Al- Quds University
Deanship of Graduate Studies
Physics Department

Gamma-Ray Measurements of Soil Samples from
Southern Parts of Bethlehem up to Southern Parts of

Hebron in Palestine

Ahmad Hilmi Abdel Hadi Shatat

M. Sc. Thesis

JerusalemPalestine

1437/2016



Gamma-Ray Measurements of Soil Samples from
Southern Parts of Bethlehem up to Southern Parts of

Hebron in Palestine

Name: Ahmad Shatat
B.Sc. Physics, Beirziet University, Palestine

Supervisor:

Dr. Othman H Y Zalloum
Associate Professor of Physics

Palestine Polytechnic University, Hebron, Palestine

Thesis Submitted in Partial Fulfillment of Requirements for

the Degree of Master of Science in Physics

Al-Quds University
1437/2016



Al-Quds University
Deanship of Graduate Studies
Physics Department

Thesis Approval

Gamma-Ray Measurements of Soil Samples from Southern Parts of

Bethlehem up to Southern Parts of Hebron in Palestine

Prepared by AhmadHilmi AbdelHadi Shatat
Registration No20812431

Supervisor:

Dr. Othman H'Y Zalloum
Associate Professor of Physics
PalestinePolytechnic University, Hebron, Palestine

Master thesis submitted and accepted, 11 /07 /2016, Names and signatures of
examining committee members:

1. Head of the committee: Dr. Othman H. Y. ZaIIounSignatureW%i-:

E—

2. Internal Examiner: Dr. Hussein Aamamrah Signature: °?~
3. External Examiner: Dr. Dr. Khalil Thabaineh Signaturey

JerusalenPalestine
1437/2016



bdoi!'a ydzoi! & Y& plh
FRAGB e 1 ERTARY EBT9) RAGE RECIBRES 18,
i TR i KBTI AR QAHE S BE0) o7
RIS e R BG (61) (PR


http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya79.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya79.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya80.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya80.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya80.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya80.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya82.html
http://quran.ksu.edu.sa/tafseer/katheer/sura10-aya82.html

Dedication

To those who dig hard for the trutbalance and justice. To those
who build up their righteous principles and stand firm for that
against internal and external storms of dirt. Upon all those is my
master Mohammad" peace be upon him and could be attained but

through him" who did his best tmiild up humanity clean principles.



Declaration

| certify that the work presented in this thesis for the degree of master science in physics in
the result of my efforts, and not have been presented for a higher degree to any other

university or instittion.

Signed: o S
Ahmad Hilmi Abdel Hadi Shatat

Date:



Acknowledgments

Praise is due to Allah for helping me.

Great thanks should be due to Dr. Sari Nusaibah,to his office manager Mr. Mohammad
Hussain and to Dr. Sa'eed Zeedahp all represent the ideal team to put this institution on
the track of freedom, independence, productivity and progress. | was all the time since
2008 beingblocked fromachievement, and on the other hand | was in all that time being

covered by such &am that Dr. Sari was on top of.

| wish to express my sincere gratitude to my supervBarOthman H. Y. Zallounwho
assisted my work with many helpful comments and discussions, but nevertheless left me

the freedom to pursue my own ideas as well.

My thanks are also due to Mr. Ismael Hroub the Manager at Palestinian Ministry of Health
and the head of the Radiation Protection and Detection URdlestinian Ministry of
Health and the National Liaison Officer (NLO) to Palestine at Internationahi&t&nergy
Agency (IAEA) and to his assistant Mr. Ra'fat Odeh in the Radiation Protection and
Detection Unit in the Palestinian Ministry of Health for their help and cooperation in the
Gamma spectroscopy laboratory using the Nal(Tl) system, where westhat | was

dependent on their experience in running the system and acquiriung the spectra.

My thanks and appreciation also goes to Dr. Hanna Hali@®gthlehem University, who
paid much effort to supervise my previous project cnay) absorption fine structure
(XAFS) beamline

My thanks also goes to Dr. Salman Salman who arranged for my visit to SEBAME

which | came back from their with nothitgit experience.

Finally, my thanks extends to Dr. Mohammad Abu Samra and to Dr. Khalil Thabayneh for
their puplished work that was beneficial to the project and to Dr. Husain Alsamamra; the
Chair of the Physics Department at@uds University, and lagiut not least to Dr Elias

Elias as a representative to honesty and morals.



Abstract

The aim of this study is0 measure the radioactive level relative to distination, where we
managed to collect 4 samples from South Bethlehem, 4 samples from north ldebr@,
samples from south Hebron and in each of these three main distinations samples were
collected from east to west. These samples were measured with the sodium iodide dopped
with thalium detecto(Nal(TI).

After making the proper calculations for themain chain serieses of

Y, Y and "YQ and O natural isotope, and artificial 6 i radioisotope, we
obtained the following values averaged over samples((57.0+9.7), (3.151+0.326),
(47.9+6.0), (78+8.9)and (1.2+0.1))6 1 L "respectivily where these values showed to
be close enough to worldwide averages and ranges.

In addition to that radioactive gauge values which demonstrates the levels of safety were
calculated, and these values in successive are: Radium equivalent activity witke afvalu
(131.5+15.1)0 1 L "Q Absorbed dose rate in air with a value of (59.4+6.7008
Absorbed dose rate in air consideringd iand cosmic radiation effecwith a value of
(93.4+6.7) ¢ "OER, Annual effective dose equivalent with a value 0f481+0.0114)

a Y& , External hazard index with a value of (0.3551+0.0407), Internal hazard index
with a value of (0.5092+0.0663), and Radioactivity level index with a value of
(0.9108+0.0150) where the last three values are relative numbers withtsevhere all

these values are within the averages and ranges of worldwide values.

In addition to that, many of the isotopes of airborne effluents that are usually due to
nuclear power plants and the nuclear tests where found, among these effluents where
which showed up in most of the samples with an average activity over samples of
(66.596+8.524% 1 0 "Qand the isotopes (N&5, Mo-99, Sb-125, 3131, Csl134 and
Ba-140), with activities successively an@spectivily (1.242+0.135, 116.001+15.161,
42.351+12.934, 14.01+0.7, 134.756+32.8617134.977+8.181) n 0 "Q
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Definitions

1 Absorbed Dose Absorbed dose is the amount of energy that ionizing radiation
imparts to a given mass of matter. The Sl unitdiosorbed dose is the gray (Gy),
but the Arado (Radiation Absorbed Dose)
0.01 Gy(NDT) [6].

1 Activity : It is the rate at which the isotope decays. Specifically, it is the number of
atoms that decay and emit radiation in one se¢NiX) [6].

T Al pha Pa rAn alghad particle i)a positively charged particle consisting of
two protons and two neutrons emitted from the nuclei of various radionuclides
(University) [7].

1 Background radiation: ionizing radiation from natural sources, such as terrestrial
radiation due to radio nuclides in the soil @smic radiation originating in outer
spacegCDC) [8].

1 Becquerel (Bq): It is that quantity of radioactive material in which one atom
transforms per second. It is the (SI) unit for activit§pT) [6].

1T Bet a P ar Beiapdrtieles @rb negatively charged particles emitted from the
nuclei of various radionuclides. A beta particle is identical to an electron.

1 Compton Effect: The Compton Effect is the quantum theory of the scattering of
electromagnetic waves by a chargeedticle in which a portion of the energy of the
electromagnetic wave is given to the charged particle in an elastic, relativistic
collision (Parks 201p[2].

1 Contamination (radioactive): the deposition of unwanted radioactiveteral on
the surfaces of structures, areas, objects, or people where it may be external or
internal(CDC) [8].

1 Decay chain(decay series):the series of decays that certain radioisotopes go
through before reaching a stable form. For example, the decay chain that begins
with uranium238 (U-238) ends in lea@06 (Pb206), after forming isotopes, such
as uraniur234 (U-234), theium-230 (Th230), radium226 (Ra226), and radon
222 (Rr222)(CDCQ) [8].

1 Dose: Dose describes the amount of energpas$ited into a specified mass of
material(NDT) [6].

Xi



Dose Equivalent: The dose equivalent relates the absorbed dose to the biological
effect of that dos. The absorbed dose of specific types of radiation is multiplied by
a "quality factor" to arrive at the dose equivalent. The Sl unit is the sievert (SV),
but the rem is commonly uséNDT) [6].

Dose Rate:Absorbed dose delivered per unit tig&DC) [8].

Electric dipole moment: The electric dipole moment for a pair of opposite charges
of magnitude q is defined as the magnitude of the charge times the distance
between them and the defined direction is towhedpositive charge.

Exposure The amount of ionization in air produced by the radiation is called the
exposure. Exposure is expressed in terms of a scientific unit called a roentgen (R or
r) (NDT) [6].

Fluorescent Xray: (XRF) is the emission of characteristic "secondary" (or
fluorescent) Xrays from a material that has been excited by bombarding with high
energy xrays or gamma ray&irz) [3].

Ga mma Ra ysammé oays:are electromagnetic radiation emitted from the
nuclei of various radionuclides.

Gray: The unit of radiation dose primarily used everywhere else! One Gy is equal
to 1 joule of energy deposited into 1 kg of material. 1 Gy is equal to 100 rads
(NDT) [6].

Half-life: The halflife (T1/,) of a radioactive material is the amount of time it takes
for the activity to decrease 4 of its original amountCDC) [8].

Intensity: Radiation intensity is the amount of energy passing through a given area
that is perpendicular to the direction of radiation travel in a given unit of time
(NDT) [6]

lonizing Radiation: Radiation thathas the ability to remove orbital electrons from
an atom (ionization{CDC) [§].

Isotope: Atoms having the same number ofofons, but different numbers of
neutrongCDC) [§].

Magnetic moment: Magnetic moment of a magnet is a quantity that detezsnine
torque it will experience in an external magnetic field.

Pair production: Third factor is the pair production. Pair production is the
evolution of an electron and a positron out of gamma ray interaction with the

nucleus potential or even with thaftan electron. The criteria for pair production is

Xii



that the gamma ray energy should be equal to the rest mass of the two created
particles.

Photoelectric effect: refers to theemission, or ejection, of electrons from the
surface of, generally, a metalresponse to incident light.

Radiation: The propagation of energy through space, or some other medium, in the
form of electromagnetic waves or partic(€DC) [8].

Radiation Energy: Each disintegration results in a release of energy which can be
deposited into an absorber.

Radiation weighting factor: The factor by which the absorbed dose (rad or gray)
must be multiplied to obtain a quantity that expresses, on a common scale for all
ionizing radiation, the biological damage (rem or sievert) to the exposed tissue.
Radioactive Decay:Radioactive decay is the disintegration of an unstable atom
with an accompanying emission of radiation.

Radioactive Materials: Radioactive materials are materials that emit ionizing
radiation.

Radium (Ra): A radioactive metallic element with atomic numiB&: As found in
nature, the most common isotope has a mass number of 226. It occurs in minute
guantities associated with uranium in pitchblende, carnotite, and other minerals.
Risk: In many health fields, risk means the probability of incurring injuisease,

or death. Risk can be expressed as a value that ranges from zero (no injury or harm

will occur) to one (harm or injury will definitely occur).
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=

Analogue to Digital Converter (ADC)
Absorbed dose rate in air (Dr)

Analogue tdDigital Converter (ADC)

Annual Effective Dose Equivalent (AEDE)
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Deoxyribonucleic Acid (DNA)

External hazard indexd )

Fast Neutron Therapy (FNT)

Full Width at Half Maximum (FWHM)

High Purity Germanium Detector (HFXp
Indoor Annual Effective Dose Equivaler® (
Internal hazard index@ )

International Atomic Energy Agency (IAEA)
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Multi Channel Analyzer (MCA)
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Non Destructive Testing (NDT)
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Peak Background Correction (PPC)
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Chapter One

Gamma Radiation phenomena and its manifestations



Chapter One
Gamma radiation phenomena and its manifestations

1.1 Introduction

Radiationas natural phenomereas been under study for a long tifkadiation has two

main sourcesfirst is the natural radiation, which could be divided into primordial or
terrestrial anadcosmogenicédxtraterrestrial); second is the man mamteartificial radiation,

this second source is known to Hdangerousbecause of the high concentration of the
radiating materials and because it is being disposed close to earth surface and close to

inhabitedplaces

This branch of study stad to appeaiby the timeX-ray wasdiscovered in 1895 a short

time afterthatscientistexperienced th&atal results of working witlradiation. Many of the
pioneers in radiation research became martyrs to their work. In 1928, at the Second
International Congress of Radiology, the International Commission on Radiological
Protection (ICRP) was setup (Flakug [9]. ICRP is anindependentinternational
organizationwith more than two hundred volunteer members from approximately thirty
countries across six continefiGRP)[10]. In relation to the civil society and the scientific
community theideaof protection against radiation stattsbuild up after world war two
when the effects become apparent, amle notresticted to explosionssincetoo many
people were killed alondime after theexplosions and that was due to the nuclear
radiation and radiating elementahich spread over a large area fotongtime. In 1956a
public report is released by the National Academ$aenceCommittee stating thahere

is no safghresholdfor radiation exposure.

After X- ray discovery andwithin 3 years of that date, radiation was used in to treat
cancer. At the beginning of the 2@entury, shortly aftethat radiation began to besed

for diagnosis and therapyt, was discovered thatdiation could cause cancas well as
cure it(ACS 2014 [11] Even thouglthe fataleffects became obvious the late forties
governments around the world started to compederam toward owning nucleaveapors,

no matter what itnay cause to their people and to mankind generally, for example using


http://www.radiation-scott.org/timeline/table.htm#threshold_definition

simple methods of waste disposad,t was the case ol echariver, resulted a pollutioof
about 100 times greater thtre regular valuethere

Theoretical modsl of radiation phenomenatarted to build upsince its discovery
Roentgenwas the first to notice the radiation reaction with air to form electricitychvis
the principle behincll detectortypesoperation including solidmaterialdetectorsUsing
and invention of radiation detectors was the tool to build and supportttie®retical
understanding of radiatioand its effects and vice versaH. Becquereldepended on
Roentgen to sathat his idea applies teolids; he used the goltkaf electroscope to show
that. MadameCurie depended on his wotk find thatthe intensityof the radiation was
proportional to theamount of uraniunby using electroscopdn July 1898,as mart step
was done by J. Elster and Brete| and independentlyy C.T.R. Wilson in 189%hey had
found that an electroscope steadily lost charge withapparently being exposed to
radiation they usedhis result to sayhat radioactivity is present in eartBy that time
Rutherford added an important result, whwehs the distinction between therée known

radiations alphf@eta and gamma according to their abilitypenetratior(Flakug [9].

Until 1903 instruments invited to deal with radiatiomereonly able to see the effeof
radiation or its amount.hlat was the case un@rooks invented the spinthariscope, which
was ableto detectindividual rays depending on the property ofdividual scirillating
points oflight in the zincsulfidesscreen(Flakug [9]. Beside this instrument was the cloud
chamber invented by C.T.R. Wilson in 1911, and that still the wasleA. Langsdorfup
grade the cloud chamber to diffusion cloud chandmtector with the propertyf deing
continuously sensitivethat was achieved throughhe thermal gradienproperty which
causesaturation or super saturationthee gas within thehamber lonizing radiation cause
condensation of gas droplets representing radiation particle .tréks it becomes
obviousto say thasciertistsby that time didvell in trying to see the radiatiandividually
and alongatrack They usedemperaturend pressurgradientin gaseous emulsionbut

still there is some more things requiredriakedependable quantitatidsimeterstudies

Scientistsdecidedto stop using their eyes in watching the mdes and countingMaking
use ofthe progress in material scienaad solid state physic#, had become possiblen
the late fortiesto build Sodum lodide doped with thallium detector. Thallium-doped
sodium iodide, typically written Nal(Tl), is scintillatorthat converts the energy from the

incident gamma radiation into light in the visible spectrum that is then detected with a
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photomultiplier tube.Properties ofNal(Tl) crystal will be understood whilg¢alking about
interaction of radiation with matter in section 1.3.2, and will discussed in the

experimenal set up.

Importanceof radiationbehavior and effectstudies started to grogide by side wittthe

wide spreadof nuclear technology and its alarmisgnsequencedAs it became known,
effects of nuclear technology dwt congler boarders between countriess A result,
countriesall over the world started to study radiation lev@ational institutions had been
built up © deal with radiatioproblems International Atomic Energy Agency (IAEA) was
established on 29 July 195if was initiated as growing power to gua human being
againstnuclear technolog{IAEA) [12]. United Nations ScientificCommitteeon the
Effects of Atomic RadiatiofUNSCEAR)was established by the General Assembly of the
United Nations in 1955its mandate was to assess and report levels and effects of
exposure to ionizingadiation(UNSCEAR 2000 [13]. This type ofestablishmentd i d n 6 t
manage to achieve its pragedgoal of promoting the peadell and safause ofenergy, but
they have become a tool tolpetrongcountries to achievéheir policies mostlywhere we

can see the vast anuh imaginableamounts of nuclear weapon evempere In such a
realm or field our tiny search will be nothing but lighting a candite the seriesof
researches done concerninggasuring the radiion levels avund theworld and in the

middle east to, this is not the first study doneRalestineand will not be the last.

1.2 Radiation

Radiation asa phenomena wasidden until Wilhelm Roengeris discovery of X-ray.
Roentgen, a German professor of physics, was the first person to discover electromagnetic
radiation in a wavelength range commonly known asy§ today. Although, many people

had observed the effects ofrdy beams before, but Botgen was the first one to study
them systematically. To higight the unknown nature of his discovery, he called them X

rays though they are still known as Roentgays as well. For his remarkable achievement

he was honored with the first Nobel PrineRhysics in 1901.

Ernest Rutherford is considered the father of nuclear physics. Rutherforduowed
Thomson's atom model in 1911 with his wiallown gold foil experiment in which he
demonstrated that the atom has a tiny, massive nyglich becameknown as the source
of radioactivity.



Radiationcan beclassifiedinto two main categories namatgn-ionizing radiation (cannot
ionize matter)andionizing radiation (can ionize matter). The later can be divideddo
types, the first iglirectly ionzing radiation (charged particles) such as elestrrotors,

alpha particls, andheavy iors; andthe second type isidirectly ionizing radiation (neutral

particles) such as photons-(Xys, gamma ras), and neutrons.

Radiation is due to natural reactions tlaicursin certain atoms that are unstable
Theneutron proton ratio(N/Z ratio or nuclear ratio) of aatomic nucleuss theratio of its
number ofneutrondo its number of protons. Among stable nuclei and @dljaoccurring
nuclei, this ratio generally increases with increasing atomic number. For each element with
atomic number Z small enough to occupy only the first thredear shells, that is up to
that ofcalcium(Z = 20), there exists a stable isotopehwN/Z ratio of one, with the
exception oberyllium (N/Z = 1.25) and every element with odd atomic number between 9
and 19 inclusive (N = Z+1Hydrogenl (N/Z ratio = 0) andchelium-3 (N/Z ratio = 0.5) are

the only stable isotopes with neutf@noton ratiounder oneUranium238andplutoniunt

244 have the highest N/Z ratios of apgimordial nuclideat 1.587 and 1.596, respectively,
while lead208 has the highest N/Z ratio of any known stable isotope at 1. Badioactive
decaygenerally proceeds so as thange the N/Z ratio t@ new nucleusof greater
stability. If the N/Z ratio is greater than dlpha decayncreases the N/Z ratio, and hence
provides a common pathway towards stability for decays involving large nuclei with too
few neutronsPositron emissioandelectron capturalso increasehe ratio, whilebeta

minusdecaywill decrease the ratio.

In many cases, the instabilityan leadto either converting groton to a newon by
emission of a positroand a neutrinoin the so called betaplus decay, or a ndton
conversiono a protorby the emission ofan electrorand electron antineutrino athe so

called betaminusdecay.

Gamma decay may accompany other forms of decay, such as alpha and beta decays. In
such cases, gamma rays are produced after the other types of decay occur. When
anucleuss mi ts an U or b particle, the daughter
can then move to a lower energy state by emitting a gammaGayma decay from
excitedstates may also follow nuclear reactions such as neutron capture, ffigslearor

nuclearfusion


https://www.boundless.com/physics/definition/nucleus/
https://www.boundless.com/physics/definition/fission/
https://www.boundless.com/physics/definition/fusion/

Radiationactivity is defined as the rate of nuclei decayorgdisintegraing per unit time.
Radiation activity of a certain nuclide in relation to gayticlebeing emitted is a function
of time. If we considemN (t) particles of a radiating elememtder study, then the activity
A will be:

Q00
Qo

10 O PP
This has the well known solution:
b6 0Q P&

whereN (t) here representhe remaining nuclidesand! is the decay constant of that

nuclide This is the basic principle dealing with theadioactive reactions

Some parent nuclides decay to more than one daughter ninclideallel reactions, with
each has its own probability oEcurrencehat leads to its own decay constantd its total

decay constant is the sumnaatiof the decay constants.

Another case is the serial deazhain, where thearent nuclidgarity isp, and the bottom
of the series or the stable nuclide'@ p (with 'Q p), nwclide p decays to a daughter
nuclide p p , thennuclide(2) decay4o its daughtef3) until reaching the stable nuclide
‘Q p, where nuclideCdecay ratas considered to bé . A direct application okquation

(1.1) above leads to the decay rate

Q00
Q0

/0 6 / 0O 0 p8

This relates the last decaying nuclide rate to the parenSohang the above equation for
two general nuclides as a parent and a daughter is enough tneipt cases of
equilibrium and understargkecular equilibrium, which is our tool for calculation of main
NORM (Naturally Ocuring Radioactive Materialshuclides. Substituting@Q ¢,

equation p& becomes:

Q0 o
Qo

/0 6 /0 o PR

Applying equation p® , equation p& toU0 0 then solvingor 0 0) we get:
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In some situations, the grawldughter of a radioactive decay is still unstable and continues
with producing another radioactive product. Thus, it is possible to have series or chains of
radi oactive decays adi cadt iede 0dlerciags@hai nod

We need to t&l about secular equilibrium that will be our step toward achieving the
activities of the main naturahain radiationreactionsof parent nuclides Y, “YQand

Y.
There arethree predominant cases of the state of equilibribat can be explained as

follows:

First isthe case of transient equilibny wherethe half-life of the parents longer than that
of the daughterbut not significantly/ / . In this case we need a long time before

equilibrium is attained

Second is the case of no equilibrium where the daughter nucleus has a lontfer thalh

the parent one, where no equilibrium can be achieved.

Third is the casef secular equilibriumwhere/ &/ Mand/ @, thenQ’/ tends to 1and

thenequation p&® becomes:

S~

60 mp QF &

After about7 haltlives of daughter nuclid® / tends to zero or has no effect, this leads

to:

/0 /0 pay

Thus at equilibrium, the parent and daughter activitiesexqjual.



Figure 1.1 below demonstrates the daughter and parent nuclides activities behavior with

number of daughter half lives.

Secular Equilibrium

Parent dctiwity

Daughter Activity

Actirity

I:I.1 T T T T T T T T T T 1
u] 1 2 z 4 5 ) T g 2 10
Number of Daughter Half-Lives

Figure 1.1 The plot of parent and daughter activity in secular equilibriésagenaar
1995 [1].

If the two nuclides representing transient equilibriemno equilibriumpreceded bya
grandparentnuclide havinga muchlarger half lifeas itthecase in 7Y, "YQand 7Y
figure (1.2), (1.3) and1.4) below,in this case secular equilibrium ischieved and each

one's activity willberepresenng the dominatingactivity of thegrangarent nucleus.

If we look at  "Ychain decay, it is obvious depending on the above natesfigure(1.2)
shown belowthat 0 ¢and “Yare supposed to be in no equilibrium, but with™Y
domination, each is in secular equilibrium with™, and for “Yand "YQthey are in
transient equilibrium, but with Y domination, both are in seqular ddrium with

"Y, this appliesall the way down to 0 & andall could be used as representatives
to “Yactivity.In the case of "YQand "Yin radoactive chais shown in figure(1.3

andfigure (1.4) below, same thing applies as the"Yseries.

In theory, secular isotopic equilibrium is attained in uranium deposits after approximately

1.7 million years if mineralization behaves as a closed geochemical system. This
theoretical result assumes introduction of"Yas the only uraniunsotope (Stratamodel

2016 [14]. Thusextractingthe soil sampless supposed to bdone by diggingan ironic
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cylindrical shell,or in other words you have to do that like cutting a piece otsme
without any fallings. Vith such hypothesis we can us@ay of chains nuclides az
representative téhe parent nuclidexctivity, assuming that the samples distinations are

closed geochemical systems

238 .
4.5 Gy ﬁ_ ’
3Am . .
ol Protactinium
o - A7 mi o
B
34 30 .
ag i Th Thorium
2414 5.38 ky
o
26 .
sz Rad Radium
1602 v
a
22
85 RN Radon
3.B2d
R 1B
Astatine 2= At
a .B_ 155
. 1B 14 10
Polonium 84 1 PO i1 PO
3.1 min o B 64.3 B 138 d
. 14
Bismuth i3 Bi
o B 00 m a
Lead iz Pb o:é 22 Pb
6.8 mi = - Stable
B
. 210
Thallium Bl
1.3 min
Mercury

Figure 1.2: U-238 decay chain serig€ommons 2015[15].
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Figure 13: Th-232 decay chain seri€@ommons 2015[16].
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Uranium

Protactinium

Thorium

Actinium

Radium

Francium

Radon

Astatine

Polonium

Bismuth

Thallium

Figure 1.4: U-235 decay chain seri€¢@/ikipedia 2003 [17].
1.3Gamma radiation

This kind of radiation containsigh quantaof energy that ranges frommfew keV to more
tharl00 MeV. With this amount of energythat gamma rayshave it is an ionizing
electromagnetic wave, it also can penetrate the atomic space and collide with the nucleus
to form the phenomeneaof pair productionit could even formpair production in the
vicinity of atomic particles potential fietd Also it canpenetrate through human body

without anyinteraction.
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1.3.1Theory behind gamma ray phenomena

In the aboveparagraphsve did talk about the resuitj nuclear radiatiomehavior The
deep view behind that could be understood through studying of the neleleaomagnetic

fieldsin an integrated view

It is known classically that the nucleus is being considereal distribution of norstatic
charge in which we have electric and magnetic npgdte effectswhere this multpole

effect considered is dependerpon our level of approximation in dealing with the nucleus
electromagnetic field behavior, which is dependent on how distant the point we are
measuring that effect gReitz, Milford et al. 1998 [18]. The approximation isalso
dependent on thea of experimental results people used to experience in dealingheith
measured nuclearadiation. Solving the electromagnetic problem for this nuclear
distribution of charge, with charges considered in reactive motion or non static in the form
of antenmas with dimensions comparable to wavelengtickson 1999[19] andkeeping

the multipole terms in solving for electric and magnetic fieltsen sdving for the
radiated power oklectric or magnetic fieldwe get the following general form as it is
adopted byDokhane 200y[20]:

. ¢ch p& 7

0, 0 — = a , 0 pBY
-0 ¢ pp O

P is the power radiated, L is the angular momentwngs the angular frequency of the
radiation,s represents the field either electric or magnedicis the permittivity of free

space, L) is the amplitude of the electric or magnetic mphie moment

Moving to quantum mechanice/here the radiation is quantized into photons of energy
O "® 9 (Cohen 1971[21] then the rate of emission of photons is:

/st v, 0
su 3 PP T
With 'Q npdy we get:
0 p®
/ sb O PO L g o p

- kb ¢c0 pp 6
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In quantumrepresentationhe multipole momerd , 0 amplitudeis exchangednto an
operatorconstitutingan (fi; with i stands for initial and f stands for final) element matrix

according tahe following form:

a , 0 Y'a sO YQQou PP ¢

whereY is the final state of the nucleuy, is the initial state of the nucleus, integration is
done over the nucleus volumm, (sL) operates on the nucleus initial state to change it to
Y . According to Weisskopf estimages shown in(Dokhane 200y [20] of a single

proton shell model of EL and Mitransitiors probability become:

ob ch pw Q Y

=-~Y TR0 pp 6 ™ %0 o P® o
5 6 ¢ pd nR Q Y )
- W w po & PTaavr % o PP

With R as the nucleaadius(Y 6 7 ), & is the proton mass.

1.3.1.1Selection rules

There are several quantized possibilities of emissions that we canofhadcordingto
angular momentum L operator iequation p® ¢ and consideringY” to have angular
momentumOand Y to have 'Q To satisfy conservation of angular momentum, the

following vector triangle is supposed to be satisfied:
00 > 0 00 O PP v

Where this iequivalento a result of; possible multpole ordersaccording tahe index
or operator values L. 180 L is not allowed to have zero valugsince that means the initial
and final energy states aegual with a difference of zeroand no radiationoccur. For
example in gguadrupleapproximation, L has a value of two, which means we liawe

values for .

One more variable need to be considered is the parity, which is the sign change of the

radiation field as a result of axis reflection and is related to L operator, to explain that we
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need to consider an example in which of¢ andO u7c¢, then L havehe values 1, 2,
3,4

00 P PP @

“ 00 P PP X

where* represents the parity, these two equations or restrcabove are no more than a
summary of the results of sighehavior of the initial and final state wave functions under
reflection of axis In other word, for cases of no change initgarou can use the equations
(1.16 and (.17 to say that L=1, 3 in the above example are tutthe magnetic dipole
and octpole and side by side L=2, 4 are due to eled@iadrapole and hexadegaole.

But if we have a charmgin parity then the opposite thfe above is the case.

It is true that in our study we will be trying to make sample analgsidetermine its
elementdepading on radioactivity measurements, but this is just a little part of the effort
of others who did bridge the gap between experimental radioactivity measurements and
building a dependable theoretical model for interpretation as we discussed @bhave

other hand or spectrum analysigeaks was the tool to build isotopes library energies

the probabilistic appearance of the peaks,randmmendationf nuclear models
1.3.2Gamma radiation interaction with matter

Gamma rays have no @tye but it hasrelatively great amount oénergy. his means that
its probability of interaction with atoim electrors is a lot smaller than that of alpha
radiation for examplegr in othewords it cold be said that gamma ray cressction of
interaction is a lot less thdetaand alphainteractions The high energy ojamma rayss

the reason behinits ability of penetration

Gamma ray interaction with mattbas severapossibilities that alconstitutethe photon
interaction crossection with amatom(Ragheb[22]. The most important of these are the

following:

1.3.21 Photoelectriceffect
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First is the photoelectric effect, in which the photon is absorbed totally by the emitted
electron, the recoiling atom, and the emitted electron to pass over its binding energy. |
symbol form, conside® being the gamma photon energy,being electron energ{) as
the energy attained by the recoiling atom, which is of the order dfrditive to the
recoiling electron energy, and is ignored. The binding energy of dwtrah, which is

found to be a k shell electron, considere®Dass :

O p&»w® p QW P Y
With & as the atomic number. The ejected electron energy is:

o » O PP W
Substituting fofO we get

O D p@»H®O® p W p& T

where O is "® with Qas blanks constant, andis the photon frequency. This result

explains the photoelectric interaction if it occurs.

Electrons resulting from photoelectric effect have to be replaced by electrons from higher levels
with the emission of photons representing the difference in energy forming a characteristic
spectrum of light representing the scintillation miate these potons are in the Xay level of
energy, called fluorescent-bays. The ejected electron is calladphotoelectrorand is usually
considered a secondary electron or a secoruiry emission. Such electroren produce what is

called bremsstahlung-rays,which is ionizing togdSerman [23].

Crosssection of interaction is related to the study of shielding against radiation, and to the
study and choice and building of scintillation materials. It is shown thagthb®electric
interaction crossection is inversely proportional to the gamma photon energyisand

directly proportional to the atomic number Z as follows:

(’i’lb
. o) P& ¢

where m ranges from 1 to 3 and n ranges from 4(Regheb[22].

1.3.2.2 Compton scattering
16



In Comptonscattering hoton scatterfroman atomic electron usually considered at.rest

The electron leawethe atom iwhatis considered elastgcatteringas shown in figure 1.5

below. Scattered photon iarn could go into either mor€ompton scattering or ttould

vanish in aphotelectric interactionEmploying conservation of energy and momentum in

the relativistic mannewith ‘O is the energy of thecattereghoton,O is the energy of the

incident ghoton, O is the rest mass energy of the electron,éndi s t he angl e be

direction of the incident and scattered photanscan arrive to the followingquation:

0 p AT-©

p
oo o P
whereO & ®,E;, "ONE, O, thenrearranging the equation abowaeges:

N — P& T
p —p AI-O

Energy of the electron representing the Compton continutim is
o @ "o\ pg UL

Substituting for®™Mrom equation (1.24)into equation p& v we get(Knoll 2010 [24]:

Y
© A< pg ¢
Gamma Ray energy and mome ntum
after scattering
W p=hik’
Gamma ray energy Electron energy and \QMDQK E.'—l .
and momentum momentum before M =
be fore scattering, scuuering\dscod’ 0
E=hv E',J_Fm‘.c"/_\ﬁpd' ‘\
B v v v i v v v v v , ='.\C'j_ ..........................
p=h/A Pe=0 j » E.=mc?
=mc”
pe'=1/c{(E.*-Eo®) '}
I
le )
N

Electron energy and momentum|
after scattering

Figure 15: Schematic diagram of Compton Effect kinemagRarks 201p [2].
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One more point need to be said iattklectrons resulting in Compton scattering could also
produce bremsstrahlung-pays.

The Compton Effect crossection is proportional to the atomic number Z:
., WEE( BWEO P& X
1.3.2.3Pair production

Pair productions the creation of aalementary particland itsantiparticle, for example
creating arelectronandpositron, anuon andantimuon, or grotonandantiproton Pair
production often refers specifically tophotoncreating an electrepositron pair near a
nucleus but can more generally refer to aaytralbosoncreding a particle- antiparticle

pair. In order for pair production to occur, the incomamgrgyof the interaction must be

above a threshold in order to create the pait least the totakst mass energyf the two

particlesi and that the situation allows both energy amamentunto be cmserved.
However, all other conserved quantum numbemngglar momentupelectric
chargelepton number of the produced particles must sum to Zerius the created
particles shall have opposite values of each other. For instance, if one particle has electric
chad ge of +1 the other must have seangeressk i ¢ ch
+1 then another one mu spgrobabilgywoé pais groductiogie n e s s
photorrmatter interactions increases with photon energy and also increases approximately
as the square @ftomic numbeof the nearby atom.The pair production cross section

increasesvith increasing atomiaumberZ as:
" WEEi &ODO pg Y
1.3.2.4FluorescentX-ray

X-ray fluorescence (XRF) is the emission of characteristic "secondary" (or fluoreseent) X
ray from a material that has been excited by bombarding with-dnghgy Xrays or
gamma rays. Ais term is generated iCompton scattering and photoelectric effect
reactions, andhowsmay showup intheacquiredspectrum In this case it may appeas a

separatgeak
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Figure 16: Total photon cross sectidn leadas a function of energ¥irz) [3] .

Figure 1.6 above demonstrates all contributiumingamma ray crossection of interaction
in lead as a function of energin the figure, T represents photoelectric effegt,

represents Rayleigh scattering, represents Compton scattering, represents
photonuclear absorptiofQ represents nuclear field pair productid@,represents electon

field pair production
1.4 Radiation Dosimetry

In scope of the theoretical discuss@imen aboveabout interaction between radiation and
matter we catouild up our measurement system, andtdatinologiexoncerning that. On
the other had, below we will discusshe key quantities that demonstrate our measured

value, which is the activity.

1.4.1Activity
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Activity could be definedasthe number of atomsf a certain sourcthat decay and emit
radiation in one seconas inequation (1.1) aboveFor acertain source that is a mixture
containingone radioactivenaterial or more, oupeak position on the spectrum will be the
road to guessvhat kind of isotopesve haveandusing the cant number at the peak we
can calculate theconcentration activities angercent weight of these materials in the
mixture. Theaverage numbesf decaygersecond in thénternational System (SI) unit for
activity is theBecquerelBq), which is that quantity of radioactive material in which one

atom transforms pesecondNDT) [6].
1.4.2Intensity

The other interesting and importaralue thatour system will be measuring to be able to
determine activityis the intensity which is defined as the amount of energy or radiation
passing through a given area that is perpendicular tditaetion of radiation travel in a
given unit of timgNDT) [6].

Translating that to a mathematical equation, consfgEpoint source in figurel.7 with an
N number of gamma raylseing emitted per second isotropicalgnd the 2*2 Nal(T)
detectoras shown irthe samdigure below,by building a gausian surfacéth aradius r

from the source to the circular edge of the cylimalrietectorthe sourceintensity well be
O - P8 w

The countsreceived by the detectaome through thesphere cap showor the front
circular surface of the crystal detector, then the maximum intensity received by the crystal
detectoris:

o 60l Q0
[ DI Qw

then

0 YQ

o) 7

PSP

whereQ is the @b hight
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Thenthegeometrical efficiengis

0 o
0 pw P
Which gives
YQ &
i P C

This is just a hypotheticagéxplanatorysystem with the source considered as a point
source, whee it is not as could be seen with our samples taking the cylindrical plastic
mernalli shape, and isotropy lypothetical to, where that need to be showand it isa
matter of study.

We need nowa calculate the intrinsic efficienoyf the detectorcrydal, which relates to

gamma ray interaction with mattas discusseth section 1.3.2

e pd o
WhereOA+ -, O0AF+ —,* O is the linear attenuation coefficient iraNTI) for
photon with energy E, andO is theradiation pieces intensity at the photocathode

shoun in the figure below.

Last you need to consider thhotocathode efficiency since not all radiation reaching it get
translate to the photomultiplier tube but about I&%hat,then

z z pg)'u

Then
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Gausian surface
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Figure 1.7: Intinsity manipulation acro885-3 Nal(Tl)

The importance of thigalue over activity, is that it is hard to measure the activity directly
without taking into considartion the geometry of the detector.ebbsurement of the

intensity is then related to tlaetivity we need to solve for.
1.4.3Exposure

Third quantityis the exposur¢hat could be defined athe level or extent to whicla unit
mass of aircould get ionized by a certain radiating s@uittis unit of measurement is the
roentgen(R) named after the well known scienti®berigen A Roentgen is the amount of
photon energy required to produce 1.610 ¥ idh pairs in one gram of dry air atC. A
radiation field of one Roentgen will deposit 2.%810* coulombs of charge in one
kilogram of dryair (NDT) [6], Since we trying to assefise hazarduseffect of naturally
occurring radiation, apecial casef exposure isequired which iexternal exposure dt

meter above the grounelvel that is due to terrestrial radionuclides present in our sample
1.4.4Absorbed dosedose equivalentand dose rate

Another three important quantitesve will consider hee are the absorbed doselose

equivalent and dose ratéAbsorbed dose is the amount of energy that ionizing radiation
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imparts to a given mass of matter. In other words, the dose is the amount of radiation
absorbed by and object. The Sl unit for absorbeslelo i s t he gray (Gy),
(Radiation Absorbed Dose) is commonly used. 1 rad is equivalent to 0.01 Gy. Different
materials that receive the same exposure may not absorb the same amount of radiation. In
human tissue, one Roentgen of gamma radiaggmosure results in about one rad of
absorbed dose. The dose equivalent relates the absorbed dose to the biological effect of
that dose. The absorbed dose of specific types of radiation is multiplied by a "quality
factor" to arrive at the dose equivaleiihe Sl unit is the sievert (SV), but the rem is
commonly usedRemis an acronym for "roentgen equivalent in man." One rem is
equivalent to 0.01 SMVhen exposed to Xor Gamma radiation, the quality factor is 1.
Finally, Dose RateThe dose rate is a mease of how fast a radiation dose is being
received. Dose rate is usually presented in terms of R/hour, mR/hour, rem/hour, mrem/hour
(NDT) [6].

1.5Biological Effects of Radiation

Biological effects of radiatiois a major subject. However, very briefly, biological effects

of radiation are typically divided into two categories. The first category consists of
exposure to high doses of radiation over short periods of giméucing acute or short

term effects. The second category represents exposure to low doses of radiation over an
extended period of time producing chronic or long term effects. High doses tend to Kill

cells, while low doses tend to damage or change thegh #bses can kill so many cells

that tissues and organs are damaged. This in turn may cause a rapid whole body response
often called the Acute Radiation Syndrome (ARS). Low doses spread out over long periods

of time dondt <cause &aodyadrgamEnhd effacts ef low dosds bfe m t «
radiation occur at the level of the cell, and the results may not be observed for many years.

If radiation interacts with the atoms of the DNA molecule, or some other cellular
component critical to the survival dhe cell, it is referred to as a direct effect. Such an
interaction may affect the ability of the cell to reproduce and, thus, survive. If enough
atoms are affected such that the chromosomes do not replicate properly, or if there is
significant alterationn the information carried by the DNA molecule, then the cell may be

destroyed by nddir ecdusiainingisyseemf er ence with its

1.6 Gamma ray and medication
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The property of causing deatificells byradiation including gammaays that showed up

to scientis$ around the time radiation wakscoveregdwas the same property that made it
emergs as a tool forcuringthe damage it makes. By that time, cgriancer was limited

to the old techniques slurgery andurning oftumor. Burning asan old dinical technique

lead scientist tausingphoton therapyX ray and ganmaray). Cure with radiation differs
from one type of radiation to the other and from one tissue to the Bth@tion Therapis

by far the most common form of radiation used for catreatment. It is the same type of
radiation that is used in-pay machines, and comes from a radioactive source such as
cobalt, cesium, or a machine calletinear acceleratoflinac, for short). Photon beams of
energy affect the cells along their paththey go through the body to get to the cancer,
pass through the cancer, and then exit the b8dye published reports suggest that the
statistical results of photon therapy is bad enough to the level that staying without a cure is

even better in most adlie case¢Cure [25].

Neutron therapy has two branches: Fast Neutron Therapy (FNT) and Boron Neutron
Capture Therapy (BNCT). The mean neutron energies used for FNT range from 2 MeV to
25 MeV whereas the maximum energy for BNCT is about 10 keV. Neutron generators for
FNT have ben cyclotrons, accelerators and reactors, whereas BNCT is so far bound to
reactors. Both therapies use the effects of High radiation (secondary recoil protons
and alpha particles, respectively) and can attack otherwise radistanttumours,

however with the hazard of adverse effects for irradiated healthy tissue

Boron neutron capture therapy (BNCT) was recognized as a potential technique in treating
cancer by the time the neutron was discovered in 1932. And up to this day it is showing up
as one othe greatest tools, especially when it comes to dealing with tissues that are close
to sensitive places like the eye or the brain, where we are supposed to minimize the effect
on normal neighboring tissues. The idea in this process is to inject the withathe

nonradioactive boron to prepare it to capture the neutron beam particles according to the

following nuclear reactiom (Barth, Vicente et al. 201226]:

0N 0Q 1Qx @ Qw

6 &€ My 6°\ £ o .
wt b CQ VL@wQwrm@ pw Qw

Briefly speaking the results of this reaction are helium and lithium that are energetic with

about 2.79 MeV of kinetic energy. These particles remeembined range in tissue ofi12
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13 em (comparable to cellular dimensions).
cancer cell will happen approximately within the dimensions of that cell, and that is the

guarantee for safety of the healthy cells

3D-dose calculation systems have been developed at several facilities and guarantee a high
safety for both therapies, FNT and BNCT.

Carboniomr adi ati on can be hel pful i n treating
radiation (calledr adi or esi st an thgavy ioh tadiaiobecduseoit uses b | e d
particle thatdéds heavier than a proton or n
which itself contains protons, neutrons, a
moredamage to the target cell than other types of radiation. As with protons, the beam of
carbon ions can be adjusted to do the most damage to the cancer cells at the end of its path.
But the effects on nearby normal tissue can be more severe. This typkatibnais only

available in a few centers in the world.

Conformal proton beam is another technique to compare with X and gamma ray, it took
advantage of the proton property of high cross section of interaction, which made the
localization of the reactiopossible, another property achievable with proton beam usage

is the depth at which the reaction happen, where this can be done by regulating the velocity
of the beam.

Proton beam uses a similar approach of X and gamma ray in focusing radiation on the
caner. This means that proton beam radiation can deliver more radiation to the cancer

while possibly reducing damage to nearby normal tisg2ids

1.7 Study motivations

Human have a tendency toward exploring nature, the motives behind that are: achieving
safety, facilitating life, and enjoying the discovery and understanding of the unseen. These
were thereasons behind the emergence of radiation as a branch of study. Bad or fatal
effects of radiation contradict safety. Using of radiation for medical purposes helps in

achieving safety too.

Study of radioactivity levels is being done alleovthe world. he reason for that is to

determine the level of natural radiation that differs from one place to the other according to
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the earth geography and featur€n the other hand, we have the artificial radiating
materials that have been distributed all over theldvtirough many means, one is the
waste disposalSecond could be the rain that is able to cept@and transferradiating
material, artificial and natural, arspread it all over the world.hird could be the using of

radiating materials in weapons and spreading it accompanynes

1.7 Previousstudiesin Palestine

Few studies on natural radioactivity concentration measurements are reported. Here are

some of the well known studies conduciiedhe West BankPalestine.

1. Natural Alpha Particle Radioactivity In Soil In Hebr(@ithasan 199p[28].

2. Assessment of Natural and Mavlade Radioactivity Levels of the Plant Leaves Samples
as Bio Indicators of Pollution in Hebron DistricPalestingDabayneh 2004 29].

3. Radioactivity Levels in Some Plant Samples in the North Western of WBanhk |,
Palestine and Evaluation of the Radiation Haf@tthbayneh and Jazzar 20130].

4. Radioactivity Measurements in Different Types of Fabricated Building Materials used in
PalestingdDabayneh 2007 31].

5. Environmental Nuclear Studies of Natural and Manmade Radioactivity at Hebron Region
in PalestingDabayneh, Sroor et al. 20082].

6. Natural Radioactivity in Different Commercial Ceramic Samples Used in Palestinian
Buildings as Construction Materigl®abayneh 2009 33].

7. Radioactivity Concentration in Soil Samples in the Southern Part of the West Bank
PalestindDabayneh, Mashal et al. 20084].

8. Natural Radioactivity Levels and Estimation of Radiation Exposure in Environmental Soil
Samples from Tulkarem Provin¢ePalesting Thabayneh and Jazzar 20125].

9. Determination of Natural Radioactivity Concenitoas and Dose Assessment in Natural
Water Resources from Hebron Province, Pale§limebayneh, Abtsamreh et al. 20)2
[36].

10. Measurement of Natural Radioactivity and Radon Exhalation rate in Granite samples Used
in Palestinian Building§Thabayneh 2003 37].

11.Transfer of Natural Radionuckd from Soil to Plants and Grass in the Western North of

West Bank EnvironmenPalestingJazzar and Thabayneh 20138].
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12.Measurement of Radioactivity Concentration Levels of Natural Radionuclides in Soil
Samples from Bethlehem RegiorPalestindABU SAMREH, THABAYNEH et al. 2014)
[39].

13. Soil-to-Plant Transfer Factors and Distribution Coefficient'8€s in Some Rastinian
Agricultural AreagThabayneh 201)5[40].

14.Determination of Alpha Particles Concentration in Some Saties and the Extent of
their Impact on the HealifThabayneh 201g41].

15.Radionuclides Measurements in Some Rock Samples Collected from the Environs of
Hebron Regiorni Palesting Thabayneh, Mashal et al. 201@2].
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Chapter Two

Experimental Equipments and Rocedures

2.1Introduction

The experimental tools employed toward our results are mainly: the soil samples and its
collection destinations to be proper and representative, and its preparation to conform the
scientific criteriathat are being followed around the world to avoid misleading and errors.
Second is the detection and manipulation system up to the creation of the spectrum and its

analyss for its contents of isotopes.
2.2 Samples and theéDestinations ofcollection

Studies have been done along the west bank of Jordan River by a number of Palestinian
scientific teams, and under more than one title concerning the type of radiating elements
being searched for, and on the other hand the exposed positions or situationddiikgsbu

and their materials. In this study we chose to collect soil samples from southern villages of
Hebrongovernorategiven the symbolsd , and villages in the north of Hebron given the
symbols®, then villages in south of Bethlehem given the symbots shown in figures

2.1, 2.2, 2.3, 2.4 below.

-

Figure 2.1: The three main areas of study circled and named.
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Figure 22: Distinations of collection of samples c1 through c4 circled as shown.
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Figure 24: Distinations of collection of samples al through 10 circled as shown.

All the 4 maps are offered {World map finder web si}e[43].

We started collecting the first 10 samples along the east to west direction starting by
middle of Assamu' town up till Arramadefillage next toAddaheriyatown. The second

group consistsof 4 samples were collected starting by AyrBa'eer in Sa'eer town and
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ending up at the far west of Halhul town. Last groegnsists of 4amples, wereollected

starting by a sample around tbentre of Tuqu' up till the Asioon village. We tried to make

the samples equally distributed along each of the west to east lines. We tried to go as deep
as 40 centimeter to avoid any substance that could be due to cultivation and pollution. Also
we avoidel stones to achieve the symmetry of the sampliéen at that level of 40
centemergconsidered as the zero lewe collected each sample according to the template
method dimentionsThe samples was grindedch that we can get 500 gram sampliéh

the poperty of its granules being able to pass through the two by two millimeter bolter or
screen, during grinding we used to spread the samples in sun light for about 15 days so that
we can get approximately the same level of moisture in all samples up rtmthent of

baking them up in the nylon bags. It becomes now ready for measurement.
2.3 Experimental setup

The experimental setp shownin Figure 22 below will be usedto collect ourspectrum.

This systems constituted af

Radioactive Sample
High Voltage Power Supply Lead Shield

Multichannel Analyser

=
§

Scintillation
Counter

g

Desktop Computer
R S LOmpUter.

Figure 25: Atypicale x per i ment al s et u-padidtionrspectramh er mi nat i

2.3.1905-3 Nal(Tl) Scintillation Detector

In Hgure 26 below we carseethe905-3 Nal(Tl) parts
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() (b)

Figure 26: (a) The fourteen ip connector of the 9068 Nal(Tl). (b) 9053 Nal(Tl)
(ORTEC®) [4].

Part (a)on right of Figure 2.6 is afourteenpin connectothat supplies PMT'sircuit with

the hgh voltage as shown in Figurerdelow:

Figure 2.7: Electrical circuit design of the fourteen pamnectoythey connects to the
cathode and anodes within the PMDRTEC®) [4].

In part b of Figure 2,6the Nal(T) crystal can be seen in the faftlecovered by an
aluminum body.n the middle we canee the PMT shielded with a thiayer ofaluminum,
dimensions of th®05-3 Nal (Tl) is shown with "DIA" stands for diametd¥al is an alkali
halide inorganic scintillator with a relatively high Z from iodine (38)s typeof detectimy
or scintillating materialcrystal hasgood and requiregbroperties;among these is the

relativelyhigh efficiency as shown inigure 2.8 below.
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