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ABSTRACT 
In the present work a comprehensive study was carried out for the determination of 

different radionuclides activities in foodstuff consumed and evaluation of dose levels in 

different food stuffs were collected from eight states in Sudan (cereals, vegetables, meat, 

fruits, milk and fermented milk, baby milk, cans, spices, additives, others). The 

concentrations of different radionuclides in the food samples were determined by gamma - 

spectrometry using an HPGe detector. Radionuclides observed include: Bi-212, Bi-214, Cs-

134, Cs-137, K-40, Pb-212, Pb-214, Ra-224, Ra-226, Th-228, Ac-228, Tl-208, Th-232, and 

U-238. The activity concentration of these radionuclides were found in the following 

ranges: 0.51 - 19.42 Bq/kg, 0.47 - 12.13 Bq/kg, 0.5 - 1.29 Bq/kg, 0.001 - 3.41 Bq/kg, 19.25 

– 2521.82 Bq/kg, 0.08 - 6.84 Bq/kg, 0.02 - 6.87 Bq/kg, 6.08 - 32.02 Bq/kg, 0.03 - 21.53 

Bq/kg, 0.92 - 26.77 Bq/kg, 0.91 - 12.00 Bq/kg, 0.14 - 2.58 Bq/kg, 0.03 - 9.65 Bq/kg and 

0.82 - 5.27 Bq/kg respectively.  

High concentrations were typically found in Portulaca; the lowest concentrations were 

found in barley and bread additives. 

The annual effective dose due to the different foodstuff estimated was found to be 2.78 ± 

0.44 mSv/y and 1.18 ± 0.18 mSv/y for age categories 7-12 y and > 17y respectively.  
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 الخالصـــــــة

وشح شبول موخخنف امئُداح اموشعج فٓ اموُاد امغذائٔج اموشخَنلج ُخقٔٔه أجرْ  ٍذً امدراشجفٓ 

امحنٔة , امفُالٌ , امنحُه  ,امخضرُاح ,  امحتُة)وشخُٔبح امجرعج فٓ وخخنف اموُاد امغذائٔج 

خه جوعَب وى ذوبيٓ ( ْاموضبفج  ُآخراموُاد , امخُاتل ,  اموعنتبح, حنٔة األطفبل ,  ُامزتبدْ

-توطٔبفٔجدٍب ْخحد خهفٓ عٔيبح األغذٔج  خرلٔزاح وخخنفج وى امئُداح اموشعج. ُداىُالٔبح فٓ امس

امخٓ خوح والحظخَب ٍٓ امئُداح اموشعج . (HPGe) امجروبئُه عبمٓ اميقبُث غبوب تبشخخداه لبشف

 40 -امتُخبشُٔه ,  137  -امشٔزُٔه,  134  -امشٔزُٔه,  214  -امتزوُد,   212 -امتزوُد : 

,  228  -امذُرُٔه,  226  -امرادُٔه,  224 -امرادُٔه,  214 -, رضبص  212 , رضبص

ز يشبط ٍذً ُْخرك. 238, ُامُٔرائُه  232  -امذُرُٔه, 208  -امخبمُٔه  , 228 -االلخئُه 

 -0.47لغ , / تلرٔل  19.42  --0.51 :امخبمٓ  مودِاامئُداح اموشعج امخٓ خه امعذُر عنَٔب فٓ 

 19.25لغه , / تلرٔل  3.41  --0.001لغه , / تلرٔل  1.29  --0.5لغه , /  تلرٔل 12.13 -

لغ , / تلرٔل  6.87  --0.02لغ , / تلرٔل  6.84  --0.08لغ , / تلرٔل  2521.82 --

/ تلرٔل  26.77  --0.92لغ , / ٪ تلرٔل  21.53  --0.03لغ , / تلرٔل  32.02  --6.08

/ تلرٔل  9.65  --0.03لغ , / تلرٔل  2.58  --0.14لغ , / تلرٔل  12.00  --0.91لغ , 

. لٔنُغراه عنّ امخُامٓ/ تلرٔل  5.27  --0.82لغه ُ 

فٓ امشعٔر لبيح عبمٔج خُجد عبدث فٓ امرجنج ؛ أديّ امخرلٔزاح امخٓ خه امعذُر عنَٔب الخرلٔزاح ال

.  منختز ُاموُاد اموضبفج

/ ونٓ شٔفرح  0.2±  2.78 :درح توب ٔنُٓقذائٔج امغامجرعج امفعبمج امشئُج يخٔجج موخخنف اموُاد 

 .امخُامٓ شيج عنٓ 17< ُ  شيج 7-12 منفئبح امعورٔج شيج/ ونٓ شٔفرح  0.08±  1.18ُ  شيج
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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 present study aims in 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. To measure radioactive contaminants in foodstuffs consumed in the country and 

then compare them with regional areas and global data;  

2. Create baseline data of the background radiation in foodstuffs samples in Sudan. 

3. To estimate radiation dose from the consumption of the foodstuffs.  
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1.1 Objectives 

The general objectives of the present research are the followings:  

1. Determination of naturally occurring and man-made radionuclide’s in foodstuffs 

samples. 

2. Estimate the annual effective dose due to foodstuffs ingestion and compares with 

other countries. 

3. Better understanding of the nature distribution of radionuclide’s in foodstuffs in 

Sudan. 

4. Trial for developing national limits of foodstuffs (intervention levels).  

5. Addition of new findings to the existing baseline data. 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

CHAPTER TWO 

LITERATURE REVIEW 

2.1 General background 

Sudan is the largest country in Africa and has a special geopolitical location bonding the 

Arab world to Africa south of the Sahara. It has an area of 2.5 million km
2
 extending 

between 4º and 22º North latitudes and 22º to 38º East longitudes. The cultivable area is 

estimated at about 105 million ha (42 percent of the total land area), while in 2002 the 

cultivated land was 16.65 million ha (7 percent of the total land area and 16 percent of the 

cultivable area). The forest resources of Sudan cover approximately 27 percent of the total 

country’s area. The livestock population includes camels, sheep and goats, which are raised 

in the desert and semi-desert. Almost all livestock is raised under nomadic and semi-

nomadic systems. The country has a diverse and fairly rich wildlife (FAO, 2005).  

Sudan’s population is ~39 million (2008) with an annual growth rate of 2.2 percent. 

The main exported crops are cotton, Arabic gum, sesame, groundnuts, fruits and 

vegetables; livestock is also important for exports. 

Consumption and use of vegetable crops was once very limited in Sudan. Vegetables are 

usually produced by small farmers in rain-fed areas, irrigated private farms or the big 

government schemes.  

The pattern of cereals consumption over the last four decades has shown two major trends: 

the growth of grain consumption and a shift in the pattern of cereal demand from sorghum, 

which is the traditional staple, to domestically produces and imported cereals, and wheat 

for food and feed uses (FAO, 2005).  

Sudan is generally self-sufficient in basic foods, albeit with important inter-annual and 

geographical variations, and with wide regional and household disparities in food security 

prevailing across the country.  

According to national food balance statistics, the food supply, essentially based on cereals, 

meets population energy requirements. Vegetable foods are complemented with a 

substantial supply of milk. Nevertheless, national statistics mask large inequalities in access 

to food in the country. The prevalence of undernourishment is high. Data on actual food 

consumption are not available (FAO, 2005). 
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Cereal grains are utilised as food worldwide. In Africa, the majority of cereal-based foods 

are consumed in the form of porridge and naturally fermented products (Barka M Kabeir. et 

al., 2004). 

Tomato is grown almost all over the country, along the banks of the Nile and other rivers 

and in the irrigated schemes. Production of tomatoes is concentrated in the cooler winter 

season. 

Okra and the leafy vegetables like Portulaca and (molokhia) are very popular in the Sudan, 

in combination with sorghum bread (ksra), are grown in all parts of the country. It is the 

staple food of the Sudanese people.    

The okra is usually used as a dry powder. The leaves are also used as a green vegetable 

(Mirghani K. Ahmed and El Tahir I. Mohammed, 1995).  

2.2 Foodstuffs radioactivity 

Wide variety of wild and domestic vegetable, fruit, cereals, and animal products are found 

in Sudan. Ingestion of foodstuffs constitutes an important pathway by which can be 

transferred to humans. 

There are many human activities which can enhance the level of naturally occurring 

radioactivity levels in the environment (Banzi F.P. et al., 2000). Examples are the mining 

and use of ores containing naturally radioactive substances and the production of energy by 

burning coal that contains these substances (UNSCEAR, 2000). 

The natural radioactivity in food comes mainly from natural isotopes of potassium, uranium 

and thorium daughter products. The majority of radio nuclides in the environment are 

present as daughter products of 
238

U and 
232

Th isotopes distributed by natural geological 

and geochemical processes, in addition to the unrelated naturally occurring 
40

K and 
14

C (N 

A Mlwilo. ., et al, 2007, J.A.S. Júnior., et al, 2006). 

The natural occurring radionuclides are also introduced into the environment through the 

burning of fossil fuels and the uncontrolled mining processes (Banzi F.P. et al., 2000). 

Naturally-occurring radioactive isotopes can be transferred from the soil to plants (Adam 

Sam and Åke Eriksson ,1995, M. Köhler. et al., 2000). 

As would be expected, these radio nuclides accumulated in arable soil are incorporated 

metabolically into plants and ultimately find their way into the bodies of animals (including 

http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
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humans) when contaminated foods are consumed. In addition to root uptake, direct 

deposition may occur on foliar surfaces, and when this happens, the contaminants may be 

absorbed metabolically by the plants or may be transferred directly to animals that consume 

the contaminated foliage. It is known that when radionuclides ingested or inhaled are 

distributed among body organs (according to the metabolism of the element involved and 

the organs) normally exhibit varying radio sensitivities (N A Mlwilo.., et al, 2007). 

In addition to natural radioactivity, manmade radionuclides may present a potential risk 

(especially in case of nuclear accidents).For instance, 
137

Cs is very important because it 

follows the course of potassium in ecosystems and it persists in the environment for many 

years due to its relatively long half-life, 30.2years. Furthermore, it is characterised as a 

potential genetic hazard because it accumulates in many types of human tissues and its 

penetrating gamma-rays reach all body cells (N. A. Mlwilo., et al, 2007). 
226

Ra is one of the 

major sources of radioactivity found in food and water (Yücel, H. et al., 1998). 

Among the 
238

U daughter products, 
226

Ra is one of the most radiotoxic radionuclide with 

very long half life (1600 years). Due to its long half life and radiological effects, it is one of 

the most important isotopes to be determined among the naturally occurring nuclides in 

environmental samples (Lawrie W.C. et al, 2000). 

There are various techniques for radioactivity analysis in foodstuffs with the ability to 

determine qualitatively and quantitatively alpha and beta emitting radio nuclides. However, 

Gamma Ray Spectrometry (GRS) provides a fast, multi  elemental and non-destructive 

method of radioactivity measurement. Both qualitative and quantitative analysis of samples 

can be easily achieved by gamma-ray spectrometry systems. 

2.3 Gamma Ray Spectroscopy  

2.3.1 Introduction 

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 

http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
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radionuclides of interests are determined. Therefore, the accurate determination of the 

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. Secondly, it must function as a conventional detector for these secondary 

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

2.3.2 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 (Early P.J. and Sodee D.B., 1995). 

It is possible for gamma ray to produce ionisation 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). 

http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
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2.3.3 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 10
10

 

atoms /cm
3
 still exists. (If the net concentration favours acceptor atoms (like Al) then the 

material is mildly p-type called π-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 as shown below. 

 

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 
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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). 

2.4 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. 

2.4.1 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 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 J.A., 

Phelps M.E., 1987and Knoll, G.F., 2000). 

2.4.2 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 Ө 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 

http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
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to the electron can vary from zero to a large fraction of the gamma ray energy (Knoll, G.F., 

2000). 

2.4.3 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 

annihilation photons of energy m0c2 (0.511MeV) each emitted back to back (Knoll, G.F., 

2000). 

2.5 System calibration 

2.5.1 Introduction 

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 Sutton, 1993). For gamma-ray measurement with germanium detector, 

the position of photo peak (full energy peak) is relevant for energy measurements.  

2.5.2 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). 
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2.5.3 Efficiency calibration 

Efficiency Calibration is important for the quantitative analysis of the samples containing 

radioactive nuclides. It is the relationship between the number of counts and the 

disintegration rates, and the efficiency of gamma spectrometer is a measure of how many 

pulses occur for a given number of gamma-rays. 

To accurately determine activity concentrations, correct and reliable determination of the 

efficiency curve is of great importance. Detection efficiency is a complex function of the 

energy, spectrometer characteristics, measurements geometry, volume and density of the 

sample, etc. In order to calibrate the spectrometer properly, calibration standards should be 

prepared with matrices with similar density, similar concentration for the relevant 

radionuclides, and in the same geometry and counting configuration as the real samples 

(IAEA, 1989 and I. Vukanac., et al, 2008). 

2.6 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% 

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

2.7 Dose calculations 

For the purposes of monitoring radiation exposure it is necessary to determine or to 

estimate the dose caused by both external and internal radiation. When comparing the value 

of exposure to the dose limits, account must be taken of the total dose incurred from 

different sources. 

The effective dose was calculated by the following formula: 

cFRCE   

Where:  E = Effective dose (Sv/y), 

        C = Concentration (Bq/Kg), 
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        R = Consumption rates of food item (Kg/year), 

        Fc =Dose conversion factor (Sv/Bq). 

The dose conversion factors are taken from the Basic Safety Standard (BSS115, IAEA 

1996) for three age categories: 

 Age 7-12 years. 

 Age > 17 years. 

 Age ≤ 1 year. 
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CHAPTER THREE 

MATERIALS AND METHODS 
 

3.1 Sample collection 

Field work for 240 foodstuff samples collection at eight states in Sudan commencing on the 

June, 2007 in collaboration with the team of environmental group (Radiation safety 

institute of Sudan atomic energy commission) during field missions. Sampling of basic 

food was based on the patterns and eating habits of the population in the Sudan. 

3.1.1 Sampling stations 

Before performing sampling, a survey was completed in Khartoum, the capital city of 

Sudan to identify the main sources of basic foods for the population in the city. A survey 

was done in Khartoum because it a city with the highest population compared to other cities 

in the country. Local fruits and vegetables samples were purchased from Khartoum 

vegetable and fruit central market. Generally the central market gets fruits and vegetables 

from all parts of Sudan. All samples were prepared in 0.5 or 1 litre Marinelli beakers 

geometries. 

It was identified that the basic foods available in the city markets are supplied from 

different states of the country. In addition to that samples were obtained from the following 

areas (while during the missions): 

 South Kordofan state (Dallang, Kadugli). 

 North Kordofan state. 

 River Nile state. 

 Northern state. 

 Al- Gadarif state (Alfau). 

 Al- Gezira state (Alhilalia). 

 Red Sea state (Tokor). 
 

Figure (3.1): Sampling stations map of 

Sudan 

. 
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The available data consists of different types of local and imported foodstuff. Different 

trademarks of milk powder and milk products (cheese and yogurt) were analyzed. Liquid 

milk samples were put in plastic bottles of a volume of 330ml. Other foodstuffs (local and 

imported) were purchased from local markets in Khartoum state, where selection was made 

for most consumed type of food. Liquid samples were put in plastic bottles of a volume of 

330ml and the other samples were put in Marinelli beakers. 

3.1.2 Sample preparations 

Sampling and sample preparations were conducted according to guidelines specified by 

IAEA in their reference book (IAEA, 1989). In brief this is as follows: 

Samples received in the laboratory may not be in the proper physical form for analysis. 

They may require reduction in size, drying and some form of homogenizing before aliquots 

can be taken for analysis. 

After collection, the samples were properly stored to avoid degradation, spoiling or other 

decomposition. Proper care must be taken to avoid loss of volatile radionuclides. Short 

periods of storage before analysis may require refrigeration, freezing, or the addition of a 

preservative. When long periods of storage are needed, it may be preferable to convert the 

samples to a more stable form immediately after sampling. The sample collection 

equipment, containers and sample preparation areas must be kept clean to avoid 

contamination. 

Drying reduces the weight and volume of the samples and may also permit longer storage 

time. Samples should be dried for a sufficient period of time at a fixed temperature to 

acquire a constant dry weight. Measurements of the fresh or wet weight and the dry weight 

are required. It is important to prevent contamination during the drying procedure. 

3.2 Monitoring programs 

In order to achieve the above mentioned objectives, used measuring system based on 

gamma ray detections (semiconductor detector systems, HPGe). 
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3.3 Sample measurements 

The activity concentration of 
238

U, 
232

Th, 
40

K and 
137

Cs in the samples was measured using 

a high resolution -spectrometry system equipped with high purity germanium (HPGe) 

coaxial detector with 1.7 keV relevant resolutions at 1332 keV 
60

Co line and 16.4% 

efficiency. The detector housed in 10 cm lead shield to reduce the background effect. The 

system was calibrated with respect to energy and efficiency for different geometries using 

two different geometries 0.5 and 1.0 kg Marinelli beakers contain certified mixed 

radionuclide’s  (MW 652 for 0.5 kg small geometry and MW 651 for 1 kg large geometry) 

supplied by International Atomic Energy Agency (IAEA).  

At the end of the in-growth period the samples were introduced into the lead shielded 

HPGe detector at liquid nitrogen temperature (77°K) and counted for 12 hours (43,200  

seconds,  overnight),  to  24  hours  (86,400 seconds,  one  whole  day). 

The energies of 295.21 keV (
214

Pb), 351.92 keV (
214

Pb), 609.31 keV (
214

Bi) and 1120.39 

keV (
214

Bi) were used to determine 
226

Ra and taken to be equal to 
238

U activity 

concentration on the assumption of prevalence of secular equilibrium in U- 238 series. The 

energy of 1460.38 keV -rays was used for 
40

K. The 661.66 keV -rays were used to 

determine 
137

Cs. In order to determine the background distribution around the detectors, an 

empty polyethylene container was counted in the same manner as the samples for different 

geometries (IAEA, 1989 and Sam, et al., 1997). 

3.4 System components 

The system contains detector, preamplifier and H.V. power supply (operating voltage about 

3000volts) that were built in one box (from ΣSILENA International). The system is based 

on the use of a “Memory Buffer” on standard card (Model 9308/A and 9302/A) for IBM 

AT or IBM AT-compatible Personal Computer. The card consists of 3 circuit blocks: 

MCA, ADC, and amplifier. The software used is “SILENA International EMCA2000” 

(SILENA 1994). 
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3.5 System calibration 

3.5.1 Energy calibration 

The energy calibration was made by measuring radioactive Amersham mixed standard 

source obtained from AMERSHAM
TM

 content nuclide in (Table 3.1). Counted long enough 

to produce well defined photopeaks (twelve hours). The channel number that corresponds 

to the centroid of each full energy peak on the MCA recorded and plotted on linear graph 

paper on the X-axis versus the gamma ray energy on the Y-axis. Results obtained are 

shown in Figure (4.3). 

3.5.2 Efficiency calibration 

In the present study the efficiency calibration was made using mixture standard source 

obtained from AMERSHAM
TM

 content nuclide in (Table 3.1). 

Efficiency calibration is the relationship between the number of counts and the 

disintegration rates performed by computer software analysis (SILENA International 

EMCA2000). Results obtained are shown in Figure (4.4). 
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Table 3.1: Gamma energies, branching ratios and the half- live of the radionuclide’s used 

for - system calibration 

Nuclide -ray energy ( Kev) Half-live Branching ratio % 

241
Am 

109
Cd 

57
Co 

139
Ce 

203
Hg 

113
Sn 

137
Cs 

88
Y 

60
Co 

60
Co 

88
Y 

60 

88 

122 

166 

279 

392 

662 

898 

1173 

1333 

1836 

432.7 y 

463 d 

271d 

137.66 d 

46.6 d 

115 d 

30 y 

106.01 d 

5.27 y 

5.27 y 

106.01 d 

36.60 

3.60 

85.60 

79.90 

81.50 

64.17 

84.62 

94.00 

99.97 

99.98 

99.20 
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3.6 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 the every measured value. 

3.7 Reference materials 

The IAEA reference material (milk powder) was used as reference check for calibrations. 

The material was produced from cow’s milk obtained from animals that had grazed on land 

contaminated with radioactive fallout resulting from the Chernobyl accident in 1986. The 

material was bottled in 250g units and was irradiated to a dose of 2.5*E4 Gy using a Co-60 

source to ensure long term stability of the material (IAEA AQCS 1998/1999). 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

In the present study a total of 240 foodstuff samples were analyzed. The samples was 

grouped into categories according to their types, as follows: cereals, vegetables, fruits, 

meats, spices, milk and fermented milk, baby milk, cans, additives and others. The analyses 

were done including all possible radionuclides expected to migrate into the foodstuffs. That 

includes Bi-212, Bi-214, Cs-134, Cs-137, K-40, Pb-212, Pb-214, Ra-224, Ra-226, Th-228, 

Ac-228, Tl-208, Th-232, and U-238. The activity concentration of these radionuclides were 

found in the following ranges: 0.51 - 19.42 Bq/kg, 0.47 - 12.13 Bq/kg, 0.5 - 1.29 Bq/kg, 

0.001 - 3.41 Bq/kg, 19.25 – 2521.82 Bq/kg, 0.08 - 6.84 Bq/kg, 0.02 - 6.87 Bq/kg, 6.08 - 

32.02 Bq/kg, 0.03 - 21.53 Bq/kg, 0.92 - 26.77 Bq/kg, 0.91 - 12.00 Bq/kg, 0.14 - 2.58 Bq/kg, 

0.03 - 9.65 Bq/kg and 0.82 - 5.27 Bq/kg respectively. 

For the purpose of precise evaluation the samples was subdivided into groups according to 

their origin (regions). The following subchapters show results of analyses for samples 

obtained from different states in Sudan from (4.1 - 4.9).  The result of these analyses is 

tabulated as shown in the tables (4.1 – 4.8, 4.10, 4.11, 4.13, 4.16, 4.17, 4.19, 4.20, 4.22, 

4.23, 4.25 – 4.27, 4.29, 4.30 and 4.32). In each table, we present the mean, the maximum, 

the minimum, and the standard deviation. 

In order to calculate the effective dose we use the mean values ± standard deviation, while 

maximum values are used in order to help in deriving the limits (maximum permissible 

levels). 

4.1 System calibration 

High-purity germanium (HPGe) gamma-ray detectors are key tools in many areas of 

nuclear physics and associated technologies (George S. King., et al, 2008). 

The high purity germanium (HPGe) spectrometer is used for analysis of environmental 

sample and determination of radioisotope concentration due to its excellent resolution. This 
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detector has better characteristics and more sensitive to the detection of impurities (T. 

Vichaidid., et al, 2007). 

 

4.1.1 Energy calibration 

 

Figure (4.1) Actual energy calibration obtained using HPGe detector. 

4.1.2 Efficiency calibration 

 

Figure (4.2): Results of efficiency (%) calibration for HPGe detector. 
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4.2 Activity concentration levels in Khartoum state 

In Khartoum state a total of 77 samples from eight different groups were analyzed. Many 

radionuclides were observed in most of the samples.  

Table 4.1 Activity concentrations of radionuclides in vegetables samples collected in 

Khartoum state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-214 1.44 3.42 0.51 1.07 

Cs-137 0.47 0.76 0.31 0.17 

K-40 143.47 211.24 43.97 44.31 

Pb-212 1.21 1.60 0.57 0.56 

Pb-214 0.75 1.48 0.39 0.44 

Ra-224 21.96 32.02 11.89 14.24 

Ra-226 2.39 3.51 1.28 1.58 

Th-228 10.05 11.06 9.04 1.43 
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Table 4.2 Activity concentrations of radionuclides in fruits samples collected in Khartoum 

state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.29 1.29 1.29 0.00 

Bi-214 1.63 3.14 0.37 1.40 

Cs-134 1.29 1.29 1.29 0.00 

Cs-137 0.39 0.59 0.21 0.19 

K-40 154.40 214.27 115.99 35.35 

Pb-212 1.63 1.90 1.36 0.22 

Pb-214 1.72 3.09 0.36 1.93 

Th-228 10.12 10.12 10.12 0.00 

 

Table 4.3 Activity concentrations of radionuclides in meats samples collected in Khartoum 

state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-214 0.81 0.81 0.81 0.00 

Cs-137 1.01 1.01 1.01 0.00 

K-40 149.39 162.40 136.38 18.40 
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Table 4.4 Activity concentrations of radionuclides in cereals samples collected in 

Khartoum state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 2.08 2.08 2.08 0.00 

Bi-214 0.79 3.08 0.02 1.10 

Cs-137 0.42 0.90 0.01 0.37 

K-40 230.85 487.52 61.05 153.96 

Pb-212 0.63 1.78 0.08 0.80 

Pb-214 0.91 2.71 0.05 1.00 

Ra-224 11.77 17.78 6.08 5.26 

Ra-226 0.20 0.26 0.15 0.08 

 

 

Table 4.5 Activity concentrations of radionuclides in milk and fermented milk samples 

collected in Khartoum state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-214 1.05 1.44 0.75 0.29 

Cs-137 0.85 1.88 0.44 0.54 

K-40 160.27 375.49 19.25 137.39 

Pb-212 0.73 2.03 0.08 1.12 

Pb-214 0.21 0.49 0.05 0.24 

Th-228 16.87 20.72 13.02 5.45 
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Table 4.6 Activity concentrations of radionuclides in cans samples collected in Khartoum 

state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.77 1.77 1.77 0.00 

Bi-214 1.36 2.75 0.66 1.20 

Cs-137 0.41 0.57 0.25 0.23 

K-40 121.91 207.44 59.36 62.05 

Pb-214 0.48 0.61 0.36 0.18 

 

 

Table 4.7 Activity concentrations of radionuclides in additives samples collected in 

Khartoum state. The analyses include the following items: mixed food; sodium benzoate; 

flavours; yeast and additives; lemon-concentrate; food material; bread additives; sodium 

citrate; citric acid and ascorbic acid. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-214 0.63 1.27 0.02 0.62 

Cs-137 0.45 0.66 0.29 0.19 

K-40 83.55 273.95 28.30 85.38 

Pb-212 0.68 0.68 0.68 0.00 

Pb-214 0.62 0.74 0.49 0.17 

Ra-226 5.51 10.39 0.63 6.90 

Th-228 8.24 8.24 8.24 0.00 
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Table 4.8 Activity concentrations of radionuclides in others samples collected in Khartoum 

state.  The analyses include the following items: ammonia; barley drink; biscuit; coco; 

cooking oil; dregs of sesame oil (tahena); energy drink; glucose; olive; salt; soya; starch 

(nasha) ;sugar; sweet sesame (tahnia) and tea. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 2.57 5.43 1.09 2.48 

Bi-214 1.70 5.97 0.02 2.45 

Cs-134 0.50 0.50 0.50 0.00 

Cs-137 1.30 3.14 0.02 1.59 

K-40 126.32 881.11 N.D 237.42 

Pb-212 1.79 6.84 0.08 3.37 

Pb-214 1.16 5.01 0.02 1.80 

Ra-224 17.51 17.51 17.51 0.00 

Ra-226 0.54 0.83 0.26 0.41 

Th-228 5.42 6.89 3.94 2.09 

 

                   *N.D     Not detected  
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Table 4.9(a)  Total effective dose (mSv/y) in Khartoum state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Vegetables 0.850 1.190 0.260 0.360 

Fruits 0.176 0.177 0.086 0.087 

Meats 0.001 0.001 0.001 0.001 

Cereals 1.770 2.500 0.570 0.780 

Milk and fermented milk 0.460 0.570 0.220 0.270 

Cans 0.010 0.050 0.010 0.030 

Additives 0.002 0.040 0.001 0.020 

Others 0.130 1.610 0.040 0.670 

 

Table 4.9(b)  Effective dose (mSv/y) in Khartoum state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Vegetables 0.17 0.26 0.08 0.12 

Fruits 0.22 0.31 0.10 0.10 

Meats 0.10 0.10 0.06 0.07 

Cereals 1.10 2.50 0.56 1.18 

Milk and fermented milk 0.37 0.87 0.18 0.42 
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4.3 Activity concentration levels in South Kordofan state 

(Dallang, Kadugli) 

In this state we divided the samples into two groups, namely: cereals, and vegetables. A 

total of 10 samples from 2 different groups were analyzed. 

Table 4.10 Activity concentrations of radionuclides in cereals samples collected in South 

Kordofan state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 0.59 0.66 0.51 0.84 

Ra-226 4.31 11.26 1.13 1. 41 

Cs-137 0.27 0.49 0.04 0.099 

K-40 138.05 172.97 103.52 1.81 

Tl-208 0.91 0.91 0.91 0.13 

Pb-214 1.37 2.74 0.55 0.27 

Ac-228 1.13 1.34 0.91 0.38 

Th-228 16.09 23.86 8.32 0.86 

Th-232 3.36 3.36 3.36 0.50 

U-238 2.68 2.68 2.68 0.32 
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Table 4.11 Activity concentrations of radionuclides in vegetables samples collected in 

South Kordofan state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 3.84 5.91 1.77 2.16 

Bi-214 3.27 4.58 1.55 0.72 

Cs-137 0.47 1.12 0.15 0.07 

K-40 932 1223.00 692.00 5.00 

Pb-214 3.20 4.60 1.10 0.30 

Ac-228 4.80 6.50 2.60 0.70 

Ra-226 8.80 13.30 6.10 1.80 

Tl-208 0.79 0.95 0.69 0.11 

Th-228 13.67 13.67 13.67 2.31 

Th-232 3.38 5.15 2.40 0.44 

U-238 2.70 4.12 1.07 0.18 
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Table 4.12(a)  Total effective dose (mSv/y) in South Kordofan state. 

 

(7-12y) (>17y) 

Mean Max.   Mean Max. 

Cereals 2.74 5.37 1.27 2.25 

Vegetables 0.96 1.35 0.41 0.57 

 

Table 4.12(b)  Effective dose (mSv/y) in South Kordofan state due to K-40. 

 

(7-12y) (>17y) 

Mean Max.   Mean Max. 

Cereals 0.70 0.88 0.33 0.42 

Vegetables 1.13 1.49 0.54 0.71 
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4.4 Activity concentration levels in Red Sea state (Tokor) 
In this state we divided the samples into two groups, namely: cereals, and vegetables.  

A total of 8 samples from 2 different groups were analyzed. 

Table 4.13 Activity concentrations of radionuclides in cereals samples collected in Red Sea 

state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Ra-226 0.88 1.62 0.13 0.53 

Cs-137 0.21 0.36 0.12 0.07 

K-40 323.96 529.68 104.48 2.05 

Tl-208 0.35 0.41 0.29 0.01 

Pb-214 0.53 0.79 0.24 0.01 

Th-228 3.24 3.24 3.24 1.49 

Th-232 1.62 1.62 1.62 0.47 
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Table 4.14 Activity concentrations of radionuclides in vegetables samples collected in Red 

Sea state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Cs-137 0.26 0.46 0.06 0.02 

K-40 776.72 906.34 647.10 1.39 

Pb-214 0.89 0.98 0.80 0.01 

Ra-226 2.24 3.67 0.81 0.19 

Tl-208 0.60 0.72 0.48 0.014 

Th-232 2.57 2.57 2.57 0.52 

 

 

Table 4.15(a)  Total effective dose (mSv/y) in Red Sea state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 0.65 0.88 0.33 0.42 

Vegetables 0.24 0.34 0.11 0.15 

 

Table 4.15(b)  Effective dose (mSv/y) in Red Sea state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.64 2.69 0.78 1.28 

Vegetables 0.94 1.09 0.45 0.52 
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4.5 Activity concentration levels in Al- Gadarif state (Al-fau) 
In this state we divided the samples into two groups, namely: cereals, and vegetables. A 

total of 8 samples from 2 different groups were analyzed. 

Table 4.16 Activity concentrations of radionuclides in cereals samples collected in Al- 

Gadarif state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Ra-226 5.52 11.03 0.26 3.03 

Cs-137 0.09 0.12 0.06 0.03 

K-40 207.65 344.65 110.10 4.26 

Tl-208 0.33 0.34 0.33 0.01 

Pb-214 0.53 0.53 0.53 0.22 

 

  

Table 4.17 Activity concentrations of radionuclides in vegetables samples collected in Al- 

Gadarif state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 2.75 2.77 2.73 0.99 

Cs-137 0.31 0.62 0.001 0.27 

K-40 853.42 997.09 681.00 7.12 

Ra-226 9.24 10.41 8.06 6.02 

Tl-208 0.76 0.76 0.76 0.21 

Th-228 6.82 6.82 6.82 8.78 

Th-232 2.72 2.72 2.72 0.75 
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Table 4.18(a)  Total effective dose (mSv/y) in Al- Gadarif state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.72 3.44 0.60 1.20 

Vegetables 0.86 0.94 0.35 0.38 

 

Table 4.18(b)  Effective dose (mSv/y) in Al- Gadarif state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.05 1.75 0.50 0.83 

Vegetables 1.03 1.21 0.49 0.57 
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4.6 Activity concentration levels in River Nile state 
In this state we divided the samples into two groups, namely: cereals, and vegetables.  

A total of 39 samples from 2 different groups were analyzed. 

Table 4.19 Activity concentrations of radionuclides in cereals samples collected in River 

Nile state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.82 2.28 1.28 0.11 

Ra-226 3.71 17.92 0.03 1.76 

Cs-137 0.09 0.47 0.01 0.03 

K-40 286.92 582.50 111.27 1.63 

Tl-208 0.30 0.54 0.14 0.04 

Pb-214 0.46 1.07 0.07 0.72 

Bi-214 7.59 11.04 0.93 7.32 

Th-228 8.05 11.33 4.76 0.10 

Th-232 1.51 1.96 0.93 0.14 

U-238 0.99 1.14 0.83 0.08 
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Table 4.20 Activity concentrations of radionuclides in vegetables samples collected in 

River Nile state. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 19.42 19.42 19.42 11.77 

Bi-214 7.12 12.13 1.12 1.56 

Cs-137 0.09 0.16 0.05 0.39 

K-40 1546.42 2521.82 920.87 16.41 

Pb-214 3.51 5.27 0.99 0.72 

Ac-228 5.58 6.93 3.38 0.79 

Ra-226 5.71 51.23 0.64 6.30 

Tl-208 1.59 2.26 0.43 0.37 

Th-228 14.75 23.72 5.77 4.67 

Th-232 4.45 7.35 1.55 0.91 

U-238 3.05 5.27 0.82 0.65 
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Table 4.21(a)  Total effective dose (mSv/y) in River Nile state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.38 6.51 0.63 2.47 

Vegetables 0.77 4.38 0.36 1.68 

 

Table 4.21(b)  Effective dose (mSv/y) in River Nile state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.46 2.95 0.69 1.41 

Vegetables 1.87 3.05 0.89 1.46 
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4.7 Activity concentration levels in North Kordofan state 
In this state we divided the samples into two groups, namely: cereals, and vegetables.  

A total of 13 samples from 2 different groups were analyzed. 

Table 4.22 Activity concentrations of radionuclides in cereals samples collected in North 

Kordofan state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.19 1.19 1.19 0.87 

Ra-226 2.29 4.40 0.77 0.29 

Cs-137 0.05 0.05 0.05 0.10 

K-40 257.77 1275.61 92.82 42.53 

Tl-208 0.31 0.36 0.22 0.01 

Pb-214 0.31 0.60 0.16 0.04 
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Table 4.23 Activity concentrations of radionuclides in vegetables samples collected in 

North Kordofan state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.41 1.41 1.41 0.69 

Bi-214 4.05 4.38 3.71 0.47 

Cs-137 0.25 0.30 0.20 0.13 

K-40 846.29 1171.74 588.05 2.76 

Pb-214 0.81 1.00 0.60 0.09 

Ac-228 1.61 1.61 1.61 0.43 

Ra-226 3.54 5.06 2.02 0.35 

Tl-208 0.61 0.73 0.49 0.01 

Th-232 2.19 2.63 1.75 0.05 

U-238 0.97 1.22 0.83 0.08 
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Table 4.24(a)  Total effective dose (mSv/y) in North Kordofan state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 0.72 1.37 0.25 0.48 

Vegetables 0.33 0.46 0.14 0.19 

 

Table 4.24(b)  Effective dose (mSv/y) in North Kordofan state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.31 6.47 0.62 3.09 

Vegetables 1.02 1.42 0.49 0.67 
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4.8 Activity concentration levels in Northern state 
In this state we divided the samples into three groups, namely: cereals, vegetables, and 

Spices. A total of 63 samples from 2 different groups were analyzed. 

Table 4.25 Activity concentrations of radionuclides in cereals samples collected in 

Northern state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.80 2.07 1.52 0.57 

Ra-226 2.49 10.51 0.04 1.95 

Cs-137 0.13 0.89 0.01 0.35 

K-40 294.60 585.58 79.09 1.33 

Tl-208 0.31 0.76 0.14 0.15 

Pb-214 0.47 1.66 0.06 0. 48 

Bi-214 0.47 0.47 0.47 0.59 

Th-228 2.02 4.79 0.92 0.69 

Th-232 1.52 2.00 1.24 0.09 

Ac-228 1.56 1.56 1.56 0.79 
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Table 4.26 Activity concentrations of radionuclides in vegetables samples collected in 

Northern state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 5.83 8.14 3.52 1.42 

Bi-214 1.09 1.09 1.09 0.94 

Cs-137 0.27 0.59 0.06 0.15 

K-40 748.03 1012.30 418.50 3.73 

Pb-214 0.74 2.13 0.26 0.06 

Ac-228 1.48 1.48 1.48 0.60 

Ra-226 3.79 10.52 0.32 0.85 

Tl-208 0.59 1.49 0.26 0.10 

Th-228 10.14 26.77 1.28 4.24 

Th-232 1.08 3.15 0.03 0.39 

U-238 1.76 1.76 1.76 0.36 
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Table 4.27 Activity concentrations of radionuclides in spices samples collected in Northern 

state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.44 1.44 1.44 0.61 

Bi-214 1.28 1.28 1.28 0.62 

K-40 446.41 768.13 124.69 2.72 

Pb-214 1.79 1.79 1.79 0.21 

Ac-228 2.01 2.01 2.01 0.40 

Ra-226 6.96 9.11 4.81 2.83 

Tl-208 0.45 0.62 0.28 0.01 

Pb-212 1.94 1.94 1.94 0.23 

Th-232 1.63 2.26 0.99 0.02 

U-238 1.49 1.49 1.49 0.16 
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Table 4.28(a)  Total effective dose (mSv/y) in Northern state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.07 3.79 0.47 1.47 

Vegetables 0.46 1.25 0.20 0.53 

Spices 0.01 0.01 0.004 0.006 

 

Table 4.28(b)  Effective dose (mSv/y) in Northern state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.49 2.97 0.71 1.42 

Vegetables 0.91 1.23 0.43 0.58 

Spices 0.01 0.02 0.005 0.008 
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4.9 Activity concentration levels in Al- Gezira state (Alhilalia) 
In this state we divided the samples into three groups, namely: cereals, vegetables, and 

Spices. A total of 8 samples from 2 different groups were analyzed. 

Table 4.29 Activity concentrations of radionuclides in cereals samples collected in Al- 

Gezira state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 1.36 1.36 1.36 0.61 

Ra-226 0.79 0.80 0.77 0.01 

Cs-137 0.03 0.03 0.03 0.10 

K-40 231.92 462.71 106.66 0.98 

Tl-208 0.24 0.30 0.21 0.01 

Pb-214 0.11 0.11 0.11 0.17 

Th-232 1.25 1.25 1.25 0.37 
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Table 4.30 Activity concentrations of radionuclides in vegetables samples collected in Al- 

Gezira state.  

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Bi-212 5.48 6.89 4.06 0.14 

Bi-214 2.27 3.52 1.10 0.23 

Cs-137 0.43 0.71 0.12 0.02 

K-40 1296.42 2270.96 889.76 4.98 

Pb-214 4.25 6.87 1.62 0.15 

Ac-228 9.11 12.00 6.22 0.30 

Ra-226 10.30 20.76 2.23 2.35 

Tl-208 1.65 2.58 1.04 0.03 

Pb-212 1.49 1.49 1.49 0.56 

Th-232 6.65 9.65 4.47 0.19 

U-238 3.56 4.57 2.55 0.04 
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Table 4.31(a)  Total effective dose (mSv/y) in Al- Gezira state. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 0.39 0.39 0.2 0.2 

Vegetables 0.97 1.84 0.43 0.77 

 

Table 4.31(b)  Effective dose (mSv/y) in Al- Gezira state due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Cereals 1.18 2.35 0.56 1.12 

Vegetables 1.57 2.75 0.75 1.31 
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4.10 Activity concentration levels in Baby milk samples 
 A total of 14 samples were analyzed. 

Table 4.32 Activity concentrations of radionuclides in Baby milk samples. 

 
Basic statistics (Bq/Kg) 

Radionuclides 

 Mean Maximum Minimum ST.D. 

Cs-137 0.16 0.70 0.02 0.09 

K-40 196.24 250.86 116.27 1.11 

 

Table 4.33: High and low radionuclide’s concentrations (Bq/Kg) in food items in Baby 

milk. 

 Radionuclides Highest  Item Lowest Item 

Cs-137 0.70 

Similac 

Advance 0.02 Bebelac 1 

K-40 250.86 Promil 3 116.27 Bebelac 1 

 

Table 4.34: Effective dose (mSv/y) 

 Radionuclides 

(≤ 1y) 

Mean Max. 

Cs-137 1.0*10
-4

 6.0*10
-4

 

K-40 0.50 0.60 
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Table 4.35 Total average effective dose (mSv/y) in all data set. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Vegetables 0.680 1.470 0.280 0.580 

Fruits 0.176 0.177 0.086 0.087 

Meats 0.001 0.001 0.001 0.001 

Cereals 1.310 3.030 0.540 1.160 

Milk and fermented milk 0.460 0.570 0.220 0.270 

Spices 0.010 0.010 0.004 0.006 

Cans 0.010 0.050 0.010 0.030 

Additives 0.002 0.040 0.001 0.020 

Others 0.130 1.610 0.040 0.670 
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Table 4.36  Effective dose (mSv/y) in all data set due to K-40. 

 

(7-12y) (>17y) 

Mean Max. Mean Max. 

Vegetables 1.08 1.56 0.52 0.74 

Fruits 0.22 0.31 0.10 0.10 

Meats 0.10 0.10 0.06 0.07 

Cereals 1.24 2.82 0.59 1.34 

Milk and Fermented Milk 0.37 0.87 0.18 0.42 

Spices 0.01 0.02 0.005 0.008 
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Mean effective dose (mSv/y) comparison betw een state

for age > 17 years
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Figure (4.1): Mean effective dose (mSv/y) comparison between states for age >17 years 
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Mean effective dose (mSv/y) comparison betw een state

for age 7-12 years
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Figure (4.2): Mean effective dose (mSv/y) comparison between states for age 7-12 years 
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Food consumption data was needed for the estimation of radiation doses from ingestion. 

It should be noted that the availability of survey data on dietary habits for different ages in 

Sudan is not easy as the country is so large and there are very different habits at different 

places. As update data on actual consumption rates of foodstuffs is not available in Sudan. 

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 published book (WHO 1988). 

Some categories (e.g. meat) show few radionuclides, as expected, due to low transfer (from 

soil to plant to animal). 

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 Khartoum State are 

due to short time of sample measurement.   

In Figure (4.1) and Figure (4.2) it is observed that the annual effective dose to South 

Kordofan state is higher than other states, mainly because of the nature of the geology of 

the region. 

According to UNSCEAR (1988) the annual effective dose equivalent from the body's K-40 

is an estimated 0.2 mSv. 

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

highest reading of K-40 was found in Portulaca sample (2521.82 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.  
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By comparing the two selected age groups it is found that the effective dose for age (7-12y) 

is higher than the effective dose for age (>17y) in each table. This can be regarded to the 

fact that same consumption rates for the two age groups used.  

4.11 Exposure limits 

Base on ICRP recommendations, in the present study maximum concentrations of 

radionuclides in foodstuffs were used to find the limits of the exposure. Moreover, 

document prepared by the FAO (Radionuclide contamination of foods: FAO recommended 

limits) for limits derivation was used.  

By comparing our results with the FAO recommendation (FAO, 1987) which deals with 

specific radionuclides namely; Sr-90, I-131, Cs-134, Cs-137 and Pu-239, it was found that 

the levels of these radionuclides in the study samples are very low. However, our samples 

contain natural radionuclides that raise the total radioactivity in food. 

It should note that the FAO recommended values also depend on specific areas in human’s 

body that may exposed to dose that comes from the contaminated food. In order to make a 

comparison with FAO, equivalent doses from different radionuclides has to be calculated. 

The total effective dose should be within the ICRP recommendations (5mSv/y).  

In this work the maximum values obtained are 6.51 mSv for age 7-12 y and only 2.47 mSv 

for >17 y. These values are relatively high compare to ICRP recommendations. 

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).   
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 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 (Cabianca, T., et al,
 
2000).

 
 

 In Nigeria estimated effective dose due to ingestion was up to 2.16 mSv/y (N.N. 

Jibiri.,et al., 2007). 

  In Egypt the annual effective dose estimated to be 214.8 μSv/y (Abbady A., 2006).
 
 

 In Tanzania, Total annual committed effective doses due to total 
232

Th and 
238

U 

intakes as a result of consumption of staple foodstuffs for infants, children and 

adults were 0.16, 0.29 and 0.36 mSv y−1, respectively
 
(N A Mlwilo., et al, 2007). 

    
 

 

 

 

 

 

 

 

 

http://www.iop.org/EJ/search_author?query2=N%20A%20Mlwilo&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
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4.12 Approach to derive limits 

If we take the highest values of the maximum concentration for the same radionuclides we 

can get clue for the limits (suppose a person eats foodstuff that contains all maxima, so 

he/she will get the highest dose). The maximum values of radionuclide concentrations are 

as follows: 

Table (4.37) Maximum value of radionuclide concentration in all data set. 

 

 

The data in table (4.37) presents the maxima which are helpful for developing the limits for 

radionuclide intakes. 

 

 

 

Radionuclides Maximum value (Bq/Kg) 

Bi-212  19.42 

Bi-214  12.13 

Cs-134 1.29 

Cs-137 3.41 

K-40 2521.82 

Pb-212  6.84  

Pb-214 6.87 

Ra-224 32.02 

Ra-226 21.53 

Th-228 26.77 

Th-232 9.65 

U-238 5.27 
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Table (4.38) Proposed levels for radionuclides in food to the public in normal 

Circumstances 

Type of 

foodstuffs 

Representative 

radionuclides 

Dose level 

( m Sv/y ) 

Dose conversion 

factor ( Sv/Bq ) 

Food intake 

(Kg/y) 

Reference 

levels 

Cereals Cs-137 0.1 1.30E-08 

 

390.20 

 

19.70 

Vegetables Cs-137 0.1 1.30E-08 

 

93.10 

 

82.60 

Fruits Cs-137 0.1 1.30E-08 

 

112.00 

 

68.70 

Meats Cs-137 0.1 1.30E-08 

 

69.80 

 

110.00 

Milk and 

fermented 

milk 

Cs-137 0.1 1.30E-08 

 

179.40 

 

42.90 

Baby milk Cs-137 0.1 2.10E-08 

 

39.40 

 

121.00 

Spices Cs-137 0.1 1.30E-08 

 

1.80 

 

4270.00 

 

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

at 1000 Bq/kg for gamma emitters, 100 Bq/kg for the beta emitters and 10 Bq/kg for alpha 

emitters. For infant food and milk the level of alpha emitters is 1 Bq/kg and the level of 
131

I 

is 100 Bq/kg. It should be emphasized that the limits refer to the cumulative radioactivity in 

the food for a particular radionuclide category and are not to be considered as individual 

limits for each nuclide (IAEA, 1989). 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 
 

Radioactivity in 240 samples of foodstuff consumed in Sudan was determined by gamma 

spectrometry. Investigated radionuclides include Bi-212, Bi-214, Cs-134, Cs-137, K-40, 

Pb-212, Pb-214, Ra-224, Ra-226, Th-228, Ac-228, Tl-208, Th-232, and U-238. 

Measurement results together with food consumption rates were used to estimate annual 

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

dose for age (7-12y) was found to be 2.78 ± 0.44 mSv/y and for age >17y is1.18 ± 0.18 

mSv/y. The maximum dose values obtained were 6.51 mSv/y for age 7-12 y and only 2.47 

mSv/y for >17 y. 

In all samples cumulative concentration levels of radionuclides detected do not exceed the 

IAEA 1000 Bq/kg permissible limit for gamma emitters in food. Therefore, 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.  

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. 

We proposed using the levels for radionuclides in food to the public in normal 

circumstances as national limits in Sudan shown in table (4.38).  

The results obtained in the present study covers only eight states in the country. There is a 

need to expand the program to cover the whole country.  

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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