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The aim of the paper was to estimate the values of transfer factors for natural radionuclides
(49K, 226Ra, 232Th, 235U, and 238U) and 137Cs from soil to plants (cereals: wheat, corn and bar-
ley) as important parameters for the agricultures in the selection of the location and the sort of
cereals to be planted on. The results presented in this paper refer to the ,,soil-cereals” system
in the region of Pcinja, Serbia. Total of 9 samples of soil and 7 samples of cereals were mea-
sured in the Department of Radiation and Environmental Protection, Vinca Institute of Nu-
clear Sciences, using three high-purity germanium detectors for gamma spectrometry mea-
surements. In all the samples, transfer factors for 226Ra are significantly lower than for 49K,
but they are all in good agreement with the literature data. On the three investigated loca-
tions, the calculated values of transfer factors for 40K were in the range of 0.144 to 0.392,
while in the case of 226Ra, the transfer factors ranged from 0.008 to 0.074. Only one value
(0.051) was obtained for transfer factor of 232Th. Specific activities of 137Cs, as well as ura-
nium isotopes, in all the investigated cereal samples, were below minimal detectable activity
concentrations. Also, the absorbed dose rate and the annual absorbed dose from the natural
radionuclides in the soil, were calculated. The absorbed dose rate ranged from 49-86 nSv/h,
while the annual absorbed dose ranged from 0.061-0.105 mSv. The measurements presented
in this manuscript are the first to be conducted in the region of Pcinja, thus providing the re-

sults that can be used as a baseline for future measurements and monitoring.
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INTRODUCTION

Natural radioactivity in the environment, origi-
nating from the naturally occurring radionuclides of
232Th, 38U, and 23U radioactive series and “°K,, largely
contributes to the natural irradiation of man and biota,
which can be external and/or internal (ingestion and in-
halation) [1, 2]. Natural radionuclide concentrations in
soil strongly depend on the type of the parent rock in
soil genesis. The concentrations of uranium and tho-
rium are significant in igneous rocks (granite) and also
in some sedimentary rocks (shale and phosphate rock).
According to the reports, the activity concentrations
of 238U, 232Th, and “°K, in the soil in Europe, ranges
from 2-330 Bq/kg, 2-190 Bg/kg and 40-1650 Bg/kg, re-
spectively [1].

Besides the natural radionuclides, due to various
human activities, different artificial radionuclides en-

* Corresponding author; e-mail: gogaijeka94@gmail.com

tered the environment. The most significant among
them is '¥’Cs (T}, = 30 year), found in the environ-
ment mostly as a result of the nuclear tests in the
1960-ties and the Chernobyl nuclear plant accident in
1986. The !¥7Cs is bound in the surface layers of soil
and is washed out and redistributed in the ecosystem,
for a prolonged period of time, due to its long half-life.
The reported values of '37Cs in agricultural soil in the
north part of Serbia, on several locations near the city
of Novi Sad, are in the range of 1.5-12.6 Bq/kg [ 1, 3].

Soil-plant-animal-human chain is recognized as
one of the major pathways for transfer of radionuclides to
humans. Radionuclides may be transferred to plants
along with the nutrients, accumulate in various parts of
the plant and finally reach the edible portions. These
plants or their parts, when consumed by men or animals,
lead to continuous radiation exposure [4].

Cereals such as wheat, corn and barley are an im-
portant component of everyday human diet. Most of
the radionuclides absorbed by the cereals originate
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from soil, so the values of transfer factors are impor-
tant in the studies of transport and distribution of
radionuclides in the “soil-plant-animal-human” chain,
as well in evaluation of the radiation risk [5]. Transfer
factors (TF) are crucial in the radionuclides transport
models in the environment as well as in evaluation of
the level of the specific activities of radionuclides in
agricultural crops [4]. The main factors that determine
the value of TF are the radionuclide itself, type of
plant, physical and chemical characteristics of soil,
concentrations of stable chemical elements in soils, as
well as the local climate [6].The values of transfer fac-
tors should provide the basis for theoretical analysis
on the different uptakes of elements both involved and
not involved in physiological and biochemical pro-
cesses in plants [7]. The investigations of TF con-
ducted up to date in Serbia, suggest the values of TF
ranging from 0.105 to 1.100 for >*Ra, from 0.021 to
1.304 for 323Th, from 0.447 to 3.776 for *°K, and from
0.011 to 0.307 for '¥7Cs [8, 9].

Transport processes in the “soil-plant” systems
for radionuclides 22°Ra, 4K, 232Th, 238U, 235U, and
137Cs, in the region of Pcinja, have not been investi-
gated previously. Since the phosphate fertilizers are
used in the agriculture in this region and bearing in
mind that heavy bombardment took place in the
nearby region, the need arose for this type of measure-
ment that can assess the impact on the food chain.
Thus, this paper presents the preliminary results for
the transfer factors for cereals mostly used in human
diet in the region.

SAMPLING AND METHODS
Sampling and sample preparation

The samples of soils and cereals were collected
during 2014, in the area of the city of Vranje, on three
locations: the villages of Bujkovac, Korbevac, and
Suvi Dol. The type of soil was the same in all the loca-
tions (so called gajnjaca). This type of soil belongs to
well drained soils, its chemical characteristics depend-
ing on the level of utilization, degree of erosion, chem-
ical characteristics of the main substrate and level of
development. The content of humus 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 capacity for adsorption
and the dominant ions in it are Ca and Mg. Its color is
brown, reddish or red depending of the content of alu-
minum and iron. It is very suitable for farming, wine
growing, and forestation.

The total of 9 samples of the cultivated and un-
cultivated soil samples, with a mass of about 1 kg,
and 7 samples of cereals' grains, with a mass of about
0.5 kg, were collected. Sampling sites co-ordinates are
presented in tab. 1 and the position of the sampling
sites is presented in fig. 1. The soil samples were taken

Table 1. Sampling sites and co-ordinates

. Co-ordinates Elevation Soil
Site North East [m] sampling
latitude | longitude date
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.

at different depths that also differ from site to site. The
depths that the soil samples were taken from were:
0-5 c¢m, 0-10 cm, and 0-20 cm in Korbevac and
Bujkovac; 0-5 cm and 5-10 cm and 10-15 cm at the
sampling site Suvi Dol.

The samples of soils were cleaned from mechan-
ical impurities, stones, and plant material, sieved and
dried at 105 °C for 24 hours. After drying, the samples
were put in Marinelli beakers, sealed with bee wax and
stored for 30 days to achieve radioactive equilibrium.

Samples of cereals consisted of ripe grain, col-
lected in harvest season 2014, from the respective parcels
from which the soil samples were collected in November
2014. Therefore, each cereal sample corresponds to one
soil sample. No other part of the plant was used for mea-
surement, since the grain is the only part of measured ce-
reals that is used in human diet. The grain was dried at
room temperature and mineralized at 450 °C. The ash ob-
tained by mineralization was placed in cylindrical geom-
etry (volume 125 ml), sealed with bee wax and stored for
30 days until the radioactive equilibrium is achieved.

Standard gamma spectrometry

The radioactivity of the samples was determined
by gamma spectrometry at the Institute for Nuclear
Sciences Vinca in the Laboratory for Radiation and
Environmental Protection.

The gamma spectrometry was performed on three
high purity germanium (HPGe) detectors (CAN-
BERRA) with relative efficiencies of 18 % (n-type),
20 % (p-type), and 50 % (n-type). Resolution of all of the
detectors was 1.8 keV at 1332 keV. Efficiency calibration
for soil samples was performed using a reference radio-
active material — a silicone resin matrix, Czech
Metrological Institute, Praha, 9031-OL-420/12, total ac-
tivity 41.48 kBq on 31. 08. 2012. (**' Am, '%°Cd, *°Ce,
37Co,%Co,2%Hg, 38Y, 1138n, #3Sr, 137Cs). For cereal sam-
ples the detectors were calibrated with a secondary refer-
ence radioactive material in cylindrical geometry (vol-
ume 125 cm?®) produced from the primary reference
radioactive material — Czech Metrological Institute,
Praha, 9031-OL-427/12, type ERX, total activity
72.40 kBq on 31. 08. 2012. (**'Am, '°Cd, '3°Ce, 'Co,
6OCO, 203Hg, 88Y, ”3SI1, 85Qr 137CS, 210Pb) [10].

The counting time was 60000 s. The results are
presented with the expanded measurement uncertainty
for the factor k=2, with the level of confidence of
95 % for normal distribution [11].
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Figure 1. Sampling sites in the region of Pcinja

Table 2. The energies used to determine the specific
activity of the investigated radionuclides

Radionuclide Daughters Energy [keV]
20, ?.?"? 295, 352
Bi 609, 1120, 1764

B2Th BAc 338, 911
K - 1460
YCs - 661.7

23 SU 234Th 63

By — 186

Calculations

The TF was calculated according to eq. (1), de-
fined as the ratio of specific activity of radionuclide
in plant dry matter [Bgkg™'] and specific activity in
soil [Bqkg™']

P

TF A 1)

where 4, is the specific activity of the radionuclide in

plant dry matter [Bgkg '] and 4, — the specific activ-
ity of the radionuclide in soil [Bgkg '].

The absorbed dose rate of gamma radiation

from the natural radionuclides in soil was calculated

according to the [2]

D[nGyh ' ]=0462-Cy, +0604-Cy, +00417-Cy
(2)

where Cy, is the specific activity of 26Ra in soil, Cry
— the specific activity of **Th in soil, and Cx — the
specific activity of *’K in soil.

The annual effective dose was calculated ac-
cording to [2]

Dy [mSv]=07SvGy ' -02-365-24-D  (3)

RESULTS AND DISCUSSION

The results of gamma spectrometry analysis of
the soil samples at different sampling sites are pre-
sented in tab. 3. The results of the calculated absorbed
dose rate and the annual effective doses from natural
radionuclides in soils are presented in the tab. 4

There are no significant differences among the
specific activities of natural radionuclides in soils re-
garding the sampling depth of the soil at the specific
location, i. e., the differences are within the measur-
ing uncertainty. The same applies for the specific ac-
tivities of 137Cs — their values do not differ signifi-
cantly regarding the sampling depth of the soil at the
specific location. The uneven distribution of cesium
between different sampling locations can be due to
the relocation and washing out effects in the soil. The
ratio of the 233U/238U specific activities is used as an
indication of the origin of these radionuclides and
the eventual presence of contamination. This ratio in
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Table 3. Specific activity of natural radionuclides and *'Cs in the soil

- . |
Depth [em] 26R, ‘ EERN sp%}l{ﬁ e [Bzgé(é ] ‘ 23575 By B5A8Y
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 24402 16+1 0.047
0-20 38+3 51+4 690 + 40 40+ 8 24+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 3743 50+3 460 + 30 34+8 1.9+0.2 72+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 1.540.1 18+1 0.061
0-20 2542 2942 520 + 30 22 +8 1.1£0.1 17+1 0.052

Table 4. Absorbed dose rate D and the annual effective
dose DE from natural radionuclides in soil

Table 5. Specific activity of natural radionuclides
and "’Cs in cereals

investigated samples is close to natural ratio of 0.046
[12].

The values of the specific activities for 2*°Ra,
232Th, 238U, and 233U are within the range of the literature
data for the specific activities of natural radionuclides in
soils, reported for the region of ex-Yugoslavia [1] and for
the region of Southern Serbia [9].

The specific activities of '*’Cs cover the interval
from 7.2 to 17 Bq/kg, which is lower than previously
reported values for Serbia [3, 9] and in the order of
magnitude with the values reported in the other parts
of the world [2].

The values of the calculated absorbed dose rates
are in the range from 49.13 to 85.85 nGy/h, while the
annual effective doses range from 0.061 to 0.105 mSv
and are within the values reported for other regions in
the country [13, 14].

The results of the levels of natural radionuclides
and '*7Cs in cereals are presented in tab. 5. Although it
is shown in the literature (for example [12]) that Cs is
analogous to K and thus it takes part in metabolic reac-
tions, our measurements indicate that this radionuclide
is not accumulated in the grain in the concentration
that can be detected. It would be necessary to perform
gamma spectrometry of other parts of the plant to es-

DnGyh'] | Dg[mSv] Specific activity [Bqkg™' dry matter]
Depth
epth [cm] Korbevac Sample 26Ra ‘ B2y ‘ 0 ‘238U‘ 235U‘ 1370
0-5 83.53 0.102 Korbevac
0-10 85.85 0.105 Wheat | 2.2+0.4 [2.6+0.8/150 + 10| <2 | <0.2 | <0.06
0-20 73.89 0.091 Corn | 0.4+0.1| <02 |108+7]| <1 |<0.06| <0.03
Suvi Dol Suvi Dol
0-5 69.39 0.085 Wheat 0.30 £0.07 <0.1 | 106 + 7 |<0.6|<0.04| <0.02
5-10 63.84 0.078 Com | <02 | <02 |68+5| <l |<0.09] <0.03
10-15 66.48 0.081 .
Bujkovac Bujkovac
Wheat 0.37+0.07 <02 |102+7| <l |<0.04| <0.02
0-5 49.13 0.061 C 14+03| <04 |89+7 | <2 |<0.1|<0.06
0-10 50.75 0.062 om | 220 : £7 : :
020 50.01 0.061 Barley | 1.7+02 | <02 [200+10] <2 |<0.1|<0.07

tablish whether '37Cs is retained in the root, or the stem
of the plant.

Uranium concentrations in plants are generally
several orders of magnitude lower than in soil [12],
and in this study the activity concentration of 2*>U and
238U in cereals was below minimal detectable activity
(MDA) concentration , which is in agreement with the
findings in [8] and therefore, the transfer factors for
137Cs, 235U, and 238U were not calculated.

Thorium is known to be relatively immobile in
soils and plants. Transfer factor may be influenced by
addition of phosphate that may reduce the
bioavailability of thorium [12]. As it can be seen from
tab. 5, in almost all cereal samples, the concentration
of 232Th was below MDA.

Table 6 presents the mean values of the specific
activities of the radionuclides in cereals sampled at the
investigated locations. The specific activity of 2*Th
(2.6 Bq/kg of dry matter) presented in tab. 5, refers only
to the sample of wheat from the village of Korbevac.

The values of the calculated TF are presented in
tab. 7. The value of the specific activity in soil used to
calculate the TF, was the mean specific activity of the
radionuclides, for the different sampling depths, at the
given location.
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Table 6. Mean values of the radionuclides specific
activities in cereals

Mean specific activity i{l] cereals dry matter
Radionuclide [Bake ]
Mean value Interval
Min Max
5Ra 1.06 MDA 22
#2Th 26 MDA 2.6
K 118 68 200
2385
35y The values are under MDA
1370y

Table 7. The TF for different radionuclides

Cereal - Transfer factor
TFC*Ra) | TFCPTh) | TF(UK)
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
Barley 0.074 — 0.392

As some of the obtained values of the
radionuclides specific activities in cereals were under
MDA, transfer factors were calculated only for K,
226Ra, and 22Th. The calculated values of transfer fac-
tors for cereals indicate that *°K and ?2°Ra are the main
radionuclides transferred into the cereals grain. The
TF for “°K (0.144-0.392) are higher than TF for ?>°Ra
and 2*2Th by an order of magnitude (0.008-0.074 for
TF(*?°Ra)). The TF for “°K can be rather high, as is
known and reported in the literature [4]. Other
radionuclides do not accumulate in the plant in more
significant amounts [12]. This is mostly due to the dis-
crimination in uptake of essential and nonessential el-
ements, exhibited by the plant [12]. Also, it is reported
that small percentage of the total activity found in the
plant is accumulated in the root system, while 1 % to
16 % is accumulated in the grain [15]. The addition of
phosphate to soil reduces the availability of thorium
for root uptake through formation of phosphate salts
that have low solubility [15]. Regression analysis, re-
ported in [15], showed that thorium availability to
wheat was negatively related to soil pH and positively
related to soil organic matter, cationic exchange ca-
pacity and clay content. In comparison to the litera-
ture, it can be seen that the obtained TF for cereals in
Pcinja region are in agreement with the results ob-
tained in other parts of the world [ 7,12, 16], while they
are lower by the order of magnitude in comparison to
the TF reported for the plants that are principally
grass-pasture, where the stem and leaves were ana-
lyzed (TF(Ra) = 0.17, TF(Th) = 0.058, TF(K)=1.3
[17]).

It should be noted that the evaluated activities re-
fer to the content of radionuclides in dry plant matter
and that the activities in the fresh plants are on the av-
erage 4 to 5 times lower due to the water content [7].

CONCLUSIONS

The specific activities of the radionuclides in soil,
at all the investigated locations, were in the range from
22 to 45 Bq/kg for °Ra, from 29 to 55 Bg/kg for 3*Th,
460 to 730 Bg/kg for K, from 22 to 51 Bg/kg for 238U,
from 1.1 to 2.7 Bg/kg for?3°U, and from 7.2 to 17 Bq/kg
for 37Cs. The obtained specific activities for 23°Ra,
232Th, and K in “gajnjaca” soil are in good agreement
with the values obtained for other types of soils [4]. The
differences between the specific activities of a
radionuclide in soil samples from different depths are
within the measuring uncertainties, and the ratio of spe-
cific activities for 2>U/>38U suggests the natural origin
of uranium. The activities of radionuclides in cereals
also do not differ from the values obtained by other au-
thors.

Distribution of radionuclides from the soil into
the plant depends on the bioavailability of minerals in
the soil, the root structure of the investigated plant and
the processes in the plant tissue. The calculated values
of TF for cereals indicate that °K and ?2°Ra are are the
main radionuclides that are transferred in cereals. This
evaluation is most important for production of food-
stuffs diet with low contents of radionuclides. On the
location of Korbevac, Suvi Dol, and Bujkovac the cal-
culated values of TF for “°K were in the range of 0.144
t0 0.392, for 22°Ra the values of transfer factors were in
the range of 0.008 to 0.074. It should be noted that the
evaluated activities refer to the content of
radionuclides in dry plant matter and that the activities
in the fresh plants are on the average 4 to 5 times lower
due to the water content. For other natural
radionuclides and for '37Cs the TF have not been cal-
culated as the specific activities of these radionuclides
in cereals where under the MDA.

Results presented in this paper are the prelimi-
nary investigations of the contents of radionuclides in
soils and cereals in the region of Pcinja. As the transfer
factors in the “soil-cereal” system were determined
only for the specific type of soil, the investigations
should continue for other types of soils and cereals
mostly used in animal and human diet. The measure-
ments presented in this manuscript are the first to be
conducted in the region of Pcinja, thus providing the
results that can be used as a baseline for the future mea-
surements and monitoring.
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Hparana J. TOOJOPOBUWUH, Jenena [I. KPHETA-HUKOJ/INh

BPEJTHOCTU TPAHC®EP ®AKTOPA 3A CUCTEM
SEMJ/bA-KUTAPULE Y IMYUIBCKOM OKPYIY Y CPbUIN

Lwb oBoOr pajia je mpoueHa BpegHocTn Tpancdep ¢akropa 3a npupopgse paguonykamae (YK,
226Ra, 22Th, 23U, 8U) 1 ¥Cs u3 3emibuinTa y 6UbKe (KMTapulie: MIIEHUIA, KYKYpy3 1 0Bac) Kao IapaMeTpa
KOjH je y MOJpONPUBPEN BaskaH NMPUWIMKOM M300pa JIOKalHje 3a CETBY M BpCTe XuTapuia Koje he 6utn
nocejaHe. PesynraTu mpepicTaBIbeHM y OBOM pajly OAHOCE Ce Ha CHUCTEM ‘“3eMIbUIITe-KUTapuiue” y
ITuumckoM okpyry, y CpOuju. YKYITHO AeBET y30paKa 3eMJBUIIITA U CEIaM Y30paKa JKUTAPHIIA je ICITUTUBAHO
y JlaBopaTopuju 3a 3aIITUTY Of 3pavera W 3allTHTy KUBOTHE cpeanHe VHCTHTYyTa 3a HyKIIeapHe HayKe
,,BuHYa”, rama cniektpometpujoM Ha Tpr HPGe retexTopa. Bpennocrn tpancdep dakropa 3a 2*°Ra y ceum
y30pIEMa HIKe ¢y off BpeiHocTh Tpancdep dakropa 3a K, anu ce Hamase y OKBUPY BPEHOCTH ONUCAHKX Y
nutepatypu. Ha Tpu ucnutuBane nokauuje, u3padyHaTte BpegHocTH Tpancdep dakTopa 3a ‘K cy Gune y
oncery op 0.144 go 0.392, g0k cy 3a >*Ra 6une y oncery og 0.008 o 0.074. Camo jemna Bpemuoct (0.051)
no6ujena je 3a Tpancgep dakrop 3a 22Th. Bpengnocru ’Cs kao u u3orona ypanujyma y CBUM y30puuma
SKATapuIa OWie Cy NCIoj] MUHIMAJTHE IeTeKTabmiHe crenuduiHe akTuBHOCTH. Takobe, m3pauyHnare cy u
jaunmHa arcop6oBaHe J03¢ W FOAWIIKHA arncopboBaHa J03a KOja MOTHYE Off NPUPONHUX PAJUOHYKINAA Y
3eMJbUIITY. JaunHa aricopooBaHe fo3e je y orncery o1 49 nSv/h 1o 86 nSv/h, 1ok je roguima aricopboBaHa 103a
yomcery of 0.061 mSv 0 0.105 mSv. MicTpaskuBame npefcTaB/beHO Y OBOM pafy je PBO Te BPCTE CIPOBECHO
y ITunEmCKOM peruoHy, cTora pe3yaTaTH OBIX MEpemha MOT'Y 1a MOCIIy:Ke Kao 0a3a 3a ajba Mepermha 1 MOHU-
TOPUHT.

Knyune peww: ilipancepep gpaxitiop, ipupoonu paduonykaud, 137Cs, semmuuitie, weuitiapuya,
ICUBOUUHA OKOAUHA



