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Abstract: This Study is primarily conducted around EI-Obeid refinery, North Kordofan State to contribute
overall strategic national programme of radiation monitoring to create a radiation map for country, to be
useful as a reference in the any case of environmental impacts. The measurements soil and Rock samples
were performed measured by Gamma Spectrometry with Nal(TI) detector. The average activity
concentrations of 22°Ra, 2Th and “°K determined were 30.11+4.49, 28.19+5.82 and 301.28+62.95 Bg/kg,
respectively in soil samples. On the other hand the activity concentration of radionuclides ?2°Ra, 2*Th and
K in rock samples were 23.80+6.40, 25.82+5.37 and 315.37+94.40 Bq/Kg, respectively. The absorbed
dose rates and annual effective dose were estimated. However, the absorbed dose rates was found to be
32.03+4.04 nGy/h and 29.42+6.52 nGy/h for soil and rock samples, respectively and the corresponding
annual effective dose to the population due to exposure to natural radionuclides (**Ra, 2?Th and “°K) for
soil and rock samples were 39.31£4.96 and 36.11£8.00 puSv/y, respectively. However, the results showed
that the radioactivity level in area under consideration were less than the global data reported in the
UNSCEAR publications for normal background areas.
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1. Introduction

Natural radioactivity is widespread in the earth environment and it exists in various
geological setting, such as earth crust, rocks, soils, plants, water and air [1]. Natural
radionuclides in soil generate a significant component of the background radiation exposure of
the population. The radioactivity caused by radionuclides can transfer from soil, water and air to
agricultural plants, and other biological elements and finally to human body[2].So natural
radioactivity in soil contributed radiation dose to dwellers that originate from 238U,%32Th and “°K
, and the higher radiation levels are associated with igneous rocks, such as granite and lower
levels with sedimentary rocks[3]. For health and environmental safety purposes there is need to
measure and evaluate the level of radioactivity in the environment regularly and estimation of the
radiation dose distribution is vital in assessing the health risk to a population and serves as a
reference for documenting changes in environmental radioactivity due to anthropogenic activities
[4]. The radiological survey is important for each country, to establish a data base for
environmental purposes, and for future variation in radiation level due to one reason or another.
The data generated in this study will complement a few other studies, which were conducted at
different locations in Sudan to initiate creation of radiation map for the country and provide a
useful reference for radiation Protection.

2. Materials and methods
Sample Collection and Preparation

A total of 28 soil and 16 rock samples have been collected randomly around EI-Obeid
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refinery, which is situated about 10km on the East EI-Obeid, capital North Kordofan State, Sudan.
The samples were separately crushed using a jaw crusher and then ground to veryfine powder
and homogenized by passing through 2mm sieve. The formed powder samples (500g) were
sealed in standard Marinelli beakers (0.5 L) for approximately four week before counting by
gamma- ray spectroscopy to allow secular equilibrium between 2%Ra and 22Th and their
progenies.

Gamma - Spectrometric measurements

Activity measurements was performed by using gamma — ray spectrometry system
equipped with Nal (TI) detectors of [3"x3"] inch crystal detector system, coupled to PC-MCA
Canberra. To reduce the gamma background, a cylindrical lead shield (100mm thick) with
affixed bottom and movable cover shielded the detector. The lead shied contained an inner
concentric cylinder of copper (0.3mm thick) in order to absorb X-rays generated in the lead. In
order to determine the background distribution in the environment around the detector, an empty
sealed beaker was counted in the same manner and in the same geometry as the samples. The
measurement time of activity or background was 10800s.The background spectra were used to
correct the net peak area of gamma rays of measured isotopes .A dedicated software program
.The (351.9 keV) gamma line of ?**Pb and (609.2 keV) of 2“Bi were used to calculate the
activity concentrations of 2Ra, while the gamma lines of 22Ac (911keV)and 2Tl (583.2keV),
were used for estimating the activity concentration of 232Th. The single 1460KeV gamma line
was used to determine “°K activity concentration.

Calculation of element concentration

Activity concentrations of the radionuclide contents and their activity levels in the
samples were measured using a calibrated Nal (NI) detector. The activity concentration (A) of
each radionuclide in the samples was determined by using the net count (CPS), weight of the
sample, the photo-peak efficiency and the gamma intensity at a specific energy as [1] (B. M. R.
Faisal et al., 2014).

A=CPS/E xI xW (1)

Where, A = Activity concentrations of the sample in Bg/kg,

CPS = the net counts per second = cps for the sample- cps for the background value,

E = the counting efficiency of the gamma energy, | = Absolute intensity of the gamma ray and
W = Net weight of the sample (in kilogram).

Calculation of Absorbed Dose Rate and Annual Effective Dose from measured activity
concentrations

The activity concentrations of ?°Ra and 2%2Th and “°K obtained in the soil and rock
samples was converted into air absorbed dose rate (D) at a height of 1m above the ground level
using Dose Rate Conversion Factors (DRCFs) given in the UNSCEAR (2000).

D (nGyh') = 0.0.604Ara+ 0.0417Am, + 0.462A« )

Where:D(nGyh!) represents the total air absorbed dose rate due to the activity concentrations of
226Ra, 232Th and “°K (Bqg.kg™), respectively, at 1.0 m above the ground surface.
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The estimated absorbed dose rate in air (D) was converted into annual effective dose (H)
using the conversion formula:

H (uSvy?) = D (nGyh™) x 24 h x 365.25d x 0.2 x 0.7 Sv Gy ! x 1073 (3)

Where: the conversion coefficient from absorbed dose in air to effective dose received by
an individual is 0.7 SvGy* and the outdoor occupancy factor is 0.29 [2,5,6,7] .

Table 1. Activity concentration of natural radionuclides (**Ra, **Th and “’K Bq/kg)in soil samples,
corresponding total absorbed dose rate in air at a height of 1.0m (nGy/h), and the annual effective dose

(uSv/y).

Sample Code 265Ra 282Th 0K nGy/h uSvly
S1 29.78 17.46 429.08 35.02 42.98
S2 31.80 30.45 369.01 36.16 44.38
S3 34.53 30.86 326.10 35.58 43.66
S4 23.94 26.39 377.59 32.28 39.62
S5 34.93 33.29 240.28 32.59 40.00
S6 30.60 31.26 360.43 35.47 43.52
S7 35.20 32.08 317.52 35.76 43.89
S8 35.53 30.86 334.68 36.37 44.64
S9 34.68 32.16 326.10 35.93 44.09
S10 36.07 31.02 283.19 34.43 42.25
S11 35.12 28.83 300.36 34.27 42.06
S12 27.28 41.01 343.26 35.46 43.51
S13 32.18 30.05 446.24 39.56 48.55
S14 32.73 30.45 351.85 35.83 43.97
S15 31.47 23.14 266.03 29.98 36.80
S16 27.92 21.52 308.94 29.95 36.76
S17 21.49 20.71 248.87 24.45 30.00
S18 34.06 34.11 240.28 32.40 39.76
S19 27.53 22.33 231.70 26.65 32.70
S20 27.37 26.47 240.28 27.86 34.19
S21 34.23 30.98 274.61 33.26 40.82
S22 25.58 24.77 317.52 30.04 36.87
S23 20.76 31.30 317.52 29.42 36.11
S24 25.00 31.26 300.36 30.49 37.42
S25 31.53 32.48 21454 29.86 36.64
S26 25.07 12.18 248.87 24.09 29.57
S27 26.31 23.96 223.12 26.12 32.05
528 30.45 28.03 197.38 27.67 33.96
Mean 30.11 28.19 301.28 32.03 39.31
STD 4.49 5.82 62.95 4.04 4.96
Min 20.76 12.18 197.38 24.09 29.57
MAX 36.07 41.01 446.24 39.56 48.55
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Table 2: Activity concentration of natural radionuclides (*°Ra, #?Th and “°K Bg/kg) in rock samples,
corresponding total absorbed dose rate in air at a height of 1.0 m (nGy/h), and the annual effective dose

(uSvy).

Sample Code 226Ra 232Th 40K nGy/h uSvly
R1 27.55 28.02 308.94 31.23 38.33
R2 35.17 32.08 369.01 37.96 46.59
R3 34.69 34.63 386.17 39.06 47.94
R4 27.20 25.17 583.55 42.26 51.86
R5 22.05 23.96 291.77 27.25 33.44
R6 26.05 25.58 343.26 31.53 38.69
R7 24.92 22.33 266.03 27.01 33.14
R8 21.97 23.14 214.54 23.71 29.10
R9 18.34 17.46 188.80 19.80 24.30
R10 21.07 19.90 180.21 21.14 25.94
R11 17.65 23.14 326.100 26.66 32.72
R12 18.82 19.08 334.68 26.64 32.69
R13 24.16 23.55 317.52 29.17 35.80
R14 14.17 28.83 274.61 24.22 29.73
R15 15.24 35.33 291.77 26.85 32.95
R16 31.73 30.86 369.01 36.23 44.46

Mean 23.80 25.82 315.37 29.42 36.11
STD 6.40 5.37 94.40 6.52 8.00
Min 14.17 17.46 180.21 19.80 24.30
MAX 35.17 35.33 583.55 42.26 51.86

Comparison of the average activity concentrations in soil, rock samples, of the study area with
published data.

Country 26 Ra 232Th 40K Reference

Taiwan 30.0 44.0 431 Yu-Ming [8]

Australia 51.5 48.1 114.7 Beretka and Mathew [9]
Nigeria 42.4 64.5 298 Joshua [10]

India 37 24.1 432.2 Kumar [11]

Amman, Jordan | 56.4 28.8 501 Ahmed [12]

Istanbul, Turkey | 21.0 37.0 342 Karahan and Bayulken[13]
Sudan 30.11 28.19 301.28 Present study

Global average | 35 30 400 UNSCEAR [5]
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Fig .1: absorbed dose rate in air (nGy/h) in Soil samples around EI-Obeid refinery.
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Fig. 2. Absorbed dose rate in air (nGy/h) in rock samples around El-Obeid refinery

3. Results and Discussion

The mean values of measured activity concentration of selected radionuclides of
226Ra,%32Th, and *°Kinsoil and rock samples collected around EI-Obeid refinery were presented in
table 1,2 respectively. The activity concentrations of ?2°Ra, 2*2Th and “°K in soil samples were
ranged from 20.76 to 36.07 with an average value of (30.11+4.49) Bq/Kg, and 12.81 to 41.01
with an average value of (28.19+5.82) Bq/Kg and from197.38 to 446.24 with an average value of
(301.28+62.95)Bq/Kg, respectively. Similarly, activity concentrations in rocks samples were to
be in the range 14.17 to 35.17 with an average value of (23.80+6.40) Bq/Kg for ??°Ra, while for
2%2Th it is in the 17.46 to 35.33 with an average value of (25.82+5.37) Bg/Kg and On the other
hand, the activity of “°K was found to be in the range583.55 to 180.21 with an average value of
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(315.37+94.40) Bqg/Kg. However, the measured activity concentrations of 2?°Ra, 2%2Th,
and*°Kwere compared with the values reported worldwide [8,9,10,11,12,13,5] as shown in Table
3. It is found that the measured activity concentrations of all radionuclides in this study are lower
than most of the reported values from other countries as well as the world’s average values.

Environmental exposure situations resulting from gamma-emitting radionuclides often
expressed by absorbed dose rate in air at a height of 1.0 m from the surface [14]. The estimated
absorbed dose in soil and rocks samples were ranged from 24.09 to 39.56 with a mean of
(32.03+4.04) nGy/h, and from 19.80 to 42.26 with a mean of (29.42+6.52) nGy/h (Table 1,2) &
(Fig 1,2) respectively. The average absorbed dose rate reported in this study was lower than the
worldwide average value of 60 nGy/h estimated UNSCEAR, (2000). The corresponding annual
effective dose to the population due to exposure to natural radionuclides (??°Ra, *?Th and “°K)
for soil and rocks samples were ranged from 29.57 to 48.55 with an average value of
(39.31+4.96) uSv/y and ranged from 24.30 to 51.86 with an average value of (36.11+8.00)
uSv/h, the overall annual effective dose were lower than allowable limit set by ICRP 1uSvy
! However, the data generated from consideration area was reported the area is below world-wide
average characteristics for normal background areas. Also the results from the study will serve as
a baseline data in data bank for the Radiation Protection Board of Sudan, as part of a national
programme to establish data on environmental radioactivity in Sudan.

4. Conclusion

The average concentrations of the radionuclides in soil and rock samples collected around
El-Obeid refinery, North Kordofan State,are at the normal environmental levels and they are
similar with the concentrations obtained in the surroundings countries.
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OLIEHKA ECTECTBEHHO PAJIMOAKTUBHOCTH B OBPA3LIAX ITOYBbI 1
CKAJIBI BOKPYT HE®TEIEPEPABATBIBAIOIIETO 3ABOJIA DJIb-OBEIJIA,
CYJIAH

Hoopeanun ®@anoa, daspagna Maxmyn FOced

Pe3tome: D10 WccleqoBaHWE B OCHOBHOM IPOBOIUTCS Ha HedremepepabaThIBaronieM 3aBojae B IJIb-
OGeiine, mratr CesepHblii KopmodaH, Ui BHECEHUS BKJIaJa B CTPATErHMUSCKYH) HAIlMOHAIBHYIO
NpOrpaMMy pajHaliOHHOTO MOHHMTOPHHIA JJI CO3JaHUS PaJUallMOHHONW KapThl JUIS CTPAHbI, KOTOpas
OyzeT moyie3Ha B Ka4eCTBE CIPAaBOYHON MH(GOPMAIIMHU B CIIydae JHOOOTO BO3ACHUCTBHS HA OKPYIKAIOIILYIO
cpeny. M3MepeHust mpoO MOYBBI U TOPHBIX MOPOJ MPOBOJMIUCH FAMMA-CIEKTPOMETPUEH € TTOMOIIBIO
nerextopa Nal(TI). Cpennsis koHueHTpanus aktuBHOcTH 22°Ra, 22Th m “°K B 06pasuax moussl Gbuia
ompexaencHa, 30,11+4,49, 28,194+5,82 u 301,28+462,95 Bbx/kr coorBercTBeHHO. C Ipyroil CTOPOHEI,
KOHIIEHTpAIUsl aKTUBHOCTH paguonykauaos 22°Ra, 22Th u K B o6pasmax mnopoj cocTasisia
23,80+6,40, 25,82+5,37 u 315,37+94,40 Br/kr coorBercTBeHHO. OIEHEHH MOIIHOCTH ITOTJIOIIEHHOMN
036l U romoBas 3ddextuBHas no3a. OQHAKO OBUIO YCTaHOBIIEHO, YTO YPOBEHb IOIJIOLIEHHOW O3B
cocrapisier 32,03+4,04 ulp/a u 29,42+6,52 ul'p/a miast oOpasoB TMOYBBI M TOPHBIX IOPOI H
COOTBETCTBYIOIIAsi rojioBas 3QQeKTHBHAS J03a JUIsl HAcelCHWs H3-32 BO3JCHCTBHS €CTECTBEHHBIX
panuonykanaoB (2°Ra, 2Th u “°K) nis 06pasios MouBbl M TOPHBIX MOPOA cocTaBisik 39,31+4,96 u
36,1148,00 Mx3B/r cooTBeTcTBeHHO. OIHAKO, pe3yabTaThl MMOKAa3all, YTO YPOBEHb PAAMOAKTUBHOCTU B
paccMaTpuBaeMoil 00JacTH OBUIM MEHBINE, YeM TJI00ATbHBIE JTaHHBIE O KOTOPHIX COOOIIANIOCHh B
nyomkammsx HKJIIAP OOH ans HopMmanbHBIX POHOBBIX 00TIacTel.

Knioueevie cnosa: TpHPOAHAS  PAAMOAKTHBHOCTH, OOpaslbl IMOYBHI M TOPHOH  IOPOIBI,
HedrenepepadaTeiBarouii 3aBoj Db-O6ein-CymnaH.
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SUDAN, EL-OBEID NEFT EMALI ZAVODU 8TRAFINDA TORPAQ V& QAYA
NUMUNOLORININ TOBii RADIOAKTIVLIYiNIN QiYMOTLONDIRILMOSI

Nooreldin Fadol, Elfadil Mahmoud Yousef

Xiilasa: Todqiqat, ilk novbado, Olkonin radiasiya xaritosini yaratmaq tg¢iin radiasiya monitoringinin
imumi strateji milli programina yardim etmok mogsadi ilo Simali Kordofan oayalotindoki EI-Obeid neft
emal1 zavodunun otrafinda aparilir vo hor hansi bir otraf miihite tosir halinda istinad kimi faydalidir.
Torpaq va qaya niimunalarinin dlgiilori Nal (TI) detektoru vasitasilo Qamma Spektrometriyasi ilo hoyata
kegirilmigdir. Torpaq niimunalorinds ?%Ra, #2Th vo “°K orta aktivlik konsentrasiyalar1 miivafiq olaraq
30.1144.49, 28.19+5.82 vo 301.28+62.95Bq/kq olmusdur. Digor torafdon qaya niimunolorindo ?%*Ra,
22Th vo “°K radionuklidlorin aktivlik konsentrasiyasi uygun olaraq 23.80+6.40, 25.82+5.37 vo
315.37494.40 Bq/kq teskil etmigdir. Udulma doza doracolori vo illik effektiv doza hesablanmigdir.
Torpaq vo qaya niimunslori {igiin udulma doza daracslori miivafiq olaraq 32.03 + 4.04 nGy /s vo
29.42+6.52 nGy /s olmusdur. Tobii radionuklidlorin (?®Ra, *2Th va “°K) tosiri noticosindo ohali iizro
illik effektiv doza torpaq vo qaya niimunolori {i¢lin miivafiq olaraq 39.31+4.96 vo 36.11£8.00uSv/y
toskil etmisdir. Bununla bels, naticalor gostordi ki, nozords tutulmus orazi iizra radioaktivlik soviyyasi
UNSCEAR-1n (Atom Radiasiyasinin tosirlorina dair Birlogmis Millotlor Togkilatinin Elmi Komitasi)
standart fon sahalori tiglin dorc edilmis qlobal malumatlarindan daha azdir.

Agar sozlar: Tobii Radioaktivlik, torpaq vo gaya niimunoalori, Sudan, EI-Obeid neft emali zavodu
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https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHRaTENSMFc4S0VQRmtHOXV3V21rMG4yTDlfTDVWSERfSl9ySjR2M3pFYXRJNU5ObWlocjYya0ZaYThNV3ZHNTJDbmhHcFZILW5SaFJsQlRqWDhKaFdnamhVbTlkazFpTXlCY1h0TF9qbmZsdHczRlVSNVhVTXU&b64e=2&sign=2813a00e7fbf5389d54f0b9e77e07528&keyno=17
https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHRaTENSMFc4S0VQRmtHOXV3V21rMG4yTDlfTDVWSERfSl9ySjR2M3pFYXRJNU5ObWlocjYya0ZaYThNV3ZHNTJDbmhHcFZILW5SaGQ1VUF0NVBackdwSXBHV0w1bHBRR0d0TV9rZXZQdWJSNXZPRkh6VUNZZmg&b64e=2&sign=f33a56a5c100687fd8c61f1f3e3bc99c&keyno=17

