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ABSTRACT

The present study is the first o f  its type to be conducted in Alkhwai area aiming at thorough 

investigations o f  natural environmental radioactivity. C o n sid era b le  variation in soil

radioactivity with location is observed. Results show that the average concentrations o f 238U,

“ *Th and 40K  in soil were found to be 14.79± 2.43, 20.71± 3.59 and 162.09±21.19 

respectively and have the range 10.0 - 21.98 , 13.89 - 28.55 and from 113.5ل to 219.45

respectively.

It is observed that there is strong correlation between Uranium -thorium  and fair correlation 

between Uranium- Potassium and Thorium - Potassium.The average value o f  calculated 

gamma radiation dose rate in Alkhwai district was estimated to be (26.10) nGy h '1 

comparable with the world average (59 nGy/h). The average dose from gam m a radiation 

dose rate to an individual assuming a tropical rural setting is estimated to be 32.03ji.Sv/}'ear, 

which is considered to be within the normal range for doses from natural sources.

Further measurements o f  ambient dose for more soil types at different geological features o f  

Sudan are needed to establish a more comprehensive database on the relationship between 

gam m a radiation dose and geological-soil information.
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CHAPTER ONE

INTRODUCTION

The natural rad؛©act؛v  ty in the environment arises primarily from uranium and؛

thorium, ineluding the series o f  decay products, and from potassium. Today, the 

naturally occurring radioactivity is overlain by artificial radioactivity deposited with 

the debris from the atmospheric nuclear weapon tests during 1950s and early 1960s. 

Most o f  this material, injected into the stratosphere, is deposited on a global scale 

according to a recognised latitudinal pattern. P oss ib le  emissions by the nuclear power 

industry, from reactors or processing plants and accidental releases can produce 

constituents similar to the radioactivity o f th e  nuclear weapon fallout. However, the 

contributions from reprocessing, nuclear power plants or other sources, on a global 

scale, negligible and in the worst cases are detectable in limited areas ط  the vicinity o f  

the source itself or on regional scale. Among the radioactive elements produced ط  

atmospheric testing, only those o f  longer half-lives remain in ecosystem components 

at the present time ،١١.

Furthermore, the progressive development o f  the nuclear industry and othef 

contaminating technologies and the widespread and ever increasing use o f  radiation in 

many aspects o f  life has made it necessary to conduct radiological surveys to evaluate 

the background o f  natural radiation ط order to detect the level o f  man-made 

contamination, assess its impact, and implement appropriate countermeasures to 

protect the populace and the environment from radiation emergencies (2).

Only radionuclides with ha[f-؛؛ves comparable with the age o f  the earth or their 

corresponding decay products existing in terrestrial material such as 232Th, 238u  and 

40K are o f  great interest. Since these radionuclides are not uniformly distributed, the 

knowledge o f  their distribution in soil and rock play an important role in radiation 

protection and measurement. Gamma radiation from these represents the main 

e t e r n a l  source o f  irradiation to the human body and the concentrations o f  these 

radionuclides in soil are determined by the radioactivity o f th e  rock and also nature o f



the process o f th e  f o r ^ t i o n  o f th e  soils. Therefore, radionuclides in soil generate a 

significant component o f th e  background radiation exposure to the population (3).

In Sudan, a program on environmental radioactivity monitoring was initiated in the 

late 1980s in the aftermath o f th e  Chernobyl accident with the broad aim ofproducing 

a radiation map o f th e  country and started in 1985. Since then a number o f  studies on 

environmental radioactivity measurements and assessments o f  public exposure have 

been conducted (4).

The present study is a continuation o f  the national program on environmental 

radioactivity monitoring to contribute towards the broader aim o f  producing a 

radiation map for the country to be a reference against any radiological accident of 

regional or global dimension

Objective:
General Objective

1. To identify external exposure from terrestrial radiation in the study area and 

added to radiation map o f th e  Country.

Specific Objectives

1. To assess the activity concentration o f th e  natural radio nuclides in AlKhwai 

Area located in North Kordofan State, central Sudan.

2. To compare corresponding dose rates with the available data in the literature.



CHAPTER TWO

LITERATURE REVIEW

٠

GENERAL BACKGROUND

2.1 Classification ٨٢ nuclides:

Nuclides may be clas$؛fied in several ways. One is according to stability, that is, doses 

the nuc؛؛de undergo radioactive (a radionuclide), o r is it stable to decay (stable 

nuclide). In practice, five different groups ofnuclides may be defined:

2.1.1 S table nuclides: - include those for which no radioactive decay has been 

observed to date.

2.1.2 P rim a ry  n a tu ra l  rad io  nuclides: - are those found ط  nature which are 

radioactive and have persisted on earth from the origin o f th e  solar system. These 

radio nuclides have very long h a l f - l iv e s  and referred to as primordial radio nuclides.

2.1.2.1 Series p rim o rd ia l rad io  nuclides: - are three naturally occurring decay 

series, headed by the radio nuclides 238U( half life 4.47 X ل0و   Years ), 2 3 2 Th( half life

1.4 X Years ), 235U( h °ل10  a l f l fe 7.038 X؛  Years ). These series are commonly ؟10 

called the uranium series (4n+2), the thorium series (4n series), and the actinium 

series (4n+3 series), respectively and decay ط  to stable isotope o f  lead through a 

sequence ofradio  nuclides ofw ide r a n g e  o f half lives.

2.1.2.2 Non -  series p rim o rd ia l rad io  nuclides:- Two primary non -  series radio 

nuclides contribute to background dose, 4 0  K  (half life 1.28 X ل وه   Years) and 87R b  

(half life 4.8 X 101Q Years) decay directly to stable nuclide.

40K  is the only radioactive isotope o f  potassium and is present in an amount of0.0118 

% in this natural element .One gram o f  natural potassium contains 31.6 Bq ^ K . 

Hence, the activity o f 40K can be used to quantitatively determine total potassium, it 

decay by emission o f  particles to stable 40Ca with the disintegration probability o f  

89% and by K-electron capture (EC) to an exited state o f  40Ar, followed by y- ray 

emission to 40Ar ground state at a rate o f  11%.



2.1.3 Secondary  n a tu ra l radio  nuclides: - are those produced by the decay o f th e  

primary natural radio nuclides e.g. 226Ra, 222Rn, 234Th, 214Pb 214 س د  Bi which are 

produced by 238u.

Table (2.1): U ran iu m  an d  T horium  series

Nuclide H a lf  life P rin c ip a l rad ia tio n s
2ق8آل

Thorium-234 24.1days p, Y , X -  rays

Uranium-234 years 2.45؛x10 a , x-rays

Lead-214 26.8 min a  , y, x-rays

Bismuth-214 19.7 min Y, p

^ 32Th

Radium-228 5.75 years
B

Actinium-228 6.13 hours p  , Y ,  x - r a y s

Lead-212 10.64 hours Y ,  p  ,  x - r a y s

2.1.4 In d u ced  n a tu ra l radionuclides:

Are those constantly being produce by the action o f  cosmic rays on the earth's 

atmosphere. Two well-know examples are: *H (tritium, half-life =12.3 years) and 14c 
(half-life = 5730 years).

2-1-5 A rtific ial rad ionuclides:

These are man-made radio nuclides produced either in nuclear reactors or by using 

particle accelerators رم .

2.2 Radioactivity :

The issue o f  radioactivity and the environmental has been taken seriously worldwide 

during the past fifty years and specially during the last decade and nowadays most o f  

the countries have continuous monitoring programmes for radioactivity, dose rate 

evaluation and annual dose assessm ent(6).

dNi = - I iN id t  (2.1)

In the natural environment man is exposed to ionizing radiation due to gamma- 

emitting radionuclides o f  uranium, thorium and 40K which are present in the earth’s



crust, and to cosmic ray ؛;econdary's. Abnormal occurrences ofuranium  and its decay 

products in rock outcrops, soil and ground water, and thorium ط  monazite sands, are 

the main causes o f  high natural background areas that have been identified in severa؛ 

areas o f th e  world (2).

The investigation o f  radioactivity in barren and cultivated soil ط  Pakistan showed 

activity concentration levels due to ٩ , ’^C s , 226Ra and ^ T h  ranges o f  the 

concerned radio nuclides for both o f  the soils were as follows: 40K, for barren and

cultivated saline soil was 499-604 and 563-629 Bq.Kg'1, respectively; 137Cs, 3 .57 - 

3.63 and 1 .98- 5.15 Bq.Kg-’; 226Ra, 24-29  and 27-33 Bq.Kg■1, and 232Th, 49-54  and

46-62 B q.K g '1. Gamma dose was estimated using the activity to dose rate conversion 

factors. The measured activity concentrations and the estimated radiation dose were 

found to be lying within the range specified in the 2000 report o fU N SC E A R  (7). 

Bvaluate the e te r n a l  doses received by the Greek population due to terrestrial natural 

radioactivity source, soil samples from all Greek provinces have been analyzed using 

two high resolution gamma spectroscopy devices with germanium detectors and 

showed significant variations o f 238 u, 226Ra, 228 Ra, ^*Th and 40K, which correlate 

with the chemical consistence o f  soils from region to region. A  theoretical evaluation 

o f th e  dose equivalent rates due to the external natural gamma radiation o f  terrestrial 

origin has been made. The mean value dose not differs n ea tly  from the average dose 

rates in other countries o fthe  world (8).

Calculations have been made o f th e  Y  dose rate at one meter above ground from the

results o f  measurements o f  radionuclide concentrations in soil at various locations in 

Hong kong and prior to the Chernobyl accident. The average dose rate is found to be 

0.07 ٣ Gy h"1 o r 0.67لز Gy year'1. The contribution from fallout nuclides to annual 

dose is shown to be small about 0.4% o fth e  total the c a lc u la t e d  dose rate in this work 

is about 80% higher than average given by the United Nations Scientific Committee 

on the Effects o f  Atomic Radiation, in ionizing radiation :Sources and biological

Effects (9).

In Sudan, Sudan Atomic Energy Commission conducted surveys in various places at 

different and external exposure from terrestrial Y radiation is published elsewhere as 

part ofradiation map o fthe  country.

In a nationwide survey on terrestrial gm m a-rad ia tion  across the country from east to 

west it was reported that the average absorbed dose rate in air as calculated using dose



rate conversion factors (DRCFs) amounts to 45 nGy h '1 that corresponds to the annual 

effective dose o f  278 |iSv/y (10). In Sudan, with the exception o f  the Arkuri^and 

Dumper areas ط  the western part o f th e  country, the caicuiated exposure falls within 

the global wide range o f  outdoor radiation exposure given ط  the t ^ S C E A R  

publications. The nationwide average concentrations o f  226Ra, 238u, 232Th, 40K and 

137Cs determined were 31.62, 20.11, 19.10, 280.29 and 4.12 Bq.kg■', respectively. 

This shows that there is little contamination due to fallout radioactivity (content o f  

^ C s )  at survey sites <2).

Babiker et al. estimated that the dose rate in air due to g ^ m a - r a d ia t  on along the؛

ELgash river basin in eastern Sudan ranged from 24 to 48 with an average value o f  38 

nGy h '1. The assessment o f th e  absorbed dose rate in air above uranium mineralisation 

areas at Kurun, Uro and Jebel M un in western Sudan has shown that Uro area could 

be placed among high background areas as the absorbed dose found ranges from 500

to7000 nGy h '1.

An environmental monitoring study carried out in Miri Lake in N uba Mountains 

(South Kordofan State) showed that the upper limit o f th e  average annual effective 

dose to the population due to food consumption was 39.55 mSv.

An airborne gamma radiation survey was carried out by Wyoming Mineral 

Corporation, Colorado, USA in Western Sudan 1977 ط  in a rectangular area o f

220,000 km2. The survey has resulted in the discovery o f  anomalies at Jebcl Mun 

among three other locations where uranium channel radiation (gamma ray 

spectrometer reads as high as 4 to 7 times background coun ts)(10).

The impact o fgo ld  mining activities in Ariab district, eastern Sudan on enhancing soil 

radioactivity was assessed and indicated that uranium and thorium are not associated 

with the ore and thus their contribution in enhancing levels ofbackground radiation as 

a result o f  leakage from the solid waste b}' run-off was negligible ٣١.

Measurements o f  some natural radio nuclides in soil samples collected from Elgash 

area in eastern Sudan have been carried out using high resolution gamma- 

spectrometry. Activity concentrations for 226Ra, 228Ra and 40 K were found to range 

from 13 to 31, 13 to 60 and 283 to 461 Bq/kg respectively. Dose rates due to y- 

radiation from the ground were calculated using conversion factor (DRCF) and were 

found to be from 24 to 48 nGy/h with an average o f3 8  nGy/h, which corcesponds to



annual dose equivalent o f2 3 0  fisv. These data indicate that the levels ofradioactivity 

in the surveyed area$ lie within the worldwide background range ofradiation (6l  

The present study is considered to be the first intensive w ork ©f environmentai 

radioactivity analysis in Alkhwai area.

Other region in Sudan mainly the western part was surveyed using gamma 

spectrometry, radiation levels was found to be significant due to phosphate 

dep©sits.(6). In these measurements, close observation at individual data site revealed 

that there are n© remarkable variations seem in activity c©ncentrati©ns o f 226Ra, 232Th 

and 40K. The values lie within the range 25-50  for 232Th, 12-20 for ^ R a  and 148- 

170 Bq kg '1 for 40K. On average, the values were 38+8 (232Th), 17±2 (226Ra) and 

174+19 Bq kg21 (40K). It has been reported that in the normal background rad؛ati©n 

areas, the world average values for 232Th and 40K  in surface soils were 25 and 370 

Bq/kg إ  dry soils, respectively ؛4ر■ .

2.3 Gamma Spectroscopy:-

The equipment used in gamma spectrosc©py includes an energy-sensitive radiation 

detector, a pulse sorter (i.e., multichannel analyzer), and associated amplifiers and 

data readout devices. The most common detectors include sodium iodide (Nal) 

s c in t i l la t io n  counters and high-purity germanium detectors.

A modern gamma spectr©sc©py system consis ts  o f  a detector, electronics to collect 

and process the signals produced by the detector, and a computer with processing 

software to generate the spectrum and display and store it for analysis.

Gamma s^c trom etric  systems used in this study N al detector consist o f  3 inch x3 

inch detect©r with advanced electronic system built to be use in any computer through 

USB cable, the software used is "winTMCA32. (13)

2.3.1 Inorgan ic  scin t؛llati©ns detectors:

2.3.1.1 C haracteristics o f  alkali halide Sc؛n t؛llati©n detectors N a :[TI] ا

Radiation detection and measurement is a fundamental subject in nuclear physics and 

engineering. Various instruments were developed in the last few decades to detect and



measure particles with greatest accuracy. Sodium !odide (Nal) detectors are devices 

used ط  gamma ray detection and activity measurements آ*رل .

The basic techniques used for measuring gamma rays with a sodium iodide (Nal) 

detector that is thallium (Tl) activated.

Most isotopes that are used for y-ray measurements also have /?-particles in their 

decay schemes. The typical decay scheme for the isotope will include a /?-decay to a 

particular level followed by a y-ray emission to the ground state o f th e  final isotope. 

The /?-particles will usually be absorbed in the surrounding material and not enter the 

scintillator at all, but this absolution is normally assured with aluminum absorbers. 

Generally there are two unknowns for a given y -source that we would like to 

investigate. One is the energies o f th e  y -rays from the source, while the other is the 

number o f  y-rays that leave the source per unit o f  time (activity) (12).

In 1948, Robert Hofstadter first demonstrated that crystalline sodium iodide, in which 

a trace o f  thallium iodide had been added in the melt produced an exceptionally large 

scintillation light output compared with the organic materials that had previous

received primary attention.

The most notable property o f  Nal(Tl) is it excellent light yield . Its response to 

electron (and gamma - rays) is close to linear over most o f  the significant energy 

range. It has come to be accepted as the standard scintillation material for routine 

gamma- ray s spectroscopy and can be machined in to a wide assortment o f  sizes and

shape؟-

The crystal is somewhat fragile and can easi 

shock (12).

Gamma-spectroscopy offers two major advantages: individual isotopes can be clearly 

identified within the energy spectrum and the analysis is ^I>destructive  tl3).

- ?roperties o f N a  scintillation detectors Good efficiency arises from the fact [Tl] ا 

that the crystal is moderately high density solid and contains iodine as a high Z- 

element which enhances the photoelectric process. The efficiency advantage is further 

enhanced by the large size to which Na 1 [Tl] crystals can be grown and formed in 

jnusual shapes for s p e c ia l  ^p lica tions  such as well geometry which is suited for 

counting radiations whose energy is low.

ly be damaged by mechanical or thermal



- High light out and liner energy response, i.e. the relationship between the energy 

ofincident radiation and the light output is linear-

- The greatest disadvantage o f  N al [Tl] ه آ  the y- -detection is its poor energy 

resolution. The best resolution would be 6%, as measured for 662 KeV y- ray emitted

by n7Cs.

- The time needed for the scintillation to decay (~ 230ns), which make them not ideal

for high count rate applications.

- Nal (Tl) crystals are very hygroscopic and so must always be covered with sealed 

metal containers.

Other alkali metal halides that are used as scintillation detectors include: Csl (Tl), Lil 

(Eu), and Csl (Tl) has the highest y- ray efficiency o f  any crystal owing to high Z- 

element com position(5).
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Fig (2.1): B loek d iag ram  o f Sodium  iodide de tec to r in strum en ta tion

2.3.2 System com ponents

2.3.2.1 ? rea m p lif ie r

The main function o f th e  preamplifier is to amplify the weak signals and send it 

through to the cable that connects the preamp with the rest o f th e  e؟ uipment. The 

preamp is mounted as close as possible to the detector to minimize the length o f th e  

cable, since the input signal is very small. The longer the length o f th e  cable the more 

the c^ ac itan ce  and that reduces the signal-to-noise ratio. Therefore, the 

manufacturing o f th e  built-in preamplifiers minimizes this effect. A charge sensitive 

preamplifier will convert the charge into a voltage pulse proportional to the energy 

deposited in the detector crysta]-

2.3.2.2 A m plifier

The amplifier then further amplifies the pulse from the preamplifier to a larger size. 

The pulse needs to be shaped to a more convenient form; therefore the amplifier’s 

frequency response is set by a shaping time constant X, which is 6 \xs for the amplifier. 

Should a second signal arrive within the given period T, it will ride on the tail o f th e  

first and its amplitude will be increased. The energy information will therefore be 

distorted, resulting in a phenomenon called pile-up, which is when pulses are too 

close together to be separated.



2.3.2.3 M ulti-C hanne l A nalyzer (M CA )

The operation ©fthe multi-channel analyzer is based on the principle ©fconverting an 

analog signal, which is basically the pulse amplitude into an equivalent digital number 

usually referred to as a channel. After this is done the digital information will be 

stored in the memory to he displayed on the monitor. This activity is in principle 

carried out by the Analog-to- Digital Converter (ADC). The pulses are collected, 

sorted according to pulse height in the ADC and a y-ray spectrum is generated--

2.3.2.4 T he  pulse shape

A gamma-ray incident on the detector generates a liner charge pulse, w hich is 

delivered to the preamplifier. The detector is directly connected to the pream plifier by 

pulse mode o f  connection. The pulse carries the energy and time information. The 

time constant o f th e  preamplifier is greater than the detector collection time and the 

charge is accumulated ط the capacitor. The rise time o f the pulse is determined by 

detector characteristics, while the decay time is determined by the external electronics 

associated with the detector. After a prescribed time, and after a sufficiently large 

number o feven ts  are collected, the events are plotted as a histogram of: the number o f 

pulses versus pulse heights (channel number, or pulse energy if  an energy calibration 

was performed). This spectrum is then analyzed by the suitable software.

2.3.3 System  C alib ra tion

The essential requirements o f  a calibration are to establish an energy, efficiency, and 

resolution relationships. The resolution measurement is required for identification o f  

peaks ط the peak search routine. Energy calibration is necessary for sample 

qualitative analysis. The primary objectives o f  calibration are to:

- ensure that an instrument is working properly and hence will be suitable for its 

intended monitoring purpose

- determine, under a controlled set o f  standard conditions, the indication o f  an 

instrument as a function o fth e  value measured (the quantity intended to be measured). 

This should be done over the complete range o f  indication o f th e  instrument,

- adjust the instrument calibration, if  possible, so that the over all measurement 

accuracy o f th e  instrument is optimized.

٦ ٦



An essential requirement for the measurement o f  gamma em itte rs  is the exaet identity 

ofphoto peaks present in a spectrum produced by the detector system.

The energy calibration o f  detector system is made by measuring m ixed standard 

sources o f ‘know n radionuclides with well defined energies provided by the IAEA 

Technology. A  standard material w ith serial number M W  652 from fAEA 

Technology(13).

2.3.3.1 Energy Calibration

F igure  2.2: E nergy  C alib ra tion

12



Not all gamma rays emitted by the source and pass through the detector will produce 

a count in the system. The probability that gamma ray will interact with the detector 

and produce a count is the efficiency o f the detector . High-efficiency detectors 

produce spectra ط less tim e than low-efficiency detectors. In general, larger detectors 

have higher efficiency than smaller detectors, although the shielding properties o fth e

2.3.3.2 Detector efficiency

detector material are also important

comparing a spectrum from  a source o f  known activity to the count rates in each peak 

to the count rates expected from the known intensities o f  each gamma ray.

The energy o f th e  gamma rays being detected is an important factor in the efficiency 

o fth e  detector. By plotting the efficiency at various energies, an efficiency curve can 

be obtained this curve can then be used to determine the efficiency o f th e  detector at 

energies different from those used to obtain the curve.

Absolute activity (A) and the count rate (I)

Absolute activity is defined as the true total disintegration rate o fth e  sample.

In most routine measurements o f  activity , all o f th e  emitted radiation is not detected, 

but only a fraction o f  this total with monitored by detector arrangement . This is 

because the radioactivity sample normally emits radiation is©trop ically .

Count rate (I), I a  A

Where counting efficiency ofdetector (f) = number o frecorded  disintegrations per

total ^ m b e r  o f  disintegrations.(4)

The mass and the absolute activity

ه

(3.2)
N (cps)

I - A [ B q ]

T| is the efficiency o f th e  detector at specific energy



N is the net area o f th e  peak (count per second) 

Iy is gamma intensity 

A is the activity o f th e  standard

٧ = 0 .1 8 0 9 8 -2 .3 8 5 9 5 E -4  X + 9 .0 4 7 9 9 E -8  X2

E n e r g y

F ig u re  2.3: Efficiency C alib ra tion
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CHAPTER ™ ^E E

MATERIALS AND METHODS 

3.1The study area

The study area is located in North Kordofan State in the middle part o f  Sudan lies 

between latitudes 28°-29° N  and longitude (13-14° E). The exact locations are shown 

ط  figure 3.1 shows the location and appendix 1 shows the names w ith their 

coordinates in concentration ofradio  nuclide.

3.2 Sample collection

Soil samples were collected from the middle part o f  Sudan around Alkhwai area after 

rainy season in the period extending from September to October 2011. Samples were 

taken at different depths using a 0.5-kg sampler with the aid o f  GPS (Global 

Positioning System) to recognize the locations.

Samples were collected in plastic bag and transported to the laboratory in Khartoum, 

where they were thoroughly dried at room  temperature .The material was then sieved 

through a 2-mm mesh sieve after which the residue was discarded.

About 500 grams o f th e  powdered samples were weighed in a dry clean Marinelli 

beaker and the samples were sealed with the aid o f  plastic tape and stored for three 

weeks so as to allow ط  growth o f  gaseous 222Rn and its short-lived decays products to 

reach secular equilibrium with long lived ^ R a  for gamma analysis. A  gamma 

spectrometer with (Nal) detector was used for radioactivity measurements.

The temperature o f th e  surrounding was kept at 25°during the measurement o f th e  

samples.

٦؟



Figure 3لم : Sam pling locations



3.3 Measurements and Analysis

Each mea$ured Y - ray spectrum has b e e n  analyzed by the $oftware program  (win 

TMCA32), which performs a simultaneous fit to all the significant photopeaks 

appearing in the spectrum. The 232Th concentration was determined from the average 

concentrations o f  ^ P b  (583 keV) ط  the samples, and that o f  238u was determined 

from the average concentrations o f th e  ^ P b  (352 keV) and 214Bi (609 keV) decay 

products, Where as 40K  concentration was measured directly using its 1460 keV 

gamma-line. ? ٥٢ the purpose o f  quality control, the IAEA intercomparison sample 

(MW652) was used to check the consistency o f  the system throughout the 

measurement period.

The pulse channel analyzer (PCA) is set for the measurement for a period o f  at least 

10800 seconds collection time. Counts are then allowed to be collected from the 

detector. The analysis and the activity calculation o f  the spectrum are done using 

target software (win TMCA32). On-line analyses are performed by calculating net 

areas (area and the peak) o f  line 609 Kev. Efficiency calibration factors (obtaining by 

measuring Standard (]3). For detailed description o f  gamma spectrometric system and 

its setup see appendix A.

3.4 Dose assessm ent

The annual effective dose rate (He) from the activity o fthe  radioactive series and the 

40K  was obtained according to the following

He (nSv h ء 0.35 ([' Cu + 0.51CTh + 0.033C*

Where Cu, € ٢١١ and Ck are the specific activities o f th e  heads o f th e  radioactive series 

o f th e  u, T h  and o f th e  4oK isotope, respectively, given in Bq/kg o f  s oi l ( أ4ل .

3.5 Annual Effective Dose

Total Radiation risk to an individual organism is measured by annual effective dose 

(H), thus the estimated absorbed dose rates in air at 1 m height were converted into 

annual effective dose using the following formula:

H(fiSv/y) = D (nGy h'1)  x 2 4 h x  365.25 d x 0 .2 x 0 .7 ، ؟٧  Gy1 X I f f3 

0.7 SvGy'1 is the conversion coefficient from absorbed dose in air to effective.

17



CHAPTER FOUR

RESULTS AND DISCUSSION

Information on soil radioactivity is important in many environmental branches o f  

science including health. Environmental gamma radiation dose rate and spatial 

distribution o f  radionuclides is important in determining the radiological status o f  an 

area. The primary objective o f  the present study is to provide a simple method to 

predict gamma radiation and dose rate with little number o f  samples for an area. 

Geotatistical data analysis was undertaken in order to predict values at unmeasured 

locations. Radioactivity maps ©٢ naturally occurring radionuclides (U, Th and K) for 

Alkhwai area were d ra w n -

Alkhwai district ؛s located between latitudes 13.0738 and 13.1044 North and 

longitudes 29.2062 and 29.2191 East as shown in figure 1. It has an area 

approximately 12 km2 and a population o f  about 12000 About fifty percent o f  the 

district is covered by forest c©ntain Gum Arabic trees (Hashab), tabaldy and the main 

land use is ه آ  agriculture. One ©fthe other most products was the peanut.

The very important thing used to increasing income is the animal resources'

(Kerintina)

Table (4.1) gives a summary o f  the results o f  the statistical analysis and the 95% 

confidence intervals for the means o f  measurements o f  radioactivity content. Figures

4-1 , 4.2 and 4.3 show correlations between u238 & Th232, K40 & Th232 and K40 & u238
respectively. Also they belong to different series, it is observed that there is strong 

correlation between u238 and Th232 (R2=0.8). this indicates that ratio o f  find u238 are 

significant with the Th232 in s o i l . show weak relation with both 238أل and Th232. 

Using the GIS program “ Arc View”  version 3.1 (ESRI), the maps o f  radioactivity 

from the predicted data was drawn. Figures 4.4, 4.5 and 4.6 show distribution o f K 40, 

Th232 and u238 respectively. The distribution o fK 40 radionuclide is concentrated in the 

northern and southern part o f  AlKhwai and decreasing in central except three point

and southern part and decreasing in the central.
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Table 4.1: Descriptive Statistics

N ا ا

Minimu

m

Maximu

m Mean

Std. ا
Deviation ا

juranium ا 50

 !Thorium ا 50

!Potassium ا 50

Valid N

1 (j(listwise

10.01

13.89

113.51

21.98

28.55

219.45

14.79

20.71

162.09

2.43

3.59

21.19



 y = 1.3431x + 0؟.
0.8274 = R2
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Table: 4.2: Correlations between measured radionuclides

Uranium Thorium Potassium

luranium Pearson

Correlation
.910مم .530*م

Sig. (2-tailed) .000 .000

N 50 50 50

Thorium؛ Pearson

Correlation
و0مم .ل >

.555مم ا

Sig. (2-tailed) .000 .000

N 50 50 50

!Potassium Pearson

Correlation
.530" .555مم

'

Sig. (2-tailed) .000 .000

N 50 50 50 ر

**. Correlation is significant at the 0.01 level (2-

tailed).
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Figure 4.5: Spatial distribution ofT h-232 in soil ofA lkhw ai
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Figure 4.6: Spatial distribution ofU -238 in soil o f Alkhwai
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Figure 4.7: contribution to effective dose from studied radionuclides
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This study is considered to be the first intensive work on environmental radioactivity 

in Al khwai area. An environmental radiation measurement is the considerable 

variation in soil radioactivity with location.

Resuits show that the average concentrations o f 238U, 232Th and 40K  in soil were found

to be 14. 793. ي 2.43أ ±20.71 59  and 162.09±21.19 respectively and have the

respectively.

Conclusion

Our results show that there is strong r e la t io n  between Uranium -thorium and fair 

correlation between Uranium- Potassium and Thorium - ?otassium.

The average value ofradioactivity and gamma radiation dose rate in Alkhwai district 

was estimated to be (26.10) nGy h-*. The world average is 59 nGy/h (UNSCEAR 

^٥٠٥). Using the conversion factor of 0.7 Sv/Gy (UNSCEAR, 2000), the average dose 

from such a tercestrial ^amma radiation dose rate to an individual assuming a tropical 

rural setting is estimated to be 32.03|iSv/year, which is considered to be within the 

normal range for doses from natural sources.

Further measurements o f teirestrial gamma radiation dose rates for more soil types 

and U!^erlying geological features are needed to establish a more comprehensive 

database on the relationship between terrestrial gamma radiation dose rate and 

geological and soil information.
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APPENDIX A

Raw data of Alkhwai soil radioactivity content

K-

15ا.35

40

Th-232

21.22

U-238

14.62

longitudeE

29.2191

latitudeN

13.0853

Code

،بممممم<

KhwaiOl

136.2118.1314.8829.218613.0841Khwai02

166.4821.2214.6229.218413.0834

158.9123.1515.2029.218113.0826Khwai04

136.2124.6915.5729.218013.0821

81.6226.6217.197.9.7.17613.0813Khwai06

158.9120.8314.3679717713.0801Khwai07

Khwa؛174.0523.1514.567-9-7-16813.079308

128.6514.2710.6429.216613.0784Khwai09

174.0524.6915.5129.216413.0̂ 76KhwailO

174.0523.1515-7729.216313.0767K h w a ill

204.3222.7615.7229.216313.0756K hw ail2

158.9123.1516.0329.216713.0748K hw ail3

158.9121.6014.3629.216813.0739K hw ail4

158.9121.2229.215813.0738

158.9121.6015.2029.214613.0768K hw ail6

K؛166.4820.4515.4629.213313.076817 hwa

189.123.5318.2829.212013.0771K hw ail8

7.9.713.0761K.ا)؛219.4528.5519.867 hw ail9

158.9119.6715.5113.0772Khwai20

Khwa؛143.7818.9014.2529.209213.077821

158.9121.2215.4629.209513.0793Khwai22

158.9119.6714.4129.209913.0806Khwai23

151.3514.6611.6879.7.107.13.0819Khwai24

2913.0830Khwai25هاع151.3517.3612.636

Khwa؛189.1.3817.1929.210913.083926
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15.14 20.45 166.48

10.27 13.89 151.35

10.01 14.66 136.21

15.88 20.45 136.21

13.10 17.36 174.05

10.64 15.43 136.21

15.46 20.45 189.18

13.78 18.52 113.51

11.42 16.20 181.62

11.68 ا6.و7 143.78

151.35 21.22 15.14

166.48 25.85 17.82

16.98 24.3ه 174.05

143.78 20.45 14.25

211.89 76^.2 15.77

181.62 28.16 18.34

166-48 26.23 21.98

151.35 19.67 13.41

136.21 17.36 13.26

151.35 21.99 16.7.4

151.35 16.97 11-68

.181.67 17.75 13.47

181.62 24.30 1808

158.91 16.20 12.26

Khwai27 13.0850 29.2115

Khwai28 13.0863 29.2120

Khwa؛29 13.0873 29.2124

K؛30 hwa 13.0889 7.9.7.17.8

K؛31 hw a 13.0898 29.2140

Khwai32 13.0909 29.2146

Khwai33 13.0922 29.2150

Khwai34 13.0937 29.2143

Khwai35 13.0956 29.2145

K؛36 hwa 13-0977 29.2149

K؛37 hwa 13.1024 29.2159

Khwai38 13.1044 29.2116

Khwa؛39 13.1025 29.2ص

Khwai40 13.1013 29.2086

Khwa؛41 13.0994 7.9-7.080

Khwa؛42 13.0978 29.2075

Khwa؛43 13.0960 29.2093

Khwa؛44 13.0948 29.2121

Khwai45 13.0925 29.2112

K؛46 hwa 13.0894 29.2101

Khwa؛47 13.0862 29.2090

Khwai48 13.0825 29.2077

Khwai49 13.0795 29.2067

Khwa؛50 13.0770 29.2062
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