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ABSTR ACT
The steady rise in the use of isotopes and nuclear technology in various purposes 

in human life, both agro-industrial-military, medical, may increase the chances of 

radioactive contamination That increases the exposure of ionizing radiation which 

raise awareness in increasing the need to know how to assess that exposure. 

Control of imported foodstuffs to ensure that are not contaminated with 

radioactive materials is very important at this stage.

The present study aims to investigating radioactivity in foodstuff consumed in 

Sudan To measure radionuclide in wheat flour, bread improvers Specific 

objectives To measure radioactive contaminants and To estimate radiation dose 

from this consumption.

The health impact of radionuclide ingestion from foodstuffs was evaluated by the 

committed effective doses determined in 30 samples of foodstuff, collected in the 

port Sudan on the Red Sea, The radioactivity traces of K-40 , U- 238 and Th -  232 

, were measured by gamma-ray spectrometry employing an using Nal (T i ) 

.Calibration process carried out for gamma spectroscopy using MW652 as a 

reference source which recommended by the International Atomic Energy Agency 

(IAEA) including-source-Cs-137 and Co-60 with two energy levels.

The K-40 activity concentrations in the flour samples, range ( 303.07 -  

40.48)(Bq/kg),238U(4.81 -  1.95) (Bq/kg) , Th-232 (7.60 -  1.61) (Bq/kg) wheat 

samples range K-40( 250.62 -  27.22) (Bq/kg), U-238(4.92-1.90) (Bq/kg), Th-232 

(5.74- 1.61) (Bq/kg) and bread improvers samples K-40 (68.60 -13.61 (Bq/kg) U- 

238 (5.73- 1.94) (Bq/kg) The total average effective dose for age ( > 17 years ) 

was found in to flour be 2.35 ± 7.12 mSv/y, 1.15±0.95 mSv/y, 1.65±2.02mSv/y, 

The maximum dose values obtained were 6.01 mSv/y, 1.95mSv/y, 1.57 mSv/y. 

The total average effective dose for age ( > 17 years ) was found in to wheat 1.58 

± 6.85 mSv/y, 1.16±1.33 mSv/y, 0.48±1.14 mSv/y, The maximum dose values 

obtained were 4.14 mSv/y, 1.66mSv/y, 0.99 mSv/y. The total average effective

Vll



dose for age ( > 17 years ) was found in to bread improvers 0.08 ± 8.22 mSv/y,

0.09±1.27 mSv/y, 0.004±1.35mSv/y, The maximum dose values obtained were 

0.01 mSv/y, 0.02mSv/y, 0.01 mSv/y.

Maximum levels for radionuclides in food for general consumption have been 

established at lOOOBq/kg for gamma emitters, lOOBq/kg for the beta emitters 

(IAEA, 1989). According to these levels, the food products analyzed in this work 

is considered to be safe for human consumption although the risk associated with 

internal exposure due to low dose intakes still exists. We recommended for the 

authority to give more attention and helps to the scientific researches. That could 

be achieved by offering the facilities, For instance, portable gamma ray 

spectrometry and the establishment and control units on the entrances to the 

country, which can help to do the perfect work which can serve to develop the 

country and encourage the researchers to take care about the scientific researches

VIII
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Jl>jV ACaixjua (jl ya LŜ"
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CHAPTER ONE

Introduction

The steady rise in the use of isotopes and nuclear technology in various purposes in 

human life, both agro-industrial-military, medical, may increase the chances of radioactive 

contamination (normal uses or after accidents). That increases the exposure of ionizing 

radiation (external or internal) which raise awareness in increasing the need to know how 

to assess that exposure. Control of imported foodstuffs to ensure that are not contaminated 

with radioactive materials is very important at this stage.

Studies on radiation levels and radionuclide distribution in the environment provide vital 

radiological baseline information. Such information is essential in understanding human 

exposure from natural and man-made sources of radiation and necessary in establishing 

rules and regulations relating to radiation protection (Ibrahim H. et al., 2007).

Measurements of radioactivity in environment and in foodstuffs are extremely important 

for controlling radiation levels to which mankind is direct or indirectly exposed. Another 

important fact is that, importation of contaminated food from any region that suffered a 

nuclear accident can be indirectly affect people health around the world (F. L. Melquiades. 

et al., 2004).

The increase use of applications of atomic energy of safe application different disciplines 

(agriculture, industry, research, or medical) may increase the risk of exposure due to 

radiation contamination. As happened with chemobyl reactor 1986 is an example of 

accidents where farms, different crops and consequently all dietary products were 

contaminated by radioactive materials. Unfortunately there are some countries tried to 

export contaminated food to poor countries. For that reason there is a need for monitoring 

all food and the environment. In order to accomplish that SAEC initiated the department 

of food and environmental monitoring mandates the programs. Sudan Atomic Energy 

Commission (SAEC) has responsibilities towards radiation monitoring in foodstuffs 

(import and | or export).



It also specifies the implementation of samplings and measurements. Naturally occurring 

radioactive isotopes can be transferred form the soil to plants (Adam Sam and Ake 

Eriksson 1995). Every food has some small amount of radioactivity in it. Radium-226 and 

Uranium-238 and its daughter product are found, but potassium-40 is the predominant 

radioactive component in most food.

1:1 Objective of the study:

The present study aims to investigating radioactivity in foodstuff consumed in Sudan as a 

part of the ongoing program Department of Food and Environmental Monitoring 

(Radiation Safety Institute, Sudan Atomic Energy Commission) mandate this monitoring 

program. The overall objectives of the program are:

1. General Objectives: To measure radionuclide in wheat, flour and bread improvers in

Sudan.

2. Specific objectives: To measure radioactive contaminants in wheat, flour and bread 

improvers in Sudan.

3. To estimate radiation dose from the consumption of the wheat, flour and bread 

improvers in Sudan.

2



CHAPER TWO

LITERATURE REVIEW

2:1 General background:

Due to the world population growth and in order to ensure food supply, many countries 

have increased the use of phosphate fertilisers, the potassium concentrations in soils can be 

appreciably altered by these agricultural activities. By means of the soil and Phosphate 

fertilisers, radioactive elements are transferred through the food chain to humans. The 

concentrations of naturally occurring radionuclides in foodstuffs vary widely because of the 

differing background levels, climate and agricultural conditions that prevail. The ingestion 

of natural radionuclides depends on the consumption rates of food on the radionuclide 

concentrations (UNSCEAR, 2000).

Human dietary composition varies from place to Natural radionuclides entering the food 

chain are Mostly derived from the soil and, as a result, variation in the soil radionuclide 

content is a prime source of geographic variability. Plant uptake also varies from species to 

species , hence the intake of different food products forms a secondary source of 

variability(jibiri and Alausa, 2007). It is necessary to measure the radioactivity of food 

samples to assess potential radiation doses and, if it is necessary, to avoid the exposure of 

consumers to radiation. Since potassium is an essential constituent of cellular tissue, 40K is 

one of the most abundant natural radionuclides and it is present in all environmental 

samples. According to the United Nations Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR), 87 % of the radiation dose received by mankind is due to natural 

radiation sources.

The total effective dose from inhalation and ingestion of terrestrial radionuclides is 310 mSv, 

of which 170 mSv is from 40K and 140 mSv is from the long-lived radionuclides in the 

uranium and thorium series (UNSCEAR, 2000). One of the studied foodstuffs in Sudan is

3



the flour, wheat and bread improvers in which it was possible to observe both 226Ra and 

228Ra in significant amounts, The flours high 40K concentrations (Scheibel, 2007).

In general the flours are important ingredients of some foods it has very rich nutritional 

values and it composes the daily dietary of the population. Cereals are fruits of cultivated 

grasses that may be used as raw materials for the production of food and feed Cereal the ess, 

the most important cereal is wheat. The grain is surrounded by a five-layer coat called bran 

that makes ential anatomical elements of cereal grains are the seed coat (bran), endosperm 

and germ. Commercially up 15 % of the mass of the whole grain.

It is rich in vitamin B and contains 50 % of the total mass of minerals of the grain. The bran 

consists of the cellulose and it is indigestible for humans. It is separated during flour 

production and used as an animal fodder. The chemical composition of the cereal is 

dependent on species cultivation and time and conditions of growth, harvest and storage, are 

wheat and bread improvers. The share of cereal products in the human diet is estimated to be 

50-60 %(Silkworks , Z.E ,2000).

Sudan is one of the big consumer of wheat and flour with an intake of 90 kg/ y per person 

(UNSCEAR, 2000). Considering this and the last work of this research group about 

radioactive traces in food samples, which was about the radionuclide concentration in flour 

and wheat derivatives, there arose the interest to determine the activity concentrations of the 

natural Radionuclides in different cereal flours in the Port Sudan' state for direct human 

consumption, and to estimate the individual effective dose due to ingestion of these foods.

2.2 Gamma Ray Spectroscopy:

Gamma ray spectrometry (GRS) provides a fast, multi elemental and non- destructive 

method of radioactivity measurement. Qualitative and quantitative analysis of samples can 

be performed by gamma-ray spectrometry systems in which a qualitative measurement 

identifies the radionuclides of interest from the energies and intensities of the peaks 

present in the spectrum under investigation. In a quantitative measurement, the activities 

of radionuclides of interests are determined. Therefore, the accurate determination of the

4



detector efficiency is arguably the most important parameter when gamma-ray 

spectrometry is used for radionuclide measurement.

Gamma ray spectroscopy is an extremely important method in environmental radioactivity 

(IAEA, 2003).

A gamma-ray photon or an x-ray is uncharged and does not create direct ionization or 

excitation of material through which it passes. The detection of gamma-rays is therefore 

critically dependent on causing the gamma-ray photon to undergo an interaction with 

detector material transferring all or part of the energy to an electron in the absorbing 

material. Therefore, in order for a detector to serve as a gamma-ray spectrometer, it must 

carry out two distinct functions. First, it must act as a conversion medium in which 

incident gamma rays have a reasonable probability of interacting to yield one or more 

secondary electrons (N. A. Mlwilo. ., et al, 2007).

2.3 Gamma ray emission:

Gamma ray is emitted by excited nuclei while they de-excite to lower-lying nuclear 

levels. They are produced as a result of beta decay of a parent radionuclide causing a 

daughter radionuclide in an excited stat leading to further decays and the emission of 

gamma rays. The gamma ray emission caused by de-excitation takes place with energy 

equal to the change in energy state of the nuclear state. Therefore, gamma ray appears 

with the half-life of the parent beta decay and with energy that reflects the daughter 

nucleus energy level structure. Gamma ray sources due to beta decay are generally limited 

to energies below 2.8 MeV (Knoll, G.F., 2000).

Gamma rays are the only member of the electromagnetic radiation spectrum that is caused 

from the emission of unstable nuclei It is possible for gamma ray to produce ionization 

and penetrate through matter. Theoretically, there is no enough shielding that could be 

provided to entirely stop any gamma ray (Early P.J. and Sodee D.B., 1995).
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2.4 Principles of gamma ray spectrometry with germanium detectors:

Germanium (Ge) detectors like other semiconductor detectors contain certain levels of 

impurities. However, the impurity levels in high purity Ge have been largely reduced by 

techniques such as zone refining in such a way that an impurity level of only about 1010
3 * *atoms /cm still exists. (If the net concentration favours acceptor atoms (like Al) then the 

material is mildly p-type called 7i-type). The coaxial configuration is commonly used in 

HPGe detector construction (Knoll, G.F., 2000).The crystal is cut as a cylinder and a part 

of the central core is removed. The rectifying contact is fabricated at the outer cylindrical 

surface by creating a heavily doped layer of the opposite type (n type, called n+). This is 

formed by evaporation and diffusion of Lithium (Li) or by direct implantation of donor 

atoms using an accelerator. The n-p junction is reverse-biased and forms the detector 

active depletion region. It also serves as a blocking contact, since it is difficult to inject 

electrons from the p side because holes are the majority carrier and electrons are scarce. 

Without blocking the contacts the steady-state leakage current through the detector bulk 

material would be so large that discerning the small electric charges created by the 

radiation would be impossible. The opposite electrode is fabricated in contact with the 

inner cylindrical surface, which is the blocking contact for majority carriers. Therefore it 

consists of heavily doped p type layer, produced by ion implantation of acceptor atoms 

such as boron. HPGe material may be either high-purity p or n type in 2.1
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n contact
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p-type coaxial «-type coaxia

Figure (2.1): Schematic of p and n type HPGe crystals (Knoll, G.F., 2000).

When a positive voltage is applied to the rectifying contacts, the depletion voltage is 

exceeded (over-depleted), and under these conditions the depletion region grows inwards 

over the whole volume of the crystal until reaches the other electrode and the electric field 

profile is nearly uniform. When gamma-ray photon interacts with the detector material, 

electron-hole pairs are produced and their number is proportional to the energy imparted 

to the detector material. Since the electrostatic field exists in the detector volume, 

electrons and holes are separated and swept to their respective electrodes. The motion of 

the charges induces a current to flow in the external circuit. The integration of the current 

pulse gives the produced charge. In Ge crystal, the hole and electron mobility-lifetime 

products have similar enough values to ensure that both carriers will reach the electrodes 

at the majority of events (N A Mlwilo. ., et al, 2007).
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2.5 Gamma ray interactions in the detector:

The process of detection of radiation is initiated when an incident gamma ray enters the 

crystal. The energy is totally absorbed under ideal conditions. This is accomplished by 

three main interactions between gamma ray and the crystal. These interactions are 

photoelectric effect Compton scattering, and pair production.

2.6 Photoelectric effect:

Photoelectric effect is an interaction between a low energy incident photon and an 

inner shell orbital electron. The energy of the incident photon is totally absorbed and used 

to eject the orbital electron from its orbital shell. This electron is known as photoelectron. 

This happens if the incident photon energy exceeds the binding energy of the electron. 

The ejected electron leaves a vacancy in the inner orbital shell causing the emission of 

characteristic x-rays or auger electron when an outer shell electron full fills this vacancy

(Sorenson, 1987).

2.7 Compton scattering:

The interaction process of Compton scattering takes place between the incident gamma 

ray photon and an electron in the detector material (F. Adams and R. Dams, 1970). The 

incoming gamma ray photon is deflected through an angle 0  with respect to its original 

direction and hence the photon transfers part of its energy and momentum to a free 

electron, creating a recoil electron. Since all angles of scattering are possible, the energy 

transferred to the electron can vary from zero to a large fraction of the gamma ray energy 

((Knoll, G.F., 2000)).

2.8 Pair production:

This interaction mechanism occurs in the intense electric field near the protons of the 

nuclei in the absorbing medium (detector) and corresponds to the creation of an electron- 

positron pair at the point of complete annihilation of the incident gamma-ray photon. For 

this process to take place, the gamma ray energy should exceed twice the rest mass energy 

of the electron (1.022MeV). Both positron and electron disappear and are replaced by two
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annihilation photons of energy me (0.51 IMeV) each emitted back to back ((Knoll, G.F.,

2000).
2:9 System calibration:

The calibration of an analytical system is one of the most important tasks required of 

any analyst. If the calibration is incorrect then all the result produced will be inaccurate. 

The essential requirements of a calibration are to establish an energy / efficiency / 

resolution relationship (G.A Sudan, 1993). For gamma-ray measurement with germanium 

detector. The position of photo peak (full energy peak) is relevant for energy 

measurements.

2:10 Energy calibration:

Energy calibration is important for the qualitative analysis of the samples containing 

radioactive nuclei. The exact identity of photo peak present in the spectrum produced by 

the detector system is a necessary requirement for the measurement of gamma-emitters. 

The energy calibration is the establishing of the number of the channels present in a multi

channel analyzer (MCA) or plus height analyzer in relation to gamma-rays energy (IAEA, 

1989).

2.11 Energy resolution:

The resolution of a spectrometer is a measure of its ability to resolve two peaks that are 

fairly close together in energy, This is usually expressed as the width of the photo peak at 

half of its maximum height (F.W.H.M). The energy resolution can be calculated by:

R = (FWHM/ Ho) * 100%.......................... 2.1

Where: Ho is the peak centroid ((Knoll, G.F., 2000).

2
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CHAPTER THREE 

MATERIAL AND METHODS

3.1 Sample collection and preparation:

10 samples flours, wheat and bread improvers normally consumed in the Sudan were 

and analyses in the consuming form. The cereals, the primary ingredient of the analyses 

samples, were measured in natural and from the same batch, production date and validity 

according to the information from the product packaging.

10 samples of each kind of flour, Wheat and bread improvers collected in the Port Sudan 

on the Red Sea totaling 30 samples, so as to represent each lot of flour at a 95 % 

confidence level. The samples were homogenized, transferred into Marinelli beakers and 

sealed for a period of 15 d this was done to allow 226Ra and its short-lived daughters to 

reach a secular equilibrium prior to gamma spectrometry.

One empty Marinelli beaker was used for background measurements The analyses 

foodstuffs and the respective average mass per sample were flour (0.50 kg), wheat (0.50 

kg), bread improvers (0.50 kg), The samples and the background were counted for 86 400 

s (24 h) using a gamma-ray spectrometer consisting of an Nal(TI) detector with 66 % 

relative efficiency, an ORTEC 575 amplifier and an ORTEC.

3.2 Sample measurements:

Each sample was placed onto Nal(TI) detector and measured for three hours. The Th-232 

concentration was determined from the concentrations of 212Pb (238 keV) in the samples, 

and that of U-238 was determined from the average concentrations of the Pb-214 (352 

keV) and Bi-214 (609 keV) decay products. Whereas K-40 concentration was measured 

directly using its (1460 keV) gamma-line... A gamma spectroscopy system consists of a 

detector, electronics to collect and process the signals produced by the detector, and a 

computer with processing software to generate, display, and store the spectrum. Other
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components, such as rate meters and peak position stabilizers, may also be included, 

(winTMCA32 scinti SPEC) software program for gamma spectroscopy.

Table (3:1) Sample measurements
—

Series Daughter Energy(keV)

U-238 Bi-214 / pb-214 609 / 352

Th-232 Ac228/ Pb212/Bi212 238 / 295 1

— K40 1460

3.3 Radioactivity determination

The net area under each photo peak, after background subtraction, was used to calculate 

the activity concentration (Bq / kg) of each radionuclide in the food samples. The activity 

concentrations in the samples were obtained using the following expression.

3.1

where A is the activity concentration of the radionuclide in the sample, Ni is the net count 

rate under each photo peak due to each radionuclide, e is the detector efficiency for the 

specific gamma ray, P is the absolute transition probability o f the specific gamma ray, m 

is the sample mass (kg) and t is the counting time (s). applied for all measurements.

The parameter values are related to energies 250 keV, which is the energy range of 

interest for the present work. The activity concentration or LLD of 228Ra was calculated 

using the 911- and 969-keV transitions of 228Ac, and for 208T1 the 583- and 860-keV 

gamma ray lines was employed. 226Ra was assessed using the intensities of the gamma- 

ray lines of 214Pb (295 and 352 keV) and 214Bi (609, 1120 and 1764 keV). 40K, 137Cs 

and 7Be concentrations or LLD were estimated from the 1460-, 662- and 478-keV 

gamma-ray lines, respectively.



3.4 Effective dose due to ingestion

The effective dose is based on the risks to the health induced by radiation effects, 

employing the International Commission on Radiological Protection (ICRP) metabolic 

model that provides the relevant conversion factors to calculate the effective doses from 

the total activity of radionuclides measured in foodstuffs (ICRP 1994). Estimation of the 

radiation-induced health effects associated with the intake of

Radionuclides in the body is proportional to the total dose delivered by the radionuclides 

while present in various organs the effective dose from a single radionuclide j in one 

foodstuff is given by.

(3.2)

where D is the effective committed dose of nuclide j (Sv/ y), e(g)j is the effective dose 

conversion factor by ingestion of nuclide j (Sv/ Bq), Aj is the activity concentration of 

nuclide j in ingested food (Bq/ kg) and Uj is the consumption rate of food (kg/ y).

The effective dose from various radionuclides ingested along with different foodstuffs is 

obtained by summing up over all AQ nuclides and all Foodstuffs.

3.5 Sodium iodide detector Nail (Tl):

This is the most commonly used scintillator material. It is cheap and readily available. 

Detectors up to 0.75 m diameter have been produced. More typically, the 76 mm diameter 

by 76 mm high cylindrical sodium iodide detector was for many years the standard 

gamma-ray spectrometer detector. (At the time, this was referred to as a ‘3-by-3 detector

3in.x3 in.)

The iodide atom of the Nal (TI) provides a high gamma-ray absorption coefficient and, 

therefore, high intrinsic efficiency. At low energy, there is a high probability of complete 

absorption. Because Nal (Tl) provides the greatest light output of all of the traditional
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inorganic scintillators using standard photomultipliers, it also has the best energy 

resolution (Sutton, 1993).

3.6. Low voltage power supply:

The nuclear electronics industry has standardized the signal definitions, power supply 

voltages and physical dimensions of basic nuclear instrumentation modules using the 

Nuclear Instrumentation Methods (NIM) standard initiated in the 1960s. This 

standardization provides users with the ability to interchange modules, and the flexibility 

to reconfigure or expand nuclear counting systems, as their counting applications change 

or grow.

3.7 Preamplifiers:

The charge created within the detector after the photon interaction with the detector 

crystal, is collected by the preamplifier. Additionally, the preamplifier also serves to 

provide a match between the high impedance of the detector and the low impedance of 

coaxial cables to the amplifier, which may be located at great distances from the 

preamplifier.

Most Germanium detectors in use today are equipped with RC-feedback, charge sensitive 

preamplifiers. These can have various modes of operation: current sensitive, voltage- 

sensitive and charge sensitive. Charge-sensitive preamplifiers are commonly used for 

most solid state detectors.

In charge-sensitive preamplifiers, an output voltage pulse is produced that is 

proportional to the input charge. To maximize performance, the preamplifier should be 

located at the detector.

3.8 High voltage power supply:

The High Voltage Power Supply unit supplies the necessary high voltage to the 

detector and the necessary voltages to the rest of the system components. These 

units are usually able to supply up to 5000 V.
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3.9 Amplifier:

The amplifier serves to shape the pulse as well as further amplify it. In this module the 

size (height) of the pulses are increased, and their form carefiilly manipulated to 

eliminate problems with electronic noise, shifts in the baseline, and pulses "riding" 

on the tails of those preceding them.

3.10 Multi-Channel Analyzer (MCA):

The multichannel analyzer (MCA) is the heart of most experimental measurements. It 

performs the essential functions of collecting the data, providing a visual monitor, and 

producing output, either in the form of final results or data for later analysis the 

multichannel analyzer (MCA) consists basically of an analog-to-digital converter 

(ADC), control logic, memory and display. The multichannel analyzer collects pulses in 

all voltage ranges at once and displays this information in real time.

3.11 Analog to Digital Conversion (ADC):

The analog-to-digital conversion module (ADC) forms the heart of the gamma 

spectrometer. It converts the analog information from the pulse train into a digital 

format that can be stored and processed by a computer. For each analog pulse 

received by the ADC, a number is generated that is proportional to the height of that pulse 

(Knoll, G.F., 2000).

3.12 Detection limit of gamma spectroscopy:

There are many instances when it is very important to define a detection limit for certain 

radionuclides. This limit known also as the minimum detectable emission rate or 

minimum detectable activity (MDA), will depend upon the sample composition, the 

energy of the radiation, the source to detector distance, the detector efficiency, the 

background and the counting time available. To quote MDAs it is necessary to define all 

these criteria.
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3.13 Advantages :

1. High light yield.

2. High density.

3. Good energy resolution.

3.14 Disadvantage:

1. Complicated crystal growth.

2. Large temperature dependence.

3. Expensive.



Figure (3:1 ) Scintillation counter

helium-activated sodium iodide Nal(Tl) crystals are mainly used as detectors in field 

gamma ray surveys. They are transparent, with a high density (3.66 g/cm3), and can be 

manufactured in large volumes. They have a detection efficiency (probability of an 

incident photon will be absorbed in the detector) of up to 100% for low-energy gamma 

rays but somewhat less for high-energy gamma rays. The dead time is of the order 10-7 s 

and the energy resolution (ability of the detectors to distinguish between two gamma rays 

of only slightly different energies) for 137Cs at 662 keV is in the range ranges 7-10%, 

depending on the volume and quality of the detector. Sodium iodide system is composed 

of detector, pre-amplifier, amplifier, multichannel analyzer, display screen and printer in 

fig (3.1 ) (Joseph, 2013)
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Figure(3.2) Sodium iodide system

Pulses has been made inside the detector are very week so pre- amplifier and amplifier are 

used to be more cleared. After amplification and digitization, the pulse amplitudes are 

analyzed, and the output of the spectrometer is an energy spectrum of detected radiation. 

Since individual radionuclides emit specific gamma ray energies, gamma ray spectra can 

be used to diagnose the source of the radiation

3.15 Efficiency calibration:

In general, the analysis of a sample by gamma spectroscopy is considered to be non

destructive, certain sample/source preparation steps are essential for precise 

measurements. For example, it is necessary that the sample to be completely homogenized 

and measurement are carried out in the same geometry on used in the efficiency 

calibration. Ideally, the calibration source and the samples to be measured should have the 

same chemical composition and density. If this is not the case, correction must be made 

for differences in the degree of self- attenuation. Corrections may also have to be made for 

coincidence summing, which occurs with radionuclide which remit gamma ray cascade 

and which is particularly important for low source-detector distances.to suppress
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background radiation and this improve sensitivity, a passive shield made from aged lead 

must surround all gamma detectors.

In this the detector efficiency was calibrated using a mixed radionuclide sources (MW625) 

in 500 ml Marinelli beaker geometry. The container was placed on the detector and 

counted. The spectrum was stored in the computer, and analyzed using the software 

“winTMCA32”. The following equation was used to obtain the efficiency curve of the 

detector for different energies(IAEA,2013).

(3.3)

Where, i\ is the efficiency of the detector at specific energy is gamma intensity, and A is 

the activity of the standard. The energies, their respective branching ratios and the 

corresponding efficiency of the radionuclides in the standard are given in Table (3.1).The 

efficiency curve obtained is presented in fig (3.3)
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Table(3:l)The energies, their respective branching ratios and the corresponding efficiency 

of the radionuclides in the standard.

Energy

(KeV)

CPS Activity Yi Eff-

662.0 31.10 2198.691 0.851 0.016621

1173 6.63 923.104 0.9997 0.007184

1333 5.88 923.104 0.9998 0.006371

3.16 Background measurement

A natural background was measured for three day using empty marinelli beakers 0.5 kg of 

similar geometry as the marinelli beakers of the samples and then subtracts the value of 

the natural background from every measured value.
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CHAPTER FOUR 

RESULTS AND DISCUSSION

4.1 Results

In Port Sudan Red Sea a total of 30 samples from 10 casino for three different groups 

were analyzed Environmental Radioactivity.

Table 4.1 Activity concentrations of radionuclides in flour samples collected in Port 

Sudan on the Red sea.

Radionuclides Basic statistics (Bq/Kg)

Mean Maximum Minimum ST.D.

K-40 11.87 303.07 40.48 7.12

U-238 2.83 4.81 1.95 0.95

Th232 3.19 7.60 1.61 2.03

Total 17.89 315.48 44.04 10.10
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Table 4.2 A c tiv ity  con cen tration s o f  rad ionuclides in  w h eat sa m p les  c o lle c te d  in Port

Sudan on  th e  R ed  sea .

Radionuclides Basic statistics (Bq/Kg)

Mean Maximum Minimum ST.D.

K-40 95.79 250.62 27.22 6.85

U-238 3.48 4.92 1.90 1.33

Th232 2.79 5.74 1.60 1.14

Total 102.46 261.28 30.72 9.32

Table 4.3 Activity concentrations of radionuclides in bread improvers Samples collected 

in Port Sudan on the Red sea

Radionuclides Basic statistics (Bq/Kg)

Mean Maximum Minimum ST.D.

K-40 44.88 68.06 13.61 8.22

U-238 2.35 5.73 1.94 1.27

Th232 2.18 3.07 0.92 1.35

Total 49.41 76.86 16.47
J

10.84
________________________________________________________________________________________
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Table 4.4 Consumption rate o f foods (Uj) for the Sudan'

Consumption rate

flour samples 90 kg / y

wheat samples 75 kg / y

bread improvers samples 0.85 kg /y

*Union bakeries in Khartoum state

Table 4.5 effective committed dose (mSv/y) in Port Sudan due to K-40.

(> 17y)

Mean Max.

flour samples 2.35 6.01

wheat samples 1.58 4.14

bread improvers samples 0.08 0.01

Table 4.6 effective committed dose (mSv/y) in Port Sudan due to U-238.

(> 17y)

Mean Max

flour samples 1.15 1.95

wheat samples 1.16 1.66

bread improvers samples 0.09 0.02

Table 4.7 effective committed dose (mSv/y) in Port Sudan due to Th-232.

(>17y)

Mean Max.

flour samples 0.65 1.57

wheat samples 0.48 0.99

bread improvers samples 0.004 0.01
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Table 4.8 T ota l e ffe c t iv e  com m itted  d o se  (m S v /y ) in  Port Sudan.

(>17y)

Mean Max.

flour samples 4.15 9.53

wheat samples 3.23 6.79

bread improvers samples 0.17 0.04

Table 4.9 Radionuclide Conversion Factor

Conversations coefficient (SV/Bq)

Radionuclide k- 40 U- 238 Th- 232

Age >17 years 6.20E-09 4.50E-8 2.30E-09
__________________________________________________________________________________________ .

BSS-115

4.2: DISCUSSION:

In the present study a total of 30 foodstuff samples were analyzed. The samples was 

grouped into categories according to their types, as follows: flour, wheat, and bread 

improvers, 10 samples for any types. The analyses were done including all possible 

radionuclides expected to migrate into the food stuffs. That includes K-40, U - 238 and 

Th-232. In order to verify whether the weighted average activities are representative of the 

individual activity concentration values, (Spiegel,M.R1976) was applied to the calculated 

means, verifying the data quality.

All tables of activity concentration results present the Mean value, each mean value was 

compared with their Maximum, Minimum and the standard deviation the results in table 

4.1,4.2, 4.3 the 40K activity

concentrations in the flour samples, range ( 303.07 -  40.48)(Bq/Kg),238U(4.81 -  

1,95)(Bq/Kg) ,232Th (7.60 -  1.61) (Bq/Kg) wheat samples range 40K( 250.62 -  27.22) 

(Bq/Kg), 238 U(4.92-1.90) (Bq/Kg), 232Th (5.74- 1.61) (Bq/Kg) and bread improvers 

samples 40k (68.60 -13.61 (Bq / Kg) 238U (5.73- 1.94) (Bq/Kg) All average activities are
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well adjusted according to the mean , There is a higher 40K activity for the flour, mainly 

when compared with the other measured.

The highest 40K activities in food samples may be attributed, in part, to the heavy use of 

fertilisers by farmers to improve crop yield (pasquini and Alexander2005). Since 40K is a 

natural isotope of potassium, it is under close homeostatic control in the body (UNSCEAR 

1993). As a result, the dose from the ingestion.

For this reason, no data on 40K dose will be presented for the food stuffs referred to above 

are Consumption rates used in the effective dose calculation for the food stuffs referred to 

above are listed in Table 4.4. For information of consumption rates, it was taken as a basis 

the food purchases per capita of population. However, food consumption data was 

estimated from a conference about the proposed reference levels for the concentration of 

radionuclides in food and industrial stuffs was held in Jordan in 2003, and also from the

WHO (WHO 1988).

The presence and activity concentrations of radionuclides in foods depend on the type of 

fertilizer used, plant uptake and type of soil in the area of production. Large values of the 

standard deviation for the

Potassium in samples of Port Sudan are due to short time of sample measurement.

Table (4.5, 4.6, 4.7) shows the results for the effective committed dose from ingestion of 

flours, wheat and bread improvers in the Sudan, referring to the annual consumption rates 

in terms of three ranges of ages: 1-2 y old for infants, 7 to 12 y old for children and .17 y 

old for adults, as measured by UNS Consumption rates used in the effective dose 

calculation CEAR ((UNSCEAR 2000)) for the public. The flours presented committed 

effective doses for 40K, 2.35mSv/y, 238U, 1.15 mSv/y and 232Th, 0.65 mSv/y, 

respectively, for adults. The effective doses were below the UNSCEAR reference values 

for adults.

The flour presented the highest dose level for 40K. This radionuclide is mainly present in 

the soil, facilitating greater absorption by which is a ro o t. It also presents the highest rate
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of consumption in relation to all other food stuff the wheat presents committed effective 

dose for 40K 1.58 mSv/y,238U,1.16 mSv/y ,232Th 0.48mSv/y data for cereals of the 

literature, similar to those analyses in this flour, for adults.

the bread improvers presented committed effective doses for 40K, 0.08mSv/y, 

238U,0.09mSv/y and 232Th, 0.004 mSv/y , respectively, for adults. The effective doses 

were

Below the UNSCEAR reference values. The total committed effective dose presented in 

flour 4.15 mSv/y , wheat 3.23mSv/y, bread improvers 0.17 mSv/y and compared with the 

references (Awudu,A.R 2012), which were 519.4 and 1330 mSv y21, respectively. These 

dose values were very higher than the measured in this work, which can be justified by the 

consumption rate of these foods, which values are 115.46 kg y21 in Nigeria(jibiri and 

Alausa2007) and 152.9 kg y((UNSCEAR 2000)) in Ghana(Awudu,A.R 2012), compared 

with the consumption rate of 75 kg/y for the Sudan The total committed effective dose 

presented in bread improvers 0.17mSv/y (for adults) , This dose is Small than flour and 

wheat work, which can also be due to the Low consumption rate of 0.85 kg/y, compared 

with flour 90kg/y and wheat 75kg/y for this work.

Studying the data it is observed that K-40 scored highest readings in food items. The 

highest reading of K-40 was found in flour sample (303.07 Bq/kg). The potassium content 

of the body is under strict homeostatic control. As K-40 will not build up in the body but 

vary as stable potassium varies as a function of muscle mass and age. The dose from K-40 

should be presented separately because the amount of potassium in the human body is 

held relatively constant by metabolic processes and does not change significantly when 

intake change.

Maximum levels for radionuclides in food for general consumption have been established 

at lOOOBq/kg for gamma emitters, lOOBq/kg for the beta emitters (IAEA, 1989). 

According to these levels, the food products analyzed in this work is considered to be safe
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for human consumption although the risk associated with internal exposure due to low 

dose intakes still exists.

For the purpose of comparison between our results and the global data of the effective 

dose, the following sections present effective dose data from foodstuffs for some 

countries:

- The total contribution to the natural sources to the Indian population works out to be 2.3 

mSv/y (Ramachandran, T.V. et al, 2005).

- The mean effective dose for Finnish was 3.7 mSv. The internal dose from ingestion and 

inhalation of terrestrial radionuclides is 0.36 mSv.

- In Iran, The average annual effective doses (Ra-226) of different age groups (Adults, 

children and infants) were equal to 2.37± 0.22, 5.42 ±0.43, 2.66±0.24, mSv/y and 

0.136±0.02, 0.18±0.027 and 0.171±0.026 mSv/y due to existence of uranium in drinking 

water (Mehdizadeh, S. and Derakhshan, Sh., 2004).

- In France, the effective annual dose was estimated to be at 2.2 mSv (Billon, S., et al, 

2004).

- In Norway, The effective dose from intake is estimated to 0.02 mSv for an average 

Norwegian in 1998 (Liland, et al, 2001).

- In Russia, There are some restrictions (due to contamination) include bans on drinking 

river water, fishing and bathing in the river and the prohibition of use of the river and 

surrounding flood plains by humans and cattle. With restrictions the highest dose 

estimated was 0.56 mSv y-1 for the most exposed adults and without restrictions this 

increased to 3.4 mSv/y - In Nigeria estimated effective dose due to ingestion was up to

2.16 mSv/y (N.N. Jibiri.,et al., 2007).

4.3 Estimate of Human Dose from flour and bread improvers’ concentration:

To estimate radiation dose from the consumption of the foodstuffs it is a complex 

calculation. Consumption data was needed for the estimate of radiation doses from 

ingestion, It should de noted that the availability of survey data on diet arty habits in
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Sudan is not easy as the country is so large and there are very different habits at different 

places. Producing a new and comprehensive set of data is therefore needed. However, an 

estimate of these data is done by Union bakeries in Khartoum state that the per capita 

consumption rate in the year is 90kg, in the year. Dose conversion coefficients for 

radionuclides for age > 17 years are obtained from IAEA basic safety standard (BSS 

1996).
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Figure 4.1: Mean effective dose (mSv/y) comparison between flour, wheat and bread 

improvers for age >17 years
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Figure 4.2: Mean effective dose (mSv/y) comparison between flour, wheat and bread 

improvers for age >17 years
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Figure 4.3: Mean effective dose (mSv/y) comparison between flour, wheat and bread 

improvers for age >17 years
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Figure 4.4: Total effective dose (mSv/y) comparison between flour, wheat and bread 

improvers for age >17 years.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

Radioactivity in 30 samples foodstuff consumed in Sudan was determined by gamma 

spectrometry. Investigated radionuclides include, K-40, U-238 and Th-232. Measurement 

results together with food consumption rates were used to estimate committed effective 

dose from these radionuclides for inhabitants of Sudan. The total average effective dose 

for age ( > 17 years ) was found in to flour be 2.35 ± 7.12 mSv/y, 1.15±0.95 mSv/y, 

1.65±2.02mSv/y, The maximum dose values obtained were 6.01 mSv/y, 1.95mSv/y, 1.57 

mSv/y. The total average effective dose for age (>  17 years ) was found in to wheat 1.58 

± 6.85 mSv/y, 1.16±1.33 mSv/y, 0.48±1.14 mSv/y, The maximum dose values obtained 

were 4.14 mSv/y, 1.66mSv/y, 0.99 mSv/y. The total average effective dose for age ( > 17 

years ) was found in to bread improvers 0.08 ± 8.22 mSv/y, 0.09±1.27 mSv/y, 

0.004±1.35mSv/y, The maximum dose values obtained were 0.01 mSv/y, 0.02mSv/y, 0.01 

mSv/y.

Maximum levels for radionuclides in food for general consumption have been established 

at lOOOBq/kg for gamma emitters, lOOBq/kg for the beta emitters (IAEA, 1989). 

According to these levels, the food products analyzed in this work is considered to be safe 

for human consumption although the risk associated with internal exposure due to low 

dose intakes still exists.

We recommended for the authority to give more attention and helps to the scientific 

researches. That could be achieved by offering the facilities, For instance, portable gamma 

ray spectrometry and the establishment and control units on the entrances to the country, 

which can help to do the perfect work which can serve to develop the country and 

encourage the researchers to take care about the scientific researches.
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Along with these studies, it is also suggested that an independent study to be involved 

identify heavy elemental composition, and measurements of alpha and beta contributions 

should be performed in staple food products.
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