ra)/370 + Ac(

232Th)/259 +
 + Ac(

40K)/4810 (4)

The max i mum value of this in dex equal to unity
cor re sponds to the up per limit of ra dium equiv a lent ac -
tiv ity (370 Bq/kg).

As it is known, ra don and its short-lived prod ucts 
are also haz ard ous for re spi ra tory or gans. The in ter nal
haz ard in dex Hin (quan ti fy ing the in ter nal ex po sure to

ra don and its de cay prod ucts) is given by the equa tion
[7, 8]

Hin = Ac(
226Ra)/185 + Ac(

232Th)/259 +
 + Ac(

40K)/4810 (5)

It is im por tant to point out that the val ues of in di -
ces Hex and Hin must be less than unity for the ra di a tion
haz ard to be neg li gi ble. For a safe use of a ma te rial in
the con struc tion of dwell ings, the in dex Hin should be
less than unity and its max i mum value needs to be less
than unity [7].

The go nads, ac tive bone mar row and bone sur -
face cells are con sid ered as the or gans of in ter est by the 
UNSCEAR [3]. Thus, the an nual go nadal dose equiv -
a lent (G) in µSv/y due to 226Ra, 232Th, and 40K ac tiv ity
con cen tra tion was cal cu lated us ing [9]

G = Ac(
226Ra)3.09 + Ac(

232Th)4.18 +
 + Ac(

40K)0.314 (6)

More over, ex cess life time can cer risk (CR) was
cal cu lated by [10]

CR = E×T×RF (7)

where, E is the an nual ef fec tive dose rate, T – the life -
time (70 years), and RF – the risk fac tor [Sv–1], fa tal
can cer risk per Sievert. For sto chas tic ef fects, the
ICRP 60 rec om mended a value of 0.05 for the pub lic
[11]. On the other hand, tak ing the fa tal can cer risk for
a pop u la tion of all ages, the ICRP 103 uses a value of
0.04 [12], and its det ri ment-ad justed nom i nal risk co -
ef fi cients for sto chas tic ef fects af ter ex po sure to ra di a -
tion at low dose rate (de rived from in ci dence data), dif -
fer from those given in the ICRP 60 (de rived from
mor tal ity data).

RE SULTS AND DIS CUS SION

Radionuclide con cen tra tion and
ra dium equiv a lent ac tiv ity

The re sults of soil mea sure ments, i. e., 226Ra,
232Th, 40K, and 137Cs ac tiv ity con cen tra tions in the 13
sam ples from Mojkovac, as well as ra dium equivalent
ac tiv i ties cal cu lated by eq. (1), are given in tab. 1. A
cu mu la tive ac tiv ity con cen tra tion at each lo ca tion is
shown in fig. 2. 

Min i mum de tect able ac tiv i ties ranged from 0.47
Bq/kg (Rudnica 1) to 2.25 Bq/kg ([kolski centar) – for
226Ra; from 1 Bq/kg (Rudnica 1) to 3.65 Bq/kg
(Mikronaselje) – for 232Th; from 2.6 Bq/kg (Rudnica
1) to 10.9 Bq/kg (ul. Du{ana Tomovi}a) –  for 40K; and, 
from 0.29 Bq/kg (Braunovi}i) to 1 Bq/kg (Rudnica) –
for 137Cs. From the data in tab. 1, it fol lows that 226Ra
ac tiv ity con cen tra tions in sam pled soil ranged from
20.5 to 38.3 Bq/kg, with a mean, stan dard de vi a tion
and a me dian of 28.6, 4.3, and 28.6 Bq/kg, re spec -
tively. This av er age value is in ac cor dance with a mean 
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226Ra ac tiv ity con cen tra tion mea sured in Greek and
Span ish soil, for ex am ple (25 and 32 Bq/kg, re spec -
tively [4]). At the same time, it is slightly lower than
the av er age ra dium ac tiv ity mea sured in Bot swana
(34.8 Bq/kg [13]) and north ern Jor da nian soil (42.5
Bq/kg [14]). A me dian of (around, 28.6 Bq/kg) is
found to be lower than the global av er age (35 Bq/kg
[4]).

Av er age 232Th ac tiv ity con cen tra tions in the re -
gion of South ern Eu rope (Al ba nia, Croatia, Greece,
Por tu gal, Slovenia, and Spain) are found to be 24
[4-160], 45 [12-65], 21 [1-190], 51 [22-100], 35 [2-90],
33 [2-210] Bq/kg, re spec tively [4] (the range of in di vid -
ual mea sure ments is given in brack ets). In the case of

soil from Mojkovac (from 31.2 to 56.3 Bq/kg), a mean
value of tho rium ac tiv ity (43.1 Bq/kg, with a stan dard
de vi a tion of 6.9 Bq/kg) is found to be in ac cor dance
with the one in Croatia, but some what higher than in
Slovenia and Spain, as well as those of above men -
tioned soil sam ples in Bot swana (41.8 Bq/kg) and Jor -
dan (26.7 Bq/kg). The me dian (42.9 Bq/kg) is also
higher than the world wide av er age me dian (30 Bq/kg
[4]).

The min i mum, max i mum, mean, stan dard de vi -
a tion and me dian of 40K ac tiv ity con cen tra tion in soil
from Mojkovac have been cal cu lated to 515.6, 753.4,
620.8, 72.7, and 614.6 Bq/kg, re spec tively. At all lo ca -
tions, 40K ac tiv ity was found to be higher (for 7 up to
36%) than the high est pre vi ously mea sured value in
Montenegro (1994, us ing in situ gamma-spec trom e try 
– 481 Bq/kg [15]). In com par i son with other South ern
Eu ro pean coun tries (Al ba nia, Croatia, Cy prus,
Greece, Por tu gal, Slovenia and Spain, with an av er age
40K ac tiv ity of 360, 490, 140, 360, 840, 370, and 470
Bq/kg, re spec tively [4]), an av er age of 40K ac tiv ity in
soil sam ples from Mojkovac was found to be for the
most part higher (ex cept for Por tu gal). More over, a
me dian of 614.6 Bq/kg is higher than the global av er -
age (400 Bq/kg). 

The high est 137Cs ac tiv ity con cen tra tion de ter -
mined in sam ple 9, Rudnica (276 Bq/kg), is sig nif i -
cantly higher than, for ex am ple, that one found in the
neigh bour ing Ser bia (Lazarevac) (38.1 Bq/kg [16]),
but lower than the max i mum one mea sured in
Montenegro in 1994 (740 Bq/kg [15]). As fol lows
from data in tab. 1, the low est 137Cs level was found at
lo ca tion 5, Park (1.26 Bq/kg), while its av er age ac tiv -
ity con cen tra tion was cal cu lated to be about 55 Bq/kg,
with a stan dard de vi a tion and me dian of 73.5 and 33.6
Bq/kg, re spec tively.

At the same time, the high est con tri bu tion of
137Cs to cu mu la tive ac tiv ity was found at lo ca tion 9
(Rudnica) – 27% and, sub se quently, at lo ca tion 3 (ul.
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Fig ure 2. A cu mu la tive ac tiv ity at the lo ca tions – in
Bq/kg (a), in % (b)

Ta ble 1. Radionuclide ac tiv ity con cen tra tions and ra dium equiv a lent activities

Location
Activity concentration [Bq/kg]

226Ra 232Th 40K 137Cs Raeq

1 Braunovi}i 26.42 ± 0.29 47.68 ± 1.73 614.64 ± 20.21 4.94 ± 0.22 137.63

2 ul. Du{ana Tomovi}a 30.05 ±1.50 42.95 ± 2.70 567.60 ± 21.94 28.64 ± 1.22 131.2

3 ul. Svetozara Drobnjaka 38.26 ± 1.36 39.30 ± 2.52 517.63 ± 19.81 80.36 ± 2.82 130.73

4 Mala {kola 25.56 ± 1.08 38.46 ± 1.82 515.61 ± 17.84 66.03 ± 2.21 117.65

5 Park 26.97 ± 1.26 47.17 ± 2.51 678.86 ± 24.06 1.26 ± 0.35 141.94

6 Pumpa 26.13 ± 1.04 39.70 ± 1.80 753.41 ± 25.60 33.60 ± 1.18 135.64

7 Ili}i 33.56 ± 1.39 56.33 ± 2.52 598.05 ± 21.02 8.32 ± 0.47 155.97

8 Rudnica 1 20.49 ± 0.74 31.24 ± 1.22 575.21 ± 18.90 6.50 ± 0.26 105.43

9 Rudnica 29.92 ± 1.38 33.98 ± 2.03 674.11 ± 24.01 276 ± 9 125.69

10 Hotel Sinjajevina 28.59 ± 1.48 41.77 ± 2.73 565.96 ± 21.58 79.17 ± 2.80 127.94

11 Mikronaselje 30.86 ± 1.56 44.63 ± 2.79 632.21 ± 23.88 41.34 ± 1.62 138.93

12 Ju{kovi}a potok 24.78 ± 1.09 45.16 ± 2.11 692.89 ± 23.85 4.78 ± 0.36 137.86

13 [kolski centar 29.88 ± 1.65 52.34 ± 2.97 684.78 ± 25.95 84.20 ± 3.01 152.66



Svetozara Drobnjaka) – 12% (fig. 2). A neg li gi ble con -
tri bu tion was found to ex ist at lo ca tion 5 (Park), as well
as at lo ca tions 12, 1, 8, and 7 (1%, in all four cases).

Lo ca tion 8 ex hib ited the high est 40K con tri bu -
tion to the to tal ac tiv ity (91%), lo ca tion 9 – the low est
be ing (67%). Ra dium-226 con trib uted to the to tal ac -
tiv ity sim i larly at all lo ca tions – be tween 3% (lo ca -
tions 6, 8, 9, 12) and 6% (lo ca tion 3), as well as 232Th –
be tween 3% (lo ca tion 9) and 8% (lo ca tion 7).

In gen eral, the high est cu mu la tive ac tiv ity fig.
2(a) was found at lo ca tion 9 – Rudnica, whilst the low -
est one was at lo ca tion 8 – Rudnica 1. The ra dium
equiv a lent ac tiv ity (tab. 1) was very sim i lar for all mea -
sur ing points in Mojkovac (rang ing from 105.43 to
155.97 Bq/kg, with a mean, stan dard de vi a tion and me -
dian of 133.79, 13.4, and 135.64 Bq/kg, re spec tively). 

Ab sorbed and ef fec tive dose rate

Ab sorbed dose (D) and ef fec tive dose (E) rates
due to nat u ral radionuclides only (40K, 226Ra, 232Th),
cal cu lated by eqs. (2) and (3), re spec tively, are given
in tab. 2.

The ab sorbed dose rate eq. (2) was es ti mated to
be in the range from 52.32 to 74.47 nGy/h, with an av -
er age of 65.18 nGy/h (stan dard de vi a tion – 6.17
nGy/h), which is lower than, for ex am ple, en vi ron -
men tal gamma dose found in north ern Rechna Doab,
Pa ki stan (the mean value of 109.1 nGy/h [17]), higher
than the av er age pre vi ously ob tained for the en tire ter -
ri tory of Montenegro – 55 nGy/h [15], and slightly
higher than the av er age (to tal) ab sorbed dose rate in
other 7 South Eu ro pean coun tries (62 nGy/h [4]), or,
for ex am ple, in Bel grade, Ser bia (60.5 nGy/h [18]).
Ad di tion ally,  the  me dian of  ab sorbed  dose  rates
(66.6 nGy/h) is also found to be higher than the global
av er age (57 nGy/h [4]).

A rel a tive con tri bu tion of 40K, 226Ra, and 232Th
to the high est (Ili}i, lo ca tion 7) and the low est
(Rudnica 1, lo ca tion 8) ab sorbed dose rate is shown in
fig. 3(a) and (b), re spec tively. In the case of the high est
ab sorbed dose rate, tho rium con trib uted with 46%,
whilst in the case of the low est one, it is po tas sium
(46%, as well).

The cor re spond ing mean ef fec tive dose was es ti -
mated as 79.93 mSv/y (with a stan dard de vi a tion and
me dian of 7.56 and 81.72 mSv/y, re spec tively) which is
less than the max i mum per mis si ble dose of 1 mSv/y, as
well as less than both the av er age an nual ef fec tive dose
(ex po sure to nat u ral ra di a tion sources) of 2.4 mSv and
the to tal   ex ter nal  ter res trial  ra di a tion  of  0.48  mSv [4]. 
The max i mum de ter mined gamma-dose rate (91.32
mSv/y) was also found to be less than the men tioned ref -
er ence val ues. In re gard to out door ex ter nal ter res trial
ra di a tion, a mean ef fec tive dose rate was found to be
some what higher than the global av er age (0.07 mSv
[4]).

Haz ard in dexes, go nadal dose
equiv a lent and ex cess life time
can cer risk

Haz ard in dexes (Hex and Hin, cal cu lated by eqs.
(4), (5), re spec tively), for all the lo ca tions are pre -
sented in tab. 3. 

As fol lows from tab. 3, the ex ter nal haz ard in dex
(Hex) ranged from 0.29 to 0.43. The mean value is 0.37
(as stan dard de vi a tion and me dian – 0.04 and 0.38, re -
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Ta ble 2. Ab sorbed and ef fec tive dose rates due to nat u ral
radionuclides

Location Absorbed dose
rate, D [nGyh–1]

Effective dose rate,
E [mSvy–1]

1 Braunovi}i 66.63 81.72

2 ul. Du{ana
Tomovi}a

63.49 77.87

3 ul. Svetozara
Drobnjaka 63.02 77.28

4 Mala {kola 57.00 69.91

5 Park 69.26 84.94

6 Pumpa 67.47 82.74

7 Ili}i 74.47 91.32

8 Rudnica 1 52.32 64.17

9 Rudnica 62.46 76.59

10 Hotel Sinjajevina 62.04 76.08

11 Mikronaselje 67.58 82.88

12 Ju{kovi}a potok 67.62 82.93

13 [kolski centar 73.97 90.72

Fig ure 3. A rel a tive con tri bu tion of 40K, 226Ra, and 232Th
to the high est (a), and low est (b) de ter mined ab sorbed
dose rate



spec tively), which is in ac cor dance with neigh bor ing
coun tries, e. g. Ser bia, where a mean value of ex ter nal
haz ard in dex was found to be 0.35 [19], lower than
some ob tained pre vi ously for soil world wide (e. g.,
0.76 – soil in the Islamabad cap i tal ter ri tory of Pa ki -
stan [20] or, 0.42 – a mean value for some ar eas in
Haryana, In dia [21]).

The cal cu lated val ues of the in ter nal haz ard in -
dex (Hin) vary from 0.35 to 0.52, with a mean, stan dard 
de vi a tion and me dian of 0.45, 0.04, and 0.45, re spec -
tively. This av er age value is sig nif i cantly lower than,
for ex am ple, that of 1.02 (from 0.2 to 4.8), found at the
U-mines area in In dia [22] or the one of 0.95, found in
Islamabad [20], both of them be ing close to unity.

As men tioned, the val ues of Hex and Hin for a ma -
te rial must be less than unity to keep ra di a tion haz ard
neg li gi ble and al low its use as a con struc tion ma te rial
in dwell ings.

For all an a lyzed lo ca tions in Mojkovac, Hex and
Hin are sig nif i cantly lower than unity, and both showed 
a nar row range of val ues.

The an nual go nadal dose equiv a lent (G) and ex -
cess life time can cer risk (CR) were cal cu lated by eqs. (6)
and (7), pre sented in figs. 4 and 5, re spec tively (for each
mea sur ing point). The first one (i. e., the an nual go nadal
dose equiv a lent (G) due to 226Ra, 232Th, and 40K ac tiv ity
con cen tra tion in soil) ranged from about 0.37 to about
0.53 mSv/y, as shown in fig. 4. An arith me tic mean, stan -
dard de vi a tion and me dian were found to be 0.46, 0.04,
and 0.47 mSv/y, re spec tively. The val ues of G for soil
sam ples from Mojkovac stud ied in this work proved to
be higher than the world av er age (0.3 mSv/y [23]).

The ex cess life time can cer risk (CR) based on
the ICRP 60 rec om men da tions (fig. 5), showed a
range from 0.22 to 0.32 (×10–3), with an arith me tic
mean, stan dard de vi a tion and me dian of about 0.28,
0.03, and 0.29 (×10–3), re spec tively. This is lower
than, for ex am ple, in Kirklareli, Tur key (0.43-0.61
(×10–3) [10]), and slightly higher than the global av er -
age (0.2 ×10–3, tak ing into ac count out door ex ter nal

ter res trial ra di a tion, i. e., the av er age an nual ef fec tive 
dose of 0.07 mSv [4]). At the same time, the CR cal -
cu lated fol low ing the ICRP 103 rec om men da tions
ranged from 0.18 to 0.26 (×10–3), with a mean, stan -
dard de vi a tion and me dian of about 0.22, 0.02, and
0.23 (×10–3), re spec tively.

CON CLU SIONS

None of the mea sur ing points in the study area
(Mojkovac, Montenegro) showed a ra dium equiv a lent
ac tiv ity higher than 370 Bq/kg. The ex ter nal and in ter -
nal haz ard in dexes were found to be sig nif i cantly lower
than unity (a mean of 0.37 and 0.45, re spec tively),
which means that the ra di a tion haz ard is in sig nif i cant
for the pop u la tion liv ing in the in ves ti gated area. How -
ever, the me dian of ab sorbed dose rates was found to be
higher than 57 nGy/h. The an nual go nadal dose equiv a -
lent and ex cess life time can cer risk were also found to
be slightly higher than the global av er age val ues.
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RADIOAKTIVNOST  U  ZEMQI[TU  IZ  MOJKOVCA – CRNA  GORA  I
PROCENA  RADIOLO[KOG  RIZIKA  I  RIZIKA  OD  KANCERA

Uzorci zemqi{ta iz Mojkovca – Crna Gora, analizirani su standardnom
gama-spektrometrijom i odre|ene su aktivnosti 226Ra, 232Th, 40K i 137Cs. Sredwe koncentracije
aktivnosti bile su 28,6, 43,1, 620,8 i 55 Bq/kg, respektivno. Da bi se procenio rizik od zra~ewa
analizirani su radijum ekvivalentna aktivnost, ja~ina apsorbovane doze, godi{wa efektivna
doza, indeks radijacionog rizika (usled spoqa{weg i unutra{weg izlagawa) i godi{wa gonadalna
doza, sa sredwim vrednostima – 133,79 Bq/kg, 65,18 nGy/h, 79,93 mSv/y, 0,37, 0,45 i 0,46 mSv/y,
respektivno. Za vreme ̀ ivota od 70 godina, sredwa celo`ivotna doza gama zra~ewa iznosi 5,6 mSv, a 
sa ovim povezani rizik od kancera je 2,8×10–4.

Kqu~ne re~i: radioaktivnost zemqi{ta, radiolo{ka opasnost, rizik od kancera


