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Abstract

samples were taken from every location, which is in accordance with the recommendations
from TAEA. The samples are measured on an instrument — gamma spectrometer (Canberra
Packard) by using the program GENIE 2000. The values of specific activity and the
calculated doses obtained in this study, regardless of the location, did not exceed the safety
limits, pointing out the insignificant danger for radiation which arises from soil radionuclides
which are naturally present. From the indicated above it follows that at a current level of
radioactive contamination of corn, it would not be necessary to take measures in regard to
reduction of the radioactive contamination, considering that the values of the radioactive

Key words: radioactivity in corn; radionuclides; gamma spectrometry.

Introduction

the soil through the root system. The very radioactive contamination of soil can be caused by
radioactive substances of natural origin, however also radioactive isotopes that are a result of
the experimental nuclear explosions, nuclear reactors, as well as a many other atomic
techniques and plants. The behavior of radionuclides in soil, their retaining and transfer to
plants, are very complex processes that depend on many factors (Jasinka, 1980). In the soil
are present about 40 different radionuclides whose contribution is different (Bockok, 1981;
Tzortzis et al., 2004).

The entry of radionuclides from the soil to plant crops depends on certain factors such as- the
soil type, physical and chemical properties of the soil, the fertility of the soil, its texture, pH,
conductivity, carbonate and sulfate content, etc. (Clarck and Smith, 1988). In addition, the use

1230




Proceedin gs of the VIJ] Internationgl 4 gricultural Symposium »AGROSYM 207 7

Materials and methods

Sampling. The corn samples were collected during the summer of 2016 from different
locations in the surrounding of the city of Skopje. The corn samples with the root are
collected so that three samples with a quantity of | kg are taken from each location, During
the sampling, it was ensured that the micro-location is a flat terrain, which excludes the
consequences of a possible horizontal translocation of radionuclides. The collected samples

Instrument. Gamma fay spectrometry technique was used for determination of radioactivity
of the tested samples. The spectrometer consisted of an HPGe detector, mode] 3020 (Canberra
Packard, Meriden, CT, USA), with an active volume of 180 cm?, relative efficiency of 30 %,

determined from the gamma lines associated with low half-live time daughters of *'*Bj
(609.31, 1120.29, and 1794.49 keV) and *"Pb (351.93 keV). The *Th activity was
determined by 338.4, 911.2 and 969.1 keV gamma lines form *8Ac and its decay products.
The gamma line at 1460 8 keV was used to determine the activity of “K

Efficiency calibration was performed with mixad calibration standard sources MBSS2,
supplied from the Czech Metrological Institute, Inspectorate for lonizing Radiation. In order
to determine the background distribution in the detector environment, empty sealed Marinelli
beaker with the same geometry was measured at equal counts as the soil samples. The
analysis procedure included the subtraction of the background spectrum.

Absorbed dose rate in air (D).The natural decay of radionuclides in the soil is one of the
main sources of the human cXposure to radiation. This level of radiation is different
depending on the content of minerals and radioactive elements of each region. The dose of
gamma radiation which is due to natural radioactive contents of the soil is important for the
population in the area where they live. The rate of absorbed does in the ajr for the




radionuclides with a height of 1 meter above the ground surface was calculated on the basis of
the instructions provided below (UNSCEAR 2000).

D(nGy/h)=0.462A,+ 0.604 Ar,+0.042 A (1)

where Ag,, Ax and Ay accordingly are the average activity concentrations of 226Ra, “K and
232Th, cxpressed in Bq/kg,

Calculation of the external hazard index (Hx). The external hazard index ig calculated with
an equation proposed by Beretka and Mathew (1985).

Hex= Cra/370+ Cr/259+ C/4810 (2)

where H.,, is the external hazard value, Cg,, Cyy and Cx are the mean activity concentrations
(Bq kg™ of 226Ra, *2Th and o respectively. The value of this index must be less than unity,
thus keeping the radiation hazard insignificant. The maximum value of Hex = 1, corresponds
to the upper limit of Rae, (370 Bq kg™).

Calculation of radium equivalent activity, As the distribution for 226Ra, *2Th and YK in
soil samples in not uniform, exposure to radiation can be defined in terms of radium
equivalent (Ragy), to compare the specific activity of the radionuclides of (Beretka and
Mathew, 1985). The radium equivalent activity could be defined as:

Racq = A, + 14341, + 0.077.4¢ (3)

where Ag,, Am and Ak are the specific activities (Bg kg'l) of 226Ra, W and 40K,
res;i)ectively. By deﬁning the Ra,, according to })revious equation, it is assumed that 370 Bq
kg" **Ra or 259 Bq kg *2Th or 4810 Bq kg™ g produce equal gamma dose rate (Singh et

al, 2005),

Results and discussion

Table 1. Mean values of specific activities of values of 226 Ra, 232Th and 40K in corn
samples

1232

Ra Th
Cl 0.40+0.1.0 0.06+0.02 108.15+2.00
C2 1.30+0.40 99.00+2.00
C3 0.16+0.04 0.02+0.12 69.70+1.00
C4 0.73+0.42 1 0.08+0.03 85.35+1.50
(& 0.17+0.11 & <MDA 99.86+1.54
Cé 0.40+0.05 0.17+0.20 115.54+2 .40
C7 0.08+0.33 | <MDA 115.262.00
[ 0.29+0.20 1 0.15+0.03 92.00+1.70
C9 0.38+0.20 0.10+0.40 89.57+1.50
Cl10 0.61%0.2] | 1.02 +0.45 117.21+2.50
Cll 0.48+0.20 0.30+0.25 78.02:+2.00
C12 0.61+0.25 0.11£0.20 195.97+2.00
C13 0.33+0.15 0.17+0.05 107.50+2.35
Cl4 0.62:0.08 0.94:£0.04 112.48+2.50
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The presented results in the table are mean values from Mmeasurements performed on corn
samples taken from 14 different locations, 3 samples from each location. It can be concluded
that corn absorbs 232Th significantly less than *2°Ra, which is in accordance with the physical-
chemical properties of this radionuclide. By analyzing potassium which IS necessary for the
normal course of the life functions of crops, another behavior can be observed i.e. the
transport from the soil to the corn is more intensive,

The concentration of activity of “K in corn is greater than the one of 2*2Th and *26Ra, which is
consistent with the literature data (Saracevig, 1950).The average activity concentrations for
e ny and “K and their ranges were 0.44 Bq kg™ (0.08-1.30 Bq kg™, 0.22 Bq kg
(0.08-1.02 Bq kg™) and 105.63 Bq kg (69.70-195.97 Bq kg'), respectively. The global
average concentrations of the respective radionu¢lides are 40 Bq kg (mRa), 40 Bq kg
(**Th) and 580 Bq kg g“’K) (UNSCEAR, 2008). According to the results presented (Table
1) the levels of 26 Ra, **Th and “K for the com samples cultivated in the Skopje city
surounding are lower than the levels determined for USA and Brasil (in Akhtar, 2005: in
Changizi et al, 2013).

Absorbed dose rates. On basis of the data for activity concentrations applying the equations
I-3, absorbed dose rate in air (D), radiation risk index (Hes) and radium equivalent (Ra,,)
were calculated, and the respective results are presented in Table 2.

Table 2. Obtained results for absorbed dose rate in air (D), radiation risk index (Heks), radium
equivalent (Ra,

Specific activity*

D(nGy/h) Heis Ra,
el 4.76 0.023 8.81
C2 4.87 1 0.024 8.92
3 4.24 0.014 N
C4 295 0.019 6.20
(6] 4.27 0.021 7.85
C6 .13 0.025 9.30
7 4.87 0.024 8.97
C8 4.08 0.020 7.29
C9 3.74 0.020 7.04
C10 5.81 0.029 11.09
&l 367 0.018 6.91
2 8.57 0.042 15.85
13 4.76 0.023 8.85
Cl4 5.31 0.027 g

The mean value of the absorbed dose for corn samples is 4.85 nGy/h and it is lower than the
global average value of 55 nGy’h (Al-Hamarneh and Awadallah, 2009). The average value of
the Heys radiation risk index is 0.02, which shows that there is no significant radiation risk for
the population in the surrounding of Skopje. From the table itself, it may be seen that the
specific average for the radium equivalent Ra, for corn samples is within the range from 5.55
to 15.85 Bq/kg and it is below the maximum recommended limit, i.e. 370 Bq kg' (El-
Aydarous, 2007).

Conclusions
The results of this study are completely compared to the international values and the results of
ther

studies in other countries in the world. It was found that the natural levels of
radioactivity in the vicinity of Skopje are not with the range of high risk and they are in
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