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ABSTRACT

This study has been conducted to determine the radioactivity concentration of naturally occurring
J  A

radionuclides U, Th, and K in samples of morigaoliefera plants in Khartoum bahry 

elsamrab by using y-ray spectrometry sodium iodide detector and high purity germanium 

detector. A total of 30 samples (10 samples from leaves, 10 samples from seeds and 10 samples 

from soil of samples have been collected). For leaves the radionuclide activity concentrations in 

samples analyzed with the mean of 2767.266+78.6741Bq kg"1 for 238U, 3486.817+80.9881 lBq 

kg"1 for 232Th and 2273.386+54.152Bq kg_1for 40K. For seeds the radionuclide activity
1 238concentrations in samples analyzed with the mean of 2839.224+72.6016lBq kg" for U,

2844.3 72+78.74919Bq kg'1 for 232Th and 2377.005±91.8838Bq kg'1 for 40K. No trace of artificial 

radionuclide has been determined in all the samples. The effective dose due to the presence of
232these radionuclides has been estimated and found 0.89jiSv/year and 0.1015|iSv/year for Th,

238U and 40K, respectively.
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CHAPTER ONE

INTRODUCTION

Moringa Oleifera is the most widely cultivated species of a monogeneric family, the 

Moringaceae, that is native to the sub-Himalayan tracts of India, Pakistan, 

Bangladesh and Afghanistan. This rapidly-growing tree (also known as the horseradish 

tree, drumstick tree, benzolive tree, kelor, marango, mlonge, moonga, mulangay, 

nebeday, saijhan, sajna or Ben oil tree), was utilized by the ancient Romans, Greeks and 

Egyptians; It is now widely cultivated and has become naturalized in many locations in 

the tropics including Sudan. It is a perennial softwood tree with timber of low quality, but 

which for centuries has been advocated for traditional medicinal and industrial uses. It is 

already an important crop in India, Ethiopia, the Philippines and the Sudan, and is being 

grown in West, East and South Africa, tropical Asia, Latin America, the Caribbean, 

Florida and the Pacific Islands.

All parts of the Moringa tree are edible and have long been consumed by humans. The 

many uses for Moringa include: alley cropping (biomass production), animal forage 

(leaves and treated seed-cake), biogas (from leaves), domestic cleaning agent (crushed 

leaves), blue dye (wood), fencing (living trees), fertilizer (seed-cake), foliar nutrient 

(juice expressed from the leaves), green manure (from leaves), gum (from tree trunks), 

honey- and sugar cane juice-clarifier (powdered seeds), honey (flower nectar), medicine 

(all plant parts), ornamental plantings, biopesticide (soil incorporation of leaves to 

prevent seedling damping off), pulp (wood), rope (bark), tannin for tanning hides (bark 

and gum), water purification (powdered seeds). Moringa seed oil (yield 30-40% by 

weight), also known as Ben oil, is a sweet non-sticking, non-drying oil that resists 

rancidity. It has been used in salads, for fine machine lubrication, and in the manufacture 

of perfume and hair care products. In the West, one of the best known uses for Moringa is 

the use of powdered seeds to flocculate contaminants and purify drinking water, but the 

seeds are also eaten green, roasted, powdered and steeped for tea or used in curries. This 

tree has in recent times been advocated as an outstanding indigenous source of highly 

digestible protein, Ca, Fe, Vitamin C, and carotenoids suitable for utilization in many of
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the so-called “developing” regions of the world where undernourishment is a major 

concern.

Although Moringa has very wide use in traditional medicine, there is no assessment (to 

our knowledge) of its radioactivity contents. The present study will focus on, as part of 

environmental radioactivity monitoring, the evaluations of uptake of natural radioactivity 

by this tree[l].

Objectives

General objective:

To investigate the radioactivity of moringa oliefera plants.

Specific objectives:

To evaluate radioactivity contents of natural origin (such as Uranium series, Thorium 

series and Potassium) in moringa oliefera plants in Elsamrab Bahry farm .
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CHAPTER TWO

LITERATURE REVIEW

In 1895, the German physicist Wilhelm Roentgen identified penetrating radiation, which 

produced fluorescence, and which he named X-rays. In 1896 two months later, Henri 

Becquerel discovered that penetrating radiation, later classified as a, {3 and y rays, were 

given off in the radioactive decay of uranium and thus opened a new field of study of 

radioactive substances and radiations they emit [2].

Rutherford and Soddy were the first to suggest that radioactive atoms disintegrate into 

lighter structures as they emit radiation. This suggestion received powerful support with 

the discovery that the a-particle was just an ionized atom of the element helium. Many of 

the newly discovered elements were found in various fractions of uranium ores, and this, 

the heaviest naturally occurring element, was soon suspected to be the parent substance
23 8[17]. It is presently known that uranium consists naturally of a mixture of U (99.27%), 

235U (0.72%), and 234U (0.006%); thorium and potassium were also identified as the 

radioactive parents with some decay products. Soils are naturally radioactive, primarily
238 232because of their mineral content. The main radionuclides are U, Th and their decay 

products, and 40K. The radioactivity varies from one soil type to the other depending on 

the mineral makeup and composition. The objective in the measurement of the 

radioactivity in soil and plant is to assess the radionuclide concentrations; and these 

concentrations may be used to characterize substances and relate the radiometric 

properties to physical properties of the material. This may be of use in mineral separation 

for example.

2.1 Activity

The quantity of activity of a radioisotope is expressed in terms of the number of 

disintegrations the nucleus undergoes per unit time. Since the fundamental unit of time is 

the second, the quantity of activity is measured in disintegration per second (dps). 

Because the second is a very short time period in which to make a measurement, activity 

is usually measured in units of disintegrations per minutes (dpm). The historical unit of
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10activity is the curie. The curie is a veiy large unit of activity and is defined as 3.7x10 

disintegrations per second. Most radioactive samples contain amounts of activity which 

are more approximately measured in milli curies (mCi or 1x10' curies) or micro curies 

(pCi or lxlO'6 curies).

The SI unit of activity is the Becquerel. The Becquerel is a very small unit of activity and 

is defined as 1 disintegration per second. More appropriate units for expressing the 

activity of a sample in becquerels are mega becquerels (MBq or lx l06 becquerels) and 

giga becquerels (GBq or lx l09 becquerels).

2.2 Exposure

Exposure is a measure of the ability of photons (X and gamma) to produce ionization in 

air. Traditionally, the unit of exposure is the roentgen (R). The unit is defined as the sum 

of charge per unit mass of air that is:

1 Roentgen = 2.58x10‘4 coulombs/kg of a ir ................................. (2.1)

There is no SI unit defined for exposure. This was done to discourage further use of the 

quantity. [3], [4]

2.3 Radioactivity

Radioactivity may be defined as spontaneous nuclear transformations in unstable atoms 

that result in the formation of new elements. These transformations are characterized by 

one of several different mechanisms, including alpha-particle emission, beta-particle and 

positron emission, and orbital electron capture. Each of these reactions may or may not 

be accompanied by gamma radiation. Radioactivity and radioactive properties of nuclides 

are determined by nuclear considerations only and are independent of the chemical and 

physical states of the radionuclide. Radioactive properties of atoms, therefore, cannot be 

changed by any means and are unique to the respective radio nuclides. The exact mode of 

radioactive transformation depends on the energy available for the transition. The 

available energy, in turn, depends on two factors: on the particular type of nuclear 

instability that is, whether the neutron-to-proton ratio is too high or too low for the
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particular nuclide under consideration and on the mass energy relationship among the 

parent nucleus, daughter nucleus, and emitted particle[5].

2.4 Radioactive Decay

Protons are positively charged and repel one another electrically. Therefore an excess of 

neutrons which produce only an attractive force, is required for stability, thus leading to 

N > Z for stable nuclei. There is a limit to the ability of neutrons to prevent the disruption 

of the nucleus by the Coulomb repulsion. This phenomenon therefore leads to instability 

of nuclei. The instability can also be attributed to the unstable configurations due to the 

filling of quantum states by the nucleon [6].

2.5 Decay modes

2-5-1 Alpha particles

Alpha decay is a type of radioactive decay characterized by a-emission. Symbolically 

the process can be described as follows

C-3)

Alpha emission is a cluster of two neutrons and two protons ( i.e., a helium&

nucleus), a-particles are slow moving (about 20,000 krn/s, not of high energy) and easily 

stopped by a sheet of paper or a few centimeters of air. a- particles are charged (+2e) and 

thus are very harmful. The energy spectrum of a-emission is discrete (linear). Nuclei of

the following radionuclides decay with a-emission: 241 23855Am, 92U, 30
90Th,

• i

A c

•“ I

38 Ra
212

S4 Po.

2-5-2 Beta particles
Beta decay is a type of radioactive decay characterized by emission of p~ or p+ particles 

and electron capture. Symbolically the process of emission of beta particles can be 

described as follows:

, +tY + .?e+  ve for P‘ (i.e., electron emission), or
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where ve is an electron antineutrino and ve is an electron neutrino. A positron is an 

electron antiparticle that has the same rest mass, but opposite sign of electric charge. 

Neutrinos and antineutrinos are neutral particles with a zero or very small mass. The 

energy spectrum of P radiation is continuous. The principle of p* decay is the decay of 

nucleons in the nucleus, that is, of neutrons into protons and vice versa according to the 

following:

In —» _Je + ve or

—> 2_fY + + ve for P+ 0-e-5 positron emission),

on + +°e+ ve

The P" particles emitted by the nucleus in p decay (P emission) are fast moving (about 

280,000 km/s) and high-energy particles, p particles can travel farther than a- particles; a 

few meters of air or a sheet of aluminum is needed to stop them. Examples of P’decay are

31
-  decay 
---------- * iHe and 3D

15

|3-F d e c a y

2-5-3 Gamma rays
In addition to the above-mentioned radioactive changes where the type of the nucleus 

changes (change in Z and A numbers), there are also very often processes (mostly 

following radioactive changes) that result in changes in the composition of the atomic 

nucleus (e.g., a-decay, P-decay, electron capture) where only the energy state of the 

nucleus changes. This is the de-excitation of the nucleus (i.e., transition from the excited 

state; all energy states but the basic) to the basic state, the lowest energy state. De

excitation occurs either by y-emission or internal conversion.

Gamma radiation (y-emission) is a process of de-excitation of the atomic nucleus through 

the emission of a y-photon. The energy spectrum of y-radiation is discrete (linear). Since 

y is one type of radioactive radiation, y-radiation is often considered a type of radioactive 

decay. However, in the case of y-emission, the composition of the atomic nucleus does
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where ve is an electron antineutrino and ve is an electron neutrino. A positron is an 

electron antiparticle that has the same rest mass, but opposite sign of electric charge. 

Neutrinos and antineutrinos are neutral particles with a zero or very small mass. The 

energy spectrum of P radiation is continuous. The principle of P" decay is the decay of 
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following:

ve or

Aj> + ve for p+ (j e 5 positron emission),

*n+ ^ e + ve

The P" particles emitted by the nucleus in p decay (P emission) are fast moving (about 

280,000 km/s) and high-energy particles, p particles can travel farther than a- particles; a 

few meters of air or a sheet of aluminum is needed to stop them. Examples of P'decay are

31
p -  decay 
----------- » 3D

15

P-F d e c a y

2-5-3 Gamma rays
In addition to the above-mentioned radioactive changes where the type of the nucleus 

changes (change in Z and A numbers), there are also very often processes (mostly 

following radioactive changes) that result in changes in the composition of the atomic 

nucleus (e.g., a-decay, P-decay, electron capture) where only the energy state of the 

nucleus changes. This is the de-excitation of the nucleus (i.e., transition from the excited 

state; all energy states but the basic) to the basic state, the lowest energy state. De

excitation occurs either by y-emission or internal conversion.

Gamma radiation (y-emission) is a process of de-excitation of the atomic nucleus through 

the emission of ay-photon. The energy spectrum of y-radiation is discrete (linear). Since 

y is one type of radioactive radiation, y-radiation is often considered a type of radioactive 

decay. However, in the case of y-emission, the composition of the atomic nucleus does
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not change (i.e., there is no change in the proton and neutron number), y-ray is not a 

particle, but a burst of very high energy as electromagnetic radiation of a very high 

frequency (wavelengths of 10"10 m). It is very hard radiation, very dangerous, and it can 

be blocked only by large amounts of lead or concrete.

Internal conversion is a process of de-excitation of the atomic nucleus when the energy of 

the excited nucleus is transferred by means of direct electromagnetic interaction to an 

orbiting electron and the electron is ejected from the atom. Conversion electron internal 

conversion is a competitive process of y-radiation. The energy spectrum of conversion 

electrons is discrete (linear). The above types of radiation do not have to occur as 

radioactive decay only, but may accompany random types of nuclear transmutations, 

including nuclear reactions, or even changes of elementary particles. In this general sense 

we usually talk about nuclear radiation.

The wavelength range of y-radiation overlaps with the range of X radiation (i.e., 

Roentgen radiation) (1CTU to 10-8 m) and “hard” x-rays overlap the range of long- 

wavelength (low energy) y-rays. Roentgen radiation (x-ray photons), however, is 

generated by energetic electron processes in the electron shell of the atom (e.g., in a 

Roentgen tube) or as bremsstrahlung radiation of electrons in the substance, while y- rays 

are produced by transitions within the atomic nuclei [7].

2-5-4 Neutrons

Neutrons are mostly released by nuclear fission (the splitting of atoms in a nuclear 

reactor), and hence are seldom encountered outside the core of a nuclear reactor. Thus 

they are not normally a problem outside nuclear plants. Fast neutrons can be very 

destructive to human tissue

2-6 Natural Decay Series:

Nuclides may be classified in several ways. According to stability nuclides may be 

classified as radionuclide (radioactive), or is it stable to decay (a stable nuclide). In 

practice, four different groups of nuclides may be defined:
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2.6.1 Stable Nuclides: include those for which no radioactive decay has been observed to
|  1 |

date. There are about 264 of these stable nuclides e.g. C, N and loO.16

2.6.2 Primary Natural Radio-nuclides: are those found in nature which are radioactive 

and have persisted on earth from the origin of the solar system. These radio-nuclides have 

very long half-lives.

a. Series primordial radio-nuclides:

238U (4.47x 109 years), 232Th (1.4 x]()KJ years) and 235U (7.04 x 108 years)

b. Non-series primordial radio-nuclides:

40K (1.28 xlO9 years) and 87Rb (4.8x 1010 years)

Radioactive material is found throughout nature in soil, water and vegetation. Some of 

these materials are ingested with food and water, while others, such as radon, are inhaled. 

The dose from natural background varies in different parts of the world.

2.6.3 Secondary Natural Radio-nuclides: are those produced by the decay of the 

primary natural radio-nuclides. e.g 226Ra (Half-life = 1600 years), 222Rn (Half-life = 3.8 

days), 234Th (Half-life = 24.1 days) which are produced by decay of 238U

2.6.4 Induced Natural Radio-nuclides: are those constantly being produced by the 

action of the Cosmic Rays on the Earth's Atmosphere. Two well-known examples are: 3H 

(Tritium, half-life -12.3 years) and 14C (Half-life =5730 years).

14C is produced by interaction of Cosmic Rays produced neutrons with 14N in the 

atmosphere, 14N (n, p) 14C reaction.

Tritium is produced in the atmosphere by the 6Li (n, y) 3H or ,4N (n, 3H) ,2C reactions [8].
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Table 1.1 presents contributions of annual dose (mSv) due to natural sources of 
radiation [9].

Source or mode Average annual dose Typical of annual dose

Inhalation ( Radon gas ) 1.26 0 .2 -10

External terrestrial 0.48 0.3 -1

Ingestion 0.29 0.2-1

Cosmic radiation 0.39 0.3 -  1

Total natural 2.4 1 -  13

2-7 Uranium and Thorium

Uranium, radium, and thorium occur in three natural decay series, headed by 

uranium-238, thorium-232 and uranium-235, respectively. In nature, the radionuclides in 

these three series are approximately in state of secular equilibrium, in which the activities 

of all radio nuclides within each series are nearly equal.

Two conditions are necessary for secular equilibrium. First, the parent radionuclide must 

have a half-life much longer than that of any other radionuclide in the series. Second, a 

sufficiently long period of time must have elapsed, for example ten half-lives of the 

decay product having the longest half-life, to allow for in growth of the decay products 

Under secular equilibrium, the activity of the parent radionuclide undergoes no 

appreciable changes during many half live s of its decay products [10] .

2-7-1 Uranium
Uranium is a silvery-white metallic chemical element in the actinide series of the 

periodic table, with atomic number 92. It is assigned the chemical symbol U. A uranium 

atom has 92 protons and 92 electrons. The uranium nucleus binds between 141 and 146 

neutrons, establishing six isotopes (U-233 through U-238), the most common of which 

are uranium-238 (146 neutrons) and uranium-235 (143 neutrons). All isotopes are 

unstable and uranium is weakly radioactive. Uranium has the highest atomic weight of 

the naturally occurring elements. The radionuclides of uranium -238, and uranium-235 

decay series are shown in Figures (2-1) and (2-2).

9
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Figure (2.1): U-238 DECAY SERIES (4n+2)
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Figure (2.2): U-235 DECAY SERIES (4n+3)
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2-7-2 Chemical properties
Uranium can take many chemical forms. In nature, uranium is generally found as an 

oxide, such as in the olive-green-colored mineral pitchblende, which contains tri uranium 

octa oxide (U3O8). Uranium dioxide (UO2) is the chemical form most often used for 

nuclear reactor fuel. Uranium-fluorine compounds are also common in uranium 

processing, with uranium hexafluoride (UF6) being the form used in the gaseous diffusion 

enrichment process. Uranium tetra fluoride (UF4) is frequently produced as an 

intermediate in the processing of uranium. As noted above, in its pure form, uranium is a 

silver-colored metal. Several of these compounds might be used or produced during the 

conversion process [11].

2-7-3 Health effects of uranium
Uranium is introduced into the body mainly through ingestion of food and water and 

inhalation of air. When inhaled, uranium is attached to particles of different sizes. The 

size of the uranium aerosols and the solubility of the uranium compounds in the lungs 

and gut influence the transport of uranium inside the body. Coarse particles are caught in 

the upper part of the respiratory system (nose, sinuses, and upper part of the lungs) from 

where they are exhaled or transferred to the throat and then swallowed. Fine particles 

reach the lower part of the lungs (alveolar region). If the uranium compounds are not 

easily soluble, the uranium aerosols will tend to remain in the lungs for a longer period of 

time (up to 16 years), and deliver most of the radiation dose to the lungs. They will 

gradually dissolve and be transported into the blood stream. For more soluble 

compounds, uranium is absorbed more quickly from the lungs into the blood stream. 

About 10% of it will initially concentrate in the kidneys. Most of the uranium ingested is 

excreted in feces within a few days and never reaches the blood stream. The remaining 

fraction will be transferred into the blood stream. Most of the uranium in the blood 

stream is excreted through urine in a few days, but a small fraction remains in the kidneys 

and bones and other soft tissue [12].

2-8 Thorium

Thorium is a natural radioactive chemical element with the symbol Th and

atomic number 90. It was discovered in 1828.In nature, thorium is found soielv as
*  ^
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thorium-232, and it decays by emitting an alpha particle, and has a half-life of about 

14.05 billion years. It is estimated to be about three times more abundant than uranium in 

the Earth's crust.

The radionuclides of thorium -232, decay series are shown in Figure (2-3).

Figure (2.3); Th-232 DECAY SERIES (4n)

2-8-1 Physical properties
Pure thorium is a silvery-white metal which is air-stable and retains its luster for 

several months. When contaminated with the oxide, thorium slowly tarnishes in air, 

becoming gray and finally black. The physical properties of thorium are greatly 

influenced by the degree of contamination with the oxide. The purest specimens often 

contain several tenths of a percent of the oxide. Pure thorium is soft, very ductile, and can 

be cold-rolled, swaged, and drawn. Thorium is dimorphic, changing at 1360 °C from a 

face-centered cubic to a body-centered cubic structure; a body-centered tetragonal lattice



form exists at high pressure with impurities driving the exact transition temperatures and 

pressures. Powdered thorium metal is often pyrophoric and requires careful handling. 

When heated in air, thorium metal turnings ignite and burn brilliantly with a white light. 

Thorium has one of the largest liquid temperature ranges of any element, with 2946 °C 

between the melting point and boiling point.

2-8-2 Chemical properties
Thorium is slowly attacked by water, but does not dissolve readily in most common 

acids, except hydrochloric acid. It dissolves in concentrated nitric acid containing a small 

amount of catalytic fluoride ion. Thorium dioxide has the highest melting point (3300 °C.) 

of all oxides.

2-9 Potassium (40K)

Potassium is the chemical element with the symbol K atomic number 19, and atomic 

mass 39.0983. Elemental potassium is a soft silvery-white metallic alkali metal that 

oxidizes rapidly in air and is very reactive with water generating sufficient heat to ignite 

the hydrogen emitted in the reaction. Potassium ion is necessary for the function of all 

living cells, and is thus present in all plant and animal tissues. It is found in especially 

high concentrations within plant cells, and in a mixed diet, it is most highly concentrated 

in fruits. The high concentration of potassium in plants, associated with comparatively 

very low amounts of sodium there, historically resulted in potassium first being isolated 

from the ashes of plants (potash) which in turn gave the element its modern name. Heavy 

crop production rapidly depletes soils of potassium, and agricultural fertilizers consume 

93% of the potassium chemical production of the modern world economy [13].

2-9-1 Physical and chemical properties of potassium
Potassium is the second least dense metal; only lithium is less dense. It is a soft, low- 

melting solid that can easily be cut with a knife. Freshly cut potassium is silvery in 

appearance, but in air it begins to tarnish toward grey immediately.

In a flame test, potassium and its compounds emit a lilac color, which may be masked by 

the strong yellow emission of sodium if it is also present. Cobalt glass can be used to 

filter out the yellow sodium color. Potassium concentration in solution is commonly
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determined by flame photometry atomic absorption spectro photometry inductively 

coupled plasma or ion selective electrodes

Potassium must be protected from air for storage to prevent disintegration of the metal 

from oxide and hydroxide corrosion. Often samples are maintained under a hydrocarbon 

medium which does not react with alkali metals, such as mineral oil or kerosene.

Like the other alkali metals, potassium reacts violently with water, producing hydrogen 

.The reaction is notably more violent than that of lithium or sodium with water, and is 

sufficiently exothermic that the evolved hydrogen gas ignites.

2 K (s) + 2 H20  -> H2 (g) + 2 KOH (aq)

Because potassium reacts quickly with even traces of water, and its reaction products are 

nonvolatile, it is sometimes used alone, or as NaK (an alloy with sodium which is liquid 

at room temperature) to dry solvents prior to distillation. In this role, it serves as a potent 

desiccant.

Potassium hydroxide reacts strongly with carbon dioxide to produce potassium carbonate, 

and is used to remove traces of C 02 from air. Potassium compounds generally have 

excellent water solubility, due to the high hydration energy of the K+ ion. The potassium 

ion is colorless in water [14].

2-10 Health Effects caused by Low Level Radiation

radiation in some regions have not caused noticeable 

increase in cancer in the populations residing in these areas. Estimates of detrimental 

effects of radiation exposures are based therefore on extrapolations (usually linear) from 

many times higher doses than those of the background radiations. In BEIR III report, it is 

estimated that a single exposure to 100 mSv of radiation might cause, at most, about 

6,000 excess cases of cancer deaths (other than leukemia and bone cancer) per million 

deaths, as opposed to a natural incidence of about 250,000 cancer deaths. The linear 

extrapolation indicates thus that a background radiation exposure of 3 mSv for 70 years, 

would analogously produce about 12,600 extra cancers per million deaths of people, or 

about 1 radiation-induced cancer per 20 cancers. (The integration over time span of 70

The high levels of background
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years is usually considered to be excessive as it takes 5 to 30 years for cancer to develop). 

Thus, the background radiation may be responsible for about 5% of all cancers or 1.26 % 

of all deaths. Without the background radiation, the cancer rate may vary from one 

human population to another, with one region to another, with many environmental 

factors, including smoking and drugs, as well as fungal, bacterial and viral infections. It is 

therefore very difficult to discern the possible 5 % increase caused by the background.

[15]
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Gamma-ray spectroscopy

Gamma rays are the highest-energy form of electromagnetic radiation; being 

physically exactly like all other forms (e.g., X rays, visible light, infrared, radio) except 

for higher photon energy and frequency, and shorter wavelength. (Because of their high 

energy, gamma-ray photons are generally counted individually, whereas the lowest 

energy forms of EM radiation (e.g., radio to sub-millimeter) are observed as 

electromagnetic waves consisting of many low-energy photons). While a Geiger counter 

or Gamma Probe determine only the count rate (i.e. the number of gamma rays 

interacting in the detector in one second), a gamma-ray spectrometer also determines the 

energies of the gamma-rays photons emitted by the source. Radioactive nuclei 

(radionuclides) commonly emit gamma rays in the energy range from a few keV to ~10 

MeV, corresponding to the typical energy levels in nuclei with reasonably long lifetimes. 

Such sources typically produce gamma-ray "line spectra" (i.e., many photons emitted at 

discrete energies), whereas much higher energies (upwards of 1 TeV) may occur in the 

continuum spectra observed in astrophysics and elementary particle physics. The 

boundary between gamma rays and X rays is somewhat blurred, as X rays typically refer 

to the high energy EM emission of atoms, which may extend to over 100 keV, whereas 

the lowest energy emissions of nuclei are typically termed gamma rays, even though their 

energies may be below 20 keV.

Most radioactive sources produce gamma rays of various energies and intensities. 

When these emissions are collected and analyzed with a gamma-ray spectroscopy system, 

a gamma-ray energy spectrum can be produced. A detailed analysis of this spectrum is 

typically used to determine the identity and quantity of gamma emitters present in the 

source. The gamma spectrum is characteristic of the gamma-emitting nuclides contained 

in the source, just as in optical spectroscopy, the optical spectrum is characteristic of the 

atoms and molecules contained in the sample.
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The equipment used in gamma spectroscopy includes an energy-sensitive 

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

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

scintillation counters and high-purity germanium detectors. [16]

3.2 sodium iodide (Nal) scintillation counters

3.2.1 System components

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 components, such as rate meters and 

peak position stabilizers, may also be included.

H
w m *

Pre-amplifier
....................................

er

r

Detector H.T.
Multi-channel-Analyzer

Printer
................... l e w B — g

Fig 3.1 : instrumentation set -up of gamma-spectroscopy

The instrument consist of a detector (Nal) which detect gamma ray arising from 

radionuclide and then the signal amplifier in preamplifier and amplifier,the multichannel 

analyzer takes the very small voltage signal produced by the detector. The number of 

channels can be changed in most modern gamma spectroscopy systems by modifying 

software or hardware settings.

17



Gamma spectroscopy detectors are passive materials that wait for a gamma interaction to 

occur in the detector volume. The most important interaction mechanisms are the 

photoelectric effect, the Compton Effect, and pair production. The photoelectric effect is 

preferred, as it absorbs all of the energy of the incident gamma ray. Full energy 

absorption is also possible when a series of these interaction mechanisms take place 

within the detector volume. When a gamma ray undergoes a Compton interaction or pair 

production, and a portion of the energy escapes from the detector volume without being 

absorbed, the background rate in the spectrum is increased by one count. This count will 

appear in a channel below the channel that corresponds to the full energy of the gamma 

ray. Larger detector volumes reduce this effect. A typical diagram of a Nal detector is 

shown below.

Scintillator Crystal (Nal)

Photocathode

Output Signal

4-150 V

Photomultiplier Tube

4-450 V

+750 V

Figure (3.2) diagram of a Nal detector

The voltage pulse produced by the detector (or by the photomultiplier in a 

scintillation detector) is shaped by a multichannel analyzer (MCA). The multichannel 

analyzer takes the very small voltage signal produced by the detector, reshapes it into a 

Gaussian or trapezoidal shape, and converts that signal into a digital signal. In some
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systems, the analog-to-digital conversion is performed before the peak is reshaped. The 

analog-to-digital converter (ADC) also sorts the pulses by their height. ADCs have 

specific numbers of "bins" into which the pulses can be sorted; these bins represent the 

channels in the spectrum. The number of channels can be changed in most modern 

gamma spectroscopy systems by modifying software or hardware settings. The number of 

channels is typically a power of two; common values include 512, 1024, 2048, 4096, 

8192, or 16384 channels. The choice of number of channels depends on the resolution of 

the system and the energy range being studied.

The multichannel analyzer output is sent to a computer, which stores, displays, 

and analyzes the data. A variety of software packages are available from several 

manufacturers, and generally include spectrum analysis tools such as energy calibration, 

peak area and net area calculation, and resolution calculation [ 17].

3.2.2 Energy Calibration
If a gamma spectrometer is used for identifying samples of unknown composition, its 

energy scale must be calibrated first. For the present study, calibration is performed by 

using the peaks of a known source, such as cesium-137 or cobalt-60. Because the channel 

number is proportional to energy, the channel scale can then be converted to an energy 

scale. If the size of the detector crystal is known, one can also perform an intensity 

calibration, so that not only the energies but also the intensities of an unknown source or 

the amount of a certain isotope in the source can be determined as shown in Figure 3.3 

below.
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Figure (3.3) Energy Calibration Curve for Nal Detector

3.2.3 Efficiency Calibration

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

produce a count in the system. The probability that an emitted gamma ray will interact 

with the detector and produce a count is the efficiency of the detector. High-efficiency 

detectors produce spectra in less time than low-efficiency detectors. In general, larger 

detectors have higher efficiency than smaller detectors, although the shielding properties 

of the detector material are also important factors.

Efficiency, like resolution, can be expressed in absolute or relative terms. The 

same units are used (i.e., percentages); therefore, the spectroscopist must take care to 

determine which kind of efficiency is being given for the detector. Absolute efficiency 

values represent the probability that a gamma ray of a specified energy passing through 

the detector will interact and be detected. The energy of the gamma rays being detected is 

an important factor in the efficiency of the detector. An efficiency curve can be obtained 

by plotting the efficiency at various energies. This curve can then be used to determine
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the efficiency of the detector at energies different from those used to obtain me cune 

Efficiency curve is shown in Figure (3.4) below
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F ig u re  (3.4): Efficiency Calibration Curve for Nal Detector

3.3 High purity Germanium detector

3.3.1 P-type Coaxial HPGe Detector
High purity germanium detectors are referred to as MPGc or 'intrinsic' germanium 

detectors. Unlike Nal detectors, semiconductor materials like I IPGe detectors transform 

photons into charge carriers directly [17].

P-type coaxial HPGe detectors have a useful response range for y rays energy of 40 keV 

up to 10 MeV. They also have a high quality spectral, excellent peak symmetry, and a 

low-noise operation [18].

a) Detector Configuration

A Ge detector is usually constructed in either a cylindrical or coaxial geomeux. a "p- 

type'' detector has an n-tvpe electrode on the outer cylindrical surface of a long 

germanium cylindrical crystal and a cylindrical p-type contact on the inner surface 

of an axial well in the core of the crystal, in which part of the central core of
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the crystal is removed. This configuration is called "closed-ended coaxial, and 

illustrated in Figure 3.5 [17].

n *  c x j ’ t U c i

-VvvH

a)

Figure 3.5 A cross-sectional view through the axis of a p-type coaxial HPGe cylindrical 

crystal. The outer electrode is extended over the flat front.

The closed-ended coaxial configuration is preferred over the true coaxial geometry for 

two reasons; (a) to avoid the leakage current that might be produced at the front surface 

of the detector; (b) and to provide a planar front surface if fabricated with a thin electrical 

contact which can increase the detection efficiency for weakly penetrating (i.e. 

low-energy) radiation. On the other hand, the charge carrier velocity near the corner of 

the closed-ended coaxial configuration may be effected by the reduced electric field 

and can be lower than normal [17].

b) N-type Contact
Which were chosen for use in the current study At room temperature an idealized, pure 

germanium crystal will have some conductivity due the thermal excitations that can 

excite electrons from the valence band across the energy gap into the conduction 

band, leaving behind a vacancy "hole" (an unsaturated electrical bond). Figure 3.6 

shows a schematic of the energy gap in semiconductors and insulators. In the absence of 

thermal excitations, idealized semiconductor and insulator materials have the same 

situation, in which the valence band is entirely full and the conduction band is entirely 

empty [17].
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Figure 3.6: Schematic of the energy band structure for electron energies in 

insulators and semiconductors [17].

To control the electrical conductivity in semiconductors, small amounts of 

impurities, called dopants, are added [19]. In the doping process, atoms with valences of 

five or three are added to the type four material semiconductor lattice in order to produce 

p-type and n-type contacts respectively, as shown schematically in figures 3.7, and 3.8. 

These contacts are very thin and made of electrically neutral materials. The letters £p’ and 

V  refer to the sign of the charge carriers.

In the case of n-type crystal, a small amount of valence-5 atoms such as 

phosphor (P), arsenic (As) or antimony (Sb) are diffused in the crystal lattice. Four 

of the free electrons form covalent bonds with the Ge atoms. The fifth electron 

can move through the crystal lattice and form a detached donor state just below 

the conduction bond [19], see figure 3.7. This type of semiconductor is called n-type, 

because of the excess number of negative charge carriers (i.e., electrons).
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Figure 3.7 an n-type germanium lattice where the impurity atom (Phosphor) occupies a 

situational site in a germanium crystal; b) the corresponding donor level created in the 

germanium band gap [17].

c) P-type Contact
In a p-type semiconductor the charge of the excess (hole) carriers will be positive. This 

is due to the introduction of valence-3 atom impurities, known as acceptors. Such 

materials include boron (B), and aluminum (AI) which form covalent bonds with the 

semiconductor material and produce an excess hole in the crystal lattice [19]. In this case 

an acceptor state will be formed just below the valence band, as shown schematically in 

Figure 3.8.
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Figure 3.8 p-type germanium lattice shows the impurity (Boron) occupies: a) 

situational site in a germanium crystal, b) Corresponding acceptor level created 

in the germanium band gap [17].
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3.4 Operational Properties of HPGe Detector

HPGe detectors are operated at low temperature using liquid nitrogen (LNT), and 

with a optimum reverse bias voltage to 2000V. These conditions arc essential to 

achieve an optimal detection efficiency and energy resolution.

3.4.1 Cooling
The operation of HPGe detectors for gamma-ray detection requires cooling to 

temperatures below 120°K. Usually, these temperatures can be achieved by using LN:. 

The use of LN2 as a coolant for HPGe detectors reduces the electrical noise caused 

by thermal excitation of electrons across the energy gap in the crystals which in turn 

will keep the excellent energy resolution of HPGe detectors . The excitation process 

promotes an electron into the previously empty conduction band and also leaves a 

vacancy (i.e., a hole) in the previously full valence band. The combination of the two is 

called an ‘electron-hole pair’[19].

3.4.3 Reverse Bias Voltage
Applying a large reverse bias voltage on the a detector has two effects; (i) on the 

drift velocity of the charge carriers, and (ii) on the size of the depletion region in the 

crystal [17] [19]. The drift velocity increases by increasing the bias voltage, which 

eventually saturates. The saturated velocity of the charge carriers in a HPGe detector arc 

fast which reduces the time required to collect the charge carriers [ 17]. The second effect 

of applying a high bias voltage on the detector is on the size of the depletion 

region. It increases as the magnitude of the electric field which increases; the 

efficiency of the charge collection and the dimensions of the depletion region leads 

to an increase in the sensitive volume of the detector [19].

3.4.4 Energy Resolution
Radioactivity measurements can involve the analysis of complex gamma-ray 

spectra and HPGe detectors are usually the best choice to unambiguously identity 

spectral lines from decays in this environment [1 8j.

The overall energy resolution of a HPGe detector is a contribution of three different 

factors [17]; (i) an inherent statistical spread in the number of the charge carriers: (ii) the
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variation in the charge collection efficiency; and (iii) a contribution due to electronic 

noise and drift.

3.4.5 Detection Efficiency
Determining the full-energy peak y-ray detection efficiency of a y-ray detector 

using standard calibration sources and knowing its value to good accuracy are 

essential for the determination of levels of radioactivity in environmental samples. 

Detector efficiency can be categorized into two main classes: absolute and intrinsic 

[17]. In radioactivity assay measurements, it is most useful to characterize a 

detector by its absolute full-energy peak efficiency as opposed to the total absolute 

or intrinsic efficiencies. The full-energy photo peak absolute efficiency of gamma-ray 

detectors varies with photon energy, the solid angle subtended by the detector and the 

source-to-detector distance.

3.5 Sample Collection

Thirty different samples of Moringa plants were collected from Elsamrab in Bahry 

(Khartoum-North) and ten samples of leaves, seeds and soil from ten Fadden.

3.6. Sample preparation and counting

The samples were homogenized and sealed in mi Hi beakers (sample weights were taken).
232 23 XThe sealed samples were stored for 30 days before counting to allow “‘Th or U and its 

short-lived decay products to reach secular equilibrium.

3.7 The M easurements

The container is put directly on the top of the detector and counted for three hours 

(10800 seconds) depending on counting statistics. The spectrum is then stored in the 

computer, using Nal and HPGe softwares”.

The following equation was used to obtain the efficiency curve of the detector.

N(cps)

K  • A[Bq]
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t] = The efficiency of the detector at specific energy . 

N = The net area of the peak (count per second).

I7 = Gamma intensity .

A = Activity of the standard.

The efficiency curve can be obtained at different energies (662,1 173,1333) for Cs-137 

and C.o-60 (simple curve). This curve can be used to estimate the efficiency of the 

detector at energies different from those (within this range). The result is done by 

computer and presented in tables and graphs.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Result and discussion

Natural radioactivity in the collected samples (from leaves, seeds and soil of moringa 

oliefera plants) was investigated in this study. This includes analyses of various
40 2^2radionuclides such as K. Th and 23o U series nuclides. The main objectives of this 

analysis was to evaluate radioactivity content then derive radioactivity index for the 

purpose of radiation protection and safe use of the moringa plants. The uranium or 

thorium content of samples was evaluated via daughter isotopes that emit gamma rays. 

Uranium content was evaluated mainly from gamma line of 609 keV of ^14Bi (assuming 

secular equilibrium), thorium content was evaluated from gamma line of 238 keV of
212Pb and potassium content was evaluated mainly from gamma line of 1460 keV.

The results are presented in set of tables. Table 4.1 and table 4.2 show distribution of 

bismuth and potassium content in the leaves and seeds respectively of moringa olifera 

samples. Tables (4.3.1) and (4.3.2) shows the distribution of uranium. Thorium and 

potassium content in the soil of selected samples and figure 4.1 shows the histogram of
40percentages of distribution of HUK in leaves. Figure 4.2 shows distribution of " Na in 

seeds and Figures (4.3), (4.4) : concentration of U-238, Th-234, Radium-226. Bismuth- 

214 and K-40 in seeds and leaves respectively.
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Table (4.1) distribution of potassium content in the leaves

Sample No K40 Specific activity Bq/Kg

i 2282.585

2 2221.69

3 2340.465

4 2338.126

5 2201.064

6 2217.793

7 2157.663

8 2227.339

9 2282.935

10 2305.876

T a b le  (4 .2) distribution of potassium content in the Seeds

| Sample No K40 Specific activity Bq/Kg

i 2282.585
• 1 11 * .................. ........  ■■

2 2392.589

3 2340.465

4 2338.126

5 2323.345

6 2356.405

7 2397.403

8 2344.568

9 2374.252

10 1781.814

Table (4.3.1) and (4.3.2) shows the distribution of uranium, Thorium and potassium 

content in the soil of selected samples
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Table (4.3.1) shows the distribution of uranium content in the soil

1 Sample No
i
i

Bi~14 Specific activityBq/Kg PbJ,4Spccific activity Bq/Kg

i 1 7.968 16.325

2 19.965 18.431

J 17.303 16.851

! 4
1
1

18.634 19.484
f ' '

5 19.965 21.064

6 18.634 16.851

7 17.968 16.325

8 17.303 19.484

9 19.965 20.000

10 17.968 19.484

Table (4.3.2): The distribution of uranium. Thorium and potassium content in the soil
•  1 1 1 1 ■ 

Sample No Pb'^Specific activity Bq/Kg K40 Specific activity Bq/Kg

i 46.475 306.388
r

51.545 306.388
1

3 48.165 306.388

4 54.925 314.899 |

5 54.080 33 1.920

6 50.700 323.409
1

7 47.320 306.388

8 50.700 306.388

9 53.235 323.409
1
1

1

10
l___________

49.855 323.409
------------- ------------- ----------------------------------------------------------------------------------.<-------------- - ______________________________________________________________J
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Tables (4.4.1) and (4.4.2) gives summary statistics of concentration oi 

samples

Table(4.4.1) Summary statistics of concentration of K-40 in leaves
1 I

K-40 |
J

Mean 2273.386

Std 54.152

Minimum
i

2225.041

maximum 2383.018 !
1

i\-4(J in tile

Table(4.4.2) Summary statistics of concentration of K-40 in seeds

s
t
1

K-40

mean 2377.005

Std 91.8838

Minimum 2282.585

maximum 2620.314

Table(4.5) Summary statistics of concentration of Th-234.U-238 and K-40 in soi
\ U-238 Th-234 K-40

mean
i
*

\  -------- . i i i i

18.4986 50.7
i

1

1

314.8986
%

Std 1.390157 2.844694 9.827175

Minimum
l

i

16.814 46.475 306.388

1 maximum
I

i
 ̂ . .  . -

20.5145 54.925 33 1.92
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table (4.6.1) and (4.6.2) shows the distribution of uranium. Thorium. Radium and 

Bismuth content in seeds and leaves of collected samples respectively.

Table(4.6.1) shows the distribution of uranium. Thorium. Radium and Bismuth content 

in seeds

Sample Mo U -238 Th-234 Ra-226 Bi-214
i
iii

Activitv Activity Activitv Activilv

i 2926.03 2829.32 1537.088 874.8203

i 2
l____________________________ __________________________________________________________________________________________________________

2802.486
i

2871.017 1517.1 14 767.6995

: 3
i

2841.5
1

2992.041 I613.942 795.3724

4
|----------------------------------- --- -  • • -  • - ----- - . . .  _  ___________________

2837.165
|

2766.265 1603.521
t

822.5989
1 I

5 2817.658
1

1

2732.704
1

1455.891 669.5054
1

6
1

1

2904.356 2852.71 l 1 554.456 794.4797

7
1

2861.007
1(

2753.044 1481.943 733.7779
1

J

8 | 2709.287
1

2847.626 1589.192 862.7693

9
1

2755.887 2898.476 1536.653 694.0539
1

1
•

; 10 ! 2936.867 2900.5 l 1498.009 821.2599
1
>
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T able (4.6.2) shows the distribution of uranium, Thorium, Radium and Bismuth content in 

leaves

Sample No U-238 Th-234 Ra-226 Bi-214

Activity Activity Activity Activity

i 2709.287 3470.181 1354.721 214.2417

2 2665.938 3433.438 1332.143 232.0952

3 2745.05
1

3470.181 1273.525 391.8838

4 2839.333 3653.896 1253.117 428.4834

5 2773.226 3404.86 1250.512 277.6216

6 2865.342 3377.303 1296.538 210.671

7 2749.384 3559.997 1215.775 326.7186

8 2871.844 3459.975 1331.708 283.8703

9 2648.599 3498.759 1350.813 423.1274

10 2804.654 3539.585 1408.997 239.2366

Tables (4.7.1) and (4.7.2) Summary statistics of concentration of U-238, Th-234, 

Radium-226 and Bismuth-214 in the seeds and leaves of collected samples

T able (4.7.1) Summary statistics of concentration of U-238, Th-234, Radium-226 and 

Bismuth-214 in the seeds

Std. Deviation

Minimum

72.60161 78.74919 52.56516

2709.287 2732.704 1455.891

2936.867 2992.041 1613.942

67.95114

669.5054

874.8203
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Table (4.7.2) ) Summary statistics of concentration of U-238, Th-234, Radium-226 and 

Bismuth-214 in the leaves

U-238 Th-234 Ra -226 Bi-214

Mean 2767.266 3486.817 1306.785 302.795

Std. Deviation 78.6741 80.98811 59.15021 85.07847

Minimum 2648.599 3377.303 1215.775 210.671

Maximum 2871.844 3653.896 1408.997 428.4834

Figure (4.1), (4.2) show the distribution of uranium, Thorium, Radium and Bismuth in 

seeds and leaves respectively.
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Figure (4.1): concentration of uranium, Thorium, Radium and Bismuth in seeds
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Figure (4.2) : concentration of uranium. Thorium, Radium and Bismuth in leaves

To calculate the annual effective dose received by the public of Sudan from the sam 

(moringa oliefera plants) use was made of the tbllowing equation:

E = C * R * F  (4.1)

E ة  annual effective dose (Sv/year) 

c ق  concentration activity (Bq/kg)

R ق consumption rates (kg/year)

F ق dose conversion factor (Sv/Bq)

R = 720 g/ year [20]

F-factor obtained from:

Safety Standard Series No 115, International Atomic Energy Agency, Vienna 1996. 

The value o fF fo r (4232 ال6.2*10"ح 23٧ = 4.5*ا0"ا ب Th = 2.3* 10'7) Sv/Bq.
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To estimate the annual effective dose received from moringa plants, 

shown in the Tables (4.8),

Table (4,8): Annual Effective dose (gSv/y) from moringa plants

i'he result are

annual Effective dose (jaSv/y)

Th-232 U-238 K-40

Eeaves 5.774 0. 89 0.1015

4.2 Previous studies

Comparison with other global data: In this study the results will be compared with global 

studies such as Italian studies conducted in September 2010 by Donatella Desideri. Maria 

Assunta Meli, Carla Roselli for Natural and artificial radioactivity determination o f  some

medicinal plants. They found the concentration of 238U ranged between 0.1 and
4(17.32 Bq|kg and K between 66.2 and 3582.0 Bq|kg .

Nigerian studies in December 2011 by Olatunde Michael Oni. Gbadcbo Adebisi Isola. 

Funmi Grace Onome Oni and Olusegun Sowoic for Natural Activity Concentrations and 

Assessment of Radiological Dose Equivalents in Medicinal Plants around Oil and Gas 

Facilities in Ughelli and Environs, Nigeria. They found the concentration of 4 'K (70.2 -

1 1.6 Bqkg"1) , 238U (16.0+ 1.9 Bqkg1) and 232Th( 1.6 + 4.2 Bqkg').
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C O N C L U S I O N

The study estimated the activity concentration of radionuclides li. “ '"Th. ' K b\ means^  0  —  ' T "

of gamma ray spectrometry in different samples of moringa oliefera that are common!}
 ̂̂  sused by the population of Sudan. The concentration of U was found 2767.266 Bq Km

•*) 3  ^  ^ .

" "Th concentration was found 3486.817 Bq/ Kg and K concentration was 

found2273.386. The concentration of 40K was the high, possibK due to Lhe
10 ^  o  ^  S > s

concentrations o f ‘ K in the soil also the concentrations of "'"Th and U nuclides were23

high Calculation of annual effective dose due to the radionuclides was carried out, these

have high consumption rates by Sudanese people. The results obtained allowed that gives 

an average of 6.7655 mSv/year.
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