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The aim of the pa per was to es ti mate the val ues of trans fer fac tors for nat u ral radionuclides
(40K, 226Ra, 232Th, 235U, and 238U) and 137Cs from soil to plants (ce re als: wheat, corn and bar -
ley) as im por tant pa ram e ters for the ag ri cul tures in the se lec tion of the lo ca tion and the sort of 
ce re als to be planted on. The re sults pre sented in this pa per re fer to the „soil-ce re als” sys tem
in the re gion of Pcinja, Ser bia. To tal of 9 sam ples of soil and 7 sam ples of ce re als were mea -
sured in the De part ment of Ra di a tion and En vi ron men tal Pro tec tion, Vinca In sti tute of Nu -
clear Sci ences, us ing three high-pu rity ger ma nium de tec tors for gamma spec trom e try mea -
sure ments. In all the sam ples, trans fer fac tors for 226Ra are sig nif i cantly lower than for 40K,
but they are all in good agree ment with the lit er a ture data. On the three in ves ti gated lo ca -
tions, the cal cu lated val ues of trans fer fac tors for 40K were in the range of 0.144 to 0.392,
while in the case of 226Ra, the trans fer fac tors ranged from 0.008 to 0.074. Only one value
(0.051) was ob tained for trans fer fac tor of 232Th. Spe cific ac tiv i ties of 137Cs, as well as ura -
nium iso topes, in all the in ves ti gated ce real sam ples, were be low min i mal de tect able ac tiv ity
con cen tra tions. Also, the ab sorbed dose rate and the an nual ab sorbed dose from the nat u ral
radionuclides in the soil, were cal cu lated. The ab sorbed dose rate ranged from 49-86 nSv/h,
while the an nual ab sorbed dose ranged from 0.061-0.105 mSv. The mea sure ments pre sented
in this manu script are the first to be con ducted in the re gion of Pcinja, thus pro vid ing the re -
sults that can be used as a base line for fu ture mea sure ments and mon i tor ing. 
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IN TRO DUC TION

Nat u ral ra dio ac tiv ity in the en vi ron ment, orig i -
nat ing from the nat u rally oc cur ring radionuclides of
232Th, 238U, and 235U ra dio ac tive se ries and 40K, largely
con trib utes to the nat u ral ir ra di a tion of man and biota,
which can be ex ter nal and/or in ter nal (in ges tion and in -
ha la tion) [1, 2]. Nat u ral radionuclide con cen tra tions in
soil strongly de pend on the type of the par ent rock in
soil gen e sis. The con cen tra tions of ura nium and tho -
rium are sig nif i cant in ig ne ous rocks (gran ite) and also
in some sed i men tary rocks (shale and phos phate rock). 
Ac cord ing  to  the  re ports,  the ac tiv ity con cen tra tions 
of  238U,  232Th,  and  40K,  in  the  soil  in  Eu rope, ranges
from 2-330 Bq/kg, 2-190 Bq/kg and 40-1650 Bq/kg, re -
spec tively [1].

Be sides the nat u ral radionuclides, due to var i ous
hu man ac tiv i ties, dif fer ent ar ti fi cial radionuclides en -

tered the en vi ron ment. The most sig nif i cant among
them is 137Cs (T1/2 = 30 year), found in the en vi ron -
ment mostly as a re sult of the nu clear tests in the
1960-ties and the Chernobyl nu clear plant ac ci dent in
1986. The 137Cs is bound in the sur face lay ers of soil
and is washed out and re dis trib uted in the eco sys tem,
for a pro longed pe riod of time, due to its long half-life.
The re ported val ues of 137Cs in ag ri cul tural soil in the
north part of Ser bia, on sev eral lo ca tions near the city
of Novi Sad, are in the range of 1.5-12.6 Bq/kg [1, 3].

Soil-plant-an i mal-hu man chain is rec og nized as
one of the ma jor path ways for trans fer of radionuclides to 
hu mans. Radionuclides may be trans ferred to plants
along with the nu tri ents, ac cu mu late in var i ous parts of
the plant and fi nally reach the ed ible por tions. These
plants or their parts, when con sumed by men or an i mals,
lead to con tin u ous ra di a tion ex po sure [4].

Ce re als such as wheat, corn and bar ley are an im -
por tant com po nent of ev ery day hu man diet. Most of
the radionuclides ab sorbed by the ce re als orig i nate
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from soil, so the val ues of trans fer fac tors are im por -
tant in the stud ies of trans port and dis tri bu tion of
radionuclides in the “soil-plant-an i mal-hu man” chain, 
as well in eval u a tion of the ra di a tion risk [5]. Trans fer
fac tors (TF) are cru cial in the radionuclides trans port
mod els in the en vi ron ment as well as in eval u a tion of
the level of the spe cific ac tiv i ties of radionuclides in
ag ri cul tural crops [4]. The main fac tors that de ter mine
the value of TF are the radionuclide it self, type of
plant, phys i cal and chem i cal char ac ter is tics of soil,
con cen tra tions of sta ble chem i cal el e ments in soils, as
well as the lo cal cli mate [6].The val ues of trans fer fac -
tors should pro vide the ba sis for the o ret i cal anal y sis
on the dif fer ent up takes of el e ments both in volved and
not in volved in phys i o log i cal and bio chem i cal pro -
cesses in plants [7]. The in ves ti ga tions of TF con -
ducted up to date in Ser bia, sug gest the val ues of TF
rang ing from 0.105 to 1.100 for 226Ra, from 0.021 to
1.304 for 323Th, from 0.447 to 3.776 for 40K, and from
0.011 to 0.307 for 137Cs [8, 9].

Trans port pro cesses in the “soil-plant” sys tems
for radionuclides 226Ra, 40K, 232Th, 238U, 235U, and
137Cs, in the re gion of Pcinja, have not been in ves ti -
gated pre vi ously. Since the phos phate fer til iz ers are
used in the ag ri cul ture in this re gion and bear ing in
mind that heavy bom bard ment took place in the
nearby re gion, the need arose for this type of mea sure -
ment that can as sess the im pact on the food chain.
Thus, this pa per pres ents the pre lim i nary re sults for
the trans fer fac tors for ce re als mostly used in hu man
diet in the re gion.

SAM PLING AND METH ODS

Sam pling and sam ple prep a ra tion

The sam ples of soils and ce re als were col lected
dur ing 2014, in the area of the city of Vranje, on three
lo ca tions: the vil lages of Bujkovac, Korbevac, and
Suvi Dol. The type of soil was the same in all the lo ca -
tions (so called gajnjaca). This type of soil be longs to
well drained soils, its chem i cal char ac ter is tics de pend -
ing on the level of uti li za tion, de gree of ero sion, chem -
i cal char ac ter is tics of the main sub strate and level of
de vel op ment. The con tent of hu mus in the gajnjaca
soil is in the range of 2 to 5 %. This type of soil is neu -
tral or low acetous, has a high ca pac ity for ad sorp tion
and the dom i nant ions in it are Ca and Mg. Its color is
brown, red dish or red de pend ing of the con tent of alu -
mi num and iron. It is very suit able for farm ing, wine
grow ing, and for es ta tion.

The to tal of 9 sam ples of the cul ti vated and un -
cul ti vated  soil  sam ples,  with a mass of about 1 kg,
and 7 sam ples of ce re als' grains, with a mass of about
0.5 kg, were col lected. Sam pling sites co-or di nates are 
pre sented in tab. 1 and the po si tion of the sam pling
sites is pre sented in fig.1. The soil sam ples were taken

at dif fer ent depths that also dif fer from site to site. The
depths  that  the soil sam ples were taken from  were:
0-5 cm, 0-10 cm, and 0-20 cm in Korbevac and
Bujkovac; 0-5 cm and 5-10 cm and 10-15 cm at the
sam pling site Suvi Dol.

The sam ples of soils were cleaned from me chan -
i cal im pu ri ties, stones, and plant ma te rial, sieved and
dried at 105 °C for 24 hours. Af ter dry ing, the sam ples
were put in Marinelli beak ers, sealed with bee wax and 
stored for 30 days to achieve ra dio ac tive equi lib rium.

Sam ples of ce re als con sisted of ripe grain, col -
lected in har vest sea son 2014, from the re spec tive par cels 
from which the soil sam ples were col lected in No vem ber
2014. There fore, each ce real sam ple cor re sponds to one
soil sam ple. No other part of the plant was used for mea -
sure ment, since the grain is the only part of mea sured ce -
re als that is used in hu man diet. The grain was dried at
room tem per a ture and min er al ized at 450 °C. The ash ob -
tained by min er al iza tion was placed in cy lin dri cal ge om -
e try (vol ume 125 ml), sealed with bee wax and stored for
30 days un til the ra dio ac tive equi lib rium is achieved.

Stan dard gamma spec trom e try

The ra dio ac tiv ity of the sam ples was de ter mined
by gamma spec trom e try at the In sti tute for Nu clear
Sci ences Vin~a in the Lab o ra tory for Ra di a tion and
En vi ron men tal Pro tec tion.

The gamma spec trom e try was per formed on three
high pu rity ger ma nium (HPGe) de tec tors (CAN -
BERRA)  with  rel a tive  ef fi cien cies  of  18  % (n-type),
20 % (p-type), and 50 % (n-type). Res o lu tion of all of the
de tec tors was 1.8 keV at 1332 keV. Ef fi ciency cal i bra tion 
for soil sam ples was per formed us ing a ref er ence ra dio -
ac tive ma te rial – a sil i cone resin ma trix, Czech
Metrological In sti tute, Praha, 9031-OL-420/12, to tal ac -
tiv ity 41.48 kBq on 31. 08. 2012. (241Am, 109Cd, 139Ce,
57Co, 60Co, 203Hg, 88Y, 113Sn, 85Sr, 137Cs). For ce real sam -
ples the de tec tors were cal i brated with a sec ond ary ref er -
ence ra dio ac tive ma te rial in cy lin dri cal ge om e try (vol -
ume 125 cm3) pro duced from the pri mary ref er ence
ra dio ac tive ma te rial – Czech Metrological In sti tute,
Praha,  9031-OL-427/12,  type  ERX,  to tal  ac tiv ity
72.40 kBq on 31. 08. 2012. (241Am, 109Cd, 139Ce,  57Co,
60Co, 203Hg, 88Y, 113Sn, 85Sr 137Cs, 210Pb) [10].

The count ing time was 60000 s. The re sults are
pre sented with the ex panded mea sure ment un cer tainty 
for  the  fac tor  k = 2,  with  the  level  of  con fi dence of
95 % for nor mal dis tri bu tion [11].
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Table 1. Sam pling sites and co -or di nates

Site
Co -or di nates

El e va tion
[m]

Soil
sam pling

date
North

lat i tude
East

lon gi tude

Korbevac 42°23'06" 21°44'24" 441 05. 11. 2014.

Suvi Dol 42°33'07" 21°56'05" 359 11.11.2014.

Bujkovac 42°33'26" 22°00'35" 718 09.11.2014.
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Cal cu la tions

The TF was cal cu lated ac cord ing to eq. (1), de -
fined as the ra tio of spe cific ac tiv ity of radionuclide
in plant dry mat ter [Bqkg–1] and spe cific ac tiv ity in
soil [Bqkg–1]

TF
A

A
=

p

s

(1)

where Ap is the spe cific ac tiv ity of the radionuclide in 
plant dry mat ter [Bqkg–1] and As – the spe cific ac tiv -
ity of the radionuclide in soil [Bqkg–1].

The ab sorbed dose rate of gamma ra di a tion
from the nat u ral radionuclides in soil was cal cu lated
ac cord ing to the [2]

& [ ] . . .–D C C CnGyh Ra Th K
1 0462 0604 00417= × + × + ×

(2)

where CRa is the spe cific ac tiv ity of 226Ra in soil, CTh

– the spe cific ac tiv ity of 232Th  in soil, and CK  – the
spe cific ac tiv ity of 40K in soil.

The an nual ef fec tive dose was cal cu lated ac -
cord ing to [2]

D DE mSv SvGy[ ] . . &= × × × ×-07 02 365 241 (3)

RE SULTS AND DIS CUS SION

The re sults of gamma spec trom e try anal y sis of
the soil sam ples at dif fer ent sam pling sites are pre -
sented in tab. 3. The re sults of the cal cu lated ab sorbed
dose rate and the an nual ef fec tive doses from nat u ral
radionuclides in soils are pre sented in the tab. 4

There are no sig nif i cant dif fer ences among the
spe cific ac tiv i ties of nat u ral radionuclides in soils re -
gard ing the sam pling depth of the soil at the spe cific
lo ca tion, i. e., the dif fer ences are within the mea sur -
ing un cer tainty. The same ap plies for the spe cific ac -
tiv i ties of 137Cs – their val ues do not dif fer sig nif i -
cantly re gard ing the sam pling depth of the soil at the
spe cific lo ca tion. The un even dis tri bu tion of ce sium
be tween dif fer ent sam pling lo ca tions can be due to
the re lo ca tion and wash ing out ef fects in the soil. The 
ra tio of the 235U/238U spe cific ac tiv i ties is used as an
in di ca tion of the or i gin of these radionuclides and
the even tual pres ence of con tam i na tion. This ra tio in

Fig ure 1. Sam pling sites in the re gion of Pcinja

Ta ble 2. The en er gies used to de ter mine the spe cific
ac tiv ity of the in ves ti gated radionuclides

Radionuclide Daugh ters En ergy [keV]

226Ra
214Pb 295, 352
214Bi 609, 1120, 1764

232Th 228Ac 338,  911
40K – 1460

137Cs – 661.7
238U 234Th 63
235U – 186



in ves ti gated sam ples is close to nat u ral ra tio of 0.046
[12].

The val ues of the spe cific ac tiv i ties for 226Ra,
232Th, 238U, and 235U are within the range of the lit er a ture
data for the spe cific ac tiv i ties of nat u ral radionuclides in
soils, re ported for the re gion of ex-Yu go sla via [1] and for
the re gion of South ern Ser bia [9].

The spe cific ac tiv i ties of 137Cs cover the in ter val
from 7.2 to 17 Bq/kg, which is lower than pre vi ously
re ported val ues for Ser bia [3, 9] and in the or der of
mag ni tude with the val ues re ported in the other parts
of the world [2].

The val ues of the cal cu lated ab sorbed dose rates
are in the range from 49.13 to 85.85 nGy/h, while the
an nual ef fec tive doses range from 0.061 to 0.105 mSv
and are within the val ues re ported for other re gions in
the coun try [13, 14].

The re sults of the lev els of nat u ral radionuclides
and 137Cs in ce re als are pre sented in tab. 5. Al though it
is shown in the lit er a ture (for ex am ple [12]) that Cs is
anal o gous to K and thus it takes part in met a bolic re ac -
tions, our mea sure ments in di cate that this radionuclide 
is not ac cu mu lated in the grain in the con cen tra tion
that can be de tected. It would be nec es sary to per form
gamma spec trom e try of other parts of the plant to es -

tab lish whether 137Cs is re tained in the root, or the stem 
of the plant.

Ura nium con cen tra tions in plants are gen er ally
sev eral or ders of mag ni tude lower than in soil [12],
and in this study the ac tiv ity con cen tra tion of 235U and
238U in ce re als was be low min i mal de tect able ac tiv ity
(MDA) con cen tra tion , which is in agree ment with the
find ings in [8] and there fore, the trans fer fac tors for
137Cs, 235U, and 238U were not cal cu lated.

Tho rium is known to be rel a tively im mo bile in
soils and plants. Trans fer fac tor may be in flu enced by
ad di tion of phos phate that may re duce the
bioavailability of tho rium [12]. As it can be seen from
tab. 5, in al most all ce real sam ples, the con cen tra tion
of 232Th was be low MDA.

Ta ble 6 pres ents the mean val ues of the spe cific
ac tiv i ties of the radionuclides in ce re als sam pled at the
in ves ti gated lo ca tions. The spe cific ac tiv ity of 232Th
(2.6 Bq/kg of dry mat ter) pre sented in tab. 5, re fers only
to the sam ple of wheat from the vil lage of Korbevac.

The val ues of the cal cu lated TF are pre sented in
tab. 7. The value of the spe cific ac tiv ity in soil used to
cal cu late the TF, was the mean spe cific ac tiv ity of the
radionuclides, for the dif fer ent sam pling depths, at the
given lo ca tion.
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Ta ble 3. Spe cific ac tiv ity of nat u ral radionuclides and 137Cs in the soil

Depth [cm]
Spe cific ac tiv ity [Bqkg–1]

226Ra 232Th 40K 238U 235U 137Cs 235U/238U

Korbevac

0-5 43 ± 3 55 ± 4 730 ± 50 47 ± 8 2.7 ± 0.2 16 ± 1 0.057

0-10 45 ± 3 54 ± 4 730 ± 50 51 ± 9 2.4 ± 0.2 16 ± 1 0.047

0-20 38 ± 3 51 ± 4 690 ± 40 40 ± 8 2.4 ± 0.2 15 ± 1 0.06

Suvi Dol

0-5 38 ± 3 52 ± 4 490 ± 30 35 ± 8 1.7 ± 0.1 10.1± 0.7 0.048

5-10 33 ± 2 48 ± 3 470 ± 30 34 ± 9 1.7 ± 0.2 7.9 ± 0.6 0.051

10-15 37 ± 3 50 ± 3 460 ± 30 34 ± 8 1.9 ± 0.2 7.2 ± 0.5 0.056

Bujkovac

0-5 22 ± 2 30 ± 2 500 ± 30 25 ± 8 1.6 ± 0.2 17 ± 1 0.064

0-10 23 ± 2 30 ± 2 510 ± 30 25 ± 7 1.5 ± 0.1 18 ± 1 0.061

0-20 25 ± 2 29 ± 2 520 ± 30 22 ± 8 1.1 ± 0.1 17 ± 1 0.052

Ta ble 4. Ab sorbed dose rate &D and the an nual ef fec tive
dose DE from nat u ral radionuclides in soil

Depth [cm]
&D [nGyh–1] DE [mSv]

Korbevac

0-5 83.53 0.102

0-10 85.85 0.105

0-20 73.89 0.091

Suvi Dol

0-5 69.39 0.085

5-10 63.84 0.078

10-15 66.48 0.081

Bujkovac

0-5 49.13 0.061

0-10 50.75 0.062

0-20 50.01 0.061

Ta ble 5. Spe cific ac tiv ity of nat u ral radionuclides
and 137Cs in ce re als

Sam ple
Spe cific ac tiv ity [Bqkg–1 dry mat ter]

226Ra 232Th 40K 238U 235U 137Cs

Korbevac

Wheat 2.2 ± 0.4 2.6 ± 0.8 150 ± 10 <2 <0.2 <0.06

Corn 0.4 ± 0.1 <0.2 108 ± 7 <1 <0.06 <0.03

Suvi Dol

Wheat 0.30 ± 0.07 <0.1 106 ± 7 <0.6 <0.04 <0.02

Corn <0.2 <0.2 68 ± 5 <1 <0.09 <0.03

Bujkovac

Wheat 0.37 ± 0.07 <0.2 102 ± 7 <1 <0.04 <0.02

Corn 1.4 ± 0.3 <0.4 89 ± 7 <2 <0.1 <0.06

Bar ley 1.7 ± 0.2 <0.2 200 ± 10 <2 <0.1 <0.07



As some of the ob tained val ues of the
radionuclides spe cific ac tiv i ties in ce re als were un der
MDA, trans fer fac tors were cal cu lated only for 40K,
226Ra, and 232Th. The cal cu lated val ues of trans fer fac -
tors for ce re als in di cate that 40K and 226Ra are the main
radionuclides trans ferred into the ce re als grain. The
TF for 40K (0.144-0.392) are higher than TF for 226Ra
and 232Th by an or der of mag ni tude (0.008-0.074 for
TF(226Ra)). The TF for 40K can be rather high, as is
known and re ported in the lit er a ture [4]. Other
radionuclides do not ac cu mu late in the plant in more
sig nif i cant amounts [12]. This is mostly due to the dis -
crim i na tion in up take of es sen tial and non es sen tial el -
e ments, ex hib ited by the plant [12]. Also, it is re ported
that small per cent age of the to tal ac tiv ity found in the
plant is ac cu mu lated in the root sys tem, while 1 % to
16 % is ac cu mu lated in the grain [15]. The ad di tion of
phos phate to soil re duces the avail abil ity of tho rium
for root up take through for ma tion of phos phate salts
that have low sol u bil ity [15]. Re gres sion anal y sis, re -
ported in [15], showed that tho rium avail abil ity to
wheat was neg a tively re lated to soil pH and pos i tively
re lated to soil or ganic mat ter, cationic ex change ca -
pac ity and clay con tent. In com par i son to the lit er a -
ture, it can be seen that the ob tained TF for ce re als in
Pcinja re gion are in agree ment with the re sults ob -
tained in other parts of the world [7,12, 16], while they
are lower by the or der of mag ni tude in com par i son to
the TF re ported for the  plants that are prin ci pally
grass-pas ture, where the stem and leaves were an a -
lyzed (TF(Ra) = 0.17, TF(Th) = 0.058,  TF(K) = 1.3
[17]).

It should be noted that the eval u ated ac tiv i ties re -
fer to the con tent of radionuclides in dry plant mat ter
and that the ac tiv i ties in the fresh plants are on the av -
er age 4 to 5 times lower due to the wa ter con tent [7].

CON CLU SIONS

The spe cific ac tiv i ties of the radionuclides in soil,
at all the in ves ti gated lo ca tions, were in the range from
22 to 45 Bq/kg for 226Ra, from 29 to 55 Bq/kg for 232Th,
460 to 730 Bq/kg for 40K, from 22 to 51 Bq/kg for 238U,
from 1.1 to 2.7 Bq/kg for 235U, and from 7.2 to 17 Bq/kg
for 137Cs. The ob tained spe cific ac tiv i ties for 236Ra,
232Th, and 40K in “gajnjaca” soil are in good agree ment
with the val ues ob tained for other types of soils [4]. The
dif fer ences be tween the spe cific ac tiv i ties of a
radionuclide in soil sam ples from dif fer ent depths are
within the mea sur ing un cer tain ties, and the ra tio of spe -
cific ac tiv i ties for 235U/238U sug gests the nat u ral or i gin
of ura nium. The ac tiv i ties of radionuclides in ce re als
also do not dif fer from the val ues ob tained by other au -
thors.

Dis tri bu tion of radionuclides from the soil into
the plant de pends on the bioavailability of min er als in
the soil, the root struc ture of the in ves ti gated plant and
the pro cesses in the plant tis sue. The cal cu lated val ues
of TF for ce re als in di cate that 40K and 226Ra are are the
main radionuclides that are trans ferred in ce re als. This
eval u a tion is most im por tant for pro duc tion of food -
stuffs diet with low con tents of radionuclides. On the
lo ca tion of Korbevac, Suvi Dol, and Bujkovac the cal -
cu lated val ues of TF for 40K were in the range of 0.144
to 0.392, for 226Ra the val ues of trans fer fac tors were in 
the range of 0.008 to 0.074. It should be noted that the
eval u ated ac tiv i ties re fer to the con tent of
radionuclides in dry plant mat ter and that the ac tiv i ties
in the fresh plants are on the av er age 4 to 5 times lower
due to the wa ter con tent. For other nat u ral
radionuclides and for 137Cs the TF have not been cal -
cu lated as the spe cific ac tiv i ties of these radionuclides
in ce re als where un der the MDA.

Re sults pre sented in this pa per are the pre lim i -
nary in ves ti ga tions of the con tents of radionuclides in
soils and ce re als in the re gion of Pcinja. As the trans fer
fac tors in the “soil-ce real” sys tem were de ter mined
only for the spe cific type of soil, the in ves ti ga tions
should con tinue for other types of soils and ce re als
mostly used in an i mal and hu man diet. The mea sure -
ments pre sented in this manu script are the first to be
con ducted in the re gion of Pcinja, thus pro vid ing the
re sults that can be used as a base line for the fu ture mea -
sure ments and mon i tor ing.

AU THORS' CON TRI BU TIONS

The o ret i cal anal y sis was car ried out by J. S.
Markovi}, S. M. Stevovi}, and D. J. Todorovi}. Ex per -
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Ta ble 6. Mean val ues of the radionuclides spe cific
ac tiv i ties in ce re als

Radionuclide

Mean spe cific ac tiv ity in ce re als dry mat ter
[Bqkg–1]

Mean value In ter val

Min Max
226Ra 1.06 MDA 2.2
232Th 2.6 MDA 2.6

40K 118 68 200
238U

The val ues are un der MDA235U
137Cs

Ta ble 7. The TF for dif fer ent radionuclides

Ce real
Trans fer fac tor

TF(226Ra) TF(232Th) TF(40K)

Korbevac

Corn 0.009 – 0.151

Wheat 0.052 0.051 0.209

Suvi Dol

Corn – – 0.144

Wheat 0.008 – 0.224

Bujkovac

Corn 0.061 – 0.174

Wheat 0.016 – 0.200

Bar ley 0.074 – 0.392



i ments were car ried out by J. S. Markovi}, M. M.
Raji}, D. J. Todorovi}, and J. D. Krneta-Nikoli}. All
au thors an a lyzed and dis cussed the re sults. The manu -
script was writ ten by J. S. Markovi}, S. M. Stevovi},
M. M. Raji}, D. J. Todorovi}, and J. D.
Krneta-Nikoli}. The fig ure was pre pared by J. S.
Markovi}.
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VREDNOSTI  TRANS FER  FAKTORA  ZA  SISTEM
ZEMQA-@ITARICE  U  P^IWSKOM  OKRUGU  U  SRBIJI

Ciq ovog rada je procena vrednosti trans fer faktora za prirodne radionuklide (40K,
226Ra, 232Th, 235U, 238U) i 137Cs iz zemqi{ta u biqke (`itarice: p{enica, kukuruz i ovas) kao parametra
koji je u poqoprivredi va`an prilikom izbora lokacije za setvu i vrste `itarica koje }e biti
posejane. Rezultati predstavqeni u ovom radu odnose se  na sistem “zemqi{te-`itarice” u
P~iwskom okrugu, u Srbiji. Ukupno devet uzoraka zemqi{ta i sedam uzoraka ̀ itarica je ispitivano 
u Laboratoriji za za{titu od zra~ewa i za{titu `ivotne sredine Instituta za nuklearne nauke
„Vin~a”, gama spektrometrijom na tri HPGe detektora. Vrednosti trans fer faktora za 226Ra u svim
uzorcima ni`e su od vrednosti trans fer faktora za  40K, ali se nalaze u okviru vrednosti opisanih u
literaturi. Na tri ispitivane lokacije, izra~unate vrednosti trans fer faktora za 40K su bile u
opsegu od 0.144 do 0.392, dok su za 226Ra bile u opsegu od 0.008 do 0.074. Samo jedna vrednost (0.051)
dobijena je za trans fer faktor za 232Th. Vrednosti 137Cs kao i izotopa uranijuma u svim uzorcima
`itarica bile su ispod minimalne detektabilne specifi~ne aktivnosti. Tako|e, izra~unate su i
ja~ina apsorbovane doze i godi{wa apsorbovana doza koja poti~e od prirodnih radionuklida u
zemqi{tu. Ja~ina apsorbovane doze je u opsegu od 49 nSv/h do 86 nSv/h, dok je godi{wa apsorbovana doza 
u opsegu od 0.061 mSv do 0.105 mSv. Istra`ivawe predstavqeno u ovom radu je prvo te vrste sprovedeno  
u  P~iwskom regionu,  stoga rezultati ovih merewa mogu da poslu`e kao baza za daqa merewa i mon i -
tor ing.

Kqu~ne re~i: trans fer faktor, prirodni radionuklid, 137Cs, zemqi{te, `itarica,
.........................`ivotna okolina


