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Transfer of 137Cs from soil to vegetative crops

Prelaz t"C, iz zemlji5ta u neke Litarice

Todorovik Aleksandral, Arsov Ljubomir2, Arorski Todor',IJrunov Ristol, Di.nitrieska Stojkovik
Elizabetut , Zehra Hajrulai -Musliul

lFood Institute, Faculty of Veterinary Medicine Skopje, e-mail:mizasandra@fvm.ukim.edu.mh 
2Technologt and

Metallurgt in Skopje

The researches for the transfer of radio-nuclides from the soil to the plant have great importance in terms of
assessment of radiation risk, for formation of preventive measures in accidents as well as for eventual

decontamination of the land by growing certain plants.Taking into consideration the importance of the

distribution and the transfer of radionuclides from the soil to the vegetative crops, in this work an attempt
was made to calculate the transfer factor of l37Cs from soil to plant.Data have been used about

concentrations of activities of soil from certain locations in the surrounding area of Skopje, their mean value

has been taken, while the values of the transfer factors of radio-nuclides from soil to plant have been taken
from international scales, for grain and corn. It is assumed that in Macedonia they represent most commonly
used vegetative crops, so the grain and the stem of the plant have been separately analyzed. The radiometric
analysis of these samples were performed by using of gamma spectrometer supplied with germanium of
high purity (HPGe), detector with 30% relative efficiency and energetic resolution (FWHM) of 1.8 keV for
1.33 MeV reference point of 60Co. The software applied for obtaining data is Canberra software package,

Genie-2000, including search of maximal value and modules for identification of nuclides. The results
indicate that 137Cs is accumulated more in the root than in the grain which would imply control of the
radioactivity in the agricultural land. Also these data may represent a basis for assessment of a dose that the
population receives by ingestion of produced food, which required knowledge about the average annual
intake for every plant separately.

INTRODUCTION

During the accident in Chernobyl, the radioactive pollution with radio-nuclides that reached

Macedonia, Anovski et al. (1986,1996) as well, was a consequence of a tropospheric radioactive
dust (Greek Atomic Energy Commission, 1983) and the crops after the accident or later - up to
today - were polluted with radio-nuclides almost strictly through their root system. Further on, the

threat of accidents with nuclear weapons enhanced the needs to understand how radionuclides move

through the environment after release, particularly in the plants that are part of the food chain. The

level of radioactive contamination with "'Cr in plant organisms that include the agricultural
products, that is, food products with plant origin, depends on the intensity and the radiation, the

meteorological, hydrological, agrochemical and other factors.
Also, the level of radioactive contamination in separate plant organisms (flower,leaf , stem,

root) is not equal. It primarily depends on the differences in the chemical compositions and the
direction of the ion transport (from the vegetative to the generative organs, from the root system to
the overhead organs and vice versa). However, the rate of movement of the radionuclides through
the terrestrial ecosystems depends on physical and biological processes. The first ones have
radionuclide dependence, while the second ones have high rate of dependence on the element and
its chemical form. Some of the more important physical processes include (Bodensky D.Robin MA.
1987) capture of radionuclides in the air and rain from vegetation, (UNSCEAR: 1988.), the loss of
radionuclides from vegetative surfaces, (IAEA Report ,1990) resuspension of radionuclides from
terrestrial surface and deposition on the vegetation. The distribution of '"Cs has been researched in
many plants. From the researches it has been determined that the plants that have shallow root
absorb more radionuclides, than the ones with a deeper root. This occuffence can be explained with
the fact that most of the radionuclides (85%) are retained on the surface layer at a depth of 5cm.

t?t
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[Guricic G popovic D. lgg4].Between the separate plant species there are significant differences in

the sensitivity of the transfer of l37cs from itre soii to the plant. For example, the wheat is more

sensitive compared to the barley, and the root has greater tendency to accumulate radiocesium than

the grain (Coughtrey p.{,_& T-horne M.C., 1983). In the plant the radiocesium follows the same

route as potassi;. t" l37cs is transferred to the most aCtive parts of the plant and 50o/o can be

expectedio be transferred to the growing parts as well (Forsberg S., 2000)'

Weather conditions also affect tt. intuke of radiocesium in the plant. During long and dry years, the

root system enters in bigger depths in order to reach the moisture, which would imply intake of less

ilzcrlrrr. opposite **to happen in conditions of higher humidity level, since the root system

would be shallower and in this manner the roots will be present in the upper layer where most of

this pollutant is found (Mascanzoni D., 1988).

(H. Tsukada and H. Hasegawa 200 2) have been working on determining the transfer factor of

different radionuclides in the agricultural farms in Japan.

(pulhani VA, Dafauti S 2005);easured the transferfactor of the grain in India and discovered that

ir.g. prrt 
"f 

i% it-ffiained in the plant's root.

In Vojvodina (I. Bikit, N. Todorovi6 2Oll) w?Ig working on determination of the transfer factor of

grain cultures and comparisons of transfer of l3'Cs in the grain and root.

MATERIALS AND METHODS

During the period from January to May 2012, in the surrounding of Skopje, 84 samples of soil were

collected from surface soil (0-5 cm,5110 cm, 10-15 cm).All samples were separately analyzed and

the concentration of the activity of 137Cs was determined. Simultaneously, barley and corn were

analyzedfrom the same locations, as the most commonly used vegetative crops in R. Macedonia'

Every plant was taken by careful digging of the soil in order to collect the entire plant (root, grain)

and the soil that is around the roots. ft',. ptunts were collected as ripe crops, from open fields' They

were air-dried for two days in a laboratory and then in an oven at a temperature of 90"C. Their dry

weight was measured and they were burned at a temperature of 500"C in an oven for at least 24

hours in order to get white urt',. tt',is was made since Cs in a certain quantity of ash is 8-9 times

more than Cs in the same quantity of dry plant.

The radiometric analysis of these ,u*pi.r was conducted by applying spectrometer for y-rays with

germanium with high purity (HpGe), detector with 30% relative efficiency and energy resolution

(FryHM) of 1.g kev for 1.33 MeV reference point of 6fc9. The software that has been used for

obtaining data is Canberra software package denie-2000, including search of maximal value and

modules for identification of nuclid.i. th. system was regularly calibrated in terms of energy and

efficiency.
The testing was in accordance with the method from the IAEA Technical Report 295. The time of

measurement of each sample is 10800 s, and the relative error of the measurement i'e' the

measurement uncertainty is less than l0%.
Upon termination of the measurement the software of the instrument gives a written report with

already calculated values of the activity of radionuclides that are checked in the program EXCEL'

RESULTS AND DISCUSSION

In order to be able to make quantitative measurement of the transfer of radionuclides from one link

to the chain of another, the transfer factor TF is being used.

TF : activity of l37cs in dry plant I activity of l37cs in dry soil

IAEA made an extensive database of transfer factor values.



.$ $.YwC$$:tr- I 7"*?$ Scpt**"rhurr" ?fi13" 'I'*ira- S*r'bi*t
"1.**-rM

I J(
I l-J

In our research for taking the mean values for the activities of l37cs for the given locations, and use

of the international values for transfer factors from soil to plant, we calculated the transfer factor for
l37cs for barley and corn, see Tab. 1. and Fig.1.

Table 1: Transferfactor o7t3'CsTrom soil to vegetative crops (barly, corn)

Location

137cs

activity of soil

lBq/kel

Gncentration of activity of t"Cs in vegetative
crops [Bq/kg]

Barlev I Corn

Part of plant GrainlstemlGrain Stem

Petrovec 15.20 0.44 2.28 0.50 1.10

Belimbesovo I 1.98 0.34 1.80 0.39 0.87

Aracinovo 18.41 0.s3 2.7 6 0.60 1.34

Radisani 18.75 0.54 2.81 0.61 t.36

Cucer 11.20 0.32 1.68 0.36 0.81

Vizbesovo Lt.43 0.33 r.7l 0.37 0.83

Bardovci 15.42 0.45 2.31 0.50 1.12

Sarai 13.49 0.39 2.02 0.44 0.98

Nerezi 10.75 0.31 1.61 0.3s 0.78

Lisice 7.42 0.21 l.1l 0.24 0.54

Dracevo 7 .64 0.22 1.15 0.25 0.55

Pintiia 11.31 0.32 1.69 0.37 0.82

Batinci 1 1.36 0.32 1.70 0.37 0.82

Volkovo 10.31 0.29 1.55 0.34 0.75

fransfer factor Fv 2.9x10-' 1.5x10-' 3.3x10-' 7.3x10-"

Concentration of activity of 137Cs )

in vegetative crops [Bq/kg]
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Figure I : Concentration of activity of '3'Cs in vegetative crops [Bq/kgJ
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The pollution of the soil with radiocesium has long-term radiologicll_influence since it is easily
transferred through the food chain to people. Comparing the level of l37cs into the Soil today 7-l'5
Bq/kg with these observed by Anovski et al. (1992) after the Chernobyle accident (up to 80 Bq/kg),
it is evident for its decreasing, more or less according the the law for radioactive decay.The intake
from plants is the main route of its migration to the human nutrition.

The assessed values of the transfer factors for the vegetative crops represent maximal values
that can be found in the dry parts of the plants cultivated at agricultural land. One can notice that the
accumulation of "'Cs is importantly higher in the root than in the grain in both crops, which
indicates the monitoring of the activity of the agricultural land. From the chart one can also notice a
difference in the transfer at both crops. At the barley there is greater transfer because it is a matter
of a culture with shallower roots, and this implies easier and more accessible accumulation of 137Cs

from the soil itself (Mascanzoni D., 1988). At the same time it is necessary to monitor the
radioactivity in agricultural land appropriglg for accumulation of radionuclides, after strong winds,
torrential rains etc. In order to reduce "'C, in vegetative crops, the scientists recommend its
treatment with a fertilizer that contains potassium which can reduce its intake in the plant, thus
reducing the intake dose for about 5% from the levels before the treatment. During the preparation
and the processing of the agricultural food products, the washing itself reduces the quantity of
radioactive substances.

CONCLUSION

To avoid any wider contamination of the Environment and possible consequences on the
area of interest, it is necessary to perform extensive radio-ecological investigations, all in order to
minimize possible undesirable adverse effects on the populations.

Although at the current level of radioactive contamination there is no need for special
decontamination procedures, however, the familiarity with the methods related to the reduction of
the radiological activity in the technological processes of food industry, may be useful in the
processing of the vegetable raw materials with eventually higher level of radiological
contamination.

REFEKNCES

ANOVSKI ET AL. (1986), Zgolemena radioaktivna kontaminacija na zivotnata sredina vo R
Makedonija uslovena od ernobilskata havarija, II Savetovanje o izlaganju zracenju iz prirodne
sredine i procene radiacionog rizika, JDZZ, Kragujevac, 6-8 Oktobar, 1986
ANOVSKI ET AL. (1992), Radiologija na Rekata Vardar, UDK 621.039, Proekt, realiziran so
materijalna podrska na Ministerstvoto za nauka na Republika Makedonija, Br. 1400793891212189
(08-07e3/1)
ANOVSKI T. AND CVETANOVSKA L.(1 996) "Radioecology of the Vardar river Catchement
Area After the Chernobyl Release ", IAEA - CN-63/t 17-Publ. Vienna, Austria,I996.
BIKIT, I. ET AL.(2011) :Radioactivity of the Agricultural Soil in Northern Province of Serbia,
Vojvodina,World Academy of Science, Engineerin and Technology,
BODENSKY D.ROBIN MA. AND STALER D.R (1987):lndoor Radon and its Hazards:
University of Washington Press.
COUGHTREY P.J. & THORNE M.C., (19S3): Radionuclide Distribution and Transport in
Terrestrial and AquaticEcosystems. Volume 1. A.A. Balkema, Rotterdam, pp 330-337 .

FORSBERG S., (2000): Behaviour of 137Cs in Agricultural Soils: lnfluence of Ageing and Soil
Type on Availability,Migration and Plant Uptake. Ph D thesis. Swedish University of
Agricultural Sciences, Acta Universitatis Agriculcurae Sueciae. Agraria 212. Uppsala, Sweden.
IAEA (1990):The Use of Gamma Rey Data to Define the Natural Radiation Environment:IAEA



I$^YtxC$$:s. I ?*2{} S*r1*rrrb*r:^ ?{}tr3,'X'ara. Scr"hin

Report No-TECDOC-556,ISSN 101I -428 Guricic G Popovic D. Radioaktivno zagalivanje biljaka.

Ekologica, 1994, Beograd, 19-23
MASCANZONI n., (t988): Radioactive fission and activation products: Transport from soil to

plant under Swedish field conditions. Report SLU-REK-64, Department of Radioecology,

Swedish University of Agricultural Sciences, Uppsala. ]
PULHANI VA, DAFAUTI S, HEGDE AG, SHARMA RM, MISHRA UC (2005). UPTAKE ANd

distribution of natural radioactivity in wheat plants from soil, 79(3):331-46

TSUKADA, H., HASEGAWA, H. AND HISAMATSU, S. (2002)Distributions of alkali and

alkaline earth metals in several agricultural plants. Radioprotection-Collogues,37.
UCHIDA, K. TAGAMI, I. HIRAI AND KOMAMURA, M. (2005):Transfer factors of
radionuclides and stable elements from soil to rice and wheat Radioprotection,129-134.

UNSCEAR (1988):Sources,Effects and risks of ionization Radiation:United Nations Scientific

Committee on the Effects of Atomic Radiation,Report to the General Asseambly,New York.

View publication statsView publication stats

https://www.researchgate.net/publication/269337571

