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ABSTRACT

The study presents the radioactivity concentrations of 2 , وت8ال  Th and 40K for 25 commercial 

ceramic samples, which is used as building materials in Sudan, imported from China. A total of 

25 different consignment samples were collected during the period September to October 2015. 

The studied samples were analyzed and the concentrations of radioisotopes were determined by 

Garnma spectroscopy using (Nal) detector. The detected average values of concentrations of 

u, 2 Th and K were 182.9, 51.18 and 237.67 Bq/kg dry-weight respectively. Five different 

radiation indices, namely average radium equivalent (Raeq), the absorbed dose rate (D), the 

annual effective dose equivalent (AEDE), the external hazard index (Hex), and the radioactivity 

level index (1) which indicate hazardous radiation were also determined. The results revealed 

that the average radium equivalent (Raeq), the absorbed dose rate (D), the annual effective dose 

equivalent(AEDE), the external hazard index(Hex), and the radioactivity level index(l ) were:

274.3915 Bq/kg, 122.02 nGy/h, 1.22 mSv/yr, 0.74 and 1.89, respectively. The mean values of 

Raeq, Hex obtained were in good agreement with the international values, while the mean of Dr 

and 1 were higher than the international values, and it found that The results of AEDE for 14 

samples are about 10 -101% higher than the result international value (1 mSv/yr) for the public: 

the rest is lower than the permissible value for the international values. The measured activity 

concentrations for these radionuclides were compared with the reported data obtained from 

similar materials used in other countries and with typical world values.

IV



صة الخ

 السيراميك من عينة 25 ل الم K و2د2آh ،٤٠٥٧ من اإلشعاعي النشاط تراكيز الدراسة هذه تستعرض

 من عينة 25 مجموعه ما جمع .تم السودان، في بناء كمواد يستخدم والذي ،الصين من المستوردة التجاري

ل مختلفة ت١شحذا  تحديد وتم المدروسة العينات تحليل تم .2015 أكتوبر 5 إلى سبتمبر 5 من الفترة خ

 تركيزات من المكتشفة القيم متوسط وكان (Nal.) غاما مطيافية جهاز بواسطة المشعة النظائر تركيزات

2 Th ،2 LIوقد التوار على الجاف الوزن من كجم ا بيكريل 237.67 و51.18 ، 182.9 هي ٩و. 

مكافئ متوسط وهي ، التعراض خطورة بتقييم خاصة مختلفة إشعاعية مؤشرات خمسة حساب تم

 الخطر ومؤشر ٩ السنوي الفعال الجرعة ومكافئ ، (D الممتصة) الجرعة ومعدل الراديومة(،

 الراديوم معادل متوسط أن النتائج وأظهرت (Iy.) اإلشعاعي النشاط مستوى ومؤشر (Hex) الخارجي

Raeq)،) الممتصة الجرعة ومعدل (D) الخطر ومؤشر ٩ الفعالة للجرعة السنوي والمعادل

 nGy/hr 122.02 ،Bq/Kg، 274.3915 كان: (Iy) اإلشعاعي النشاط مستوى ومؤشر (Hex) الخارجي

1.22 0.74 ،mSv/yr ل المتوسطة القيم كانت .وقد التوالي على 1.89 و (Hex) ، ،(Raeq) تم التي 

 أما الدولية, القيم من أعلى كانت Iy و Dr متوسط أن حين في الدولية، القيم مع تتوافق عليها الحصول

 في للمواطنين (ImSv/yr) ب توصي التي العالمية التوصيات من %101-10 بنسبة أعلى كانت فقد ( AEDE) ل بالنسبة

 المقاسة النشاط تركيزات مقارنة تمت به. الموصى المستوى ضمن كانت فقد العينات بقية أما عينة 14 مجموعه ما ما

 ومع أخرى بلدان في مستخدمة مشابهة مواد من عليها الحصول تم التي البيانات مع المشعة النويدات لهذه

نموذجية عالمية قيم
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CHAPTER ONE

INTRODUCTION

Sudan is a developing country, and in the last decades, it is experiencing considerable 

development in infrastructure and construction. This development can be noticed from the 

increasing number in the buildings of modern style, which requires using some imported 

building materials. In Sudan, one of the most important building materials is ceramic. Some 

of the ceramic are imported from China, addition to some other countries. Ceramic Implants 

are made from zirconium materials which are made from natural ores that contain a trace 

amount of natural radioactive elements (226Ra and 228Th). After the purification process, 

these traces are reduced to very low levels.

The ceramic composed of raw materials that are usually found in the earth's crust, and they 

contain small but measurable amounts of naturally occurring radioactive materials ١. In 

particular, these radionuclides belong to the natural uranium and thorium decay series. They 

are subject to enrichment during various technological processes, the results are known as 

technologically enhanced naturally occurring radioactivity 2. As most of the people spend 

-80% of their time indoors, determination of the natural radioactivity of building materials is 

important for the estimation of population exposure to radiations 3.

As a result of various nuclear incidents in many areas, the possibility of radioactive 

contamination or the presence of high concentrations of the naturally occurring radioactive 

material may be high in these materials, which could affect human health and the 

environment. This risk can reduce by ensuring that the contaminated material is not up to the 

public, through the assessment of the quality of construction materials before it reaches the 

market. The International Commission on Radiological Protection has developed a series of 

guidelines and technical documents related to the safety and dose limits permitted from 

naturally occurring radioactive materials. There are many laws that govern importing of these 

materials, these laws relating to quality, and freedom from contaminants 4.
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Objectives:

The general objective of this work is to investigate to what'extent the use of ceramic minerals 

gives rise to radiological hazards.

The specific objectives of this study are:

٠ To investigate the radioactivity level in ceramics imported and used in Sudan as 

building materials.

٠ To compare the radioactive content and the radiation indices of the ceramics used in 

Sudan with the findings of similar studies carried out in other countries and with the 

global recommended limits.

i
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CHAPTER TWO

LITERATURE REVIEW

2.1 Radioactivity:

All matter is made up of atoms, some are naturally stable and others are unstable. Radioactivity 

is a natural phenomenon that occurs when an atom with an unstable nucleus spontaneously 

transforms, releasing energy in the form of ionizing radiation. These unstable elements are 

known as radionuclides and they are radioactive. The released radiation may take the form of 

particles (including electrons, neutrons and alpha particles) or electromagnetic gamma radiation 

or X-rays, all with different amount of energy ؤ. Radioactivity can be natural or artificial. In 

natural radioactivity, the substance already has radioactivity in the natural state. In artificial 

radioactivity, the radioactivity has been induced by irradiation. A radionuclide is all the radioactive 

cores of the same kind. All radioactive cores forming a radionuclide have a well-defined radioactivity, 

which is common to all of them and that identifies them; the same way that a type of chemical reaction 

identifies the elements involved.

Empirically, it was discovered that the nuclei of elements are stable, that is, they are not subject 

to radioactive decay except under a particular neutron: proton ratio (N:z). In stable, light nuclei 

(z < 20), this ratio equals one, or is only a little larger than one (nuclei of ،Hl and H are 

exceptions). It increases to 1.52 in the heaviest stable nuclide 2(وا. If the composition of the 

nucleus deviates from the optimal range of the N:z ratio, that is, if the nucleus has too few or 

many neutrons for a certain proton number (e.g., in oxygen, the isotopes 'o, ،5 o, ،9o and 2٥o), 

the nucleus becomes radioactive, that is, it decays spontaneously, most frequently to another 

nucleus. Symbolically the process can be described as follows

X * (Ai, Zi)Y ٠ (٨ 2, Z2) particle (2.1)

Where X is the “parent” nuclide and Y is the "daughter” nuclide. In the decay, more than one 

light particle can be emitted and the process is usually accompanied by the emission of y- 

radiation. In radioactive decay, energy is released (exoergic process) and the generated products
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always carry a certain kinetic energy. This is possible only if the primary nucleus has more rest 

energy (mass) than the sum of the rest energies (masses) of the products of the decay:

M(X) > M(Y) + M (particle) (2(2)

This disparity is the basic condition of radioactivity. The energy equivalent to this difference in 

masses is the energy of radioactive decay. In radioactive decay, this release of energy occurs 

through emission (to a great extent) of one or more of the three types of radiation: a, p, and y7.

2.2 Simple Radioactive decay. Decay constant. Half-life and Activity:

An unstable nucleus transforms into another nucleus spontaneously only with a certain 

probability (i٠e., a consequence of the laws of quantum mechanics). It occurs according to the 

law of radioactive decay. Radioactive decay is a random process. The probability that an atom 

will decay during the time dt is given by Xdt where X is the constant of proportionality known as 

the decay constant. In a system where there are NO atoms present initially, the number of atoms 

decaying in time dt is given by:

-dN Ndt (2.3)

In a limit of very small time intervals, the previous formula can be expressed as

_dN/dt = N (2.4)

Moreover, integration concering time gives the number of atoms present at any time, that is.

Nt = Noe( (2.5)

The law has a statistical character and can, therefore, be applied only to large groups of nuclides.

A clearer quantity used to characterize the radionuclide instead of the decay constant X is the 

half-life. The half-life T'/i is the time it takes for the number of atoms to decrease to half the 

initial value. Thus the half-life is related to the decay constant through the equation:

T',, = ln2/٨, that is, T = 0-693/٨ (2.6)
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Half-lives vary greatly among different types of atoms, from less than a second to billions of 

years. For example, it will take about 4.5 billion years for half of the atoms in a mass of 2آلئت to 

spontaneously disintegrate, but only 24,000 years for half of the atoms in a mass of 239pu to 

spontaneously disintegrate. In contrast, ا I, commonly used in medicine, has a half-life of only 

eight days.

The quantity that characterizes the speed of radioactive decay is called activity (or emitter 

activity). The activity A is defined as the number of decays per unit time interval, or the loss in 

the number of as yet undecayed nuclei per unit time interval ٥.

At 1-dNt /dt, =^Nt. (2.7)

The unit of activity is the Becquerel (Bq), one disintegration per second. The older unit of 

activity was the Curie (1 Ci = 3.7 X 1010 Bq).

For practical purposes, we define the so-called activity concentration as the proportion of the 

activity compared to the total mass of the radioactive substance, i.e., the sum of the masses of all 

radionuclides and stable nuclides contained in the substance?.

2٠3 Radionuclides:

In any nuclide, the number of neutrons determines whether the nucleus is radioactive. For the 

nucleus to be stable, the number of neutrons should in most cases be a little higher than the 

number of protons. If the number of neutrons is out of balance, the nucleus has excess energy 

and sooner or later will discharge the energy by decay processes, that is, by emitting 7 rays or 

subatomic particles. A nuclide with such an unbalanced nucleus is unstable and is called a 

radioactive nuclide, or radionuclide. Radionuclides are often referred to by chemists and 

biologists as radioactive isotopes or radioisotopes, and play an important part in the technologies 

that provide US with food, water, and good health. Radionuclides may occur naturally, but they 

can also be artificially produced 1.

2.3.1 Natural radionuclides:

Apart from stable chemical elements, very low concentrations of radioactive elements occur 

naturally in the environment. We can divide these natural radionuclides into three categories

5



according to their origin and formation: natural occurring radioactive materials or (NORM), 

secondary radionuclides, and cosmogenic radionuclides 5.

2.3.2 NORM

Naturally-occurring radioactive material (NORM) is the term used to describe materials that 

contain radionuclides that exist in the natural environment. Long-lived radioactive elements of 

interest include uranium, thorium and potassium, and any of their radioactive decay products, 

such as radium and radon. These elements have always been present in the earth’s crust and 

within the tissues of all living species. NORM is found in a wide variety of bulk commodities, 

process wastes and commercial items, sands, clays and soils, rocks, coal, groundwater, oil and 

gas, metal ores and non-metal minerals, including fertiliser raw materials such as rock phosphate 

and apatite. Metal ores that have been found to be associated with NORM include tin, tantalum, 

and niobium ores, rare earth, and some copper and gold occurrences. Although the concentration 

of NORM in most natural substances is low, almost any operation in which any material is 

extracted from the earth and processed can concentrate NORM ا.

2.3.3-Secondary Radionuclides

The decay of primary radionuclides continuously gives rise to some of secondary radionuclides. 

Natural radionuclides Th, 2 ل8دآ  and 235u decay (by a and later also p decay) into nuclei, which 

are also radioactive, much like their other decay products (i.e., radioactive decay chains). In 

nature, there are three radioactive decay chains: Th-232, 0-238, and 0-235. To a certain extent, 

these three natural decay chains are similar. They consist of isotopes of heavy elements mostly of 

a radioactivity (a smaller part is also (3). Radon (the most stable isotope is Rn-222) appears in the 

second half of the series; its decay products have a short half-life and disintegrate simultaneously 

by a and p decay. Radon is a radioactive noble gas, one of the heaviest gases. All three natural 

decay chains result in stable isotopes of lead 7.

2.3.4 Cosmogenic Radionuclides

Cosmogenic radionuclides are natural radionuclides that currently originate by nuclear reactions 

when high-energy cosmic radiation passes through the Earth’s atmosphere. Examples include 

radiocarbon (C-14) and tritium (H-3).
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2٠3.5 Artificially produced radionuclides.

For the demands of present science and technology, industry, and health services, these few 

radionuclides of natural origin are far from sufficient. Therefore we must produce radionuclides 

artificially. Artificial radionuclides can be produced by nuclear reactors, by particle accelerators, 

or by radionuclide generators?.

2.3.6 Radionuclides Produced by Nuclear Reactors

To produce a radioactive nucleus from a stable nucleus, it is necessary to change the number of 

p-rotons or neutrons so as not to disturb the equilibrium configuration. This can be achieved by 

bombardment of the initial nucleus A with suitable particles — protons or neutrons (or a 

particles, deuterons, rarely also with heavy ions) — which enter the nucleus and cause the 

respective changes — nuclear reactions. The resulting nucleus B is formed (mostly in excited 

state B١), which is frequently radioactive.

The simplest bombardment of nuclei is with neutrons (n). Because the neutron has no electric 

charge, electric repulsive power does not function, and even a slow neutron will readily enter the 

nucleus. The use of neutrons results in nuclei with an abundance of neutrons and with p- 

radioactivity. An intensive source of neutrons is the nuclear reactor, and so these p- 

radionuclides are usually produced by bombardment of a suitable nuclear target in a special 

chamber of the reactor. Some reactions in the production of radionuclides are ٥Li (n,)H ؛4١لي  

(n,p)١4C, s (n,p۶2p, and 9؟Mo (n,)99Mo.

2.4 Natural Decay Series and secular equilibrium:

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 a state of secular equilibrium, in which the activities of all radionuclides 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 ingrowth of the decay products. Under secular equilibrium, the
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activity of the parent radionuclide undergoes no appreciable changes during man) half-lives ot 

its decay products.

The radionuclides of the uranium-238, thorium-232, and uranium-235 decay series are shown in 

Figures 2.1, 2.2, and 2.3, along with the major mode of radioactive decay for each. Radioactive 

decay occurs when an unstable (radioactive) isotope transforms to a more stable isotope, 

generally by emitting a subatomic particle such as an alpha or beta particle. Radionuclides that
 give rise to alpha and beta particles are shown in these figures, as are those that emit significant إ

gamma radiation.

Gamma radiation is not a mode of radioactive decay (such as alpha and beta decay). Rather, it is 

A mechanism by which excess energy is emitted from certain radionuclides. i.e.٠ as highly 

energetic electromagnetic radiation emitted from the nucleus of the atom. For simplicity, onl) 

significant gamma emissions associated with the major decay modes are shown in Figures 2.1 

through 2.3; that is, radionuclides listed are those for which the radiation dose associated with 

gamma rays may pose a health concern. The gamma component is not shown tor those 

radionuclides whose gamma emissions do not generally represent a concern.

Of the two conditions noted above for secular equilibrium, the first is general!) met for the 

uranium-238, thorium-232 and uranium-235 decay series in natural!)'' occurring ores. While the 

second condition may not be met for all ores or other deposits of١ uranium and thorium (given the 

extremely long half-lives for the radionuclides involved and the geological changes that occur 

over similar time scales), it is reasonable to assume secular equilibrium for naturally occurring 

ores to estimate the concentrations of the various daughter radionuclides that accompany the 

parent. The state of secular equilibrium in natural uranium and thorium ores is significant ) 

altered when they are processed to extract specific radionuclides.

2.5 Uranium U-238 and U-235

Uranium is a silvery-white metallic chemical element in the actinide series of' the periodic table, 

with atomic number 92, and 700 nnillion years half-life for u-235 and 4.47 billion )ears for u- 

238. U-235 and U-238 occur naturally in nearly all rock, soil, and water. U-238 is the most 

abundant form in the environnnent. U-235 can be concentrated in a process called ''enrichment." 

making it suitable for use in nuclear reactors or weapons’^.
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Decays by alpha emission, weakly radioactive, extremely dense metal (65% denser than lead)

Figure (2.1). u-238 DECAY SERIES
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2.5.1 Health effects of Uranium:

Because uranium decays by alpha particles, external exposure to uranium is not as dangerous as 

exposure to other radioactive elements because the skin will block the alpha particles. Ingestion 

of high concentrations of uranium, however, can cause severe health effects, such as cancer of 

the bone or liver. Inhaling large concentrations of uranium can cause lung cancer from the 

exposure to alpha particles. Uranium is also a toxic chemical, meaning that ingestion of uranium 

can cause kidney damage from its chemical properties much sooner than its radioactive 

properties would cause cancers of the bone or liver.

2.6 Thorium 2 Th:

Thorium is a natural radioactive chemical element with the symbol Th and atomic number 90. 

and a half life of 14.05 billion years

Thorium is ubiquitous in our environment. The release of thorium to the atmosphere can occur 

both from natural and anthropogenic sources, and emissions from the latter sources can produce

10



locally elevated atmospheric levels of thorium over the background. Windblown terrestrial dust 

and volcanic eruptions are two important natural sources of thorium in the air. Uranium and 

thorium mining, milling and processing, tin processing, phosphate rock processing and 

phosphate fertilizer production, and coal-fired utilities and industrial boilers are the primary 

anthropogenic sources of thorium in the atmosphere.

Figure (2.3). Th-232 DECAY SERIES

2.6.1 Health effects of Thorium

Breathing thorium dust may cause an increased chance of developing lung disease and cancer of 

the lung or pancreas many years after being exposed. Changes in the genetic material of body 

cells have also been shown to occur in workers who breathed thorium dust. Liver diseases and 

effects on the blood have been found in people injected with thorium in order to take special X- 

rays.
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Many types of cancer have also been shown to occur in these people many years after thorium 

was injected into their bodies. Since thorium is radioactive and may be stored in bone for a long 

time, bone cancer is also a potential concern for people exposed to thorium.

Animal studies have shown that breathing in thorium may result in lung damage. Other studies in 

animals suggest drinking massive amounts of thorium can cause death from metal poisoning. 

The presence of large amounts of thorium in your environment could result in exposure to more 

hazardous radioactive decay products of Thorium, such as Radium and Thoron, which is an 

isotope of radon. Thorium is not known to cause birth defects or to affect the ability to have 

children.

2.8 Potassium (أ)

Potassium is a soft, silver-white metal. An important constituent of soil, it is widely distributed in 

nature and is present in all plant and animal tissues. Potassium-40 is a naturally occurring 

radioactive isotope of potassium.

Two stable (nonradioactive) isotopes of potassium exist, potass؛um-39 and potassium-41. 

P0tassium-39 comprises most (about 93٠/٥) of naturally occurring potassium, and potassium-41 

accounts for essentially all the rest. Radioactive potassium-40 comprises a very small fraction 

(about 0.012٠/٠) of naturally occurring potassium^.

2.8.1 Health effects of Potassium:
Potassium-40 can present both an external and an internal health hazard. The strong gamma 

radiation associated with the electron-capture decay process (which occurs 11% of the time) 

makes external exposure to this isotope a concern. While in the body, potassium-40 poses a 

health hazard from both the beta particles and gamma rays. Potassium-40 behaves the same as 

ordinary potassium, both in the environment and within the human body - it is an essential 

element for both. Hence, what is taken in is readily absorbed into the bloodstream and distributed 

throughout the body, with homeostatic controls regulating how much is retained or cleared. The 

health hazard of potassium-40 is associated with cell damage caused by the ionizing radiation 

that results from radioactive decay, with the general potential for subsequent cancer induction.^
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2.9 Units and concepts:
Some of units and concepts are used for the measurement of radiation. A brief description of the 

most commonly used and their interpretation is given below 1٥٠

2.9.1 Activity
The activity of a radioactive substance indicates the rate of which atomic nuclei decay per unit 

time. 1 Becquerel, (Bq), equals a decay rate of one atomic nucleus per second. This is a very 

small quantity. Consequently, the number of Bq describing the activity in a small amount of 

material is very large. As an example, naturally occurring radioactive Potassium 40 typically has 

a total activity of 4 000 Bq in an adult human.

2.9.2 Absorbed dose
The unit for absorbed dose. Gray, (1 Gy = 1 J/kg), is based on the energy that the radiation 

delivers per kilo. The unit is. Absorbed dose is, however, not a unit that adequately describes the 

corresponding damage in living tissue, instead the Effective dose is preferred to be used.

2.9.3 Effective dose

Equally large absorbed doses for instance gamma radiation and alpha radiation result in different 

biological effects. One Gy of alpha radiation is considered to be 20 times more damaging than 1 

Gy of beta or alpha radiation. We, therefore, say that the alpha radiation has the weighting factor 

20. To avoid a separate consideration of each kind of radiation, the absorbed dose is often 

multiplied by the weighting factor and to calculate the 'equivalent dose” = effective dose. The 

unit for effective dose is Sievert (Sv) and is what we usually use when we refer to a radiation 

dose to man. One Sv is a large dose and one, therefore, more commonly indicates the doses 

based on 1/1 000 Sv = 1 millisievert (1 mSv).

2.9.4 Collective dose

Collective dose is the sum of the radiation doses for all individuals irradiated by a certain source 

or due to some habit or procedure. The collective dose is a calculated estimate of the societal risk 

that results from the circumstances. The unit used is Sv. To indicate that many individuals are 

involved, "manSievert” (manSv) is often used. As an example, the annual natural background
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radiation gives rise to a global (collective) dose to all individuals on Earth of about 13 million 

manSv1s.

2.10 Gamma spectroscopy

2.10.1. 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 .

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.

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 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 a many channels depends on the resolution 

of the system and the energy range being studied.
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The multichannel analyzer output is sent to a computer, which stores, displays, and analyzes the 

data. A variety of software packages are available ftom several manufacturers, and generally 

include spectrum analysis tools such as energy calibration, peak area and net area calculation, 

and resolution calculation^.

Scintillator Crystal (Nal)

Figure (3.1). Diagram of a sodium iodide (Nal) detector

2.10.2 Energy Calibration

If a gamma spectrometer is used for identifying samples of unknown composition, its energy 

scale must be calibrated first. 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؛^.
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2.10.3 Detector Resolution

Gamma rays detected in a spectroscopic system produce peaks in the spectrum. These peaks can 

also be called lines by analogy to optical spectroscopy. The width of the peaks is determined by 

the resolution of the detector, a very important characteristic of gamma spectroscopic detectors. 

Resolution is analogous to resolving power in optical spectroscopy. High resolution enables the 

spectroscopy to separate two gamma lines that are close to each other. The most common figure 

used to express detector resolution is Full Width at Half Maximum (FWHM). This is the width 

of the gamma ray peak at half of the highest point on the peak distribution. Resolution figures 

should be given concerning specified gamma-ray energies. Resolution can be expressed in 

absolute (e٧ or keV) or relative terms. For example, a sodium iodide (Nal) detector (like the 

detector used in this study) may have a FWHM of 30.68keV at 295ke٧, and 34.9 lke٧ at 

352keV. These resolution values are expressed in absolute terms. To express the resolution in 

relative terms, the FWHM in eV or keV are divided by the energy of the gamma ray and 

multiplied 17 by 100.

R : —— X 100% (2.8)Energy

Where: R ئ detector resolution.

2.10.4 Detector Efficiency

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

the system. 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.

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 .

The energy of the gamma rays being detected is an important factor in the efficiency of the 

detector. By plotting the efficiency at various energies, an efficiency curve can be obtained. This 

curve can then be used to determine the efficiency of the detector at energies different from those 

used to obtain the curve shows in figure (3.1). By using this curve for determining efficiency of
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the detector for different energies (662, 1173, 1333) for Cs-137 and Co-60, and by applied in 

equation (3.2) can be found efficiency for Th-232, Ra-226 and KO when the energy of this

elements was known.

Y=4*1O-X -2* 10 0.1659 (2.9)

Where: X is the energy of element interest like Th-232 and Y efficiency for this element.

Absolute efficiency (number of detected photons/number of emitted photons)* 100%.

2.11 The Analysis
The following equation was used to obtain the efficiency curve of the detector. And then it is 

used to determine the activity in each sample. The determining of the activity amount in each 

sample done by The following equation:

:٦١ N٢c٠ps١
lYiAlBq]

(2.10)

Where:

r1 is the efficiency of the detector at a specific energy.

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

Iy is gamma intensity.

A is an activity of the element.

To determine concentration activity per mass (specific activity) can be divided activity obtained 

by mass of the sample and the unit that Becquerel per Kilogram (Bq/Kg).
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Efficiencv Calibration

Figure 3.2. Efficiency Calibration Curve for Nal Detector for the energy higher than 662 kev

2٠12 CERAMICS

All building materials contain various amounts of natural radioactive nuclides. Materials derived 

from rock and soil contain mainly natural radionuclides of the uranium ( ت38ال ) and thorium 

(2 Th) series, and the radioactive isotope of potassium (١). In the uranium series, the decay 

chain segment starting from radium (226Ra) is radiologically the most important and, therefore, 

reference is often made to radium instead of uranium 5. The knowledge of the natural 

radioactivity of building materials is important for the determination of population exposure to 

radiations, as most of the people spend -80% of their time indoors 3. High levels of radioactivity 

in construction materials can increase external and internal indoor exposure. Currently, a 

worldwide effort is underway to measure the activity concentrations in building materials. 

Ceramic tiles are one of the commonly used decorative building materials: they are made of a 

mixture of earthly materials that has been pressed into shape and fired at a high temperature. 

Ceramic tiles get their sanitary white appearance from zircon (ZrSO). Dust-pressed ceramic 

tiles with water absorption levels <0.5%, and high mechanical and chemical characteristics are 

known as ‘Fully ٧itrified Stoneware’ or ‘Porcelain Stoneware’. Due to the addition of zircon, 

ceramic tiles can show natural activity concentration significantly higher than the average values 

of Earth’s crust.
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CHAPTER THREE 

MATERIAL AND METHODS٠ 3.1 Sampling:

A total of 25 samples of Ceramics that are imported to Sudan from China from September to ا

I October 2015 have been collected from different consignment in Port-Sudan south port. The

 samples include the types of ceramics that used on walls and floor as a building material in ا

.Sudan ا

:Sample preparation ا 3.2

About 0.7 kg in weight of each sample was crushed and dried in an oven at about 1O5٠C to ا

٠ ensure that moisture is completely removed. The samples were then completely sealed in

Marinelli beakers for four weeks to reach the secular equilibrium where the rate of decay of the ا

daughters becomes equal to that of the parent. This step is necessary to ensure that radon gas ا

.confined within the volume and the decay products will also remain in the sample ا

:Measurements ا 3.3
The main objectives of this analysis were to evaluate radioactivity content then assessment the ا

! risk to exposure for radiation protection and safely used of the ceramics. The uranium (or

radium) content of samples was evaluated via daughter isotopes that emit gamma rays. The 

beaker is placed directly on the top of the detector and counted for at least three hours (10800 

seconds) depending on counting statistics. The spectrum is stored in the computer. Radium 

content was evaluated mainly from gamma line of 609 KeV of Bi-214 (assuming the secular

! equilibrium), thorium content was evaluated from gamma line of 239 KeV of Pb-212 and

.4'potassium content was evaluated mainly from gamma line of 1460 ke٧ إ

3.4. Assessment of hazard
Some of indexes dealing with the assessment of the excess gamma radiation originating from 

building materials have been proposed in this study.
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3.4.1 Radium Equivalent Radioactivity (Raeq):

The radium equivalent activity (Raeq) is a weighted sum of the activity of 23 u 232Th and 4٥K 

based on the assumption that 10Bq/Kg of 238٧, 7Bq/Kg of 232(h and 130 Bq/Kg of 4()K produced 

the same ray dose rates 2؛. The equivalent radioactivity is defined as:

Raeq (Bq/Kg) = CRa+1 .43 Ct O.O77C (3.1)

Where: CRa, Cih and Ck are the activity of 238 عا 2غآتد  and ا respectively in Bq/Kg. The 

maximum value of Raeq must be < 370 Bq/Kg to keep the external dose <1.5mGy/h 15.

3.4.2 The Absorbed dose Rate؛
Effects of gamma radiation are normally expressed in terms of the absorbed dose rate in air, 

which originate from radioactive sources in the samples. The activity concentrations in samples 

correspond to the total absorbed dose rate in air at 1 m above the ground level 6ا. The absorbed 

dose rate in air (D) defined as:

D (nGy/h) = O.427Cr٥ + 0.662CTh + O.O432Cr (3.2)

3.4.3 The Annual Effective Dose Equivalent:
The annual effective dose equivalent ( AEDE) for the public or the worker in different samples 

in mSv/yr was calculated using the following equation 13.

AEDE (mSv/yr) = (0.49CRa + 0.79CTh + O.O48C X 8.76 X 3.3) ا0٠ل )

3.4.4 The External Hazard Index:
The external hazard index Hex is used to assess radiation risk attributed to radioactive materials. 

Generally speaking. Hex is calculated using the following equation 4.

Hex= Cr/370 +CTh/259 c /4810 <1 ( 3.4)

The value of Hex must be lower than unity to keep the radiation hazard insignificant '5

3.4.5 The Radioactivity Level Index:
This index can be used to estimate the level of )-radiation hazards associated with the natural أ

radionuclide. The representative level of radiation hazard index may be defined as'4.

1 = Cka/150 tC-Th/100 ٠C15OO (3.5)

]
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CHAPTER FOUR

RESULTS AND DISCUSSION
4.1. Radioactivity Determination:

The radioactivity concentration of 2 , تل8ال  Th andا for the 25 samples of Ceramics imported 

from China to be used in Sudan as building materials were displayed in Table 4.1.

From the obtained results, it can be seen that the average concentration of the three radionuclides 
in the different ceramic samples are 182.90 69.60 لج Bq/Kg, 51.10 20.80 لج Bq/Kg and 237.60 ± 
77.20 Bq/Kg for 23؟u, 2 Th and K, respectively.

Results of the average activity concentration of 2 ذ8ال  and ؛Th in the ceramic samples imported 

to use in Sudanese buildings were higher than the world figure reported '٥ of 50 Bq/Kg and 50 

Bq/Kg for 238٧ and 2 Th, and it is within the range of the world figure reported for 4٥K of 500 

Bq/Kg ٠٥.

The activity concentration of 22 , ت8آل  Th and K Bq/Kg of ceramic samples in the present study 

were compared with other studies in different countries as shown in Table 4.2. Some values 

obtained in the present study are lower than the international values; while others are higher than 

the international values. The results were presented in a set of Figures (4.1 — 4.3). Figure 4.1 

shows the distribution of 238٧ content in the selected ceramics samples. Figure 4.2 shows the 

distribution of K in the samples and Figure 4.3 shows the distribution of 2 Th in the samples.

ع



٠١
٧۶

٠
 ،،

٠٠
٠

Table 4.1 The activity concentration (in Bq/Kg) of all samples and the average activities

ID 0-238 Th-232 K.-4O

MOOl 104.28 239.18 300.58

MO02 92.52 16.40 215.35

MO03 311.00 93.00 383.70

MO04 96.73 23.90 231.20

MO05 140.11 38.20 334.83

MO06 195.37 51.13 223.81

MO07 165.47 35.14 296.67

MO08 214.04 54.45 201.12

MO09 195.21 54.35 173.96

MOIO 317.97 83.87 331.58

MOll 258.37 69.63 289.07

MO12 116.77 31.93 325.11

MO13 134.01 29.29 129.58

MO14 134.97 25.18 135.26

MO 15 177.07 29.61 280.73

MO16 249.27 54.43 223.61

MO17 245.39 39.10 170.04

MO18 251.02 40.70 161.62

MO19 130.58 25.91 139.21

MO20 275.97 68.05 345.3

MO21 127.10 23.40 125.73

MO22 141.95 34.1 191.98

MO23 100.17 19.88 175.49

MO24 250.32 61.19 310.89

MO25 146.84 30.93 245.34

Range 96.73 -317.97 16.4 0- 239.18 125.73 -383.7

Average ±SD 182.90 ±69.60 51.10 ±20.80 237.60 ±77.20



Table 4.2 Comparison of levels of radionuclides Concentrations in ceramic samples in 

different areas of the world 17

Country

Activity Concentration (Bq/Kg)

238آل 232'1'h 4٥K

Range Averag

e

Range Averag

e

Range Average

Pakistan 63.1 - 123.9 83.4 144.1-834 403.5

Algeria -- 55 -- 41 ٠٠ 410

EgypCeopa

tra Factory)

71.2-86 76.1 63.3 -68.7 66.1، 900- 1018 962

Egypt Liceco

& El-Gawhra

Factories
41.7-60.7 52.2 30.7-47.1 39.1 195 -680 480

Egypt (Qena) 40-230 126 0-130 72 80-600 300

Palestine 45.4- 102.0 ٦٦٠٦ 38.8-78 58.2 363 - 871.2 642

UNSCEAR 50 50 500

Sudan 96.73

317.97

182.9

16.40

9.18

51.18

125.73

383.70

237.67

 د
٠٠

٠
م٠ذ*

<
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Figure 4.3. Th-232 activity concentration in the samples expressed in Bq/Kg.

4.2 Assessment of Exposure Risk:

To assess the exposure risk of the studies ceramic samples, a series of calculation for five 

radiation indices were conducted and compared with the global data as described in the 

following section.

4.2.1 Radium Equivalent Radioactivity (Raeq):

The radium equivalent radioactivity (Raeq) values are presents in Table (4.3). The measurements 

in these ceramic samples ranged from 132.55 Bq/Kg to 473.53 Bq/Kg with an average value of 

274.39 Bq/Kg which is less than the safe limit (370 Bq/Kg).

4.2.2 The Absorbed dose Rate:

The values of the obtained absorbed dose rate ranged between 59.53 nGy/hr and 215.68 nGy/hr. 

with an average value of 122.01 nGy/hr (Table 4.3). The calculated gamma dose rates in all
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ceramic samples were higher than the recommended international value 55 nGy/hr by about

.٥'176%

4.2.3 The Annual Effective Dose Equivalent:

The result showed that the values of the annual effective dose equivalent (AEDE) ranged 

between 0.59 mSv/yr and 2.16 mSv/yr with an average of 1.22 mSv/yr (Table 4. 3). The results 

of AEDE for 14 samples are about 10 -101% higher than the result international value (1 

mSv/yr) for the public: the rest is lower than the permissible value for the international values 18.

4.2.4 The External Hazard Index؛

The calculated value of the external hazard index (Hex) for ceramic samples is giving Table (4.3). 

The Hex values were found to be ranged from 0.35 to 1.28? with an average value of 0.74. These 

values are lower than unity in agreement with the international assigned value.

4.2.5 The Radioactivity Level Index:

The values of the radioactivity hazard index (It) are calculated according to equation (4.3.5) are 

listed in Table (4.3). The calculated values for the most of the samples were found to be higher 

than unity (h>l).
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Table 4.3 Radiation indices of the commercial ceramic samples imported from China

ID Radium
equivalent

Absorbed Dose
Rate (nGy/h)

Annual
Effective
Dose
Equivalent

External
Hazard
IndexH

Radioactivity 
level index

MOI 469.45 215.70 2.16 1.27 3.28

MO2 132.55 59.57 0.59 0.36 0.92

MO3 473.53 210.57 2.11 1.28 3.25

MO4 148.70 66.97 0.67 0.40 1.04

MO5 220.51 99.40 0.99 0.59 1.54

MO6 285.71 126.70 1.27 .ا؟٦٦ 1.96

MO7 238.56 106.50 1.07 0.64 1.65

MO8 307.38 135.90 1.36 0.83 2.12

MO9 286.32 26.6 1.27 ٢١٠٦٦ 1.96

MOIO 463.43 205.23 2.06 1.25 3.18

MOll 380.19 168.60 1.69 1.02 2.61

MO 2 187.46 84.90 0.85 0.51 1.31

MO 13 185.97 82.00 0.82 0.50 1.27

MO 14 181.49 79.90 0.80 0.49 1.24

MO15 241.02 107.10 1.07 ه.65 .66

MO16 344.32 151.83 1.52 0.93 2.35

MO17 314.40 137.73 1.38 0.85 2.14
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MO 18 321.66 140.83 .... 0.87 2.188

MO19 178.35 78.80 0.79 0.48 1.22

MO20 399.90 ١٦٦ لآل. 1.78 1.08 ٦.٦5

MO21 170.24 75.04 0.75 0.46 .65

MO22 205.50 91.30 0.917 0.55 1.41

MO23 142.1 63.40 0.63 0.38 0.98

MO24 371.20 164.90 .65 1.00 2.55

MO25 209.96 93.60 0.93 0.57 1.45

Range 132.55

473.53

59.50

215.68

0.60

2.17

0.36

1.28

0.92

3.29

Average

SD غ

274.39 ±

104.20

122.02 لج

46.50

1.23 لج

0.47

0.741 ±

0.28

1.89 لج

0.72
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Conclusions

The activity concentrations of the collected samples, from 25 consignments of ceramics imported 

to Sudan from China, were measured by y-spectroscopy this is because the ceramic is widel) 

used as a building material in a variety of dwellings and public buildings.

The radioactivity concentration means (in Bq/Kg) of 2 u and 2 Th were higher than the world 

figure reported in UNSCEAR (1993) of 50 B٩/Kg and 50 Bq/Kg for 2 ت8ال  and 2 Th٠ However, it 

was within the range of the world figure reported in UNSCEAR (1993) for 4°K of 500Bq/Kg 21. 

The activity concentration of these samples produced an average radium equivalent activity of 

274.39 Bq/Kg which is lower than the recommended limit (370 Bq/KG).

The Absorbed dose Rate average is 122.01 nGy/hr which is about two times higher than the 

international recommended value of 55 nGy/hr \6'

It is found that for the Annual Effective Dose Equivalent, the results for 14 samples are about 10 

-102 % higher than the international value of (lmSv/yr) for the public: the remaining are lower 

than the permissible value for the international values ةا.

The other radiation indices which indicate hazardous radiation were also determined. The result 

showed that the average of. Hex is in good agreement with those of the world > 1. And the 

calculated value of L for all ceramic samples was found to be higher than unity (1 > 1). Thus the 

samples are percipience in the radioactivity as the first enhanced level.

Finally, it could be concluded that the ceramic that used as building materials could be a source 

of radiation that contributes to the total annual dose rate of y-radiation 23% in Sudan dwellings 

and public buildings.

Recommendations

٠ The five radiation indexes could provide useful information about the level of radiation 

hazard, so it is recommended that this should be carried out for all ceramics imported to 

Sudan.
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