Republic of Iraq

Ministry of Higher Education and Scientific Research
University of Babylon - College of Education for Pure Sciences
Department of Physics

Study of the Effect of Sugar and Food Salt Concentrations in
Water on the Absorption of Gamma-Ray Using Nal(Tl)
Detector

A research Submitted to the Council of the College of Education for Pure
Sciences of University of Babylon in Partial Fulfillment of the Requirements for
the Degree of Higher Diploma Education/ Physics of Materials and its
Applications.

By
Hawraa Latif Salman Abbas
(B. Sc. in physics 2014)

Supervised by
Ass.Prof. Dr. Inaam Hani Khadhim
University of Babylon - College of Education for Pure Sciences

Department of Physics

2022 A. D. 1444 A. H.



Sy Qs dg of g 68 B
035 o J 1368 1568 WA Jois 35 85315
1.2 .38 . e (4 & P
Ogalad 028"y Gl 19158 9 Al
55yl 3i8 gy QLS

PLA\ ol b 300

8 )5



KT P

g3 b gl 9 d

el Ol Jorl o ol e J sy 1) 05 fas Y sl gl ol

el 150

al 4z 54 sl

Gl Oy il (85 lond 02w ) pas) o By
&f K1 Gl @ 0Vl ssladl
oAl Gl
In s gt L L1 Gy copall 35 s

SWI (533

el KPS p Los Eoedl ln S

b~



sl g <4

O IS o pall il da gl o e coly) e 63 alaall Juadll e 15475 Y 5l ad dol 2ea
sbadll s aal sall Jliay) 5 Gl 138 dlae) A Giea s o Jali o oy o aala ol Jad ) s
W aladl aa ] (o gadllany e STy der e S dalall e Al e (gl 8 4 sthadl)
LaS ¢ ra iy Le JS e g em il 5 andedll 5 aailly (galdi ) 5 Silasa s e bise e alils
ddna 81 coa) 5 oS5 o i Jlad 5 ¢ A3l a pdall A i) A Balae eSS () (3

Cpallall oy daall g ol all i et ag e O 5 daes agalle]

b~



Supervisor Certification
| certify that this research titled " Study of the Effect of Sugar and Food
Salt Concentration in Water on the Absorption of Gamma-Ray Using
Nal(TI) Detector," was prepared by (Hawraa Latif Salman Abbas), under my
supervision at Department of Physics, College of Education for Pure Sciences,
University of Babylon, as a partial fulfillment of the requirements for the degree

of Higher Diploma Education / Physics of Materials and its Application

Signature:

Supervisor: Dr. Inaam Hani Khadhim

Title: Assistant Professor

Address: University of Babylon, College of Education for Pure Sciences,
Department of Physics.

Date: [/ /2022

Certification of the Head of the Department

In view of the available recommendation, | forward this research for debate by

the Examination Committee.

Signature:

Name: Dr. Khaled Haneen

Title: Professor

Address: University of Babylon, College of Education for Pure Sciences,
Department of Physics.

Date: [/ /2022



Scientific Supervisor's Certification
This is to certify that | have read this research, entitled “Study of the
Effect of Sugar and Food Salt Concentration in Water on the Absorption of
Gamma-Ray Using Nal(Tl) Detector,” and | found that this research is

qualified for debate.

Signature:

Name: Sameer Hassan Hadi

Title:  Professor

Address: University of Babylon, College of Education for Pure Sciences,
Department of Physics.

Date: /[ /2022



Linguistic Supervisor's Certification
This is to certify that | have read this research, entitled “Study of the
Effect of Sugar and Food Salt Concentration in Water on the Absorption of
Gamma-Ray Using Nal(TIl) Detector, " and | found that this research is

qualified for debate.

Signature:

Name: Shurooq S. Abid Al-Abas

Title: Professor

Address: University of Babylon, College of Education for Pure Sciences,
Department of Physics.

Date: /[ /2022



Examining Committee Certification
We, the examining committee, certify that we have read the research,
“Study of the Effect of Sugar and Food Salt Concentration in Water on the
Absorption of Gamma-Ray Using Nal(Tl) Detector,” and examined the
student “Hawraa Latif Salman Abbas” in its contents. We found that it is
adequate with () as the research meets the standards for the degree of Higher

Diploma Education / Physics of Materials and its Application

Signature: Signature:

Name: Dr. Mohanad H. Oleiwi Name: Fatima Mohammad Hussain
Title: Professor Title: Assistant Professor

Date: [/ /2022 Date: / /2022

Chairman Member

Signature:

Name: Dr. Inaam Hani Khadhim
Title: Assistant Professor
Date: [/ /2022

Supervisor

Approved by the Dean of the college of Education for Pure Science, University

of Babylon

Signature:

Name: Dr. Bahaa Hussien Salih Rabee
Title: Professor

Date: [/ /2022



List of Contents

No. Subject Page
List of Symbols I
List of Figures 1
List of Tables i
Abstract v
Chapter One : General Introduction
1.1 | Introduction 1
1.2 | Radioactivity 2
1.3 | Natural Source of Radiation 3
1.3.1 | Cosmic Radiation 3
1.3.2 | Terrestrial Radiation 3
1.3.3 | Internal Radiation 4
1.4 | Humans-Invented Radiation Sources 5
1.5 | Literature Survey 6
1.6 | The Aims of Project 9
Chapter Two : Theoretical Part
2.1 | Introduction 10
2.2 | Cesium-137 10
2.2.1 | Cesium in the Environment 10
2.2.2 | Cesium Sources 11
2.2.3 | Cesium and Health 11
2.3 | Cobalt-60 11
2.3.1 | Cobalt in the Environment 12
2.3.2 | Cobalt Sources 12
2.3.3 | Cobalt and Health 12
2.4 | Nal(TI) detectors 13
2.4.1 | Gamma-ray Interactions with Matter 13
Chapter Three : Results and discussion
3.1 | Introduction 17
39 1S?)t7udy of the energy spectrum regions of gamma rays in salt’s mass using A- 17
Cs source.
33 6Sotudy of the energy spectrum regions of gamma rays in salt’s mass using B- 20
Co source.
34 Study of the energy spectrum regions of gamma rays in sugar’s mass using A- 93
B37Cs source.
35 6Sotudy of the energy spectrum regions of gamma rays in sugar mass using B- o5
Co source.
Chapter Four : Conclusions and Future Work
4.1 | Conclusions 29
4.2 | Future work 29
References 30




List of Symbols

Symbol Description
E' Energy of the scattered photon
E Incident gamma-ray energy
©] Angle of scatter
moc? Rest mass of the electron
E. Energy of electron

List of Figures

No. | Subject Page

1-1 | *®U, #2Th and ?°U decay series 4

2-1 | illustration of a scintillation event in a photomultiplier tube 13

2-2 | Example spectrum of a **Cs source 16

3.1 The relationship between the change in the mass of table salt and the total area 18
of the energy spectrum using a radioactive Cesium source.

3. The relationship between the change in the mass of table salt and the ability to 19
analyze energy using a radioactive Cesium source.
The relationship between the change in the mass of table salt and the total area

3-3 . A 21
of the energy spectrum using a radioactive Cobalt source.

3-4 The relationship between the change in the mass of table salt and the ability to 99
analyze energy using a radioactive Cobalt source.

3.5 The relationship between the change in sugar concentration and the total area 24
of the energy spectrum using a radioactive Cesium source.

3-6 The relationship between sugar concentration change and the ability to analyze o5
energy using a radioactive cesium source.

3.7 The relationship between the change in sugar concentration and the total area 97
of the energy spectrum using a radioactive cobalt source.

3.8 The relationship between sugar concentration change and the ability to analyze )8

energy using a radioactive cobalt source.

I1




List of Tables

No. Subject Page

a1 Studying the regions of the energy spectrum using a radioactive Cesium 17
source and salt table

3.0 Studying the regions of the energy spectrum using a radioactive Cobalt 20
source and salt table

2.3 Studying the regions of the energy spectrum using a radioactive Cesium ’
source and sugar

24 The effect of the mass of sugar added to pure water on the absorption of -

gamma rays using a radioactive cobalt source

II1




Abstract

We have investigated the relationship between the concentrations of salt food
and sugar in pure water and the absorption of gamma-ray. The radiation was
obtained from radioactive sources and measure by Nal(TI) detector and Maestro
program through studying the parts of the rejoin in energy spectrum. We found
that increasing the concentration of table salt with the total area (Gross and Net)
of the spectrum decreases, because the water's absorption of radiation passing
through it increases with the increase in the concentration of table salt in it, and
this leads to a decrease in the total area of the energy spectrum. We note that the
relationship is almost linear between the concentration of table salt added and
the ability to analyze energy, as increasing the concentration leads to a
narrowing in the width of the middle of the top because the width of the middle
of the top decreases with the increase in the concentration of salt added. There is
an inverse relationship between the concentration of sugar and the total area
(Gross and Net) of the spectrum, because the absorbance of water for the
radiation passing through it increases with the increase in the concentration of
sugar in it, and this leads to a decrease in the total area of the energy spectrum.
On the other hand, the relationship between the concentration of the two

materials and the ability to analyze energy was found to show linear behavior.
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Chapter One General Introduction

1.1 Introduction

Radiation is emitted from the floor and walls of our homes, the food and
drink we consume, and the air we breathe. Alpha particles, beta particles, and
gamma rays are the most frequent types of ionizing radiation. Radiation can come
from a variety of sources, including natural radio nuclides as well as man-made
ones. The gamma ray is an electromagnetic ray that has no charge, so it is no
affected by the electric or magnetic field. Gamma rays are emitted from natural
and industrial radioactive source in the form of photons .1t is characterized by its
high penetration [1]. Gamma ray emitted from the isotopes is one of approach
which its loss the excitation nuclide from the excess energy to converted these
nuclide from high energy level to low energy level that’s known radiation decay
[2]. Nal(TI) radiation detectors are robust, low cost spectrometric system (detector
and associated electronics) for spectra acquisition and is used at room temperature
(no refrigeration), therefore, can be used in various applications in field under
unfavorable weather conditions. Detection systems based on these scintillators
also have high absorption efficiency for high-energy gamma rays detection due to
the relatively high atomic number of lodine (Z =53) and, due to the crystal's
density, the Nal(TI) detectors show large absorption efficiency, in other words
presents a high photopeak to Compton ratio. When the gamma radiation interacts
with the Nal(TI) detector it yields scintillation that are transformed into electric
signal, using a photomultiplier tube that consists of a photocathode that converts
photons in the visible light range produced by radiation interaction within the
scintillation crystal into electrons that are properly focused and accelerated by the
dynodes with which they collide with enough Kinetic energy, resulting in
secondary electrons[3]. The electron cascade resulting from this multiplication
process produces a current pulse that reach the anode of the tube, which is
collected with sufficient intensity to be processed in a gamma-ray spectrometry

system. These detectors detect radiation by measuring its energy and depend on
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the interaction between the nuclear radiation and detector material. The flash
detectors are characterized by high absorption[4]. The scintillation detectors for
trigger system and neutron time—of flight measurement in the framework of NICA

project operated in the strong magnetic field.

1.2 Radioactivity

The term "radioactivity" is used to represent the time rate of disintegration
of elements. For any element there exist a certain number of neutrons to proton
ratios for it to remain stable, As a result, any deviation from this value will result
in an atom that is unstable. By producing energy in the form of radiation, an
unstable atom can become stable. Such atoms are said to be radioactive and the
process is called radioactivity.

Therefore, natural radioactivity is defined as the spontaneous
transformation of unstable nuclei that results in the formation of new elements
with the emission of particles and radiations. The most prevalent types of emitted
radiation have traditionally been classed as alpha, beta and gamma.

Other types of nuclear radiation include the emission of protons or
neutrons, or the spontaneous fission of a large nucleus[5]. Alpha and beta particles
are ionizing radiation that can only be produced by charged particles. lonizing
radiation is produced indirectly by photons or uncharged particles such as
neutrons.

In this situation, ionization happens following the formation of one or more
energetic charged particles. By disrupting the DNA in the cell nucleus, all
ionizing radiation can have a biological effect[6],[7]. There are two sources of

radioactivity (background radiation) as following :
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1.3 Natural Source of Radiation

1.3.1 Cosmic Radiation

A radiation stream is created when charged light and star beams contact
with the earth's atmosphere and magnetic field. Because of the differences in
height and the effects of the world's magnetic field, the amount of cosmic
radiation reaches different places of the globe [8]. Cosmic radiation is made out of
an incredibly high energy particles (up to 108eV), and are for the most part
protons (87%), with some bigger particles (alpha radiation 13%). A vast level of
it originates from the outside of our solar system and is saved all through space. A
portion of the essential enormous radiation evolves from our sun which is created

amid sun based flares [9].

1.3.2 Terrestrial Radiation

Terrestrial radiation sources include naturally happening radioactive
materials that exist in rocks, soil, water, and vegetation. The uranium series,
thorium series, and a single potassium series are the principal isotopes of concern
for terrestrial radiation. In different parts of the planet, the amount of radiation
from earthly sources varies. Higher portion levels are found in areas with high
uranium and thorium concentrations in their soil . With half-lives spanning
hundreds of millions of years, they appear to be eternal. Radionuclides with half-
lives longer than 30 are not detectable. This section also includes the progeny or
rot consequences of long-lived radionuclides [6].The series decay can be
classified naturally in three types; including, uranium series (*3°U), actinium
series (**’Ac) and thorium series (3°Th) see (Figure 1-1). Uranium happens
normally as the radioisotopes 2**U and **U which offers rise to decay series that

is terminated in the steady isotopes (*°°Pb and °’Pb), individually. The half-
lives of (?38U and 23°U) are (4.46x10° and 7.13x108 ) years, individually.

Thorium happens normally as the radioisotope (Th) which offers rise to decay
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series that is terminated in the steady isotope 208Pb (Figure 1-1). The half-lives of
(*32Th) is (1.39x10°) years. Not one or the other (**3U, nor ***Th) discharge

gamma-rays, and gamma-emissions from their radioactive daughter items are

utilized to evaluate their focuses[10] .

Uranium series

“U——"2Pb

Actinides

Alkali Metals

Alkaline Earth Metals
Halogens

Metalloids

Noble Gases

Post Transition Metals
Transition Metals

“U—""Pb

Thorium series

“Th—"%Pb

Uranium

Protactinium

Thorium

Actinium

Radium

Francium

Radon

Astatine

Polonium

Bismuth

Thallium

Marriine

Figure(1-1): 238U, 232Th and 235U decay series[10].

1.3.3 Internal Radiation

Internal radiation is an essential and very important element for the proper

function of all organs in the body. It is the substance responsible for the electricity

in the body and plays an important role in skeletal . It is made up of radioactive

elements that are naturally found in the human body. The essential sources of

inward radiation exposures are potassium and carbon. Potassium is a fundamental

mineral forever. The potassium *°K isotope (0.01 percent of all potassium) is

normally radioactive. It enters the human body through the evolved way of life.
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Carbon makes up around 23 percent, by weight, of the human body. Grandiose
radiation produces carbon **C, which is a little level of all carbon. Carbon enters

the body through both the evolved way of life and by breathing [11].

1.4 Humans-Invented Radiation Sources

A therapeutic method, such as suggestive X-rays, nuclear drugs, and
radiation treatment, is by far the most important source of man-made radiation
exposure to the general population. A portion of the significant isotopes would be

(311, 29T¢, %°Co, %%Ir, 37Cs, and others). Individuals in the open are exposed

to radiation from shopper items, for example, tobacco (polonium *'°Po),
building materials, burnable powers (gas, coal), ophthalmic glass, TVs, iridescent
watches and dials (tritium), air terminal X-rays frameworks, smoke indicators
(americium), street development materials, electron tubes, fluorescent light
starters, lamp mantles (thorium), and so on [12].

People who are occupationally exposed are exposed in different ways
depending on their jobs and the sources with which they work. Dosimeters, which
are pocket-sized equipment that quantify radiation exposure, are used to carefully
monitor these people's exposure to radiation. Cobalt-60, cesium-137, americium-

241, and other isotopes are among those to be concerned about [13].

1.5 Literature Survey

A. El-Taher in 2013 'Analytical methodology for the determination of
concentration of pollutants and radioactive elements in phosphate fertilizer used in
Saudi Arabia [14],The measured value of activity concentration of 40K was
within the world average range except for NPK fertilizer(mean value 2700Bq kg’
1.1t is observed that the calculated radium equivalent in fertilizers are lower than
the allowed maximum value of 370 Bq kg ™ and the calculated I,r values for NPK

and TSP phosphate fertilizers exceed the upper limit for I,r which is unity
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I. Akkurt, et al in 2014[15], The detection Efficiency of Nal(Tl) Detector in
511-1332 keV Energy Range. These study was showed The detection efficiency
and energy resolution for the Nal(Tl) scintillation detectors were measured. The
variation of detection efficiency with the gamma ray energy and detection
distance was also investigated. It was found from this work that the detection

efficiency depends on gamma ray energy and also source distance to the detector.

S. Harb, et al in 2015[16], studied Radon exhalation rate and Radionuclides
in soil, phosphate, and building materials. In this study the results indicate that
phosphate is generally has higher natural radioactivity than other building
materials and soil. The exhalation rates are higher for phosphate samples from El

Sebaia and lower for marble samples from Qena.

Sudeshna Saha, et al, in 2016, The ammonium molybdate phosphate
functionalized silicon dioxide impregnated in calcium alginate for highly efficient
removal of **’Cs from aquatic bodies [17], In this study the results are sorption
capacity of the material was evaluated as 37.52 mg g™ for cesium at (25-35)°C.
Reduction in cesium concentration was carried out without compromising quality
of potable water. The beads were generated using NH4OH and capable to be used

for a large no. of cycles.

Bibifatima M.Ladhaf, et al, in 2016[18],The effect of Absorber
Concentration and Collimator Size on Gamma Ray Attenuation Measurements, In
this study the results is the absorption coefficients at 0.112-1.330 MeV of Sorbitol
solution explores that increasing concentration makes no considerable change in
mass attenuation coefficient values for good geometrical setup (i.e.3.8cm diameter
in present case) and for set-ups other than this there is large deviation in
experimental and theoretical values(i.e. more than 3%) which cannot be ignored.
Also it is observed that collimator size affects the mass attenuation coefficient

values
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Travis Smith, et al, in 2018[19]. The temporal Fluctuations in Indoor
Background Gamma Radiation Using Nal(Tl) , The experimental results showed
shields can impact the sensitivity of the detector depending on their detector
volume and position inside the shield. This work also investigates when
background fluctuations may cause a systematic error when subtracting blank

background radiation from sample measurements.

Suresh S., et al, in 2019[20], The studied the measurement of radon
concentration in drinking water and natural radioactivity in soil and their
radiological hazards, in this study showed The higher radon activity
concentrations were observed in bore well and hand pump drinking water samples
than the other sources of water. The annual effective dose received by stomach
walls through ingestion was significantly low when compared to lung tissues due
to breathing of waterborne radon in air. The average activity concentration

of *°Ra and %**Th is slightly higher than the world average.

A.S. Alaboodi, et al, in 2020, The studied Radiological hazards due to
natural radioactivity and radon concentrations in water samples at Al-Hurrah city,
Irag[21]. Their experimental results showed much lower internal exposures than
ICRP reference limits of 1.0 mSv/y and higher than the UNSCEAR reported
world average value of 0.12 mSv/y and the WHO reference limits of 0.1 mSv/y,
while the use ground water much higher than internal exposures than UNSCEAR,
ICRP WHO. Also, it can be concluded according to some radiological parameters
such as Raeq, D, Hex, Hin and I, were lower than the permissible limit that
recommended by UNSCEAR and ICRP, so it may be used in building without and

radiation hazard.

Gauri Datar , et al, Causes of the diurnal variation observed in gamma-ray
spectrum using Nal (TI) detector, in 2020[22], the result showed there exists a

distinct and significant (> 10%) diurnal pattern in the total number of y-ray
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counts. The counts start decreasing after sunrise and show gradual recovery after
sunset. The diurnal pattern is present only in the energies related to the terrestrial
background radioactivity (500 keV-2.7 MeV). The study demonstrates that the
pattern is associated with the radioactivity of isotopes of radon and their daughter

radionuclides.

L. M. Singh, et al, The study of environmental radioactivity and radon
measurement associated health effect due to coal and fly ash samples, in
2021[23]. From the study, values of hazard indices are less than one, which
concludes that the radiation risk is low in all samples. All parameter values are
under the limit prescribed by Radiation Protection Agencies. So, radiation effects
around the thermal power plants can is not significant and can neglect. Thus, fly
ash appears to be safe, and bricks made from fly ash may be uses as building

materials without imposing significant radiological hazards on the public.

Badawi, Mohamed S, et al, in 2022[24], Polymeric composite materials for
radiation shielding: a review, in this study the result was showed Using this
technique, the geometric, total, and full-energy absorption peak efficiencies, as
well as the P/T ratio, can be easily calculated for any source—detector

combination.

Abouzeid A.Thabet, et al, in 2022 [25], Analytical-numerical formula for
estimating the characteristics of a cylindrical Nal(Tl) gamma-ray detector with a
side-through hole, the result showed analytic-numerical formula (ANF) for
calculating the geometric solid angle, geometric efficiency, and total efficiency of
a cylindrical Nal(T1) y-ray detector with a side-through hole. This type of detector
iIs ideal for scanning radioactive fuel rods and pipelines, as well as for performing

radioimmunoassay.
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1.6 Aims of The Work.

The purpose of this project is to study the relationship between the effect of
adding different concentrations of salt food and sugar in pure water on the
absorption of gamma rays emitted from radioactive sources, by using Nal(TI)
detector and Maestro program by studying the parts of the rejoin in energy

spectrum.
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2.1 Introduction

The atomic structure of most elements contains a nucleus that is stable.
Under normal conditions, these elements remain unchanged indefinitely. They are
not radioactive. Radioactive elements, in contrast, contain a nucleus that is
unstable. The unstable nucleus is actually in an excited state that cannot be
sustained indefinitely; it must relax, or decay, to a more stable configuration.
Decay occurs spontaneously and transforms the nucleus from a high energy
configuration to one that is lower in energy. This can only happen if the nucleus
releases energy. The energy is emitted by the relaxing nucleus as radiation. All
radioactive elements have unstable nuclei; that is what makes them

radioactive[26].

2.2 Cesium-137

Cesium is a soft, flexible, silvery-white metal that becomes liquid near
room temperature, but easily bonds with chlorides to create a crystalline powder.
The most common radioactive form of cesium is Cs-137. Cesium-137 is produced
by nuclear fission for use in medical devices and gauges. It is also one of the
byproducts of nuclear fission processes in nuclear reactors and nuclear weapons
testing[27].

2.2.1 Cesium in the Environment

Because Cs-137 bonds with chlorides to make a crystalline powder, it reacts
in the environment like table salt (sodium chloride):[28]
e Cesium moves easily through the air.
e Cesium dissolves easily in water.
e Cesium binds strongly to soil and concrete, but does not travel very far below

the surface.

10
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e Plants and vegetation growing in or nearby contaminated soil may take up
small amounts of Cs-137 from the soil.
Small quantities of Cs-137 can be found in the environment from nuclear

weapons and from nuclear reactor accidents[28].

2.2.2 Cesium Sources

Cesium-137 is used in small amounts for calibration of radiation detection
equipment, such as Geiger-Mueller counters. In larger amounts, Cs-137 is used
in[29]:

e Medical radiation therapy devices for treating cancer.
e Industrial gauges that detect the flow of liquid through pipes.
e Other industrial devices that measure the thickness of materials such as paper

or sheets of metal.

2.2.3 Cesium and Health

External exposure to large amounts of Cs-137 can cause burns, acute
radiation sickness and even death. Exposure to such a large amount could come
from the mishandling of a strong industrial source of Cs-137, a nuclear detonation
or a major nuclear accident. Large amounts of Cs-137 are not found in the
environment under normal circumstances. Exposure to Cs-137 can increase the
risk for cancer because of the presence of high-energy gamma radiation. Internal
exposure to Cs-137 through ingestion or inhalation allows the radioactive material
to be distributed in the soft tissues, especially muscle tissue, which increases

cancer risk[30].

2.3 Cobalt-60

Cobalt is a hard, gray-blue metal that is solid under normal conditions.
Cobalt is similar to iron and nickel in its properties and can be magnetized like

iron. The most common radioactive isotope of cobalt is cobalt-60 (Co-60).

11
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Cobalt-60 is a byproduct of nuclear reactor operations. It is formed when metal

structures, such as steel rods, are exposed to neutron radiation[31].

2.3.1 Cobalt in the Environment

There are very small amounts of Co-60 in the environment from nuclear
facilities. Nuclear Regulatory Commission regulations allow discharge of small

amounts of Co-60 from licensed facilities[32].

2.3.2 Cobalt Sources

Cobalt-60 is used as a radiation source in many common industrial
applications, such as in leveling devices and thickness gauges. It is also used for
radiation therapy in hospitals. Accidental exposures may occur as the result of
loss or improper disposal of medical and industrial radiation sources. Though
relatively rare, exposure has also occurred by accidental mishandling of a source
at a metal recycling facility or steel mill.Most exposure to Co-60 takes place
intentionally during medical tests and treatments. Such exposures are carefully
controlled to avoid adverse health impacts and to maximize the benefits of

medical care[33].

2.3.3 Cobalt and Health

Because it decays by gamma radiation, external exposure to Co-60 can
increase cancer risk. Most Co-60 that is ingested is excreted in feces; however, a
small amount is absorbed by the liver, kidneys and bones. Cobalt-60 absorbed by
the liver, kidneys, or bone tissue can cause cancer from internal exposure to
gamma radiation. Mishandling of a large industrial source of Co-60 could result in
an external exposure large enough to cause skin burns, acute radiation sickness or
death[34].

12



Chapter two Theoretical Part

2.4 Nal(TI) detectors

The thallium-activated sodium iodide detector, or Nal(Tl) detector, responds to
the gamma ray by producing a small flash of light, or a scintillation. The
scintillation occurs when scintillator electrons, excited by the energy of the
photon, return to their ground state. The detector crystal is mounted on a
photomultiplier tube which converts the scintillation into an electrical pulse. The
first pulse from the photocathode is very small and is amplified in 10 stages by a
series of dynodes to get a large pulse. This is taken from the anode of the

photomultiplier, and is a negative pulse.

The Nal(TI) crystal is protected from the moisture in the air by encasing it
in aluminum, which also serves as a convenient mounting for the entire

crystal/photomultiplier unit. A schematic is shown in Figure (2-1)[35].

Photocathode

Scintillation
event

Photomultiplier tube

TUODUUDTD

Photoelectrons
Fluor crystal Nal (Ti)

Reflector housing

Figure (2-1): illustration of a scintillation event in a photomultiplier tube [35].

2.4.1 Gamma-ray interactions with matter

There are three dominant gamma-ray interactions with matter:
e Photoelectric effect
e Compton effect
e Pair production
The photoelectric effect is a common interaction between a low-energy

gamma ray and a material. In this process the photon interacts with an electron in

13
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the material losing all of its energy. The electron is ejected with an energy equal
to the initial photon energy minus the binding energy of the electron. This is a
useful process for spectroscopy since an output pulse in a detector is produced
that is proportional to the gamma-ray energy, as all of the energy of the gamma
ray is transferred to the detector. This produces a characteristic full-energy peak in
the spectrum that can be used for the purpose of identifying the radioactive
material[36].

The photon can scatter by a free electron and transfer an amount of energy
that depends on the scattering angle. This process is called Compton scattering.

The energy of the scattered photon E’ is:[37]

El

where E is the incident gamma-ray energy and 0 is the angle of scatter. The
term moc” is the rest mass of the electron, equal to 511 keV. The energy given to
the electron is:[38]

The maximum energy given to an electron in Compton scattering occurs for
a scattering angle of 180°, and the energy distribution is continuous up to that
point (since all scattering angles up to 180° are possible). This energy, known as
the Compton edge, can be calculated from the incident gamma ray energy.

For 6 = 180°:

El

2E
myc?

and:

14
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E
Ee=E—E'=E — |——p | 7777 (4)
1+

myc?

The spectrum for **'Cs shows that if the gamma ray scatters and escapes the

crystal then the energy deposited will be less than the full-energy peak[38].

The actual energy deposited depends upon the angle of scatter as described
in the equations above. The spectrum shows that many pulses have energies in a
range below the Compton edge — called the Compton Continuum[39]. If the
gamma ray does not escape the crystal and scatters again giving up its remaining
energy through the photoelectric effect, then its full energy will be deposited in
the full-energy peak (at 662 keV for *¥'Cs). This is more likely for larger crystals.
Pair production can occur when the gamma-ray energy is greater than 1.022 MeV
and is a significant process at energies above 2.5 MeV. The process produces a
positron and electron pair that slow down through scattering interactions in the
material. When the positron comes to rest, it annihilates with an electron
producing a pair of 511 keVV gamma rays that are produced back-to-back. These
can be absorbed through the photoelectric effect to produce full-energy peaks at
511 keV. A component due to Compton scattering can also be observed. When a
photon interacts with the crystal through pair production, one or both of the
annihilation photons can escape undetected from the crystal[40]. If one of the
photons escapes undetected, then this will result in a peak in the spectrum at an
energy of 511 keV less than the full-energy peak. This is called the single escape
peak. Similarly, if both photons escape undetected, a peak will appear 1022 keV
below the full-energy peak, called the double escape peak[41].
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Figure (2-2): Example spectrum of a *¥'Cs source[40].
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31 Introduction

This chapter deals with the calculations and results that were obtained in
this study using sodium iodide activated thallium detector. Nal(Tl) and using two
radioactive sources (**’Cs and ®°Co). Concentrations of both substances (salt and
sugar) were taken starting from (5-50) gm for each a substance for both

radioactive sources, and the measurement time was 500 sec for one concentration.

3.2 Study of the energy spectrum regions of gamma rays in salt’s mass
using A-**'Cs source.
The areas of the gamma ray spectrum were studied using the radioactive
37Cs source at a distance of (2 cm) between the detector and the radioactive
source, and (300 ml) of pure water was added to the salt mass as in Table.(3-1)

Table(3-1) Studying the regions of the energy spectrum using a radioactive Cesium
source and salt table

651703 620032 79.13 118 0.67
608176 551788 78.81 117 0.673
602677 551337 77.58 117 0.66
552298 475830 75.46 115 0.656
523820 424685 74.49 114 0.653
495072 418600 74.28 113 0.65
494248 411450 73.95 112 0.66
486737 397484 72.65 111 0.65
486161 395039 71.36 110 0.64
485338 368678 70.91 108 0.65
482939 328907 65.89 107 0.61

Table (3-1) shows the effect of the mass of salt added to pure water on the

absorbance of gamma rays using a cesium source, where the total area of the

17
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optical peak with energy (662 kel’) (Gross area) and the net area (Net area) was
studied, in addition to calculating Energy analysis capability (E.R) by calculating
mid-peak width (F.W.H.M) and optical peak location (Centroid). We notice from
the table how the mass of table salt added to (300 ml) of pure water changes over
the spectrum areas, as shown in Figures (3-1), (3-2). Note that the zero reading
means calculating pure water without adding a concentration of table salt, then
gradually adding (5 gm) to the water and calculating the resulting spectrum after
(500 sec).

700000
o000 \_\‘\‘\‘—N_,_._,
500000
400000

300000

200000

Area (Gross and Net) C/s

100000

0
0 10 20 30 40 50 60

Salt Mass

—8—Gross Area —@—Net Area

Figure (3-1): The relationship between the change in the mass of table salt and
the total area of the energy spectrum using a radioactive Cesium source.

Figure (3-1) shows the relationship between the mass of table salt added to
(300 ml) of pure water on the total area of the radioactive Cesium source
spectrum for each of the total area of the spectrum (gross area) of the optical peak
(the first series in blue) in addition to the net total area (Net Area) of the optical
peak (in red).

We note that the relationship was inverse, that is, with an increase in the
concentration of table salt, the total area (Gross and Net) of the spectrum

decreases, because the absorbance of water for the radiation passing through it

18
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increases with the increase in the concentration of table salt in it, and this leads to

a decrease in the total area of the energy spectrum.

0.68

0.67

0.66

0.65

0.64

E.R.%

0.63
0.62
0.61

0.6
0 10 20 30 40 50 60

Salt Mass

Figure (3-2): The relationship between the change in the mass of table salt and
the ability to analyze energy using a radioactive Cesium source.

Figure (3-2) shows the relationship between the mass of table salt added to
(300 ml) of pure water on the ability to analyze the energy of the radioactive
cesium source spectrum. The peak was between constant and decreasing with the
increase in the concentration of added salt, which led to the lack of clarity on the
relationship of the ability to analyze energy with the concentration of table salt
well added.
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3.3  Study of the energy spectrum regions of gamma rays in salt’s mass
using B- ®°CO source.
The gamma ray spectrum regions were studied using the ®°Co source at a
distance of (2 cm) between the detector and the radioactive source, and (300 ml)

of pure water was added to the salt mass as in Table (3-2).

Table(3-2) Studying the regions of the energy spectrum using a radioactive Cobalt source
and salt table

Table (3-2) shows the effect of the mass of table salt added to pure water on
the absorption of gamma rays using the cobalt radioactive source, where the
(Gross area) of the two optical peaks (1173 keV and 1332keV) as well as (Net
area), in addition to (E.R.) were studied. . We notice from the table how the mass
of table salt added to (300 ml) of pure water changes over the spectrum regions,
as shown in Figures (3-3) and (3-4).
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Figure (3-3): The relationship between the change in the mass of table salt and
the total area of the energy spectrum using a radioactive Cobalt source.

Figure (3-3) shows the relationship between the mass of table salt added to
(300 ml) of pure water on the net total area of the radioactive cobalt source
spectrum for each of the Gross Area of the first optical peak (the first series in
blue) as well as for the optical peak The second in red (the second series) in
addition to the net optical area (Net Area) of the first two optical peaks (in green)
and the second optical peak (in violet), where we note that the relationship was
inverse between the concentration of table salt with the total area of the spectrum
(Gross and Net), i.e. With increasing concentration, the total area of the spectrum

decreases for the same reason mentioned in Figure (3-1).
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Figure (3-4): The relationship between the change in the mass of table salt and
the ability to analyze energy using a radioactive Cobalt source.

Figure (3-4) shows the relationship between the mass of table salt added to
(300 ml) of pure water on the ability to analyze the energy of the cobalt source
spectrum for the first (blue color) and the second (red color) peaks. Where we
note that the relationship is almost linear between the concentration of the added
salt and the ability to analyze energy, as increasing the concentration leads to a
narrowing in the width of the middle of the peak as well as the widening of the
middle of the peak decreases with the increase in the concentration of the added
salt, but the location of the peak was between constant and decreasing with the

increase in the concentration of the added salt.
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3.4  Study of the energy spectrum regions of gamma rays in sugar’s mass
using A-**'Cs source.
The gamma ray spectrum regions were studied using the radioactive **'Cs
source at a distance of (2 cm) between the detector and the radioactive source,

and (300 ml) of pure water was added to the sugar mass as in Table (3-3).

Table(3-3) Studying the regions of the energy spectrum using a radioactive Cesium
source and sugar

669834 636017 79.98 114 0.701
617667 5594702 79.90 114 0.70
602238 543331 79.65 114 0.69
562336 531424 79.60 113 0.704
547764 480429 78.72 113 0.69
521306 470485 77.16 112 0.688
505527 424339 75.64 111 0.68
479564 395096 75.31 110 0.684
467279 387587 74.61 108 0.69
448535 376396 73.28 107 0.684
430030 318471 73.17 106 0.69

Table (3-3) shows the effect of the mass of sugar added to (300 ml) of pure
water on the absorbance of gamma rays using a radioactive cesium source, where
the (Gross area) of the optical peak with energy (662 keV) was studied as well as
the calculation of (Net area), in addition to to (E.R.). We note from the table how
the mass of added sugar changes over the regions of the spectrum, as shown in
Figures (3-5), (3-6).
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Figure (3-5): The relationship between the change in sugar concentration and
the total area of the energy spectrum using a radioactive Cesium source.

Figure (3-5) shows the relationship between the mass of sugar added to
(300 ml) of pure water on the total area of the radioactive cesium source
spectrum for each of the total area of the spectrum (Gross Area) of the optical
peak (the first series in blue) in addition to the net total area (Net Area) of the
optical peak (in red). We note that the relationship was inverse, that is, with an
increase in the sugar concentration, the total area (Gross and Net) of the spectrum
decreases, because the absorbance of water for the radiation passing through it
increases with the increase in the concentration of table salt in it, and this leads to

a decrease in the total area of the energy spectrum.
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Figure (3-6): The relationship between sugar concentration change and the
ability to analyze energy using a radioactive cesium source.

Figure (3-6) shows the relationship between the mass of sugar added to
(300 ml) of pure water and the ability of analyze the energy of the radioactive
cesium source spectrum, where we note that the relationship does not have a
stable behavior and the reason may be due to environmental factors such as high
temperature and humidity, which negatively affects the Crystallization of the
Nal(TI) detector, in addition to manual errors resulting from the inaccuracy in
determining the area under the curve for each spectrum, which made it impossible

to obtain a clear and more accurate relationship.

3.5 Study of the energy spectrum regions of gamma rays in sugar's mass
using B- ®°Co source.
The gamma ray spectrum regions were studied using the ®*Co source at a
distance of (2 cm) between the detector and the radioactive source, and (300 ml)
of pure water was added to the sugar mass as in Table (3-4).
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Table (3-4) The effect of the mass of sugar added to pure water on the absorption of
gamma rays using a radioactive cobalt source

25146 | 16486 91.51 183 | 0.50 | 19936 | 14199 95.98 208 | 0.464

24835 | 14593 86.24 181 | 0.476 | 19224 | 13999 95.91 208 | 0.461
23870 | 14289 85.63 179 | 0.478 | 18865 | 12586 88.36 208 | 0.42
23208 | 13295 80.88 179 | 0.45 | 18560 | 22971 86.86 206 | 0.421
23121 | 13008 80.30 178 | 0.451 | 18382 | 11507 85.64 206 | 0.415
23109 | 12540 79.71 177 | 0.45 | 18267 | 11324 81.95 205 | 0.39
22765 | 12406 77.99 177 | 0.440 | 18160 | 10419 80.79 205 | 0.394
22450 | 11886 77.54 176 | 0.442 | 17903 | 10398 80.23 203 | 0.395
21845 | 10145 72.62 174 | 0.417 | 17878 | 9973 80.16 202 | 0.39
21305 | 9682 69.60 173 | 0.402 | 17724 | 8831 74.72 201 | 0.374
21294 | 9238 69.31 173 | 0.40 | 17539 | 8003 69.56 197 | 0.35

Table (3-4) shows the effect of the mass of sugar added to pure water on the
absorption of gamma rays using the cobalt radioactive source, where the (Gross
area) of the two peaks of energy (1173 keV and 1332 keV’) as well as (Net area),
in addition to (E.R.) were studied. We notice from the table how the mass of sugar
added to (300 ml) of pure water changes over the spectrum regions, as shown in
Figures (3-7) and (3-8).
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Figure (3-7): The relationship between the change in sugar concentration and
the total area of the energy spectrum using a radioactive cobalt source.

Figure (3-7) shows the relationship between the mass of sugar added to
(300 ml) of pure water on the net total area of the radioactive cobalt source
spectrum for each of the total area of the spectrum (Gross Aera) for the first peak
(in blue) as well as for the second peak in red In addition to the net optical area
(Net Area) of the first two optical peaks (in green) and the second optical peak (in
violet), where we note that the relationship was inverse between the concentration
of table salt with the total area of the spectrum (Gross and Net), that is, by
increasing the concentration, the total area of the spectrum decreases and for the

same The reason is mentioned in Figure (1-3).
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Figure (3-8): The relationship between sugar concentration change and the
ability to analyze energy using a radioactive cobalt source.

Figure (3-8) shows the relationship between the mass of sugar added to
(300 ml) of pure water and the ability to analyze the energy of the cobalt source
spectrum for the first (blue color) and the second (red color) peaks. As we note
that the relationship is almost linear between the concentration of the additive and
the ability to analyze energy, as increasing the concentration leads to a narrowing
in the width of the middle of the top because the width of the middle of the top
decreases with the increase in the concentration of salt added, but the location of
the top was between constant and decrease with the increase in the concentration

of added sugar.
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Chapter Four Conclusions and Future Work

Conclusions

With an increase in the concentration of table salt, the total area (Gross and
Net) of the spectrum decreases, because the water's absorption of radiation
passing through it increases with the increase in the concentration of table salt
in it, and this leads to a decrease in the total area of the energy spectrum.

We note that the relationship is almost linear between the concentration of
table salt added and the ability to analyze energy, as increasing the
concentration leads to a narrowing in the width of the middle of the top
because the width of the middle of the top decreases with the increase in the
concentration of salt added.

There is an inverse relationship between the concentration of sugar and the
total area (Gross and Net) of the spectrum, because the absorbance of water for
the radiation passing through it increases with the increase in the concentration
of sugar in it, and this leads to a decrease in the total area of the energy
spectrum.

The relationship between the mass of sugar added to pure water and the ability
to analyze the energy of the radioactive cesium source spectrum. Accuracy in
determining the area under the curve for each spectrum, which made it

impossible to obtain a clear and more accurate relationship.

Future work

1- Studying the effect of MnO, on the absorption of gamma ray using
Nal(TI) detector
2- Study the Air humidity in gamma-ray spectrum using Nal (TI) detector.
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