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ABSTRACT

This study is a part of national programme with an overall objective of producing 

radioactivity map for Sudan. It is carried out in Elfao area, the area which covers west 

Elgadareif and east Aljazeera States. Soil samples were collected with the aid of global
4 0  238  232positioning system (GPS) and the activity concentration of K, U and Th have been 

measured using Nal y-spectrometry. The average concentrations were 322±241 Bq/kg 

for 40K, 20±7 Bq/kg for 238U and 27±1.4 Bq/kg for 232Th. The obtained results were 

found to be lower than the corresponding global values reported in the UNSCEAR 

publications for normal background areas. Absorbed dose rate in air at a height of lm 

from the ground as calculated from the measured activity concentration using of dose rate 

conversion factors (DRCF) averaged 39 nGy/h with corresponding to an annual effective 

dose of 48 pSv/y. These values lie within the worldwide range for normal radiation areas. 

Using Geographical Information System (GIS), prediction maps for activity
AC\ T O O  T O T

concentrations of K, U and Th were produced. Similar GIS predictive map for 

absorbed dose rate in air at a height of lm above ground level was produced, which 

showed a trend of increase from the east towards west of the study area.
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<jl 3̂kj gjtliil tilSu cs-̂  232 j  238 j  40 âj-ut>2l <jx JS1
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Chapter 1 

Introduction

1. Environmental Radioactivity 

l.lNatural Sources

While many naturally occurring elements have radioactive isotopes, only potassium (non

series), and the uranium and thorium decay series, have radioisotopes that produce 

gamma-rays of sufficient energy and intensity to be measured by gamma-ray 

spectrometry. This is because they are relatively abundant in the natural environment. 

Average crustal abundances of these elements quoted in the literature are in the range of

2-2.5% K, 2-3 ppm U and 8-12 ppm Th (IAEA, 2003).

Uranium occurs naturally as the radioisotopes 238U and 235U (Fig 1.1) which gives rise to 

decay series that terminate in the stable isotopes Pb and Pb, respectively. The half- 

lives of 238U and 235U are 4.46><109 and 7.13*108 years, respectively. Thorium occurs 

naturally as the radioisotope Th which gives rise to a decay series that terminates in the 

stable isotope 208Pb (Fig 1. 1). The half-life of 232Th is 1.39x1010 years. Neither 238U, nor
2 3 2 f_ iTh emit gamma-rays, and gamma-emissions from their radioactive daughter products 

are used to estimate their concentrations (IAEA, 2003; Maphoto, 2004 and Bernard et al., 

2011).
Cosmic radiation, consisting mainly of high-energy particles from the sun and outer 

space, interacts with the earth’s atmosphere and gives rise to a secondary radiation of 

particles and gamma rays. Cosmogenic radionuclides are produced through the 

interaction of cosmic rays with atoms in the atmosphere, and do not contribute 

significantly to radiation absorbed doses (Grasty et al., 1984, UNSCEAR, 2000).
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Fig. 1.1: decay series of 238U, 235U and 232Th
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1.1.2 Man-made sources
That source comes from activities that have contributed to the dispersion of radionuclides 

in the environment weapon tests, accidents (Chernobyl) and reactors. Most anthropogenic 

radionuclides are short-lived, but some have half-lives of many years and are worthy of 

note, for instance 137Cs (half-life = 30 years), 90Sr (half-life = 28.1 years) and 8"Kr (half- 

life = 10.73 years).

The variability of anthropogenic sources of radiation and radioactivity relates directly to 

the public distribution and the level of technology found in different areas around the 

world. Deposition in an area depends upon wind and precipitation patterns (NCRP,

1994).

1.2 Background Radiation Levels
Levels of natural background radiation vary over a range of concentrations and exposure 

rates from different causes. The magnitude of variation can be significant over a short 

distance and also can vary in the same place from time to time. The most significant 

changes with time are associated with variations in the amount of snow cover and soil 

moisture and in the atmospheric concentration of Rn decay products (UNSCEAR, 

1977; Tahir et al, 2005 and Alaamer, 2008). The background variance can be from 

natural as well as human activities.

1.2.1 Rocks
Terrestrial radionuclides are distributed throughout the crust of the earth. Outdoor

exposures from sources of terrestrial radiation originate predominantly from

approximately the top 1 ft layer of the soil. 24 Formations such as limestone and

sandstone have the lowest radionuclide concentrations. Some shale formations,

particularly those containing a significant fraction of organic matter, can possess higher

concentration of radionuclides. Overall, igneous and metamorphic rock comprises

approximately 90% of the planetary crust. However, sedimentary rocks tend to

accumulate at the top of the crust. Approximately 75% of the surface of the earth is

covered by sedimentary rock. In addition, uranium and thorium can become mobile in
3



sedimentary rock through the migration of water or of soil. Table (1.1) shows some types 

of rocks and their radionuclide contents and associated absorbed dose rate (UNSCHAR,

1977).

40t^  238 232Table 1.1: Typical activity concentration of K, U and Th in common rocks

and estimated absorbed dose in air 1 m above the surface

Type of rock Typical Activity Concentration (pCi g"1) Absorbed dose rate 
in air (prad h"1)40k 2i*U 2J2Th

Igneous ii
Acidic (e.g.granite) 27

j

1.6 2.2 12

Intermediate (e.g.diorite) 19 0.62
|

0.88 6.2

Mafic(e.g.basalt) 6.5 0.31 0.30 2.3

Ultrabasic (e.g. durite) 4.0 0.01 0.66 -

Sedimentary
1

Limestone 2.4 0.75 0.19 2.0

Carbonate
|

0.72
1
1
!

0.21 1.7

Sandstone 10i
1
1

0.5 0.3 3.2

Shale
.  . _

19 1.2 1.2 7.9

1.2.2 Soil
Sources of ionizing radiation found in soil result from the rock from which the soil is 

derived. Levels of ionizing radiation will vary as a result of diminution by leaching of 

water, dilution by increased porosity, by augmentation from water, organic matter by 

sorption and precipitation of radionuclides (Borrelli, 1999). Average activity
i n

concentration of K, U and Th in various types of soil and estimated absorbed dose 

in air 1 m above the surface is shown in Table (1.2).

4



Table 1.2: Average activity concentrations of 40K, 238U and 2.32Th in various types of
soil and estimated absorbed dose in air 1 m above the surface

Type of soil Average Activity Concentration (pCi g'1) Absorbed dose rate 
in air (prad h )40k 23*u ™Th

Serozem 18 0.85 1.3 7.4

Gray r brown 19 0.75 1.1 6.9

Chestnut 15 0.72 1.0 6.0

Chernozem 11 0.58 0.97 5.1
.

Gray forest 10 0.48 0.72 4.1

Sodpozolic 8.1 0.41 0.60 3.4

Podzlic 4.0 0.24 0.33 1.8

Boggy 2.4 0.17 0.17 1.1

World average 10 0.7 0.7 4.6

Typical range 3-20 0.3-1.4 0.2-1.3 1.4-9

1.3 Exposure to Natural Radiation
The greatest part of radiation received by the world’s population comes from natural 

sources. Primarily cosmic rays and radionuclides naturally present in our environment, 

such as radioactive materials in soil and rocks. The average yearly dose of ionizing 

radiation is approximately 2.7 mSv.

The source of human exposure to natural radiation can be external or internal. External 

exposure is from substances staying outside the body, the radiation energy is absorbed 

through the body surface to the underlying tissue volume in the field of exposure.

Internal exposure is from substances inhaled in air or ingested in food and water. In this 

exposure modality, there is a non-uniform radiation distribution within the cellular 

component of tissues and organs.

1.3.1 Exposure to Cosmic Radiation
Cosmic radiation can cause exposures by two broad processes. Firstly, there is a direct

5



effect where the protons interact with constituents of the atmosphere to produce a variety 

of sub-atomic particles including neutrons, protons, muons, pions and kaons. These 

secondary particles may be sufficiently energetic to cause further reactions, leading to a 

cascade. The doses from cosmic radiation at the Earth’s surface are caused mainly by the 

ionizing of secondary particles together with the neutrons. The second effect of cosmic 

radiation is indirect exposure by production of radioisotopes in the Earth’s atmosphere. 

Such radionuclides are called cosmogenic radionuclides. The level of cosmic radiation 

increases with altitude, because there is less air overhead to act as a shield, and the earth’s 

poles receive more cosmic radiation than the equatorial regions, because the earth ’s 

magnetic field diverts the radiation.

1.3.2 Exposure to Terrestrial Radionuclides
The levels of terrestrial radiation differ from place to place around the world, mainly 

owing to variations in soil and rock composition. This group of radionuclides is 

responsible for the majority of radiation exposure of the vast majority of people. Radium- 

226 is a member of the uranium-238 decay chain. It, in turn, decays by alpha emission to 

the radioactive gas, radon-222. In many areas of the world, exposure to radon is the most 

important single contributor to radiation dose. Uranium-238 is ubiquitous in terrestrial 

materials and may be concentrated in some geological materials. It is not the radon itself 

that is important for human exposure but rather some of the short-lived daughter 

radionuclides. The longer-lived members of the uranium and thorium decay chains are 

present in very low concentrations in most foodstuffs. The main contributors to dose from 

all of these radionuclides are usually lead-210 and polonium-210. Deposition from radon- 

222 decay in the atmosphere is often the main source of these radionuclides in terrestrial 

foodstuffs.

Other naturally occurring primordial radionuclides also cause internal exposure. The 

most widespread and also inescapable internal exposure is caused by the beta/gamma 

emitting radionuclide potassium-40. This is naturally present in potassium at a fixed 

proportion of 0.012%. Potassium is essential for human life and its concentration in body 

tissues under homeostatic control (UNSCEAR, 1977; Karam and Stein, 2009)

6



1.4 Radiation Quantities and Units

1.4.1 Activity
The mean number of spontaneous nuclear transitions per unit time interval. (1 Bq = 1

1A OOfsdisintegration per second. 1 Ci (curie) = 3.7x10 Bq. 1 g of Ra has an activity of 

3.7xl010 Bq).

A = ZN  (1.1)

Where: - A the absolute activity, X is a decay constant and N is the number of atom of 

parent radionuclide.

1.4.2 Specific activity
The number of atomic decays per unit time per unit mass Bq/kg s. Used to describe the 

radionuclide content of rocks, building materials.

S A = — (1.2)
m

Where: - SA is the specific activity, A is the absolute activity and m is the mass.

1.4.3 Dose
Absorbed dose is defined as the energy ( E ) imparted by radiation to a unit mass of 

irradiated matter ( m ). 1 Gy = 1 J/kg.

D = — (1.3)
m

1.4.4 Dose rate
Dose rate is defined as the ratio of an incremental dose, dD  in a time interval d t .

Gamma dose rate in air is used for the description of terrestrial radiation, and is usually 

expressed in nGy/h. For conversion of terrestrial exposure rate to terrestrial dose rate in 

air it holds: 1 jiR/h = 8.69nGy/h.

7



1.4.5 Equivalent dos
Expresses the biological effects of radiation to organs or tissue, its unit is Sv.

H t = WrDtr (1.5)

Where: - WR is the radiation weighting factor, and D m is the mean absorbed dose.

1.4.6 Effective dose
Effective dose is a sum of multiples of equivalent doses in separate human organs and 

particular organ weighting factors (Table 1.3).

Wt .E = Y w tH t (1.6)

Effective dose is expressed in mSv and usually reported per annum. For environmental 

gamma radiation the estimate is:

E = Z >>/x0.7xl0^  (1.7)

Where: - E : is the effective dose (mSv), D 'a: is the dose rate in air (nGy/h), t: is the

exposure time (h) and 0.7: is the conversion coefficient (Sv/Gy) for human organs 

(UNSCEAR, 1988). For D'a = 100 nGy/h, t = 8760 h (1 year), E = 0.613 mSv (IAEA,

2003).

Table 1.3: Tissue Weighting Factors (JVT)

Tissue or organ ICRP-26 ICRP-60
Gonads 0.25 0.20
Red bone marrow 0.12 0.12
Colon Not given 0.12
Lung 0.12 0.12
Stomach Not given 0.12
Bladder Not given 0.05
Breast 0.15 0.15
Liver Not given 0.05
Thyroid 0.03 0.05
Skin Not given 0.01
Bone surface 0.03 0.01

8



1.5 Objectives
This study is aimed to achieve the following:

- To measure the level of natural background radiation in soil samples from Elfao area in 

Gedaref State.

- To calculate the absorbed dose rates due to gamma- radiation from the ground using

dose rate conversion factor (DRCF)

- To produce GIS predictive radiation map for sampled area.

1.6 Previous Studies
In Sudan, a program of environmental radioactivity monitoring was initiated in the late 

1980s in the aftermath of the Chernobyl accident with the broad aim of producing a 

radiation map of the country to be used as a reference in the event of any radiological 

accident of global dimension.

Calculations of the external exposure due to gamma- radiation from the ground have been 

made from the results of the measurements of radionuclide activity concentrations in the 

soil at various locations (Sam et al., 1997). The average exposure was found to be 45 

nGy/h, corresponding to the annual dose equivalent of 278 mSv/y. With the exception of 

Arkuri (Darfur) and Dumper (Kordofan) areas in the western part of the country, the 

calculated exposure falls within the global wide range of outdoor radiation exposure 

given in the UNSCEAR publications. Their results revealed that the contamination due to 

fallout radioactivity at survey sites is negligible. Similarly, in western Sudan absorbed 

dose rate received from natural external irradiation in uranium mineralization areas at 

Jebel Uro, Jebel Kurun and Jebel Mun was evaluated from the measured activity 

concentration of 238U, 232Th and 40K in rock samples (Sam and Siralkhatim, 2002). They 

have observed a great spatial variability in activity concentration of the primodial 

radionuclides indicating complexity in geological features. Converse to Jebel Mun, Uro 

and Kurun deposits exhibit very high U:Th mass ratio, the feature that characterized them 

as vein deposits. The resulting absorbed dose rate at 1 m above bedrock level as 

estimated using dose rate conversion factors (DRCF) fall within the range of 70-
9



500nGy/h (Mun), 600-6000 nGy/h (Uro) and 80-300 nGy/h (Kurun). Uranium was found 

to be the principal producer of the surface radioactivity at Uro and Kurun, whereas in
A f \  T 5 ^

Jebel Mun the cause of radioactive anomaly was due to K and Th.

Measurements of some natural radionuclides in soil samples collected from Elgash area 

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

Babiker et al, (1998). They have measured activity concentrations for Ra, Ra and 

40K in soil samples and calculated the absorbed dose rates due to y- radiation from the 

ground using conversion factor (DRCF), and it was averaged 38 nGy/h which amounts to 

annual dose equivalent of 230 (iSv. Their data indicated that the levels of radioactivity in 

the surveyed area lied within the worldwide range of normal background radiation. On 

other hand Einas (2007) has conducted study on abnormal radioactivity in the Northern 

State as claimed publicly at the request of Northern State government. Activity 

concentration of 238U , 232Th , 40K and 137Cs in soil samples collected from different 

locations have been measured using high resolution y-spectrometry. The average 

concentrations were 19±4 Bq/kg for 238U, 47±11 Bq/kg for 232Th5 317±65 Bq/kg for 40K
1 'i'y

and 2.26 Bq/kg for Cs which means a veiy little contribution to the total exposure. The 

obtained results were found to be lower than the corresponding global values reported in 

the UNSCEAR publications for normal background areas. Absorbed dose rate in air at a 

height of 1m from the ground was calculated using six sets of dose rate conversion 

factors and the corresponding annual effective dose was estimated .On the average, the 

values obtained were 52.90, 50.43, 50.41, 43.54, 44.07 and 45.85 nGy/h with 

corresponding annual effective doses of 64.93, 61.89, 61.87, 53.43, 54.08 and 56.27 

pSv/y respectively. These values lied within the worldwide range for normal radiation 

areas. The results obtained using these different DRCFs, although the approach used for 

their estimation was different, revealed no remarkable variation. Using Geographical
232 40tInformation System (GIS), prediction maps for concentration of U, Th, rC and 1

1 *17Cs was produced. Also a map for absorbed dose rate in air at a height of one .meter 

above ground level was produced, which showed a trend of increase from the west 

towards south-east of the State.

Worldwide, Assessment of Radiation Dose Rates in the High Terrestrial Gamma

10



Radiation Area of Selama District, Perak, Malaysia (Ahmad et al, 2009) Survey of 

terrestrial gamma radiation (TGR) dose rates have been conducted in Selama district,
23$ 232 40Perak, Malaysia. They have measured activity concentration of U, Th, and K in the 

soil samples were analyzed using a high resolution co-axial HPGe gamma ray 

spectrometer system. Calculated the mean absorbed dose rates outdoor in Selama was 

(273 ± 133) nGy h'1. For the habited land, the mean TGR dose rates outdoor and indoor 

were (205 ± 59) nGy h"1 and (212± 64) nGy h"1, respectively.

Radiometric assessment of natural radioactivity levels around Mrima Hill, Kenya was 

done by Kebwarol et al. (2011) and they concluded that Mrima Hill, located in the South 

coast of Kenya was known for high natural background radiation, due to the presence of 

radiogenic heavy minerals such as monazites and carbonatites. The activity concentration
O'?*?_ A ( \of U, Th and K in soil samples from the hill have been determined by gamma ray

238 232spectrometry using Nal (Tl) detector. The average activity concentrations of U, Th 

and 40K were 207.0±11.3, 500.7±20.0 and 805.4±20.0 Bqkg'1, respectively. The mean 

absorbed dose rate in air was 440.7±16.8 nGyh' while the estimated annual average 

effective dose rate was 1.11±0.01 mSvy" .Their data was above the global average value 

of 60 nGyh'1 (UNSCEAR, 2000).

(ALAAMER, 2008) has compared activity concentrations of radionuclides in surface soil 

samples collected from all over the Riyadh city in Saudi Arabia with data reported

worldwide. Mean activity concentrations of Ra, Th, and K were 14.5, 11.2, and 

225 Bq kg respectively. Mean values of radium equivalent activity, air absorbed 

gamma radiation dose rate, and external radiation hazard index were 47.8 Bq kg-1, 23.3 

nGy hf1, and 0.13 Bq kg-1, respectively. The annual effective radiation dose was 

calculated to be 0.14 mSv y -1.

A high natural radiation zone was investigated for the first time in a geothermal region of 

Eastern Ghats Mobile Belt (EGMB) of Orissa state in India (Baranwala et al, 2006). Soil 

and rock samples collected from the high radiation zone were analyzed by y-ray 

spectrometry (GRS) using Nal (Tl) detector. The average concentration of U (i.e. U ((3-
Af\

y), Th and K were found to be 33 ppm, 459 ppm and 3 %, respectively, in soils and 

312 ppm, 1723 ppm and 5 %, respectively in the granitic rocks. Maximum concentration

11



of 238U, 232Th and 40K were found to be 95 ppm, 1194 ppm and 4 %, respectively in soils 

and 1434 ppm, 10590 ppm and 8 %, respectively in the granitic rocks. The absorbed 

gamma dose rate in air and external annual dose rate of the high radiation zone were 

calculated to be 2431 nGy/h and 3.0 mSv /y, respectively.

12



Chapter 2

EXPERIMENTAL TECHNIQUE

2.1 Gamma-spectrometry

2.1.1 Instrumentation and Operation Principle
In this study Thallium-doped Sodium Iodide detector Nal (Tl) is capable of measuring 

the energy spectra of gamma emitted by samples with 90% relative efficiency, situated in 

a well shielded housing. The best resolution achievable is about 6.7% for the 1332-keV 

gamma ray from Co-60 for a 3-inch diameter by 3-inch long Nal crystal.

The measurement of gamma radiation is based on the principle that radiation gives some 

or part of its energy to the medium of the detector either by ionizing it directly, or by 

causing the emission it of charged particle which in its turn produces ionization in the 

medium.

The output of the radiation detector will be proportional to the detected energies are fed 

to a pulse height analyzer after amplification and shaping by the amplification system.

The pulse height discriminator sorts the pulses according to their amplitudes. The pulses 

convert to signal by (ADC). The basic instrumentation used with nuclear detection 

system is given in Fig (2.1).
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Fig. 2.1: Block diagra of nuclear instrumentation set-up

2.1.2 System calibration
The essential requirements of system calibration are to establish an energy, efficiency and 

resolution relationships. Energy calibration is necessary for sample qualitative analysis, 

whereas the efficiency calibration is for quantitative analysis.

The energy resolution (R) of a detector is a measure of its ability to resolve small 

differences in the energy of incident photons and is defined in equation (2.1). The full 

width at half maximum (FWHM) is expressed in terms of channel number from the 

energy spectrum and H° is the peak centroid channel number.

FWHM
H°

X 100%
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A small value for resolution means that a detector is more likely to be able to identify two 

energy peaks which fall close together, whereas a detector with a larger resolution value 

will produce a single peak for the same two energies.

2.1.2.1 Energy Calibration
An essential requirement for the measurement of gamma emitters is the exact identity of 

photo peaks present in a spectrum produced by the detector system. The procedure for 

identifying the radionuclides within the spectrum relies upon methods which match the 

energies of the principle gamma rays observed in the spectrum to the energies of gamma 

rays emitted by known radionuclides (Table2.1). In this study is used mixed radionuclide 

standard material with serial number MW 652 from AEA Technology within the energy 

range 60 keV to 1836 keV. Energy calibration curve carried out using 500 ml Marinelli 

beaker and counting time 10800 second shown in Fig (2.2).

Table 2.1: Types o f radionuclides used for system calibration and their

corresponding gamma-energies

Nuclide Gamma-ray energy [KeV]

Americium-241 60

Cadmium-109 88

Cobalt-57 122

Cerium-139 166

Mercury-203 279

Tin-113 392

Strontium-85 514

Caesium-137 662

Yttrium-88 898

Cobalt-60 1173

Cobalt-60 1333

Yttrium-88 1836

15
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Fig. 2.2: Energy calibration curve

2.1.2.2 Efficiency calibration

The accuracy of all quantitative results will depend on efficiency calibration of the 

system .Efficiency can be defined in a number of different ways:-

The first one is absolute efficiency based on the number of radiation emitted by the 

source:

£ = ^-X lO O %  (2.2)
N

Where Ct is the total number of counts per unit time over the whole recorded spectrum 

(minus the background rate) and N is the number of y-rays emitted by the source per unit 

time. The second is the intrinsic efficiency based on the number of radiation strike the

detector ( N°  ).

16



(2.3)

Here also we used the same mixed stander for efficiency calibration of the detector.

The following equation used to obtain the efficiency curve of detector shown in Fig (2.3).

N
6 ~ --------

I r X A

Where: - s  : efficiency of the detector , N: count per second, Iy: gamma intensity and A is the 

absolute activity of standard in Bq.

Fig. 2.3: Efficiency calibration curve
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2.2 Materials and Methods

2.2.1 Study Area

The area under consideration is the Elfao area in Elgedaref state lies between latitudes 

12 °.98 'and 14\50' N, and longitudes 33°.72' and 36U 0' E. Fig (2.4)

2.2.2 Sample Collection and Preparation

A total of 28 soil samples were collected from various sites along the Elfao area using 

soil-sampler at a depth of about 15 cm and the co-ordinates were recorded using GPS. 

The locations names with their coordinates are shown in Table (2.2) exact locations are 

shown in Fig (2.4).

After collection samples were crushed into fine powder using a mortar and pestle. Each 

sample was weighted 500g, then packed and sealed in 500 ml Marinelli beakers and 

stored for four weeks before counting in order to allow the in-growth of uranium and 

thorium decay products and achievement of equilibrium for U and Th with their 

respective progeny.

18
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Fig. 2.4: GIS predictive map showing pling locations
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Table 2.2: names of the sampling locations with their coordinates

1 English name Arabic name Latt. °N Long. °E
1 Ed Alten cjola]l 1C, 14.08 35.38
2 Gabat Alfil -1 14.25 35.68

3

Gabat Alfil-2 2 4-jlc- 14.30 35.69
4 Um gargoor 14.50 35.63

5

Alshwak 14.40 35.85
6 Gabat Alfil-3 14.28 35.76

7

Gabat Alfil-4 4 -lŜ I AjIc- 14.24 35.68
8 Alkanara

D
 1 1 13.94 35.39

9 Kassab t il > * 13.83 35.42

1 0

Sabony 13.66 35.54

1 1

Dokoa 13.50 35.74
12 Dokoa-EIgalabat highway cjlAUll aSjj j- jLi 13.23 35.85

1 3

Elgalabat 012*111
• 12.98 36.10

1 4

Elgdnblia
* 14.02 34.98

1 5

Elmgrh 14.05 34.57

1 6

Hrira 14.14 34.27

1 7

Elfoa jUll 14.10 34.10
j

1 8

Pesticides store jUlt I U A 14.08 34.10

19 Vallige7 section4 jUll 7 4-JjS 14.07 34.07
20 Vallige6 section 4 14.06 34.13
21 Valligel4 14 13.99 34.11
22 Vallige8 section 2 jUll 1̂511 8 13.95 34.10
23 Vallige27 section6 14.26 33.95
24 Vallige30 30 14.24 33.89
25 Vallige23 section 5 14.23 33.92
26 Vallige38 section8 yLJl 33 14.35 33.85
27 Vallige33 section7 14.38 33.86
28 Vallige41 section9 14.43 33.72

20



2.2.3 Sample Measurements

After preparation each sample was measured for 10800 seconds using the sodium iodide 

(Nal) detector and. Each measured y  - ray spectrum has been analyzed by the software

program win TMCA32, which performs a simultaneous fit to all the significant 

photopeaks appearing in the spectrum.

The Th concentration was determined from the concentrations of Pb (238keV) in
238 * 214the samples, and that of U was determined from the average concentrations of the Pb 

(352 keV) and 2,4Bi (609 keV) decay products, whereas 40K concentration was measured 

directly using its 1460 keV gamma-line.

2.2.4 Calculation of Absorbed Dose Rate in air

In this study the absorbed dose rate in air at a height of 1 m above ground surface was 

calculated from the measured activity concentrations of gamma-emitters using dose-rate 

conversion factors(UNSCEAR) this show in (Table 2.3).

In principle, if natural radioactive nuclides are uniformly distributed in the ground, dose 

rates D (nGy h ' )  at 1 m above the ground surface are calculated by the following 

formula (Tzortzis et al., 2002).

D -= Conccntralion(BqKg !)x Conv e.rsionVacAor(nGyh 1 / B qK g~x) (2.5)

Table 2.3: UNSCEAR Conversion Factors:

Radionuclide DRCF(nGyh^/BqKg *)

K-40 0.604

U -series 0.462

Th -series 0.0417

2.2.6 Estimation of Annual Effective Dose
Total Radiation risk to an individual organism is measured by annual effective dose (H),
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thus the estimated absorbed dose rates in air at 1 m height were converted into annual 

effective dose using the following formula:

H (jjS v /y )  = D(nGyh~l )x24h x365 .25dx0 .2x0 .7S vG y~ 1 xlO-3 (2.6)

0.7 SVGy is the conversion coefficient from absorbed dose in air to effective dose 

received by an individual, and 0.2 for the outdoor occupancy factor (UNSCEAR, 1993- 

2000)
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Chapter 3

RESULTS AND DISCUSSION

A common feature in any environmental radiation measurements is the considerable 

variation in soil radioactivity with location. The main factor influencing the concentration 

of the natural radionuclides in soil is the corresponding concentration in the soil forming 

rocks.
AD  4Activity concentrations of K, U, Th in soil samples from different locations in 

Elfao area are shown Table 3.1. The mean (range) values obtained were 322±241 (121- 

1415) Bq/kg for 40K, 20±7 (4-46) Bq/kg for 238U and 27±9.14 (5 -54) Bq/kg for 232Th.
A f \  T O O

The world-wide average values for K, Uand Th activity concentrations in soil are 

400 (140 -850), 35(16 -110) and 30 (11 - 64) Bq/kg, respectively (UNSCEAR, 2000). In 

these measurements, standard deviation values indicate that the activity concentration of 

primordial radionuclides are slightly scattered which in turn indicates that the geological 

features in the study areas are not much differ.

Activity concentrations of K, U and Th were plotted against sampling sites to 

observe any location-wise variations and shown in Figs. 3.1, 3.2 and 3.3. Close 

observation at these plots it is appeared that the Elfao area (location number 17) showed
9̂ 0 9̂ 9

the highest concentration of U and Th as compared with other sites and Alglabat 

soil shows the lowest concentrations, whereas the highest concentration for 40K was 

measured in Hrira area.
i  a  T T  OT  T T T T

GIS predictive maps for activity concentrations or K, and Th are respectively 

presented in Figs. 3.5, 3.6 and 3.7. These spatial distribution maps revealed that the
A f \  T T O  T T T

concentration of K, U and Th increased towards west of the study area i.e. the area 

overlapping the borders between Aljazeera and Elgedaref States.

The absorbed dose gamma dose rate in air at a height of 1 m as calculated using dose rate 

conversion factors (DRCF) from activity concentration of, 40K and 238U and 232Th is
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. given in Table 3.2. Estimated exposure values lie between 11.77 and 94 nGy/h, with a 

mean value of 39 nGy/h, this is considered to be slightly lower than 55 nGy/h the world

wide average outdoor exposure (UNSCEAR, 1993). Total dose rate of 40K, 238U and 232Th 

was plotted against to locations and showed that Harira soil appeared as highest dose rate 

and Alglabat as low dose rate (Fig.3.4). On the other hand, the corresponding annual 

effective dose fall within the range of 14-115 pSv/y with an a mean value of 48 pSv/y 

which means that the effective dose rate in Elfoa area is below the minimum world-wide 

70 pSv as reported in UNSCEAR (1993, 2000). Similar data on absorbed dose rate in air 

were reported from previous national studies 57 nGy/h (Einas et al. 2012), 45 nGy/h 

(Sam et al. 1997) and 38 nGy/h (Babiker et al 1998).

Figure 3.8 is a prediction map for absorbed dose rate in air (nGy/h) in Elfao area which 

also reflects the trend of increasing from the east towards west direction as shown by the 

prediction maps on activity concentrations. Also Hrira area with the highest absorbed 

dose rate in air as compared with other sites.
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Table (3.1): Activity concentration (Bq/kg) of238U, '£J'ITh and ’"K in soil samples232. 40

Locations 40K 138u 132Th
1
2

Ed Alten 264.86
Gabat Alfil -1 242.16

9.54
16.87

11.57
23.53

3 Gabat Alfil-2 257.29 17.34 24.30
4 Um gargoor 295.13 19.49 27.00
5 Alshwak 272.43 17.06 23.34
6 Gabat Alfil-3 249.72 19.18 25.85
7 Gabat Alfil-4 279.99 17.03 23.73
8 Alkanara 166.48 11.99 17.36
9
10

Kassab 196.75
Sabony 204.32

12.63
23.64

17.36
37.81

11 Dokoa 295.13 10.01 14.27
12 Dokoa-Elgalabat highway 121.08 18.86 24.69
13 Elgalabat 155.13 4.17 5.59
14 Elgdnblia 219.45 19.12 24.69
15 ELmgrh 544.85 24.25 35.88
16 Hrira 1415.09 30.12 35.49
17 Elfoa 703.77 46.84 54.97
18 Pesticides store 344.32 24.58 33.18
19 Vallige7 section4 279.99 21.74 29.71
20 Vallige6 section 4 279.18 23.79 29.89
21 Valligel4 276.21 22.32 29.71
22 Vallige8 section 2 261.07 20.40 27.97
23 Vallige27 section6 310.26 22.19 30.48
24 Vallige30 295.13 21.22 29.71
25 Vallige23 section5 264.86 23.53

. .

28.55
26 Vallige38 section8 264.86 21.69 29.71
27 Vallige33 section7 310.26 23.84 29.71
28 Vallige41 section9 

Average 
STD 

~ Min
Max

249.72
322.12
241.15
121.08
1415.10

22,89
20.23
7.59
4.17
46.84

30.09
27.01
9.14
5.59
54.97
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Fig. 3.1: Specific activity o f 40K (Bq/kg) against sampling sites

Fig .3.2: Specific activity o f 238U (Bq/kg) against sampling sites
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Table (3.2): Absorbed dose rate in air at a height of 1-m above ground surface and
the corresponding annual effective dose in Elfoa area

Locations Absorbed Dose Rate in air 
(nGy/h)

Annual effective 
Dose (ju,Sv/y)

1 Ed Alten 22.44 27.54
2 Gabat Alfil -1 32.11 39.40
3 Gabat Alfil-2 33.42 41.01
4 Um gargoor 37.62 46.17
5 Alshwak 33.34 40.91
6 Gabat Alfll-3 45.12 55.37
7 Gabat Alfil-4 33.87 41.57
8 Alkanara 22.97 28.19
9 Kassab 24.52 30.09
10 Sabony 42.28 51.88
11 Dokoa 25.55 31.36
12 Dokoa-Elgalabat highway 28.68 35.19
13 Elgalabat 11.77 14.45
14 Elgdnblia 32.89 40.37
15 Elmgrh 55.59 68.23
16 Hrira 94.36 115.80
17 Elfoa 84.19 103.32
18 Pesticides store 45.75 56.15
19 Vallige7 section4 39.66 48.68
20 Vallige6 section 4 40.69 49.94
21 Valligel4 39.77 48.81
22 Vallige8 section 2 37.21 45.66
23 Vallige27 section6 41.59 51.05
24 Vallige30 40.05 49.15
25 Vallige23 section5 39.16 48.05
26 Vallige38 section8 39.01 47.87
27 Vallige33 section7 41.89 51.42
28 Vallige41 section9 39.17 48.07

Average 39.45 48.21
STD 16.59 20.58
Min 11.77 14.45
Max 94.36 115.80
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fSHu 981.92  -  1197.12
1197.12 - 1412.32

Fig. 3.5: GIS Prediction map for K activity concentration (Bq/kg) in Elfao area.

U238
\

Fig. 3.6: GIS Prediction map for 2 3 8 U activity concentration (Bq/kg) in Elfao area
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Chapter 4

CONCLUSION AND RECOMMENDATIONS

On the basis of the results obtained with regard to activity concentrations and the 

corresponding absorbed dose rate in air, the following conclusions can be drawn:
4(W 238* * hu 232a-The activity concentrations obtained for ^K /^U .and Th and the corresponding dose 

rate in air at 1 m above ground level placed the sampled locations among normal

background radiation areas.

b- The GIS prediction maps indicated that the activity concentration 4UK, 2 38U.andZJZIh  

increased from east towards west of the study area (border area between Aljazeera 

and Elgadareif States).

c. The GIS prediction maps on activity concentration of primordial radionuclides and

absorbed dose rates obtained in this study can be integrated with similar national data 

to produce radiation map for the country

d. Further studies in this area should consider these GIS maps as an input.

232n
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