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Abstract 

 

The aim of this study is to measure the radioactive level relative to distination, where we 

managed to collect 4 samples from South Bethlehem, 4 samples from north Hebron, and 10 

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 detector (NaI(Tl).  

After making the proper calculations for the main chain serieses of  

Ὗ, Ὗ  and ὝὬ, and ὑ  natural isotope, and artificial ὅί 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)) ὄήὑὫ 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 with a value of 

(131.5±15.1) ὄήὑὫ, Absorbed dose rate in air with a value of (59.4±6.7) ὲὋώȾὬ, 

Absorbed dose rate in air considering ὅί and cosmic radiation effects with a value of 

(93.4±6.7) ὲὋώȾὬ, Annual effective dose equivalent with a value of (0.481±0.0114) 

άὛὺώ , 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 with no units where 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 ὐ , 

which showed up in most of the samples with an average activity over samples of 

(66.596±8.524) ὄήὑὫ, and the isotopes (Nb-95,  Mo-99,  Sb-125, J-131, Cs-134 and 

Ba-140), with activities successively and respectivily (1.242±0.135, 116.001±15.161, 

42.351±12.934, 14.01±0.7, 134.756±32.867 and 34.977±8.181) ὄήὑὫ. 
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Definitions 

 

¶ Absorbed Dose:  Absorbed dose is the amount of energy that ionizing radiation 

imparts to a given mass of matter. The SI unit for absorbed dose is the gray (Gy), 

but the ñradò (Radiation Absorbed Dose) is commonly used. 1 rad is equivalent to 

0.01 Gy (NDT) [6].  

¶ Activity : It is the rate at which the isotope decays. Specifically, it is the number of 

atoms that decay and emit radiation in one second (NDT) [6].  

¶ Alpha Particle (Ŭ): An alpha particle is a positively charged particle consisting of 

two protons and two neutrons emitted from the nuclei of various radionuclides 

(University) [7].   

¶ Background radiation:  ionizing radiation from natural sources, such as terrestrial 

radiation due to radio nuclides in the soil or cosmic radiation originating in outer 

space (CDC) [8].  

¶ Becquerel (Bq): It is that quantity of radioactive material in which one atom 

transforms per second. It is the (SI) unit for activity (NDT) [6]. 

¶ Beta Particle (ɓ): Beta particles are negatively charged particles emitted from the 

nuclei of various radionuclides. A beta particle is identical to an electron. 

¶ Compton Effect: The Compton Effect is the quantum theory of the scattering of 

electromagnetic waves by a charged particle in which a portion of the energy of the 

electromagnetic wave is given to the charged particle in an elastic, relativistic 

collision (Parks 2015) [2].  

¶ Contamination (radioactive): the deposition of unwanted radioactive material on 

the surfaces of structures, areas, objects, or people where it may be external or 

internal (CDC) [8].   

¶ 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 uranium-238 (U-238) ends in lead-206 (Pb-206), after forming isotopes, such 

as uranium-234 (U-234), thorium-230 (Th-230), radium-226 (Ra-226), and radon-

222 (Rn-222) (CDC) [8].  

¶ Dose: Dose describes the amount of energy deposited into a specified mass of 

material (NDT) [6]. 
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¶ Dose Equivalent:  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 equivalent. The SI unit is the sievert (SV), 

but the rem is commonly used (NDT) [6].  

¶ Dose Rate: Absorbed dose delivered per unit time (CDC) [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 toward the positive 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 X-ray:  (XRF) is the emission of characteristic "secondary" (or 

fluorescent) X-rays from a material that has been excited by bombarding with high-

energy X-rays or gamma rays (Kirz) [3].  

¶ Gamma Rays (ɔ): Gamma rays 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 half-life (T1/2) of a radioactive material is the amount of time it takes 

for the activity to decrease to ½ of its original amount (CDC) [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] 

¶ Ionizing Radiation: Radiation that has the ability to remove orbital electrons from 

an atom (ionization) (CDC) [8]. 

¶ Isotope: Atoms having the same number of protons, but different numbers of 

neutrons (CDC) [8]. 

¶ Magnetic moment: Magnetic moment of a magnet is a quantity that determines the 

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 that of an electron. The criteria for pair production is 
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that the gamma ray energy should be equal to the rest mass of the two created 

particles. 

¶ Photoelectric effect: refers to the emission, or ejection, of electrons from the 

surface of, generally, a metal in response to incident light.  

¶ Radiation: The propagation of energy through space, or some other medium, in the 

form of electromagnetic waves or particles (CDC) [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 number 88. As found in 

nature, the most common isotope has a mass number of 226. It occurs in minute 

quantities associated with uranium in pitchblende, carnotite, and other minerals.  

¶ Risk: In many health fields, risk means the probability of incurring injury, disease, 

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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Abbreviations 

¶ Analogue to Digital Converter (ADC) 

¶ Absorbed dose rate in air (Dr) 

¶ Analogue to Digital Converter (ADC) 

¶ Annual Effective Dose Equivalent (AEDE) 

¶ Boron Neutron Capture Therapy (BNCT) 

¶ Deoxyribonucleic Acid (DNA) 

¶ External hazard index (Ὄ ) 

¶ Fast Neutron Therapy (FNT) 

¶ Full Width at Half Maximum (FWHM) 

¶ High Purity Germanium Detector (HPGE) 

¶ Indoor Annual Effective Dose Equivalent (Ὀ  

¶ Internal hazard index (Ὄ ) 

¶ International Atomic Energy Agency (IAEA) 

¶ Minimum Detectable Activity (MDA) 

¶ Multi Channel Analyzer (MCA) 

¶ Naturally Occurring Radioactive Materials (NORM) 

¶ Non Destructive Testing (NDT) 

¶ Nuclear Safeguards industry (NUCSAFE) 

¶ Peak Background Correction (PPC) 

¶ Photo multiplier tube (PMT) 

¶ Radioactivity level index (Ὅ) 

¶ Radium Equivalent Activity (Ὑ ) 

¶ Region of Interest (ROI) 

¶ Sodium Iodide doped with Thallium detector (NaI(TI)) 

¶ United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR)
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Chapter One 

Gamma radiation phenomena and its manifestations 

1.1 Introduction  

Radiation as natural phenomena has been under study for a long time. Radiation has two 

main sources, first is the natural radiation, which could be divided into primordial or 

terrestrial and cosmogenic (extra terrestrial); second is the man made or artificial radiation, 

this second source is known to be dangerous because of the high concentration of the 

radiating materials and because it is being disposed close to earth surface and close to 

inhabited places. 

This branch of study started to appear by the time X-ray was discovered in 1895, a short 

time after that scientist experienced the fatal results of working with radiation. 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 set up (Flakus) [9]. ICRP is an independent international 

organization with more than two hundred volunteer members from approximately thirty 

countries across six continents(ICRP) [10]. In relation to the civil society and the scientific 

community the idea of protection against radiation starts to build up after world war two, 

when the effects become apparent, and were not restricted to explosions, since too many 

people were killed along time after the explosions, and that was due to the nuclear 

radiation, and radiating elements, which spread over a large area for a long time. In 1956 a 

public report is released by the National Academy of Science Committee stating that there 

is no safe threshold for radiation exposure. 

After X- ray discovery, and within 3 years of that date, radiation was used in to treat 

cancer. At the beginning of the 20
th
 century, shortly after that radiation began to be used 

for diagnosis and therapy, it was discovered that radiation could cause cancer as well as 

cure it (ACS 2014) [11] Even though the fatal effects became obvious in the late forties, 

governments around the world started to compete and run toward owning nuclear weapons, 

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

http://www.radiation-scott.org/timeline/table.htm#threshold_definition
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simple methods of waste disposal, as it was the case of  Techa river, resulted a pollution of 

about 100 times greater than the regular values there. 

Theoretical models of radiation phenomena started to build up since its discovery. 

Roentgen was the first to notice the radiation reaction with air to form electricity, which is 

the principle behind all detector types operation, including solid material detectors. Using 

and invention of radiation detectors was the tool to build and support the theoretical 

understanding of radiation and its effects and vice versa. H.  Becquerel depended on 

Roentgen to say that his idea applies to solids; he used the gold leaf electroscope to show 

that. Madame Curie depended on his work to find that the intensity of the radiation was 

proportional to the amount of uranium by using electroscope. In July 1898, as mart step 

was done by J. Elster and H. Gretel, and independently by C.T.R. Wilson in 1899, they had 

found that an electroscope steadily lost charge without apparently being exposed to 

radiation, they used this result to say that radioactivity is present in earth. By that time 

Rutherford added an important result, which was the distinction between the three known 

radiations alpha,beta, and gamma according to their ability of penetration (Flakus) [9]. 

Until 1903 instruments invented to deal with radiation were only able to see the effect of 

radiation or its amount. That was the case until Crooks invented the spinthariscope, which 

was able to detect individual rays, depending on the property of individual scintillating 

points of light in the zinc sulfides screen (Flakus) [9]. Beside this instrument was the cloud 

chamber invented by C.T.R. Wilson in 1911, and that still the case until A. Langsdorf up 

grade the cloud chamber to diffusion cloud chamber detector with the property of being 

continuously sensitive, that was achieved through the thermal gradient property, which 

cause saturation or super saturation to the gas within the chamber. Ionizing radiation cause 

condensation of gas droplets representing radiation particle tracks. Now it becomes 

obvious to say that scientists by that time did well in trying to see the radiation individually 

and along a track. They used temperature and pressure gradient in gaseous emulsions, but 

still there is some more things required to make dependable quantitative dosimeter studies.   

Scientists decided to stop using their eyes in watching the particles and counting. Making 

use of the progress in material science and solid state physics, it had become possible in 

the late forties to build Sodium Iodide doped with thallium detector. Thallium-doped 

sodium iodide, typically written NaI(Tl), is a scintillator that 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 of NaI(Tl) crystal will be understood while talking about 

interaction of radiation with matter in section 1.3.2, and will be discussed in the 

experimental set up. 

Importance of radiation behavior and effects studies started to grow side by side with the 

wide spread of nuclear technology and its alarming consequences. As it became known, 

effects of nuclear technology do not consider boarders between countries. As a result, 

countries all over the world started to study radiation levels. National institutions had been 

built up to deal with radiation problems; International Atomic Energy Agency (IAEA) was 

established on 29 July 1957, it was initiated as a growing power to guard human being 

against nuclear technology (IAEA) [12].  United Nations Scientific Committee on the 

Effects of Atomic Radiation (UNSCEAR) was established by the General Assembly of the 

United Nations in 1955; its man date was to assess and report levels and effects of 

exposure to ionizing radiation (UNSCEAR 2000) [13]. This type of establishments didnôt 

manage to achieve its proposed goal of promoting the peace ful and safe use of energy, but 

they have become a tool to help strong countries to achieve their policies mostly, where we 

can see the vast and un imaginable amounts of nuclear weapon every where. In such a 

realm or field, our tiny search will be nothing but lighting a candle in the series of 

researches done concerning measuring the radiation levels around the world and in the 

middle east too, this is not the first study done in Palestine, and will not be the last. 

1.2  Radiation 

Radiation as a phenomena was hidden until Wilhelm Roentgen's discovery of X-ray. 

Roentgen, a German professor of physics, was the first person to discover electromagnetic 

radiation in a wavelength range commonly known as X-rays today. Although, many people 

had observed the effects of X-ray beams before, but Roentgen was the first one to study 

them systematically. To high light the unknown nature of his discovery, he called them X-

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

he was honored with the first Nobel Prize in Physics in 1901. 

Ernest Rutherford is considered the father of nuclear physics. Rutherford ove rturned 

Thomson's atom model in 1911 with his well-known gold foil experiment in which he 

demonstrated that the atom has a tiny, massive nucleus, which became known as the source 

of radioactivity. 
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Radiation can be classified into two main categories namely non-ionizing radiation (cannot 

ionize matter), and ionizing radiation (can ionize matter). The later can be divided into two 

types, the first is directly ionizing radiation (charged particles) such as  electrons, protons, 

alpha particles, and heavy ions; and the second type is indirectly ionizing radiation (neutral 

particles) such as  photons (X-rays, gamma rays), and neutrons.  

Radiation is due to natural reactions that occurs in certain atoms that are unstable. 

The neutronï proton ratio (N/Z ratio or nuclear ratio) of an atomic nucleus is the ratio of its 

number of neutrons to its number of protons. Among stable nuclei and naturally-occurring 

nuclei, this ratio generally increases with increasing atomic number. For each element with 

atomic number Z small enough to occupy only the first three nuclear shells, that is up to 

that of calcium (Z = 20), there exists a stable isotope with N/Z ratio of one, with the 

exception of beryllium (N/Z = 1.25) and every element with odd atomic number between 9 

and 19 inclusive (N = Z+1). Hydrogen-1 (N/Z ratio = 0) and helium-3 (N/Z ratio = 0.5) are 

the only stable isotopes with neutronïproton ratio under one. Uranium-238 and plutonium-

244 have the highest N/Z ratios of any primordial nuclide at 1.587 and 1.596, respectively, 

while lead-208 has the highest N/Z ratio of any known stable isotope at 1.537.  Radioactive 

decay generally proceeds so as to change the N/Z ratio to a new nucleus of greater 

stability. If the N/Z ratio is greater than 1, alpha decay increases the N/Z ratio, and hence 

provides a common pathway towards stability for decays involving large nuclei with too 

few neutrons. Positron emission and electron capture also increase the ratio, while beta 

minus decay will decrease the ratio. 

In many cases, the instability can lead to either converting a proton to a neutron by 

emission of a positron and a neutrino in  the so called  beta plus decay, or a neutron 

conversion to a proton by the emission of an electron and electron antineutrino in a the so 

called  beta minus decay.  

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 

a nucleus emits an Ŭ or ɓ particle, the daughter nucleus is usually left in an excited state. It 

can then move to a lower energy state by emitting a gamma ray. Gamma decay from 

excited states may also follow nuclear reactions such as neutron capture, nuclear fission, or 

nuclear fusion. 

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


7 
 

Radiation activity is defined as the rate of nuclei decaying or disintegrating per unit time. 

Radiation activity of a certain nuclide in relation to any particle being emitted is a function 

of time. If we consider N (t) particles of a radiating element under study, then the activity 

A will be: 

ὃ
Ὠὔὸ

Ὠὸ
lὔὸ                                                                                                                ρȢρ 

This has the well known solution: 

ὔὸ ὔὩl                                                                                                                             ρȢς 

where N (t) here represents the remaining nuclides, and l is the decay constant of that 

nuclide. This is the basic principle in dealing with the radioactive reactions. 

Some parent nuclides decay to more than one daughter nuclide in parallel reactions, with 

each has its own probability of occurrence that leads to its own decay constant, and its total 

decay constant is the summation of the decay constants. 

Another case is the serial decay chain, where the parent nuclide parity is ρ, and the bottom 

of the series or the stable nuclide is Ὥ ρ (with Ὥ  ρ), nuclide ρ decays to a daughter 

nuclide ρ ρ, then nuclide (2) decays to its daughter (3) until reaching the stable nuclide 

Ὥ ρ, where nuclide Ὥ decay rate is considered to be l. A direct application of equation 

(1.1) above leads to the decay rate: 

Ὠὔὸ

Ὠὸ
lὔ ὸ l ὔ ὸ                                                                                           ρȢτ 

This relates the last decaying nuclide rate to the parent one. Solving the above equation for 

two general nuclides as a parent and a daughter is enough to explain the cases of 

equilibrium and understand secular equilibrium, which is our tool for calculation of main 

NORM (Naturally Ocuring Radioactive Materials) nuclides. Substituting Ὥ ς, 

equation ρȢτ becomes: 

Ὠὔὸ

Ὠὸ
lὔ ὸ lὔ ὸ                                                                                                 ρȢυ 

Applying equation ρȢρ, equation ρȢς  to ὔ ὸ then solving for ὔ ὸ) we get: 
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ὔ
l

l l
ὔ ὸ πὩl ὔ ὸ π

l

l l
ὔ ὸ π Ὡl                ρȢφ 

In some situations, the grand-daughter of a radioactive decay is still unstable and continues 

with producing another radioactive product. Thus, it is possible to have series or chains of 

radioactive decays as called ódecay chainô or óradioactive seriesô. 

We need to talk about secular equilibrium that will be our step toward achieving the 

activities of the main natural chain radiation reactions of parent nuclides Ὗ , ὝὬ and 

Ὗ . 

There are three predominant cases of the state of equilibrium that can be explained as 

follows: 

First is the case of transient equilibrium, where the half-life of the parent is longer than that 

of the daughter, but not significantly; l l. 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 longer half-life than 

the parent one, where no equilibrium can be achieved. 

Third is the case of secular equilibrium, where lèlȠ and l@0, then Ὡl  tends to 1, and 

then equation ρȢφ becomes: 

ὔ
l

l
ὔ ὸ π ρ Ὡl                                                                                               ρȢχ 

After about 7 half-lives of daughter nuclide Ὡl  tends to zero or has no effect, this leads 

to: 

lὔ lὔ                                                                                                                                   ρȢψ 

Thus, at equilibrium, the parent and daughter activities are equal. 
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Figure 1.1 below demonstrates the daughter and parent nuclides activities behavior with 

number of daughter half lives. 

 

Figure 1.1 The plot of parent and daughter activity in secular equilibrium (Wagenaar 

1995) [1]. 

If  the two nuclides representing transient equilibrium or no equilibrium preceded by a 

grandparent  nuclide having a much larger half life as it the case in Ὗ, ὝὬ and Ὗ  

figure (1.2), (1.3) and (1.4) below, in this case, secular equilibrium is achieved, and each 

one's activity will be representing the  dominating activity of the grandparent nucleus.  

If we look at Ὗ chain decay, it is obvious depending on the above notes, and figure (1.2) 

shown below that ὖὥ and Ὗ are supposed to be in no equilibrium, but with Ὗ 

domination, each is in secular equilibrium with Ὗ, and for Ὗ and ὝὬ  they are in 

transient equilibrium, but with Ὗ  domination, both are in seqular equilibrium with 

Ὗ, this applies all the way down to ὖέ, and all could be used as representatives 

to Ὗ activity.In the case of ὝὬ and Ὗ in radioactive chains shown in figure (1.3) 

and figure (1.4) below, same thing applies as theὟ series.  

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 Ὗ as the only uranium isotope (Stratamodel 

2016) [14]. Thus extracting the soil samples is supposed to be done by digging an ironic 
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cylindrical shell, or in other words you have to do that like cutting a piece of cheese 

without any fallings. With such hypothesis we can use any of chains nuclides as a 

representative to the parent nuclide activity, assuming that the samples distinations are  

closed geochemical systems. 

 

 

Figure 1. 2: U-238 decay chain series (Commons 2015) [15]. 
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Figure 1.3: Th-232  decay chain series (Commons 2015) [16]. 

 

 

 

 

 

https://upload.wikimedia.org/wikipedia/commons/2/25/Decay_Chain_Thorium.svg
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Figure 1. 4: U-235 decay chain series (Wikipedia 2008) [17]. 

1.3 Gamma radiation 

This kind of radiation contains high quanta of energy that ranges from a few keV to more 

than100 MeV. With this amount of energy that gamma rays have, it is an ionizing 

electromagnetic wave, it also can penetrate the atomic space and collide with the nucleus 

to form the phenomena of pair production, it could even form pair production in the 

vicinity of atomic particles potential fields. Also it can penetrate through human body 

without any interaction. 
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1.3.1 Theory behind gamma ray phenomena 

In the above paragraphs we did talk about the resulting nuclear radiation behavior. The 

deep view behind that could be understood through studying of the nuclear electromagnetic 

fields in an integrated view. 

It is known classically that the nucleus is being considered as a distribution of non static 

charge in which we have electric and magnetic multi-pole effects, where this multi-pole 

effect considered is dependent upon 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 at (Reitz, Milford et al. 1993) [18]. The approximation is also 

dependent on the kind of experimental results people used to experience in dealing with the 

measured nuclear radiation. Solving the electromagnetic problem for this nuclear 

distribution of charge, with charges considered in reactive motion or non static in the form 

of antennas with dimensions comparable to wavelength (Jackson 1999) [19] and keeping 

the multi-pole terms in solving for electric and magnetic fields, then solving for the 

radiated power of electric or magnetic field, we get the following general form as it is 

adopted by (Dokhane 2007) [20]: 

ὖ„ὒ
ςὒ ρὧ

‐ὒ ςὒ ρᴅ



ὅ
ά„ὒ                                                                          ρȢω 

P is the power radiated, L is the angular momentum, w is the angular frequency of the 

radiation, s represents the field either electric or magnetic, e is the permittivity of free 

space, m(sL) is the amplitude of the electric or magnetic multi-pole moment. 

Moving to quantum mechanics, where the radiation is quantized into photons of energy 

Ὁ Ὤὺ ᴐ:then the rate of emission of photons is [21] (Cohen 1971)  

lsὒ
ὖ„ὒ

ᴐ
                                                                                                                          ρȢρπ 

With ὩήρȢω we get: 

lsὒ
ςὒ ρὧ

‐ǩὒ ςὒ ρᴅ



ὅ
ά„ὒ                                                                   ρȢρρ 
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In quantum representation the multi-pole momentά „ὒ amplitude is exchanged into an 

operator constituting an (f i; with i stands for initial and f stands for final) element matrix 

according to the following form:  

ά „ὒ YᶻάsὒYὭὨὺ                                                                                                  ρȢρς 

whereY  is the final state of the nucleus, Y  is the initial state of the nucleus, integration is 

done over the nucleus volume, m (sL) operates on the nucleus initial state to change it to 

Y .  According to Weisskopf estimate as shown in (Dokhane 2007)  [20]  of a single 

proton shell model of EL and ML, transitions probability become: 

‗Ὁὒ
ςὒ ρὧ

‐ǩὒ ςὒ ρᴅ



ὅ

Ὡ

τ“
σ
Ὑ

ὒ σ
                                                         ρȢρσ 

‗ὓὒ
ςὒ ρὧ

‐ǩὒ ςὒ ρᴅ



ὅ
ρπ

ǩ

ά ὧὙ

Ὡ

τ“
σ
Ὑ

ὒ σ
                               ρȢρτ 

With R as the nuclear radius (ὙὃȾ), ά  is the proton mass. 

1.3.1.1 Selection rules 

There are several quantized possibilities of emissions that we can think of according to 

angular momentum L operator in equation ρȢρς and considering Y  to have angular 

momentum Ὅ and Y  to have Ὅ. To satisfy conservation of angular momentum, the 

following vector triangle is supposed to be satisfied: 

óὍ Ὅó ὒ óὍ Ὅó                                                                                                       ρȢρυ 

Where this is equivalent to a result of ς possible multi-pole orders, according to the index 

or operator values L. Also L is not allowed to have a zero value, since that means the initial 

and final energy states are equal, with a difference of zero, and no radiation occur. For 

example in a quadruple approximation, L has a value of two, which means we have four 

values for l. 

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 Ὅ σȾς and Ὅ υȾς, then L have the values 1, 2, 

3, 4. 

“ὓὒ ρ                                                                                                                        ρȢρφ 

“Ὁὒ ρ                                                                                                                             ρȢρχ 

where “ represents the parity, these two equations or restrictions above are no more than a 

summary  of the results of sign behavior of the initial and final state wave functions under 

reflection of axis. In other word, for cases of no change in parity you can use the equations 

(1.16) and (1.17) to say that L=1, 3 in the above example are due to the magnetic dipole 

and octupole, and side by side L=2, 4 are due to electric Quadra-pole and hexadeca-pole. 

But if we have a change in parity then the opposite of the above is the case. 

It is true that in our study we will be trying to make sample analysis to determine its 

elements depending 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 above. On the 

other hand our spectrum analysis peaks was the tool to build isotopes library energies and 

the probabilistic appearance of the peaks, and recommendation of nuclear models. 

1.3.2 Gamma radiation interaction with matter  

Gamma rays have no charge, but it has relatively great amount of energy. This means that 

its probability of interaction with atomic electrons is a lot smaller than that of alpha 

radiation for example, or in otherwords it could be said that gamma ray cross-section of 

interaction is a lot less than beta and alpha interactions. The high energy of gamma rays is 

the reason behind its ability of penetration. 

Gamma ray interaction with matter has several possibilities that all constitute the photon 

interaction cross-section with an atom (Ragheb) [22].  The most important of these are the 

following: 

1.3.2.1 Photoelectric effect 
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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. In 

symbol form, consider Ὁ being the gamma photon energy, Ὁ being electron energy, Ὁ as 

the energy attained by the recoiling atom, which is of the order of 10
-4

 relative to the 

recoiling electron energy, and is ignored. The binding energy of the electron, which is 

found to be a k shell electron, considered as Ὁ is : 

Ὁ ρσȢφὤ ρ Ὡὠ                                                                                                                 ρȢρψ 

With ὤ as the atomic number. The ejected electron energy is: 

 Ὁ Ὤὺ Ὁ                                                                                                                               ρȢρω  

Substituting for Ὁ we get 

 Ὁ Ὤὺ  ρσȢφὤ ρ Ὡὠ                                                                                                     ρȢςπ   

where Ὁ is Ὤὺ with Ὤ as blanks constant, and ὺ is 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 material; these photons are in the X-ray level of 

energy, called fluorescent X-rays. The ejected electron is called a photoelectron and is usually 

considered a secondary electron or a secondary beta emission. Such electrons can produce what is 

called bremsstahlung X-rays, which is ionizing too (Serman) [23]. 

Cross-section 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 that the photoelectric 

interaction cross-section is inversely proportional to the gamma photon energy and is 

directly proportional to the atomic number Z as follows: 

„
ὧὤ

Ὤὺ
                                                                                                                                ρȢςς 

where m ranges from 1 to 3 and n ranges from 4 to 5 (Ragheb) [22].  

1.3.2.2  Compton scattering 
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In Compton scattering a photon scatters from an atomic electron usually considered at rest.  

The electron leaves the atom in what is considered elastic scattering as shown in figure 1.5 

below. Scattered photon inturn could go into either more Compton scattering or it could 

vanish in aphotoelectric interaction. Employing conservation of energy and momentum in 

the relativistic manner, with Ὁ is the energy of the scattered photon, Ὁ is the energy of the 

incident photon, Ὁ is the rest mass energy of the electron, and ɗ is the angle between the 

direction of the incident and scattered photons, we can arrive to the following equation:  

ρ

Ὁǋ
ρ

Ὁ

ρ ÃÏÓ—

Ὁ
                                                                                                                  ρȢςσ 

where Ὁ άὧ, E'ɔ Ὤὺǋ, Eɔ Ὤὺ, then rearranging the equation above one gets: 

Ὤὺǋ
Ὤὺ

ρ ρ ÃÏÓ—
                                                                                                      ρȢςτ 

Energy of the electron representing the Compton continuum is" 

Ὁ Ὤὺ Ὤὺǋ                                                                                                                              ρȢςυ 

Substituting for Ὤὺǋ from equation  (1.24) into equation ρȢςυ we get (Knoll 2010) [24]: 

Ὁ
ρ ÃÏÓ—

ρ ρ ÃÏÓ—
                                                                                                        ρȢςφ 

 

 Figure 1.5: Schematic diagram of Compton Effect kinematics (Parks 2015)  [2]. 
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One more point need to be said is that electrons resulting in Compton scattering could also 

produce bremsstrahlung X-rays.  

The Compton Effect cross-section is proportional to the atomic number Z: 

„ ὧέὲίὸὥὲὸȢὤ                                                                                                                         ρȢςχ 

1.3.2.3 Pair production 

Pair production is the creation of an elementary particle and its antiparticle, for example 

creating an electron and positron, a muon and antimuon, or a proton and antiproton. Pair 

production often refers specifically to a photon creating an electron-positron pair near a 

nucleus but can more generally refer to any neutral boson creating a particle - antiparticle 

pair. In order for pair production to occur, the incoming energy of the interaction must be 

above a threshold in order to create the pair ï at least the total rest mass energy of the two 

particles ï and that the situation allows both energy and momentum to be conserved. 

However, all other conserved quantum numbers (angular momentum, electric 

charge, lepton number) of the produced particles must sum to zero ï thus the created 

particles shall have opposite values of each other. For instance, if one particle has electric 

charge of +1 the other must have electric charge of ī1, or if one particle has strangeness of 

+1 then another one must have strangeness of ī1. The probability of pair production in 

photon-matter interactions increases with photon energy and also increases approximately 

as the square of atomic number of the nearby atom.. The pair production cross section 

increases with increasing atomic number Z as: 

„ ὧέὲίὸὥὧὸȢὤ                                                                                                                     ρȢςψ 

1.3.2.4 Fluorescent X-ray 

X-ray fluorescence (XRF) is the emission of characteristic "secondary" (or fluorescent) X-

ray from a material that has been excited by bombarding with high-energy X-rays or 

gamma rays. This term is generated in Compton scattering and photoelectric effect 

reactions, and shows may show up in the acquired spectrum. In this case it may appear as a 

separate peak. 

https://en.wikipedia.org/wiki/Antiproton
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Boson
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Rest_mass_energy
https://en.wikipedia.org/wiki/Momentum
https://en.wikipedia.org/wiki/Angular_momentum
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Lepton_number
https://en.wikipedia.org/wiki/Strangeness_(particle_physics)
https://en.wikipedia.org/wiki/Atomic_number
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Figure 1.6: Total photon cross section in lead as a function of energy (Kirz) [3] . 

Figure 1.6 above demonstrates all contributiuons of gamma ray cross-section of interaction 

in lead as a function of energy. In the figure, † represents photoelectric effect, „  

represents Rayleigh scattering, „  represents Compton scattering, „  represents 

photonuclear absorption, Ὧ represents nuclear field pair production, Ὧ represents electon 

field pair production 

1.4 Radiation Dosimetry 

In scope of the theoretical discussion given above about interaction between radiation and 

matter we can build up our measurement system, and the technologies concerning that. On 

the other hand, below we will discuss the key quantities that demonstrate our measured 

value, which is the activity. 

1.4.1 Activity  
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Activity could be defined as the number of atoms of a certain source that decay and emit 

radiation in one second as in equation  (1.1) above. For a certain source that is a mixture 

containing one radioactive material or more, our peak position on the spectrum will be the 

road to guess what kind of isotopes we have, and using the count number at the peak we 

can calculate the concentration activities and percent weight of these materials in the 

mixture. The average number of decays per second in the International System (SI) unit for 

activity is the Becquerel (Bq), which is that quantity of radioactive material in which one 

atom transforms per second (NDT) [6]. 

1.4.2 Intensity 

The other interesting and important value that our system will be measuring to be able to 

determine activity is the intensity which is defined as the amount of energy or radiation 

passing through a given area that is perpendicular to the direction of radiation travel in a 

given unit of time (NDT) [6]. 

Translating that to a mathematical equation, consider the point source in figure 1.7 with an 

N number of gamma rays being emitted per second isotropically, and the 2*2 NaI(Tl) 

detector as shown in the same figure below, by building a gausian surface with a radius r 

from the source to the circular edge of the cylindrical detector, the source intensity well be: 

Ὅ
ὔ

τ“ὶ
                                                                                                                             ρȢςω 

The counts received by the detector come through the sphere cap shown or the front 

circular surface of the crystal detector, then the maximum intensity received by the crystal 

detector is: 

Ὅ Ὅ ᶻ
ὅὥὴ ὥὶὩὥ

ίὴὬὩὶὩ ὥὶὩὥ
                                                                                          ρȢσπ 

then 

Ὅ
ὔὙὬ

ψ“ὶ
                                                                                                                     ρȢσρ 

where Ὤ is the cab hight 
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Then the geometrical efficiency is 

Ὅ

Ὅ
                                                                                                                               ρȢσρ 

Which gives 

ὙὬ

ςὶ
                                                                                                                                       ρȢσς 

This is just a hypothetical explanatory system  with the source considered as a point 

source, where it is not as could be seen with our samples taking the cylindrical plastic 

mernalli shape, and isotropy is hypothetical too, where that need to be shown, and it is a 

matter of study. 

We need now to calculate the intrinsic efficiency of the detector crystal, which relates to 

gamma ray interaction with matter as discussed in section 1.3.2  

᷿    ᷿  
  

  
               ρȢσσ  

 Where ÔÁÎ—  , ÔÁÎ—  , ‘Ὁ is the linear attenuation coefficient in NaI(Tl) for 

photon with energy E, and  Ὅ  is the radiation pieces intensity at the photocathode 

shoun in the figure below. 

Last you need to consider the photocathode efficiency since not all radiation reaching it get 

translate to the photomultiplier tube but about 15% of that, then: 

 ᶻ ᶻ                                                                                                        ρȢσυ 

Then 

ᶻ
᷿    ᷿  

  
  

*     ρȢστ 
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Figure 1.7: Intinsity manipulation across 905-3 NaI(Tl) 

The importance of this value over activity, is that it is hard to measure the activity directly 

without taking into considerartion the geometry of the detector. Measurement of the 

intensity is then related to the activity we need to solve for. 

1.4.3 Exposure 

Third quantity is the exposure that could be defined as the level or extent to which a unit 

mass of air could get ionized by a certain radiating source. Itôs unit of measurement is the 

roentgen (R) named after the well known scientist Roentgen. A Roentgen is the amount of 

photon energy required to produce 1.610 x 10
12

 ion pairs in one gram of dry air at 0 °C. A 

radiation field of one Roentgen will deposit 2.58 x 10
-4
 coulombs of charge in one 

kilogram of dry air (NDT) [6], Since we trying to assess the hazardous effect of naturally 

occurring radiation, a special case of exposure is required which is external exposure at 1 

meter above the ground level that is due to terrestrial radionuclides present in our sample. 

1.4.4 Absorbed dose, dose equivalent, and dose rate 

Another three important quantites we will consider here are the absorbed dose, dose 

equivalent, and dose rate. Absorbed 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 SI unit for absorbed dose is the gray (Gy), but the ñradò 

(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 radiation exposure 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 equivalent. The SI unit is the sievert (SV), but the rem is 

commonly used. Rem is an acronym for "roentgen equivalent in man." One rem is 

equivalent to 0.01 SV. When exposed to X- or Gamma radiation, the quality factor is 1. 

Finally, Dose Rate: The dose rate is a measure 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]. 

1.5 Biological  Effects  of  Radiation 

Biological effects of radiation is 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 time producing 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 them. High doses 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 donôt cause an immediate problem to any body organ. The effects of low doses of 

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 of the 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 alteration in the information carried by the DNA molecule, then the cell may be 

destroyed by ñdirectò interference with its life-sustaining system.  

1.6 Gamma ray and medication 
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The property of causing death ofcells by radiation, including gamma rays, that showed up 

to scientists around the time radiation was discovered, was the same property that made it 

emerges as a tool for curing the damage it makes. By that time, curing cancer was limited 

to the old techniques of surgery and burning of tumor. Burning as an old clinical technique 

lead scientist to using photon therapy (X ray and gamma ray). Cure with radiation differs 

from one type of radiation to the other and from one tissue to the other. Photon Therapy is 

by far the most common form of radiation used for cancer treatment. It is the same type of 

radiation that is used in x-ray machines, and comes from a radioactive source such as 

cobalt, cesium, or a machine called a linear accelerator (linac, for short). Photon beams of 

energy affect the cells along their path as they go through the body to get to the cancer, 

pass through the cancer, and then exit the body. Some 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 of the cases (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 been cyclotrons, accelerators and reactors, whereas BNCT is so far bound to 

reactors. Both therapies use the effects of high-LET radiation (secondary recoil protons 

and alpha particles, respectively) and can attack otherwise radio resistant tumours, 

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 of the 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 tumor with the 

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

following nuclear reaction in (Barth, Vicente et al. 2012) [26]: 

ὄ ὲ πȢπςυ Ὡὠᶌ ὄᶻᶌ
φϷ                                        ὌὩ ὒὭ  ςȢχωὓὩὠ

ωτϷ          ὌὩ ὒὭ  ςȢσρ ὓὩὠ πȢτψ ὓὩὠ
 

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

about 2.79 MeV of kinetic energy. These particles have a combined range in tissue of 12ï
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13 ɛm (comparable to cellular dimensions). In other words the reaction designed to kill the 

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. 

Carbon ion radiation can be helpful in treating cancers that donôt usually respond well to 

radiation (called radioresistant). Itôs also called heavy ion radiation because it uses a 

particle thatôs heavier than a proton or neutron. The particle is part of the carbon atom, 

which itself contains protons, neutrons, and electrons. Because itôs so heavy, it can do 

more damage 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 type of radiation is 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 reaction possible, 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 

cancer. This means that proton beam radiation can deliver more radiation to the cancer 

while possibly reducing damage to nearby normal tissues [27]. 

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 the reasons 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 all over the world. The 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 features. On the other hand, we have the artificial radiating 

materials that have been distributed all over the world through many means, one is the 

waste disposal. Second could be the rain that is able to capture and transfer radiating 

material, artificial and natural, and spread it all over the world. Third could be the using of 

radiating materials in weapons and spreading it accompanying wares. 

1.7 Previous studies in Palestine 

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

some of the well known studies conducted in the West Bank- Palestine. 

1. Natural Alpha Particle Radioactivity In Soil In Hebron (Hasan 1999) [28]. 

2. Assessment of Natural and ManïMade Radioactivity Levels of the Plant Leaves Samples 

as Bio- Indicators of Pollution in Hebron District- Palestine (Dabayneh 2006) [29].  

3. Radioactivity Levels in Some Plant Samples in the North Western of West - Bank , 

Palestine and Evaluation of the Radiation Hazard (Thabayneh and Jazzar 2013) [30]. 

4. Radioactivity Measurements in Different Types of Fabricated Building Materials used in 

Palestine (Dabayneh 2007) [31]. 

5. Environmental Nuclear Studies of Natural and Manmade Radioactivity at Hebron Region 

in Palestine (Dabayneh, Sroor et al. 2008) [32]. 

6. Natural Radioactivity in Different Commercial Ceramic Samples Used in Palestinian 

Buildings as Construction Materials (Dabayneh 2008) [33]. 

7. Radioactivity Concentration in Soil Samples in the Southern Part of the West Bank-

Palestine (Dabayneh, Mashal et al. 2008) [34]. 

8. Natural Radioactivity Levels and Estimation of Radiation Exposure in Environmental Soil 

Samples from Tulkarem Province ï Palestine (Thabayneh and Jazzar 2012) [35]. 

9. Determination of Natural Radioactivity Concentrations and Dose Assessment in Natural 

Water Resources from Hebron Province, Palestine(Thabayneh, Abu-Samreh et al. 2012)  

[36]. 

10. Measurement of Natural Radioactivity and Radon Exhalation rate in Granite samples Used 

in Palestinian Buildings (Thabayneh 2013) [37]. 

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

West Bank Environment- Palestine (Jazzar and Thabayneh 2014) [38]. 
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12. Measurement of Radioactivity Concentration Levels of Natural Radionuclides in Soil 

Samples from Bethlehem Region ï Palestine (ABU SAMREH, THABAYNEH et al. 2014)  

[39]. 

13. Soil-to-Plant Transfer Factors and Distribution Coefficient of 
137

Cs in Some Palestinian 

Agricultural Areas (Thabayneh 2015)  [40]. 

14. Determination of Alpha Particles Concentration in Some Soil Samples and the Extent of 

their Impact on the Health (Thabayneh 2016) [41]. 

15. Radionuclides Measurements in Some Rock Samples Collected from the Environs of 

Hebron Region ïPalestine (Thabayneh, Mashal et al. 2016) [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



28 
 

 

 

 

 

 

 

 

 

 

Chapter Two 

Experimental Equipments and Procedures 

  



29 
 

Chapter Two 

Experimental Equipments and Procedures 

2.1 Introduction  

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 criteria that 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 

analysis for its contents of isotopes. 

2.2 Samples and the Destinations of collection 

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 situations, like buildings 

and their materials. In this study we chose to collect soil samples from southern villages of 

Hebron governorate given the symbols ὥ , and villages in the north of Hebron given the 

symbols ὦ, then villages in south of Bethlehem given the symbols ὧ as 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 2.2: Distinations of collection of samples c1 through c4 circled as shown. 

 

Figure 2.3: Distinations of collection of samples b1 through b4 circled as shown. 

 

Figure 2.4: Distinations of collection of samples a1 through 10 circled as shown. 

All the 4 maps are offered by (World map finder web site)  [43]. 

We started collecting the first 10 samples along the east to west direction starting by 

middle of Assamu' town up till Arramaden village next to Addaheriya town. The second 

group, consists of 4 samples, were collected starting by Ayn Sa'eer in Sa'eer town and 
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ending up at the far west of Halhul town. Last group, consists of 4 samples, were collected 

starting by a sample around the centre 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 avoided stones to achieve the symmetry of the samples. Then at that level of 40 

centemere, considered as the zero levl, we collected each sample according to the template 

method dimentions  The samples was grinded such that we can get 500 gram samples with 

the property 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 to the moment of 

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

2.3 Experimental setup 

The experimental set up shown in Figure 2.2 below will be used to collect our spectrum. 

This system is constituted of: 

 

Figure 2.5: A typical experimental setup for determination of  ɔ-radiation spectrum 

2.3.1 905-3 NaI(Tl) Scintillation Detector 

In Figure 2.6 below we can see the 905-3 NaI(Tl) parts: 
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        (a)                                                                      (b) 

Figure 2.6: (a) The fourteen pin connector of the 905-3 NaI(Tl). (b) 905-3 NaI(Tl)  

(ORTEC®) [4]. 

Part (a) on right of Figure 2.6 is a fourteen pin connector that supplies PMT's circuit with 

the high voltage as shown in Figure 2.7 below: 

 

Figure 2.7: Electrical circuit design of the fourteen pinconnector, they connects to the 

cathode and anodes within the PMT   (ORTEC®) [4]. 

In part b of Figure 2.6, the NaI(Tl) crystal can be seen in the far left, covered by an 

aluminum body. In the middle we can see the PMT shielded with a thin layer of aluminum, 

dimensions of the 905-3 NaI (Tl) is shown with "DIA" stands for diameter. NaI is an alkali 

halide inorganic scintillator with a relatively high Z from iodine (53), this type of detecting 

or scintillating material crystal has good and required properties; among these is the 

relatively high efficiency as shown in Figure 2.8 below: 










































































