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Table 1- Specific activity of radionuclidesin agriculture and virgin soilsin Bg/kg

Ciyalis s S ubsi
Agriculture soils Virgin soils
ok Artn Ax “ged 5 Ath Ak
Sample code Sample code

S1 8745 8571 12982 SA 98.12 15.18 48.257
S2 20.48 76.70 55.937 SB 03.38 63.27 98.359
3 9451 64.68 93.973 SC 27.28 1842 42613
A 52.47 65.69 905.00 SD 17.28 13.43 56.620
S5 87.47 41.73 8.1018 SE 39.28 45.42 49.622
S6 8845 07.71 19.996 SF 51.20 46.39 58.589
S7 4544 19.70 23.944 SG 46.21 70.43 39.587
8 49.40 27.70 57.686 SH 60.61 98.60 58.866
S9 60.39 90.50 09.676 Sl 91.58 31.56 40.761
S10 86.42 46.69 87.978 SJ 07.58 01.51 73.785
S11 28.46 84.73 50.1094 SK 58.53 97.49 90.579
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Table 2- Radiological parameters of agricultural and virgin soils

Aigod &S ;

T S me me ocom DI DM MK ono
S1 22424 061 0.73  109.58 537.92 134.48 0.75 0.47
2 22158 0.60 0.73 107.93 529.81 132.45 0.74 0.46
3 225.09 0.61 0.75 109.69 538.47 134.62 0.75 0.47
4 216.8 0.59 0.71 105.5 517.87 129.47 0.72 0.45
S5 231.29 0.62 0.75 113.05 554.96 138.74 0.77 0.49
S6 22422 0.61 0.73 109.67 538.39 134.60 0.75 0.47
s7 21753 059 0.71 106.24 521.51 130.38 0.73 0.46
8 193.84 0.52 0.63 93.47 458.83 114.71 0.63 0.4
9 164.45 0.44 0.55 79.81 391.79 97.95 0.55 0.34
S10 21755 059 0.70 106.57 523.13 130.78 0.73 0.46
S11 236.14 064 0.76 115.92 569.07 142.27 0.80 0.50
SA 58.76 0.16 0.19 28.68 140.79 35.20 0.20 0.12
SB 105.26 0.28 0.39 50.08 245.85 61.46 0.35 0.22
SC 13581 0.37 0.44 66.49 326.40 81.60 0.46 0.29
SD 137.62 0.37 0.45 67.38 330.78 82.70 0.46 0.29
SE 137.01 0.37 0.45 67.11 329.44 82.36 0.46 0.29
SF 122.34 0.33 0.39 60.35 296.26 74.07 0.41 0.26
SG 129.17 0.35 0.41 63.46 311.55 77.89 0.43 0.27
SH 21553 0.58 0.75 104.11 511.06 127.77 0.72 0.45
Sl 198.06 0.53 0.69 95.32 467.94 116.99 0.66 041
SJ 19152 0.52 0.67 92.51 454,12 113.53 0.64 0.4
SK 169.69 0.46 0.60 81.01 397.68 99.42 0.56 0.35

‘5})5Lv35 9 )SJ ‘5&:‘5& Raeq 9 4OK ‘232Th ‘ZZGRa b'}‘.}j duww )‘.}jao » u.a.::,i )J‘ :).g‘.:é.? }{)Ui @l;.' -y J?"‘?’
Table 3- Results of variance analyze: The effect of fertilization on the amount of specific activities of 2°Ra, 2*2Th, “K and
Raeq of virgin and agriculture soils

' 1399 2 SWodiind 0329 Cllad Jles 0329 Cdlad
i gle Specific activity of radionuclides ,
Variance source P30
26Rg 232 oK Radium equivalent
E5kS 5 e 28.21™ 281" 0.28" 5.69"

Virgin and agriculture
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Table 4- Comparison of the aver age effect of fertilization on the specific activity of 2°Ra, 22Th, 9K and the specific activity of
radium equivalent in Bq / kg

ol gy P Sjplis SB
Indicator kind Virgin soil Agriculture soil

226Ra 37.272+5.33 45542+ 1.07

22Th 43.18° + 3.67 69.09%+ 1.88
K 604.05°+ 52.93 926.712+ 39.41
Radium equivalent 145.52° + 13.67 215.702 + 6.06
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study in Bg/kg

Table 5- Comparison of specific activities of radionuclidesin agriculture and virgin soils between some countriesand this

Cisalis s
Agriculture soils

55 ol
Rl ARra Ath Ax P
Country name
el 3930 5300 454.00 v
Serbia
oSt 30.00 56.00 602.00 e
Pakistan
bl 4600 49.00 650.00 >
Spain
’*"}"‘I_' 5320 50.03 31100 A
Algeria
d”“", 80.63 116.87 200.66 VF
Malaysia
r;';’r: 4554 69.09 92671 Thiswork
S slass
Virgin soils
o 4400 5800 822.00 v
Yemen
by, 3480 4180 43270 X
Botswana
w7 1800 2200 210.00 ¥
Nigeria
o 3800 57.60 838.00 v
China
il 3700 5300 293.00 )
Malaysia
Iran ol 3727 4318 604.05 Thiswork
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Table 6- Comparison of radiological parametersin agriculture and virgin soils between some countries and this study

Ciyglis s
Soils Agriculture
S @ Row (Bakad He  Hi D AEDindoor (usyy) AEDoutdoor  AGDE  ELCR
Country name 2 (BAKG) He Hin (ngyn) WSYY) " suy) sy (x109)
‘-’L““’)“” 150.05 041 051 7148 350.89 87.72 0.49 0.31
Serbia
oSy
i 156.43 042 050 75.89 37253 93.13 0.52 0.33
Pakistan
Lsle!
i 166.12 045 057 80.16 393.50 98.38 0.55 0.34
Spain
2 _‘ 148.69 040 055 69.27 340.05 85.01 0.47 0.30
Algeria
<3 L’, 263.20 0.71 093 12047 591.36 147.84 0.80 0.52
Malaysia
s ol ol 21570 058 071 10522 516.52 129.13 072 045
Iran this work
S s
Sails Virgin
o 190.23 051 063 9269 455.03 113.76 0.64 0.40
Yemen
by 127.89 035 044 6122 300.55 75.14 0.42 0.26
Botswana
4’)"” 65.63 018 023 31.32 153.76 38.44 0.21 0.13
Nigeria
o 184.89 050 060 90.56 444,55 111.14 0.62 0.39
China
<3 l", 135.35 0.37 047 6354 311.93 77.98 0.43 0.27
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Figure 1- Comparison theresults of means of excess lifetime cancer risk factor (EL CR) in thisstudy and some countries
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Introduction: Humans are constantly exposed to ionizing radiation. Most of the radiations originate from
radioactive decay of natural radionuclides in the environment. Most of the ionizing radiations resulting from the
decay of natural radioactive series of 238U, 235U, 2%2Th and “°K radionuclides in soil, rock and water. The average
amount of uranium in the earth's crust is estimated 2.7 mg/kg that its amount increases up to 120 mg/kg in
phosphate rocks. Phosphate rocks are main row material of chemical fertilizers production. Chemical fertilizers
are chemical compounds that are used in order to increasing crops and improving properties of land. Yearly,
many different types of fertilizers are produced such NPK, phosphate, etc.. Even though fertilizers can improve
nutrient-deficient symptoms in farms but they contain heavy metals and radionuclides. Radionuclides in fertilizer
enter to the soils and directly or indirectly can be absorbed by human body by inhalation of the radon gaseous or
consumption of foodstuff. Radium salts with other salts are also dissolved in water and penetrate to deep layers
of soil and can cause groundwater pollution. The consumption of chemical fertilizers containing radionuclides
increases the radiological parameters of soils. Nuclear radiations is emitted from these elements are harmful to
the body's tissues and may cause diseases such as cancer or genetic abnormalities. Therefore, the investigation of
natural radioactivity contents in soils and radiological parameters are very important. In this research, the
specific activities of natural radionuclides in agricultural and virgin soil samples determined using gamma ray
spectrometry method in Arak and Saraband cities in Markazi province, Iran..For all samples, radiological
parameters were calculated and compared with world average and some countries.

Materials and Methods: In this study, twenty two samples of agricultural and virgin soils were collected in
different areas of Arak and Saraband cities of Markazi province in Iran, from surface up to 30 cm depth. The
weight of each sample was about 2 kg. After drying the samples at room temperature, they were powdered by
electric mill in the laboratory of Arak university. Soil samples were pulverized and passed through a 0.297mm
sieve. They were kept in oven for 24 h at 100°C in order to remove the moisture content. After that, 950 g of
each sample was packed in a Marinelli beaker container and sealed. Gamma ray spectra were registered after 50
days. The collected samples required particular care since radon is a short-lived gaseous nuclide and tends to
escape from the samples. In this work, standard containers were sealed. After the minimum 50 days of preparing
samples, gamma ray spectra were registered. This time is necessary for taking radioactive decay chain
equilibrium, in which the decay rate of the daughters became equal to that of the parents. Specific activity
measurements were performed by gamma ray spectrometry method employing high purity germanium (HPGe)
P-type coaxial detector (GCD30195BSI) manufactured by Baltic Scientific Instrument LTD (005-Latvia) with
30% relative efficiency, which was connected to a multi-channel analyzer of 8192 channels. The energy
resolution (full width at half maximum) of this detector is 1.95 keV for gamma energy line at 1332.520 keV due
to ®Co and a Peak-to-Compton ratio of 60, and operating voltage was 3000 V. The detector and preamplifier are
shielded in a chamber of three layers composed of 10 cm thick lead, 1.5 mm thick cadmium, and 3 mm thick
copper. This shield serves to reduce background radiation.

Results and Discussion: Based on the results, the specific activities of 2?°Ra, 2%2Th and 4°K radionuclides in
soil samples varied in the range (39.60-51.94), (50.90 — 73.84) and (676.09 — 1094.50) in agricultural soils and
(12.98 - 61.60), (18.15 - 60.98) and (257.48 — 866.58) in virgin soils, in Bg/kg. The mean specific activities of
corresponding radionuclides were obtained 45.54, 69.09 and 926.71 Bg/kg for agricultural soils and 37.26, 43.17
and 604.04 Bag/kg for virgin soils. For all results calculated and have been tested variety of variance which show
increasing in agriculture soil amount of 2*2Th and “°K compared with virgin soil. For ?%Ra, the significant
variation in probability level of 0.05 was not observed because of more mobility of radium salt than other salts
and penetration into deeper layers. The increases the amounts of studied radionuclids in agricultural soils
compared with average of worldwide virgin soils are 74.12, 72.30 and 131.68 percent, respectively. The average
absorbed dose in air calculated for agricultural and virgin soils that obtained 105.22 and 70.59 in nGy/h,
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respectively. The average of Annual Gonadal Dose Equivalent (AGDE) and Excess Lifetime Cancer Risk
(ELCR) for agricultural and virgin soils were obtained as (0.72 and 0.48) and (0.45x10° and 0.29x103),
respectively. For virgin soil samples, radiological parameters were in good agreement with mean world value but
in agricultural soil samples, increase was observed compared to virgin soil and agricultural soils of some
countries.

Conclusions. The obtained data showed that the amount of mean specific radioactivity of natural
radiouclides in agricultural soils were higher than some countries. The radiological parameters of agricultural
soils in most samples were more than the world average of virigin soil values. The results of this research on
virgin soil were in good agreement with the world average. This study showed that consumption of fertilizersin
these cities was more than other countries. But all of radiological parameters of soil samples were less than
maximum acceptable criteria and thus have no damaging effect for people health. However, the long term
unsuitable usage of chemical fertilizers can have the effect of increasing of radioactivity in soils that can be
harmful for the health of farmers and consumers of the crops.
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