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Abstract

In this study, the Radium-226, Thoruim-232 and Potassuim-40 in the selected fourteen types of rice
samples were collected from local markets in Slemani city- Kurdistan region- Iraq. The concentrations were
determined by using scintillation detector (Nal (TI) -3x3). The results of the Radium-226, Thoruim-232 and
Potassuim-40 specific activities in rice samples were ranged (0.55 — 5.7) Bq Kg, (0.6 — 4.66) BqKg™ and (16.11 —
20.02) Bq Kg?, respectively. The average value of the radium equivalent activity (Rageq)) Was below the average
worldwide values as reported by UNSCEAR. The values of total annual effective dose (E; ) of the rice samples,
ranged from 64.66 to 355.62 uSv y~!. The E, value of each of Thailand- Kallasher and Slemany_ Banikhellan
samples were (355.62, 344.38) uSv y~*, which were higher than the the average worldwide value 290 uSvy~! as
reported by UNSCEAR. In general, the mean value of E, was 196.20 uSv y~!. Therefore, the studied samples
are safe in term of the radiological health hazards.

1. Introduction

Environmental pollution has various types; water pollution is a numerous permanent problem, but it has
gained a non-controlled dimension lately because most of the pollution types transfer via the flowing water cause
to increase problems of population; sewage disposal, industrial waste, radioactive waste, etc.. Terrestrial
radionuclides transfer in a complex cyclic pathway (terrestrial- water- plant- animal - human). Terrestrial and
aquatic food chains are capable to transfer the natural radionuclides to humans through ingestion of food [1]. In
case of water pollute with a radiation causes to exposure humans and their foodstuffs to various types of radiation
that are originated from primordial, Cosmo-genic, terrestrial, natural decay series. Radionuclides can enter our
body through either ingestion of food and water or inhalation air. One of the water pollution with radiation case is
public exposure to waterborne Radon-222 and its short-lived radioactive progenies/decay products (viz., such as
Polonium-218, Lead-214, Bismuth-214 and Polonium-214), may occur directly by ingestion (drinking water
containing Radon-222) posing a potential health risk [2], but indirectly by transfer the fractional of radiation dose
to human in a cyclic closed pathway.

The meals are mainly based on rice, which contains an amount of radioactivity that deposes in human body
organs. Uranium-238, Thorium-232 and their progeny besides Potassium-40 are available in food and water
extremely [3]. Approximately, half the radioactivity detected in humans return to Potassium-40, when the
Potassium-40 enters the body from the consuming vegetables and food. In addition, the ionization radiation
coming from Potassium-40 causes cell damage and induce the cancer cells [4]. Potassium-40 ratio in soils based on
chemical fertilizer (phosphate) ratio in agricultural land. In other side, food crops are contaminated in direct and
indirect pathways by uranium-series radionuclides [5]. The previous studies about animal and human, showed the
evidence data to indicate that a fraction of Strontium-90 and Radium-226, distributed instantaneously throughout
the bone volume [6].

Natural radionuclides ingestion depends on the consumption rates of; food, water and their radionuclide
concentrations. Long-term dose exposes to various organs of the body; this would be done extremely by ingestion
of radionuclides through food intake [7].
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The amount of local rice production is not sufficient to provide the Iragi markets, especially in Slemani
city, that causes to import the sufficient amount of rice from the different countries. The present work tries to
collect the rice samples in the Slemani city markets that import from different countries. The previous studies
concluded that different intake rate of natural radionuclides may vary considerably from one area to another
because of radionuclides concentration differences among food types in the diet [8]. Based on this fact, the
samples were measured by gamma measuring system, which was contain Nal (TI)-3x3 detector, Digital
Spectroscopy Analyser (DSA-1000) and Genie- 2000 software to determine the concentration rate of each natural
radionuclide and then calculating the intake annual effective dose for each of natural radionuclides [9].

2. Methodology
2.1 Gamma measuring System

Fourteen types of rice samples were collected to determine radionuclides' activity concentration. Some of
them were obtained from local markets of the Slemani city. The concentration distribution of Raduim-226,
Thorium-232, and Potassium-40 in the rice samples found in Bq kg~! such as; Sevan - India, China, Italy,
Argentina- Saman, Vietnam, India - Bwan, Iragi- Ambar, Spain -Aura, Slemany- Banikhellan, Turkey- Hunkar,
Thailand - Kallasher, USA - Lorance, Uruguay — Saman and Russia- Grda. The rice samples crashed into less than
0.650 wm as shown in Fig.1. Each sample was weighted (1 kg) without the weight of plastic tube (Marnelli
beaker). The samples were sealed and kept one month in a Marnelli beaker to achieve secular equilibrium between
Raduim-226, Radon-222 and their progenies [10].
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Fig.1. Sample containers and the gamma measuring system in the ANR Laboratory

After that, the natural radionuclides (Raduim-226, Thorium-232, and Potassium-40) of rice samples were
detected using the Nal (TI) 3;, x 3;, detector with an energy resolution of about 7.5% at the 662 keV peak of
Cesium-137, the detector was connected to the DSA-1000. Furthermore, the detector was enclosed with by a
cylindrical lead shield (10.0 cm thick and 40 cm height) fixed on steel holder and covered by a thick (5cm) lead to
reduce the background radiation [11].

These devices were connected to the PC that Genie- 2000 is installed on it. Genie- 2000 has some
functions such as; MCA, spectral display, basic spectrum analysis, determining peak energy to alpha- gamma
spectrum and reporting. In addition, Genie- 2000 capable reduces pile up of gamma energy peak to 2 keV as
shown in Table 1 [9].
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Table 1. Peak energy analysis report of China rice sample.
Peak Analysis Report 2/9/2018 9:06:43 AM Page 1

»wix STANDARD VMS PEAK ANALYSIS REPORT *oxx

Configuration Title:

Spectrum Title: Sample title.

Peak Analysis Performed on: 2/9/18 9:06:43 AM

Peak Analysis From Channel: 3 To Channel: 1024

Peak Search Sensitivity:  3.00 Gaussian Sensitivity: 10.00

Max Iterations: 10 Fit Singlets: Yes Critical Level Test: Yes

Use Fixed FWHM: Yes FWHM Reject: Yes FWHM Reject Ratio: 0.00
Peak Fit Engine Name: NDSTD Continuum Type: STEP

PKkIT Energy Area Bkgnd FWHM Channel Left PW Cts/Sec %err Fit

M 12 10855 9539 6013523.32 20.85 111021.2E-001 5.6 57.5

m 2 2 138.29 67592 90524 26.55 32.12 11102 8.8E-001 1.1 57.5
m 3 2 17252 16686 109352 29.65 45.10 11102 2.2E-001 5.0 57.5
m 4 2 19441 19655 120224 32.04 53.39 11102 2.6E-001 4.4 57.5
m 5 2 214.81 18922 131386 33.28 61.13 11102 2.5E-001 4.8 57.5
m 6 2 238.94 19815 143632 34.85 70.28 11102 2.6E-001 4.8 57.5
m 7 2 262.70 15745 152906 36.17 79.28 11102 2.1E-001 6.2 57.5
m 8 2 299.86 18715 156595 38.68 93.37 11102 2.4E-001 5.0 57.5
F 91 559.40 8910 7182153.17 191.75 174 321.2E-001 6.2 5.4

F 10 1 643.94 13794 67449 57.23 223.80 205 39 1.8E-001 4.3 2.9

F 11 1 1125.12 6036 42623 75.60 406.21 378 58 7.9E-002 9.0 1.1

F 12 1 1443.44 37830 29294 85.56 526.87 480 854.9E-001 1.5 15.7
F 13 1 1729.69 4801 13313 93.69 635.39 595 78 6.3E-002 7.3 2.0
M 14 1 2072.91 2747 9602 102.0 765.49 713137 3.6E-002 12.0 1.8
m15 1 215588 707 8688 104.0 796.95 713 137 9.2E-003 47.4 1.8
m16 1 2211.42 1652 4804 105.9 818.00 713137 2.2E-002 12.6 1.8
M 17 10 2533.35 8686 3450 112.3 940.04 882 106 1.1E-001 2.5181.3
m 18 10 2535.39 6952 3334 112.6 940.81 882 106 9.1E-002 3.0 181.3
m 1910 2651.91 2142 113 114.1 984.98 882 106 2.8E-002 0.8 181.3

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

All mentioned devices were prepared by Canberra industries INC. and arranged as a system as shown in
Fig.2.

Fig.2. The gamma measuring system of the rice samples.

The energy calibration was fulfulled using multi-nuclide gamma-ray (Europium-155, Cobalt-57, Tin-113,
Cesium-137, Manganese-54, Zinc-65) source, which prepared by (Canberra Industries, INC) to cover the low and
high energy range from 122.1 to 1332.5 keV through 18000 second. The samples put into Marnelli beaker then
placed on the top of the detector and were counted for 86,400 seconds to reduce the counting error that agree with
[12]. The measurements of gamma ray for samples were done in the Advance Nuclear Laboratory- Physic
Department- College of Science - University of Sulaimani- Iraqg.
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The obtained radionuclides spectrum of the rice samples based on the energy peaks of the progenies. The
activity concentration of Radium-226 was calculated via energy peaks of its progynies as Bismuth-214 (1764.5,
2204) keV and Lead-214(295, 351 keV), while the specific activity of Thorium-232 has been calculated based on
the energy peaks of Thalium-208 (2614.5) keV and Lead-212 (238 keV), Actinium-228 (911,969) keV, the last
one is unique energy peak 1460 KeV identified Potassium-40. Selection of these enrgy peaks agreed with prious
studies [13, 14].

2.2 Gamma radiological parameters calculation

The natural radionuclides activity concentrations of the rice samples were calculated by subtracting the
area peak energy from the background, However the program sofware redmove the background radiation too,
using an equation as [15,16].

A = yizn _NpO=Ns®)
€T A= T L) () M

(¢))

Where 4, is the activity concentrations of the samples in Bq Kg?, N, is net area under peak, Ny is
background area under peak, n is number of the decay product of natural series radionuclides, T is time of
counting in sec, I, is the absolute transition probability, ¢ is detector efficiency for the corresponding peak and M
is the weight of the rice samples in Kg.

The radium equivalent activity (Ra.q)) is derived from the three principal natural rdionuclides given as
[17],

Raeqy = Ara + 143 Ay + 0.077Ag 0]
where Ag, , Ath, Aga are specific activities of Raduim-226, Thorium-232, and Potassium-40, respectively.
Intake dose

The annual effective dose of the individual intake of the natural radionuclides from the consumption of rice
has been calculated by the following relation [18] and presented in Table2.

Eqnn = Ac * Aing * €ing 3)

Where, Egnnis the annual effective dose (uSvy~') of an ingestion radionuclides, A, is the activity
concentration of radionuclides (Bq kg~'), Ay, is the average worldwide annual intake per capita consumption of
rice is 140 kg y~*, and e, is the ingestion dose conversion factor for the radionuclides (0.28 uSv Bq~*for 225Ra,
0.23 uSv Bq~* for **Th and 6.2 * 10" uSv Bq~for Potassium-40) [19, 20]. The total ingestion dose (E;) due to
the intake of radionuclides via consumption of rice samples based on formula (3) is given as,

Et = 223 Eann (Tl) (4)
where n is the number of individual radionuclide.

3. Results and conclusions

This study focused on the pure activity of the radionuclides present in samples. Radioactivity distribution
in rice samples used Nal (TI) detector to determine the radioactive level of Raduim-226, Thorium-232, and
Potassium-40 and thier intake doses. The radionuclides Raduim-226, Thorium-232, and Potassium-40 in 1Kg of
rice are not exposure the radiation uniformly. The radium equivalent activity (Ra.q)) in Bq kg presents all
specific activities (Raduim-226, Thorium-232, and Potassium-40) of rice samples, it was calculated using Eq. 2.
The activity concentration of Raduim-226, Thorium-232, and Potassium-40 in rice samples ranged as (0.55 — 5.7)
Bq Kg™?, (0.6 —4.66) Bq Kg™, and (16.11 — 20.02) Bq Kg?, respectively.

Table 2 showed that the maximum value of activity concentrations for each of Thorium-232, and
Potassium-40 recorded by Russia- Grda rice sample, while the minimum values of them return to China rice. The
mean activity concentration observed, as any raw terrestrial materials, the highest value return to Potassium-40,
followed by Raduim-226 which was close to Thorium-232 value (17.76 > 2.59 > 2.46). The Raduim-226 activity
concentration values of; Italy, Urguay- Saman and USA — Lorance rice samples were recorded the lowest activity
(0.55, 0.6, 0.64) Bq Kg, respectively. The highest activity concentration value of Raduim-226 was found in
Thailand- Kallasher rice 5.7 Bq Kg™. Fortunately, the maximum values of the radionuclides activity concentration
were lower than the average worldwide value (30 Bq kg™) [20]. In addition, Table 2 showed that the maximum
value of the Ra.q) was found in Thailand- Kallasher rice, and the minimum vale return to China rice.



Journal of University of Babylon for Pure and Applied Sciences,VVol.(27), No.(4): 2019

Table 2. The specific activity of Raduim-226, Thorium-232, and Potassium-40, the radium
equivalent activity (Ra.4)) and their annual effective dose of the rice samples.

Rice

Specific Activity o fA, Raeq) Annual Effective Dose Total annual
samples (Bq kg™ (Bq kg™) Egnn (uSvy™1) effective dose
ZZGRa 232Th 40K ZZGRa 232Th 40K Et (uSv y—l)
India (Sevan) 2.89 190  19.48 7.11 11328  61.29 16.91 191.48
China 0.80 060  16.11 2.90 31.36 19.32 13.98 64.66
Italy 0.55 182  17.90 4.53 2156  58.60 1554 95.70
Argentina 4.06 092 1720 6.70 159.15  29.62 14.93 203.70

(Saman)

Vietnam 2.46 358  16.79 8.87 9643 11528 1457 226.28
India (Bwan) 2.56 230  18.66 7.29 10035  74.06 16.20 190.61
Iraq (Ambar) 1.43 282 1894 6.92 5606  90.80 16.44 163.30
Spain (Aura) 478 187 1832 8.86 187.38 6021 15.90 263.49
Irag-Slemany 512 398 1760 | 1218 | 20079 12832 1528 344.38
(Banikhellan)

Turkey (Hunkar)  2.18 194 1744 6.30 8556  62.47 15.13 163.17

Thailand 5.70 366 1652 1221 | 22343 11785  14.34 355.62

(Kallasher)
USA (Lorance) 0.64 173 1694 4.42 25.19 55.73 1471 95.62
Uruguay (Saman) 0.60 2.65 16.65 5.67 23.52 85.33 14.45 123.30
Russia (Grda) 2.50 466 2002 10.71 9800 15005  17.38 265.43
Mean 2.59 246 1776 7.48 10158  79.21 15.41 196.20
Max. 5.7 466 2002 1221 | 22343 15005  17.38 355.62
Min. 0.55 0.6 16.11 2.9 21.56 19.32 13.98 64.66

The annual effective dose (E,,,) value of both of Raduim-226 and Thorium-232 for each of (India-
Sevan, Argentina- Saman, Vietnam, India- Bawan, Irag- Ambar, Spain- Aura, lrag- Slemany_ Banikhellan,
Turkey- Hunkar, Thailand- Kallasher and Russia- Grda) rice samples were exceeded the average worldwide value
120 uSv y~! and tabulated in Table 2. The total annual effective dose (E,) value of each of Thailand- Kallasher
and Slemany_ Banikhellan samples were (355.62, 344.38) uSv y~!, which were higher than the the average
worldwide value 290 uSv y~1[20]. The minimum value of E; recorded by China rice was (64.66 uSv y~1).

4.Conclusions

The study of natural radioactivity in the rice samples is usually done in order to gain information about the
levels of radioactivity risk in the intake natural radionuclides. The highest radionuclide concentration value was
found in Potassium-40 among the three natural radioactivity, because Potassium-40 is an essential element of the
fertilizers for plant. The E, values of most of the samples were under the average worldwide value 290 uSv y~1.
Therefore, the use of these rice samples for eating is considered to be safe in general. The mean value of the E; is
(196.2 uSv y~1) lower than the average worldwide value, this fact caurages the author to suggest that the hapitant
can use all type of rice. This type of work regards as the baseline data to make estimations of internal exposure for
the inhabitance of the studied area.
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