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Preface 
 

In this book w have investigated the gammas-ray interaction properties like mass attenuation 

coefficients (µm), the total atomic scattering cross-sections (σt), the electronic scattering cross sections 

(σe), the effective atomic numbers (Zeff), and the effective electron densities (Neff) for some low-z 

materials such as sodium hydroxide (NaOH), Poly vinyl alcohol (C2H4O), Potassium nitrate (KNO3), 

Benzoic acid (C7H6O2), sodium thiosuplhate (Na2S2O3), graphitic powder (C), polycarbonate 

(C15H16O), polyvinyl chloride (C2H3C1) , plaster of Paris (Ca2S2O9H2), gypsum (CaSO4H4O2) lime 

stone (CaCO3), polyoxymethylene (CH2O), poly acrylonitrile (C3H3N), natural rubber (C5H8), 

polyethyl acrylate (C5H8O2), plophenyl methacrylate (C10H10O2), ploethylene terephthalate (C10H8O4). 

These material can be used as phantoms. These parameters of the chosen samples were measured 

using narrow bean transmission geometry and theoretically calculated using XCOM program. Good 

Agreement between experiment and theory has been observed. Values of µm for the chosen low-z 

materials decrease with increasing energy, which is similar to samples containing C, H, N and O as 

constituent elements. Variations in σt, σe, and Zeff and Neff with energy have been plotted and 

discussed. The results investigated and calculated would be useful in radiation shielding, accelerator 

centers, polymer industry, medical field etc... 

 The use of gamma-ray isotopes increases day by day from last few decades in many fields such 

as nuclear power plants, medical fields, material science and sterilization etc. To avoid such harmful 

radiations and minimize the effects produced by it, there is need to investigate and study the materials 

properties produced due to gamma radiation. To determine the gamma radiation parameters such mass 

attenuation coefficient, effective atomic number, effective electron density, effective atomic number, 

molar extinction coefficient etc., which is useful in dosimetry, radiation shielding. In the present work 

an attempt is made to check the availability of low-z materials as gamma-ray shielding materials as 

well as to produce literature foe new materials. We know the lead (Pb) is generally used as good 

shielding materials against gamma-rays, but it has some constraints that it has hazardous, cannot be 

used at large scale, designing etc. 
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1.1. Need of the Radiation Shielding Material 
We know the use of radioisotopes or radioactive substances has increased in many fields like medical field, 
nuclear power plants, and radiation research, material modification, agriculture, sterilization etc., so there is 
need for the study of radiation effects on materials. Many researchers did a lot of experiments in this field 
and found different results.  The study on the effects of gamma radiation on materials has been carried out, as 
there is lack of data availability on the studies on the effect of gamma radiation on materials, phantoms, dose 
rate measurements. The higher the radiation dose, there is lot of chances for occurrence of cancer. Cancer 
caused due to radiation did not appear until years. The radiation can damage the living cells, tissues, genetic 
mutations, exposing a developing embryo to radiation can increase in the birth defects. Due to increases in 
the use of radioisotopes the problem of radiation protection has become an important aspect (Teli et al., 
2001). 

As we know gamma-rays are hazardous for living cells, human being, tissues so there is the need to develop 
and to investigate the new gamma-ray shielding materials which can be available easily and inexpensive as 
well as non-hazardous. From few decades there is increase of ionizing radiation in many sectors like 
industries, medical diagnostic centres, nuclear research establishments, nuclear reactors, nuclear weapons, 
paints etc. so a detailed study is required for the safe and exact use of gamma radiations, radioactive sources 
and nuclear energy. Due to the some nuclear accidents in Fukushima, Chernobyl, Three Mile Island etc., as 
the consequence of accident, large amount of radioactive materials like isotopes of iodine (131I, 132I, 133I), 
caesium (134Cs, 136Cs, 137Cs) and tellurium (132Te), and inert gases such as xenon (133Xe), were came into the 
contact of environment, this results in high levels radiation, especially around the plants. In consequence of 
this radiological event, people were mostly protected against radiation exposure and no one could be injured 
by this poisonous radiation dose, which can be reason for sickness (WHO, 2012).  A more recent WHO 
report (WHO 2013) suggested that slight increases in lifetime cancer risk might occur in any heavily exposed 
to the radiation, facing such issues in future, researchers are to be encouraged to develop such materials for 
shielding purposes which could effectively protect them from the harmful radiations (Balwinder Singh et al., 
2013). 

In the present work we used the low-Z materials as polymers, chemicals having low atomic number which 
can be available easily, having low cost and easily used at large scale. The results investigated and calculated 
were most useful in the fields of radiation shielding, Dosimetry, material science, polymer industry etc. Also, 
radiation is widely used in biomaterial science for the surface modification, sterilization and to improve bulk 
properties of materials (Roberto S. Benson, 2002). Present investigation is done to check the availability of 
materials as gamma ray shielding materials.Gamma ray studies on low-Z materials have found too much 
importance for the study in polymers structure and properties of polymers (R L Clough, 2001). Polymers are 
the low-Z materials that are non-flammable, light weight, high durability, ease processing, low cost, stable at 
over a wide temperature. These properties make polymers as very useful for manufacturing containers, 
piping, electrical insulation, pumps, for corrosive fluids in nuclear technology, protective coatings and base 
material for gamma ray shielding. The polymer materials are being used for phantom for Dosimetry, 
calibration of radiation detector and tissue equivalence (V P Singh et al., 2015). The correct values of photon 
mass attenuation coefficients are required to provide essential data in many fields as nuclear diagnostic (CT), 
radiation protection, nuclear medicine, radiation Dosimetry, gamma ray fluorescence studies, radiation 
biophysics etc. (BurcuAkca, 2014). For the simulation of radiation dose for human organs, tissues substitute 
materials can be used; as these materials used in the present work are composed of C, H, N and O elements 
and can be easily used as tissue substitute materials in many fields as phantom, medical physics, radiology, 
health physics, nuclear engineering, radiation physics, Dosimetry, radiation protection, space research etc. 
The investigated results will be useful in many fields like Dosimetry, shielding against gamma rays, and in 
the study of effects produced due to radiation in material. 

The gamma rays were used in various fields so the people are exposed to these harmful, ionizing radiations, 
for example: medical diagnostic centres, nuclear research establishments, nuclear power plants etc., hence to 
get rid from these energetic gamma rays, there is need to take certain precautions by shielding these 
radiations. We know that lead is the better shielding material for gamma rays but there are certain limitations 
for the use of lead as a radiation shielding material, like designing, hazardous nature and it cannot be used in 
many things such as coats, cloths, building materials etc. Nowadays in radiation plants and labs everyone 
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should be encouraged to use such materials for the construction of buildings, preparing the cloths from such 
shielding materials that could be found as better shielding materials.The materials which could be any can 
provide some shielding like iron, concrete, lead, soil etc. The shielding ability of the material can be 
determined by the thickness of the material. For the absorption of gamma rays, material requires to absorb 
half of the radiation and the thickness of the material is known as half-thickness (HT). The HT only depends 
upon the properties, the type of the material and the radiation energy (Agen-689). Considering these issues in 
mind, we investigated the gamma-ray attenuation properties of low-Z materials, and the data could be 
applicable in many fields. 

 
Fig-1: Shielding materials and their half-thickness for gamma radiation. 

1.2. LITERATURE REVIEW 
Radiation protection plays very important role in the study of biologically harmful effects.Studies on the 
shielding properties of different materials have already been performed (Akkurt et al., 2010; Salinas et al., 
2006; Singh et al., 2004). Concrete is a suitable material to minimize shielding towards gamma rays as an 
absorber for the reduction of biological problems. The concrete has enough density and strength for the 
attenuation of gamma rays. Casting of concrete is easy and can be available at lower cost. From past few 
years many researchers (Rezaei- Ochbelagh et al., 2010, 2011) did many attempts to increase radiation 
shielding properties of concrete. Few minerals such as magnetite, hematite, goethite and limonite were added 
by Neville as aggregates in concrete and their effects have been determined (Neville, 1996). The radiation 
effects of barite and lead as additive materials in concrete have been investigated (El-Hosinyand El-
Faramawy, 2000). Gamma ray shielding properties and effectiveness of superconductors having high mass 
density has been carried out (Vishwanath P. Singh et al., 2015). Nowadays simulation of radiation dose for 
human organs is possible by using the tissue equivalent material (ICRU report) states that many types of 
tissue equivalent substitutes are being used for phantom, medical applications, radiology, nuclear 
engineering, health physics, Dosimetry, radiation physics and space research. 

Earlier many researchers studied the effects produced by gamma-rays on materials like dosimetric materials 
(T. K. Kumar, et al. Shivaramu et al.), alloys (I Han, M. Kurudirek, V. R. K. Murty, A. H El. Khatib et al.), 
building materials (N. Damla et al. 2012), glasses (J. Kaewkhao, 2010, H Gill 1998.), soils (G. S. Mudahar 
and H. S. Sahota, 1988; N Kucuk et al 2013), amino acids, fatty acids, minerals (S. Gowda, S. Krishnaveni, 
and R. Gowda, 2005: S. R. Manohara et al. 2008: I Han at al. 2009), biological samples (V. Manjunathaguru 
and T. K. Umesh 2006, N.Koc¸ and H. Ozyol, 2000). (HarRavinder Kumar and Tejbir Singh 2012) 
investigated the vanadium compound as gamma ray shielding material. (Natthakridtachanthima et al. 2011) 
studied on Interaction of Bi2O3, PbO and BaO in Silicate Glass System at 662 keV as gamma ray shielding 
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materials.(B. Dogan and N. Altinsoy, 2015) investigated the attenuation coefficient for some building 
materials concrete, gas concrete, pumice, brick using NaI (Tl) detector  and concluded that concrete has the 
best gamma ray shielding properties due to the higher values of mass attenuation coefficient. 

Many researchers investigated the gamma-ray parameters using various techniques 
The direct measurement of mass-energy absorption coefficient en/ is very difficult. In this investigation 
(Bassam Z. Shakhreet et al. 2003) determined the en/ using simple and direct method on paraxial sphere 
transmission using a proportional response gamma ray detector. The change from non-proportionality and 
other corrections have been found small. The values for paraffin and gypsum using above method for 
photons 662 keV (3.37+0.05)*10-3 m2/kg, (2.96+0.01)*10-3 m2/kg and these values compared with 3.35*10-3 
m2/kg, 2.99*10-3 m2/kg given by Hubbell and Seltzer (1997). The values of mass attenuation coefficient (µm) 
for SiO2 for Quartz, orthoclase, gypsum, pyrite and pyroxene natural minerals were counted at 22.1, 25.0, 
59.5 and 88.0 keV photon energies. The X-rays and Gamma-rays were counted by Si (Li) detector at 
resolution of 160 eV at 5.9 keV. The atomic electronic cross-sections, effective atomicnumbersand electron 
densities were determined using the µm values investigated for samples (I Han et al. 2009). The total mass 
attenuation coefficients (µm) for Ti, Ni and TixNi1-x alloys were measured at 22.1, 25.0, 59.5, and 88.0 keV 
photon energies. The X-rays and Gamma rays were counted by Si (Li) detector at resolution of 160 eV at 5.9 
keV. The parameters, atomic, electronic cross-sections, effective atomic number and electron densities were 
determined using the µm values investigated for alloys. The theoretical µm values for alloys estimated using 
mixture rule (I Han et al. 2009). The total mass attenuation coefficient for Cr, Fe, Ni and FeXNi1-x alloys were 
measured at 22.1 to 88 keV. The samples were irradiated with 10 mCiCd-109 and 100 mCi Am-241 
radioactive point source having transmission arrangement. The gamma and X-rays were counted by Si (Li) 
detector with resolution of 160 eV at 5.9 keV. The total atomic and electronic cross-section, effective atomic 
number and electron densities were determined experimentally and theoretically using the obtained mass 
attenuation coefficient for 3d alloys (I Han et al. 2009). The effective atomic numbers and electron densities 
of the amino acids viz. glycine, alanine, serine, valine, theonine, leucine, isoleucine, aspartic acid, lycine, 
glutamic acid, histidine, phenylalanine, argentine, tyrosine, tryptophane and the sugars arabinose, ribose,  
glucose, galactose, mannose, fructose, rhamnose, maltose, melibiose, melezitose and raffinosewere 
investigated in the energy range of 30 to  1500 keV (ShivalingeGowda et al. 2005 ).To check the availability 
of use of some building materials such as cement, plaster of Paris, lime and sand as a gamma ray shielding 
materials, some parameters has been investigated at photon energies 59.54 to 1332 keV. The interaction of 
photons for building materials has been discussed in terms of mass attenuation coefficient and exposure 
build-up factors. From the present work it can be concluded that the lime is the best gamma ray shielding 
material (Tejbir Singh et al. 2009). The values of mass attenuation coefficient (µm) for alkali halides (Rbcl, 
RbBr and Rbi) were determined by using narrow collimated beam transmission method. The samples were 
irradiated using the radio-active sources of different gamma ray energies like Cs (0.662 MeV), Am (0.0595 
MeV), Co (1.173 and 1.332MeV). The irradiated photons were detected by NaI (Tl) scintillation detector 
with the resolution of 8.5 % for 0.662 MeV of 137Cs. The values of theoretical mass attenuation coefficient 
determined by using mixture rule (A S Madhusudhanrao et al., 2013). 

Mass attenuation coefficient, effective atomic number, effective electron density were calculated and 
determined for some amino acids from energy range 8 keV to 661.66 keV using high purity germanium 
(HPGe) detector. The theoretical µm values were estimated using mixture rule. The calculated values were 
compared with experimental values for all samples of amino acids. The values compared with each-other and 
show good agreement. It can be concluded from the present investigation that the calculated and investigated 
parameters depends on the photon energy and the chemical content (Tursucu A et al. 2013).The effective 
atomic number and electron densities have been obtained for amino acids in the energy range 5 to 1500 keV 
from the theoretically derived value of total attenuation cross section. The variation of the effective atomic 
number has been systematically studied with respect to the effective atomic weight. From the present 
experiment it was concluded that the ratio Zeff/Aeff was 0.53 for amino acids containing H, C, N, and O 
elements in the energy region (P Pawar et al 2011).The mag. Ferrite samples were prepared by standard 
ceramic technique and characterized as single phase cubic spinel structure by XRD. The linear attenuation, 
mass total atomic cross-section and the effective atomic number were calculated for pure magnesium ferrite. 
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The values of gamma ray mass attenuation coefficient were obtained using NaI (Tl) scintillation counter 
from energy range 0.36 to 1.28 MeV ( R H Kadam et al 2007). 

Mass attenuation coefficient for some polymers has been calculated using MCNP-4C at gamma ray energies 
59.5 to 1332.5 keV. Significant variations were noted for mass attenuation coefficient of the polymers at 
different photon energy. The investigated values of mass attenuation coefficient were compared with values 
calculated from XCOM program and it seems that shows good agreement. The present study indicates that 
simulation geometry method is suitable for used as an alternative method for experiments, standard geometry 
for MCNP simulation for low-Z materials (V P Singh et al 2015).Effective atomic numbers of photon energy 
absorption ZPE Aeff and effective atomic numbers for photon interaction of some low-Z substances of 
dosimetric interest like A-150 tissue equivalent plastic, alanine, Bakelite, Gafchromic sensor, plastic 
scintillator, polyethylene, Mylar, polystyrene, Perspex, radio chromic dye film nylon base, tissue equivalent 
gas based, and tissue equivalent gas-propane based have been calculated by a direct method in the energy 
range 1 keV to 20 MeV. Experimental µm, ZPEAeffvalues for these substances have been obtained and 
compared with theoretical values. The values for these parameters steadily increases with up to 6-15 keV and 
then decreases with 600-1500 keV. From the energy range 1.5 MeV (Shivaramu et al 2001). 

In the present work effective atomic numbers were determined using different methods for some low-Z 
materials like polyethylene, polystyrene, polypropylene, Perspex, polycarbonate, nylon6-6, plaster of Paris 
and TH/L2. The methods used are direct method, interpolation method, Auto Zeff software and single value 
XMuDat computer program. Some results were compared where necessary with experimental data. It can be 
concluded from this work that the effective atomic numbers calculated from direct method the interpolation 
and Auto Zeff methods gives good agreement in pair production and Compton scattering energy regions. This 
study should be useful for readily available effective atomic numbers of the low-Z materials (V P Singh et al. 
2014). 

In the present work concrete is used with the addition of lead at different percentage. To reduce the toxicity 
of lead, the lead should be encased in concrete or coated by heavy points concrete containing lead shield was 
investigated for gamma ray absorption using NaI (Tl) detector and founds that if the lead to cement ratio is 
90%  the mixture is used as the good gamma ray shielding material (D. Rezaei-Ochbelagh 2012).In the 
present work radiation parameters such as HVL, TVL, Zeff, Neff, Aeff and building factors for some low-Z 
materials commonly used for the construction of building and can be used as gamma ray shielding materials. 
It is concluded from the present work for accurate measurements of shielding parameters for low-Z materials 
in the energy range 661.66-1332.50 keV. Affects multiple scattered photons should be minimized by 
reducing the absorbers thickness below 0.5 mfp. The correct values of µm helps to know its precise shielding 
effectiveness (HVL) of gamma rays also it has been concluded that white cement possess the best shielding 
effectiveness for gamma rays (Kulwinder Singh Mann et al. 2015). To check the gamma ray shielding 
properties of few low-Z shielding materials as Bakelite, concrete, red sand shield and white sand shield few 
parameters was investigated. It has been concluded from this work that the shielding effectiveness of a 
sample is directly depends on the effective atomic number. Good shielding effect is observed for white sand 
shield and red sand shield (Balwinder Singh et al.2013). In present work gamma ray interaction studies for 
some boron containing materials has been carried out. The effective build up factor were calculated using 
Geometric Progression (GP) fitting for photon energy range 0.015-15 MeV till the penetration depth 40 mfp. 
The Fe-B is found to be the superior gamma ray shielding material. The results in this work could be useful 
in radiation shielding applications in various fields (V P Singh 2015). The mass attenuation coefficient for 
some low-Z materials with many applications in various fields have been investigated using Monte Carlo 
simulation code Monte Carlo N-particle (MCNP). Appreciable variations are noted for mass attenuation 
coefficient by changing the photon energy. The work concludes that this simulation process can be followed 
to determine the interaction parameters of gamma rays in these low-Z materials for which there is no 
availability of experimental values (A M El-Khayatt et al. 2014). 
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1.3. Materials used for the present investigation 
In the present work we investigated some low-z materials such as 
            Materials                                       Chemical formula 
1. Sodium hydroxide                          NaOH 
2. PVA                                                C2H4O 
3. Potassium nitrate                            KNO3 
4. Benzoic acid                                   C7H6O2 
5. Naphthalene                                    C10H8 
6. Sodium thiosulphate                        Na2S2O3 
7. graphitic powder                              C 
8. polycarbonate                                   C15H16O 
9. polyvinylchloride                            C2H3Cl 
10. plaster of Paris                                 Ca2S2O9H 
11. Gypsum                                            CaSO4H4O2 
12. lime stone                                         CaCO3 
13. polyoxymethylene                             CH2O 
14. poly acrylonitrile                               C3H3N 
15. natural rubber                                    C5H8 
16. poly ethyl acryl ate                            C5H8O2 
17. polyphenyl methacrylate                  C10H10O2 
18. polyethylene tetrapthalate                 C10H8O4 
These materials are widely used in many fields for various purposes. The main aim of our work is to study 
the gamma radiation effects, to check the materials available for gamma-ray shielding, and to investigate the 
gamma-ray attenuation parameters. Since last few decades, the devices in the fusion research have 
implemented from low-z carbon based materials as these materials enhance their performance as density, 
temperature and confinement (Philipps V et al., 2000). The low-z materials show the advanced properties 
when used as dopants (Davis. J W et al. 1997). Developing new materials for nuclear research has been more 
critical for high demand and better shielding in extreme environment (Chen Shuo et al. 2014). 

Polymers 
Nowadays many things cannot be possible without polymers due to their important role. They are around all 
of us as in various forms like rubbers, resins and adhesives. The word polymer is formed from the Greek 
words poly means many and mers means unit of high molecular mass. Each molecule of polymer contains a 
very large number of single structural units joined together in a regular manner. In other words, the polymers 
are giant molecules of high molecular weight know as macromolecules, which are build up by linking 
together with large number of monomers. This reaction in which the monomers combine to forms polymers 
called polymerization (Gowariker, V. R., et al., 2005). 

 
Fig-2: Polymerization. 
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Polymers have existed in natural form since life began. In earliest time man has exploited naturally occurring 
polymer materials for clothing, decoration, shelter, weapons etc. Nowadays there is increase in the use of 
polymer materials in many industries. 

Some basic properties of polymers are listed below. 

 Polymers are light in weight with high degrees of strength. 

 Polymers can be processed by number of ways. 

 Polymers have many natural properties that can be further enhanced. 

 Polymers are very resistant to chemicals and also to the weather. They only react with particular solvent. 

 Polymer can acts as thermal and electrical insulator. 

 Polymers have excellent transport properties like diffusivity. 

 Mechanical properties of polymers have made polymer tobe great interesting materials. Polymers replace 
many materials with their good physical properties. 
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2.  Types of radiation and Interaction of gamma-rays with matter 
2.1. Radiation 
As we know there are various types of radiations like the light coming from sun, electric heat in the devices 
to the heat in our body. But when we talk about radiation and cancer, people think about x-rays and gamma-
rays. 

X-rays and gamma rays can occur naturally from sources such as radon gas, radioactive sources from earth 
and from cosmic rays that hits the earth. But this type of radiation is man-made also. X-rays and gamma rays 
are produced in many sectors as in power plants for nuclear energy, medical imaging, cancer treatments, 
food irradiation, etc. X-rays and gamma rays are high energy (high frequency) electromagnetic radiation. 
These are in the forms of packets of energy known as photons. They have no charge or mass. The x-rays and 
gamma rays are forms of high-frequency ionizing radiation, which means they have enough energy to 
remove an electron from an atom or molecule. If ionizing radiation (X-rays and gamma rays) passes through 
the cells in the body, it can lead to changes (mutations) in DNA. Sometimes this may cause cell to die and 
also can cause cancer. The amount of damage in cells, cancer, cell die is due to dose of radiation it receives.  
The damage in cells can take place within a fraction of seconds, but other changes as cancer may take years 
to occur. 

When radiation is defined itincludes the entire spectrum of electromagnetic waves: radio waves, microwaves, 
infrared, visible light, ultraviolet, X-rays and atomic particles. 

2.2. Types of radiation 

There are two forms of radiation – 

a. Non-ionizing 

b. Ionizing 

 
Fig-2.1: Types of radiation 

a. Non-ionizing radiation 
1. Radio waves 
Radio waves are nothing but the electromagnetic radiations having wavelength in the electromagnetic 
spectrum longer than infrared light, the frequency of radio waves lies between 300 GHz to 3kHz, and 
wavelength from 1 millimeter to 100 kilometers. They are used to transmit television and radio programs. 
There is wide range of radio waves including AM and FM radio. The radio waves can be produced naturally 
by lightning and astronomical phenomenon or by artificially using radio towers, cell phones, satellites and 
radar. 

AM radio waves are used to transmit the commercial radio signals in the frequency range between 540 to 
1600 kHz. AM stands for amplitude modulation, these waves having constant frequency and varying 
amplitude. FM radio waves are also used for transmission of commercial radio signals in the frequency range 
between 88 to 108 MHz. FM stands for frequency modulation. These waves have constant amplitude but 
varying frequency. These waves are used to convey information from one place to another place through 
space, used in broadcasting, radar, navigation systems, satellites, computer networks. 

I. Microwaves 
Microwaves are a form of electromagnetic radiation with wavelengths range 1 meter to 1 millimeter, having 
frequency range 300 MHz to 300 GHz. These are having extremely high frequency radio waves, and can be 
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made by using various types of transmitters. In cell phones they are made by a transmitter chip and an 
antenna, in a microwave oven made by magnetron. The microwaves are used to cook many types of food, in 
mobile phones, Wi-Fi, speed cameras, radar. 

II. Infrared 
Infrared light lies between the visible and microwaves of the electromagnetic spectrum. The wavelength of 
infrared light is between 700 nm to 1mm and the frequency is 430 THz to 300 GHz. 

III. Visible light 
The visible light region is between infrared and ultraviolet in the electromagnetic spectrum, having the 
wavelength from 390 to 700 nm, and the frequency range from 430-770 THz. The visible light spectrum that 
is visible to the human eye. Dispersion of visible light produces the colors Red, orange, yellow, green, blue 
and violet. 

IV. Ultraviolet rays: 
Sun is the major source of ultraviolet rays and the wavelength is between 100 nanometers to 400 nanometers 
and frequencies 8*1014 to 3*1016 Hz. Exposure to UV radiation is a major risk for the most of skin cancers. 
The ultraviolet rays can be subdivided into three types: UVA rays age skin cells and damage their DNA. Due 
to these rays the long-term skin damage such as wrinkles may occurs, it also affects the skin cancer. UVB 
have slightly more energy than UVA rays. They can damage directly skin cells and they cause most skin 
cancers. UVC have more energy than the other types of UV rays, they are not normally cause of skin cancer. 

 
Fig-2.2: The electromagnetic spectrum 

b. Ionizing radiation 
Radiations consist of sufficient energy to cause ionization in the medium from which they pass. X-rays and 
the γ-rays are the examples of ionizing radiation 

Ionizing radiation is capable of knocking electrons out of their orbits around atoms, upsetting 
thenElectron/proton balance and giving the atom a positive charge. Electrically charged molecules and atoms 
are called ions. Ionizing radiation includes the radiation that comes from both natural and man-made 
radioactive materials. 

There are several types of ionizing radiation: 

i. Alpha radiation (α) 
Alpha particles have large mass and charge hence they cannot penetrate most of the matter; a piece of paper 
is enough to stop these particles.These radiations are made up of two protons and two neutrons. The 
radioactive materials that emit alpha particles are very harmful when get inhaled or absorbed. The 
continuous alpha radiations form nuclear source on the human body/living tissue does not have any radiation 
hazard. The example of nuclear source that undergoes alpha decay is radon-222, which decays to plutonium-
218. 

ii. Beta radiation (β) 
β-Particles are emitted from the radionuclide and consist of electrons or anti-electrons; the mass of these 
electrons is approximately 0.00055 of an atomic mass unit. 

The β-particles are light, small and can penetrate more deeply than the alpha particles. However most of the 
beta radiations can be stopped by small amount of shielding materials like: plastic sheet, a thin glass layer, 
aluminium sheets etc. β-radiations or radiation sources outside the body, having enough energy can penetrate 
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in the body or expose the skin, these radiations also penetrate the deeper tissues and organs in the body.  It 
means the β-radiations have radiation hazard inside and outside the body. An example of a nuclear source 
which undergoes beta emission is tritium (hydrogen-3), whichdecays to helium-3. 

 
Fig-2.3: Strengths of different rays. 

iii. Neutron radiation (n) 
Neutrons are uncharged particles, which along with protonsform the nuclei.  A common source of neutron 
radiation is the nuclear reactor, in which the splitting of a uranium or plutonium nucleus isaccompanied by 
the emission of neutrons. The neutrons emitted from one fission event can strike thenucleus of an adjacent 
atom and cause another fission event, inducing a chain reaction. The production ofnuclear power is based 
upon this principle. All other sources of neutrons depend on reactions where anucleus is bombarded with a 
certain type of radiation, andwhere the resulting effect on the nucleus is the emission of a neutron. Neutrons 
are able to penetratetissues and organs of the human body when the source of radiation is outside the body. 
Neutrons can also behazardous if neutron-emitting nuclear sources are deposited inside the body. Neutron 
radiation is bestshielded or absorbed by materials that contain hydrogen atoms such as paraffin wax, plastics, 
andcertain types of polymers. This isbecause neutrons and hydrogen atoms have similar atomic weights and 
readily undergo collisionsbetween each other.Each radiation source differs in its ability to penetrate various 
materials such as paper, skin, lead and water. The neutrons emitted can be used for radiotherapy. 

iv. X-rays and γ-rays 
As we have seen, there are many types of radiations like the light coming from the sun, the heat that is 
constantly coming out from our bodies. But when talking about radiation and cancer risks, firstly we 
surelythink about X-rays and γ-rays. The X-rays and γ-rays may come from natural sources, such as radon 
gas, radioactive elements in the earth, from the cosmic rays that hit the earth from outer surface as space. But 
this type of radiation can also be man-made. X-rays and γ-rays are created by nuclear power plants for 
nuclear energy, and also used for medical imaging tests, cancer treatment, food irradiation, airport security 
scanners. X-rays and γ-rays are the types of high energy electromagnetic radiations. They are packets of 
energy (photons) that have no charge or mass. As X-rays and γ-rays have similar properties and health 
effects, they are grouped together. They are a form of high-frequency ionizing radiation that means they 
possess sufficient energy to remove an electron from an atom. If ionizing radiation passes through a living 
tissue or a cell of the body, the cells can body or the changes in the cells may occur. Sometimes it leads to 
cancer. The amount of damage caused in the cells is related to dose rate of radiation which is received by it. 

2.3. Radioisotopes 
Radioisotopes are atoms that contain an unstable combination of neutrons and protons. The combination of 
neutrons and protons may occur naturally viz. radium-226 or by artificially by altering the atoms. The atom 
containing this unstable combination is called radioisotopes. 
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For the production of radioisotopes, there are many ways like prepared by using nuclear reactor, a cyclotron 
etc. The radioactive decay process of each radioisotope is unique and can be measured using time period 
(half-life). 

Nowadays radioisotopes are playing a very important role. They are widely used in medicine, industry and 
scientific research. The new applications of their use arealso continuously developing. Radioisotopes have 
been used in medicine since 30 years as well as they are used for diagnostic or therapeutic purposes. 
Radioisotopes are now commonly used in industry, as they use a gamma ray source to take stress test or to 
check the integrity of welds- a main example is to test aero plane jet engine turbines. The radioisotopes 
found various applications in diagnosis, therapy and healthcare. BARC supplies reactor produced 
radioisotopes and radio nuclides for medical use. The radioisotopes are processed and supplied by Board of 
radiation and Isotope Technology (BRIT), Mumbai for the medical uses across the country, including 
radiopharmaceuticals, brachy-therapy wires, like various other products. The some radioisotopes are very 
effective in curing certain diseases. For example the radioisotope radio-cobalt (60Co) is used in the treatment 
of brain tumor, the radioisotope radio-phosphorous (32P) in bone diseases and radio-iodine (131I) in thyroid 
cancer. The process is also used to sterilize medical instruments, plastic hypodermic needles, the antibiotic 
packets etc. 

Radiations from some radioisotopes are also used to kill insects which damage the food grains. Many seeds 
and foods can be stored for longer periods by normally exposing them by radiations. The radioisotopes are 
also used for determining the function of fertilizers in different crops. The radioisotopes are also used for 
producing high yielding crop seeds which may results in agriculture yield. 

 
Fig-2.3: Radiation warning symbal. 

Some most useful radioisotopes 
1. Americium-241 
This radioisotope is used in many smoke detectors for homes and industry applications as to measure the 
level of toxic lead in dried paint samples, to make uniform thickness in rolling of steel and paper etc. 

2. Cadmium-109 
This radioisotope is used to analyze metal alloys for checking stock, scrap sorting etc. 

3. Calcium-47 
This radioisotope is used in biomedical research for studying the cellular functions and bone formation in 
mammals. 

4. Californium-252 
The radioisotope californium-252 is used to inspect the airline luggage for hidden explosive, to gauge the 
content of moisture of soil in the road, building construction and the moisture of the materials stored in soil. 

5. Carbon-14 
This radioisotope is very useful as research tool helps in the radioactive research to ensure that potential new 
drugs are metabolized without forming any harmful products. Also, it is used in biological, agriculture, 
pollution control, archeology etc. 
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6. Chromium-51 
This radioisotope is widely used to study survival of red blood cells. 

7. Cobalt-51 
It is mainly used as a tracer for the diagnosis of pernicious anemia. 

8. Cobalt-60 
This radioisotope is mostly used in many fields such as research, medical field and industry. It is used for 
sterilization of medical equipments, to improve the safety and reliability of industrial fuel oil burners, in 
cancer treatment, food irradiation, radiography etc. 

9. Copper-67 
This isotope is used when injected with monoclonal antibodies into a cancer patient, helps antibodies to bind 
and destroy the tumors. 

10. Curium-244 
It is commonly used in mining to analyze material excavated from pits and slurries from drilling operations. 

11. Gallium-67 
This isotope is used in medical field for the diagnosis purposes. 

12. Iodine-123 
It is used for diagnosis of thyroid disorders and other metabolic disorders having brain functions. 

13. Iodine-125 
This radioisotope is used as major diagnostic tool used for clinical tests and to diagnose thyroid disorders and 
also used inbiomedical research. 

14. Iodine-129 
It is used in some radioactivity counters in vitro diagnostic testing labs. 

15. Iodine-131 
It is mainly used in medical field to treat the thyroid disorders. 

16. Iridium-192 
This is used to test the integrity of welds in pipelines, boilers and aircraft parts. Also used in 
brachytherapy/tumor irradiation. 

17. Iron-55 
This isotope is used for the analysis of electroplating solutions, for the detection of sulphur present in the 
atmosphereand used in metabolism. 

18. Krypton-85 
This isotope is used in indicator lights in appliances such as cloths, dryers, stereos and coffeemakers, to 
check the thickness of thin plastics and metal sheets, rubbers, textiles and paper and to measure dust and 
pollutant levels. 

19. Nickel-63 
The nickel-63 is used to detect explosive and voltage regulators and current surge protectors in electronic 
devices and also in electron capture devices for gas chromatographs. 

20. Phosphorus-32 
This isotope is used in genetics research and molecular biology. 

21. Plutonium-238 
This radioisotope has powered more than 20 NASA spacecraft since 1972. 

22. Polonium-210 
This isotope is used for the reduction of static charge in the production of photographic film and other 
materials. 
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23. Promethium-147 
It is used in electric thermostats and to check the thickness of plastics, thin sheet metals, rubbers etc. 

24. Radium-226 
This isotope is used to make the lightning rods more effective. 

25. Selenium-75 
It is used in protein studies in the field of life sciences. 

26. Sodium-24 
This isotope is used to detect the leaks in the pipelines etc., used for studies in oil well. 

27. Strontium-85 
This is used to study the bone formation and metabolism. 

28. Strontium-90 
This radioisotope is used in the survey meters by schools, the military and in emergency management 
authorities, also useful in cigarette manufacturing sensors and medical treatment. 

29. Sulphur-35 
This isotope is used in genetics and molecular biology research. 

30. Technetium-99m 
This is the mostly used radioisotope in the pharmaceutical for diagnostic studies in nuclear medicine. 
Different chemical forms are used for brain, bone, liver, spleen and kidney imaging and also in the studies of 
blood flow. 

31. Thallium-204 
It is used to measure the dust and pollutant levels on filter paper, and measure the thickness of plastics, metal 
sheets etc. 

32. Thoriated Tungsten: 
This isotope is used in electric arc welding rods in construction, aircraft, petrochemical and food processing 
industries. It can produce easier starting, greater arc stability and less metal contamination. 

33. Thorium-229 
This radioisotope helps fluorescent lights last longer. 

34. Thorium-230 
This radioisotope used for coloring and fluorescence in colored glassware. 

35. Tritium 
This radioactive isotope is used in biomedical research as major tool.Also, it is used for life sciences and 
drug metabolism studies to ensure the safety of potential new drugs, in self-luminous aircraft and 
commercial exit signs, for luminous dials, gauges, wrist watches, for the production of luminous paint and 
for geological prospecting and hydrology. 

36. Uranium-234 
This radioisotope is used in dental fixtures like crowns and dentures to provide a natural colour and 
brightness. 

37. Uranium-235 
This radioactive isotope is used as fuel for nuclear power plants, naval nuclear propulsion systems and also 
used to produce fluorescent glassware, a variety of wall tiles etc. 

38. Xenon-133 
This radioisotope is used in nuclear medicine for lung ventilation and for the studies of blood flow. 

Some significant naturally occurring radioactive isotopes are as follows 
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In the present work we used the radioisotopes are in table: 
 

 

 

 

 

 

1. Isotopes of Cobalt 

I. Co57 
The cobalt is chemical element having atomic number 27. As like other elements cobalt is also found from 
the earth’s crust in chemically combined form as alloys of natural meteoric iron. The reaction for the 
formation of cobalt- 57 is as: 
56Fe + 2H → n + 57Co(Diaz, 2013) 

Cobalt-57 is a radioactive metal that is used in medical tests. It can be used as a radiolabel for vitamin B12 
uptake. It is also useful for the Schilling test(Diaz, 2010).The electron capture decay of the 57Co forms an 
excited state of the 57Fe nucleus, which in turn decays to the ground state with emission of a gamma ray. 
Measurement of the gamma ray spectrum provides information about the chemical state of the iron atom in 
the sample. The radioisotope Co57 is most important isotope produced by using cyclotron (Niu Fang). 

II. Co60 
The Co60 isotope is widely used in various fields for sterilization, food irradiation nucleonic instrumentation, 
and non- destructive testing (radiography). Radiation and irradiation processing is also the major use of 
isotopes that requires high activity levels as of Co60. Radiation processing includes three main types of 
application: Sterilization of medical equipments, pharmaceuticals or food packaging, Food irradiation mainly 
to improve the hygienic quality of food, material curing, mostly for plastics. For practices, high-intensity, 
low specific-activity 60Co is used for radiation processing. Normally 60Co in industrial applications have low 
specific activities about 1 to 4 TBq/g, and very large total activities, around 50 PBq. 60Co gamma isotopes 
offer industrial advantages because technically easy to operate and can be able to treat large amount of 
packaging. (NEAOEC & D,2004). It produces two gamma rayswith energies of 1.17 MeV and 1.33 MeV. 

2. Isotopes of Barium 
Barium is a chemical element in the periodic table fifth in group 2nd, a soft silver alkaline earth metal. Due to 
its high chemical reactivity, barium does not found in nature as a free radical. Barium is found in earth’s 
crust as a mixture of seven primordial nuclides, barium130, 132, and 134 through 138 (De Laeter, 
2003).Ba130 undergoes very slow radioactive decay to xenon 130 by double beta plus decay, and Ba132 decays 
like   Xenon 132, with half-lives as thousand times greater than the age of the universe (Georges, Audi et al., 
2003). The radioactivity of these Barium isotopes is much weak as they don’t have any danger to life. The 
stable isotope barium 138 composes 71.7% barium, and as lighter the isotope, the less is abundant. In the 
total barium it has 50 known isotopes, ranging from masses 114 to 153. The most stable isotope of barium is 
Ba133with having half-life 10.51 years. Other five isotopes have half-lives longer than a day. Barium also has 
10 meta-states, out of which barium133m1 is the most stable with a half-life of about 39 hours. 

3. Isotopes of Sodium 
Sodium is a chemical element with symbol Na and atomic number 11.  It belongs to alkali metals. Sodium is 
a silvery-white metal. It is soft enough and can be cut with a knife. The surface is bright and shiny when first 
cutis given, but quickly becomes dull as sodium reacts with oxygen in the air. 

Production of Na22 
A magnesium target is bombarded for some weeks with a 66 MeV proton beam at a beam current of 80 μA. 
After the bombardment, the target is stored for a few days to let the shorter half-life radionuclide decay. The 
target is then dissolved with 3.0M citric acid and, after dissolution, an ice-cold mixture of triethanolamine 

Name of Radioisotope Strengths 
(Becquerel) 

Half Life 
(years) 

Co57 250 kBq 273 Days 
Ba133 86 kBq 7.5 years 
Na22 73kBq 2.6 years 
Cs137 97kBq 30 years 
Mn54 113kBq 312.5 Days 
Co60 134kBq 5.3 years 
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(TEA) and methanol is added to obtain a 0.2 M citric acid - 0.6 M TEA - 80% methanol solution. This 
solution is then pumped through a column containing 10 g of the macro porous cat ion exchanger AG MP – 
50. 22Na is retained by the resin and the magnesium is eluted with 0.2 M citric acid - 0.6 M TEA - 80% 
methanol, followed by 0.1 M EDTA - 0.6 M TEA. The resin is then converted to the ammonium form with 
1.0 M ammonia – 80% methanol and 22Na is eluted with 1.0 M ammonium carbonate. The elute is pumped 
through a column containing 10 g of the chelating resin Chelex 100 to remove the last traces of magnesium 
and other elements to the target. The elute is heated in a conical titanium vessel to evaporate the ammonia 
and water. 22Na is obtained as the carbonate salt in a small volume. Within one production run about 300 
mCi22Na is obtained (C Naidoo et al). 

The 22Na has half-lifeof 2.605 years and that of24Na is 15 hours. 
22Na is a positron emitting isotope having long half-life. It is mainly used to create test-objects and point-
sources for positron emission tomography (PET). The radioactive isotopes of 22Na and 24Na are used in 
medicine and other applications, also can be used as tracers to follow sodium in a human body. 

4. Isotopes of Caesium 
Caesium is an element having symbol Cs and atomic number 55. It is from the group of alkali metals. The 
melting point of cesium is 28.5 °C, due to which it makes liquid at room temperature. The cesium has 40 
known isotopes making it, along with barium and mercury, the element with the most isotopes 
(ptable.com/#Isotope). The atomic masses of these isotopes range from 112 to 151. The only isotope, 133Cs, 
is stable. The longest-lived radioisotopes are 135Cs having half-life of 2.3 million years,137Cs with a half-life 
of 30.1671 years and 134Cs with the half-life of 2.0652 years. All other isotopes have half-lives less than 2 
weeks, most under an hour. 

I. Caesium-137 
This radioisotope is mostly used in medical fields as to treat cancerous tumors, to measure the correct doses 
of radioactive pharmaceuticals for patients, to measure and control the flow of liquid oil in pipelines, to get 
the information that the oil wells are plugged by sand and to ensure the right fill level for packages of food, 
drugs and other products. As of 2005 and for the next few hundred years, caesium-137 is the principal source 
of radiation in the zone of alienation around the Chernobyl nuclear power plant. Together with caesium-
134, iodine-131, and strontium-90, caesium-137 was among the isotopes distributed by the reactor explosion 
that constitute the greatest risk to health. 137Cs, a radioisotope with a half-life of 30.17 years is one of the two 
principal medium lived fission products, along with 90Sr, which are responsible for most of the radioactivity 
of spent nuclear fuel after several years of cooling, up to several hundred years after use. 

It has found most of the radioactivity still left from the Chernobyl accident and is a major health concern for 
purifying land near the Fukushima nuclear power plant (Nor mile, 2013). 137Cs beta decays to barium-137m 
(a short-lived nuclear isomer) then to nonradioactive barium-137, and it is also a strong emitter of gamma 
radiation. 137Cs has a very low rate of neutron capture and cannot be feasibly disposed in this way, but must 
be allowed to decay. 137Cs has been used as a tracer in hydrologic studies, analogous to the use of 3H. 

5. Isotopes of Manganese 
Manganese is a chemical element having Mn symbol and atomic number 25. It is obtained as free element in 
nature; it finds combination with iron and other minerals. It is in the metal category having many 
applications in industries. 

Naturally occurring manganese (Mn) is composed of one stable isotope, 55Mn. 25 radioisotopes have been 
characterized with the most stable being 53Mn with a half-life of 3.7 million years, 54Mn with a half-life of 
312.3 days, and 52Mn with a half-life of 5.591 days. All of the remaining radioactive isotopes have half-lives 
that are less than 3 hours and the majority of these have half-lives that are less than 1 minute, but only 45Mn 
has an unknown half-life. The least stable is 44Mn with a half-life shorter than 105 nanoseconds. This 
element also has 3 meta states. 

Manganese is a part of the iron group of elements.53Mn decays to 53Cr with a half-life of 3.7 million years. 
Because of its relatively shorter half-life, 53Mn occurs only in tiny amounts due to the action of cosmic rays 
on iron in rocks (Schaefer et al., 2006). (Manganese isotopic contents are typically combined with chromium 
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isotopic contents and have found application in isotope geology and radiometric dating. The isotopes of 
manganese range in atomic weight from 46 u (46Mn) to 65 u (65Mn). The primary decay mode before the 
most abundant stable isotope, 55Mn, is electron capture and the primary mode after is beta decay. 

2.4. Interaction of gamma rays with matter 
The most important interaction of γ-rays with matter is by ionization, in which some electrons are ejected 
from the neutral atoms leaving positively atoms behind. Gamma rays produce ionization indirectly as 
collisions. There are three interaction processes in which a gamma photon can interact with an atom. All 
these processes depend on the electron density of the absorbing material 

1. Photoelectric effect (important for energies up to 100 keV). 

2. Compton scattering (important in the energy range 0.1 – 20 MeV). 

3. Pair production (takes place only for energies above 1.02 MeV). 

 
A. Major interactions 
1. Photo-electric effect 
In the photoelectric absorption, the gamma ray loses all of its energy in one interaction, i.e. all the energy of 
incident photon is transferred to an electron near the nucleusof atom.When the incident photon transfers all 
of its energy to the electron by ejecting it from the nucleus. The incident photon energy hν exceeds the 
ionizing energy or binding energy EB, the electron is ejected with a kinetic energy. 

Ekin= hν -EB                                    (1) 

The phenomenon is known as photoelectric effect. In this process, a photon transfers all of its energy to an 
electron, electrons ejected out of a material in this process. The kinetic energy of the electron receives equal 
the photon energy less than the binding energy of the electron. In this process the photon disappears 
completely, takes a place in the vicinity of the nucleus. 
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The high energy electrons are same as β- particles, and may cause secondary ionization in the medium. From 
the absorption process it is to be assumed that all energy of electron looses in the material. It is most 
important to note that the photon disappears in this absorption process. 
The following are the some key points to understand the photoelectric effect: 

 The photoelectric effect involves in only those electrons that are tightly bound to the nucleus i.e. they are 
in the K-shell and L-shells. The probability for the photoelectric effect becomes less for the electrons 
which are loosely bound to the nucleus or present in the outermost orbitals. 

 If in this process the energy of the incident photon is less than the binding energy of electron in the 
particular inner shell, then the electron cannot be involved in this effect. 

 Higher the atomic number of the absorbing material, the bigger is the chance to occur photoelectric effect. 
It can be expressed by the following equation: 

probability	of	the	effect = 퐾.
푍
퐸 

Where, Z is the atomic number of the absorbing material; and E is the energy of the photon. 
The probability of the photoelectric effect is as a function of the photon energy is illustrated in the following 
figure. 

 
The sharp decrease in the absorption of energy of the photon drops below the ionization potential of the K-
shell and L-shell electrons is noted. The high energy photonsget absorbed by K-shell electrons. 
2. Compton effect 
In the Compton scattering, the gamma ray loses only part of its energy to an electron in an interaction.The 
remaining energy is taken away by a new gamma ray photon at lower energy. If the gamma ray energy is not 
enough low the Compton scattering is more likely to happen. In this process, the electron ejected from the 
atom produces ionizations in the same way as beta particles do. 

This process is different from the photoelectric effect in that: 

 The photon transfers it some part of energy to the electron in an atom. 

 Only the free electrons in the outer orbitals are involved in this process. 
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The photon is reflected or scattered through an angle (θ) with respect to the line of incidence, and moves 
along with decreased energy. If the photon of energy E is treated with wavelength λ, then the Compton 
scattering can be described as: 

(Λ− λ0) = . (1-cosθ) 

Where, Eν = hν = hc/λ 

If the scattering angle θ is known, it is then possible to calculate from the standard mechanics: (i) the angle at 
which the electron is moving (ii) the ratio in which the available energy from the incident photon is divided 
into the electron and the scattered photon. 

The maximum energy that a photon can transfer to an electron is then θ= 1800, that is when the photon is 
scattered directly backwards and the electron moves in the direction of the incident photon. This is still less 
than the total energy that is transferred by the same photon in a photoelectric interaction. The scattering 
angle maybe in between the values 0 to 1800, hence the smaller the angle the smaller the amount of energy 
that is transferred to the electron. A photon just strikes the surface of electron when θ=0 and no energy can 
be transferred. 

The probability for Compton scattering increases with the atomic number of the absorbing material, and 
decreases with the energy of the incident photon, this can be represented as: 

The	probability	of	effect = K.
Z
E 

Where, Z is the atomic number of the absorber and E incident energy of a photon. 

When the geometric arrangementsare normally used for counting samples, an interesting situation occurs: 
the sample when placed close to the detector inside the heavy shield, the detector then sees photon directly 
from the sample and a smaller number that were all reflected by angle 1800 from the absorber. The 
backscattering produces photons with more or less of the same energy, regardless of the energy of the 
photons in incident on the lead shield. The backscattered photons appear as a broad peak in the low-energy 
region. 

3. Pair production 
A high energy photon sometimes changes into two electrons, as a positive and a negative. The positive 
electron is called as positron and the interaction process is known as pair production. This effect can be 
explained in terms of theory of relativity. From which matter and the energy are different forms of the same 
entity. A particle of mass m can be converted into the amount of energy E, according to the equation: 

E = mc2 

The pair production is the one consequence of this theory, a photon of energy E is directly converted into 
two different particles with the same mass, but with the opposite electric charges. The excess energy is 
shared by the two particles in the form of kinetic energy. 

 
Fig-2.6: Pair production. 

Eν = (m+ + m-). C2+ (1/2 mv2) + + (1/2 mv2)- 

The two particles involved are the positively charged electrons and negatively charged electrons. It has the 
same mass and nuclear properties as the negative electron, having the opposite electrical charge. 
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The amount of energy equivalent to the mass of the electron or positron that is 911* 10-28 g, can be calculated 
using Einstein’s equation. It amounts to 511 keV for one particle, or 1022 for a positron-negatron pair. Then 
the equation above can be written as: 

Eν = 1022 + (1/2 mv2) + + (1/2 mv2)- 

Where, energy values are in keV. 

The positron at rest is not a stable particle. Once it has been produced by pair production, the positron will 
lose energy by interactionwith electron in the absorbing material as like negatron. But when it loses its 
kinetic energy, it may not exist in the presence of other electrons otherwisea nuclear reaction may occur. In 
this reaction the positron and negatron pair destroys each-other with the production of two photons with the 
energy 511 keV. 

There are two photons involved in order to conserve momentum during the reaction. It can be represented 
by: 

β+ +β- →    γ1 + γ2   and      Eγ1 = Eγ2 =511 keV 

The pair production is only possible if the energy of the incident photon is sufficient to provide at least the 
mass of a positron and negatron pair > 1022 keV. As the photon energy is higher, the pair production occurs 
more. 

B. Minor Interaction Processes  
1. Meson Production 
The -rays are completely absorbed and the mesons are produced due to the interaction with the meson field 
surrounding nucleons (Tayal, 2008). 

2. Photodisintegration 
Photodisintegration (also called photo transmutation) is a physical process in which an extremely high 
energy gamma ray is absorbed by an atomic nucleus and causes it to enter an excited state, which 
immediately decays by emitting a subatomic particle. A single proton, neutron or alpha particle  is 
effectively knocked out of the nucleusby the 

 
Fig-2.7: Photodisintegration process. 

Incoming gamma rays (Clayton, 1984). Photodisintegration is responsible for the nucleosynthesis  of at least 
some heavy, proton rich elements via p-process which takes place in supernovae. 

3. Nuclear resonance Scattering 
In nuclear resonance scattering, the nucleus is excited by the absorption of an incident photon having energy 
equal to the difference between two nuclear energy levels. This is followed by the de-excitation of the 
nucleus. 

4. Thomson Scattering 
It is also called as nuclear Compton scattering and takes place between the incident photon and a nucleus 
instead of a free electron. Because of large mass of the nucleus, the effect is very small. 
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5. Rayleigh Scattering  
This is famous classical coherent scattering (elastic scattering),and it takes place whenever the incident 
photons fall on bound electrons, provided the electrons do not get enough energy to be ejected from the 
atom. 

6. Delbruck scattering (Elastic nuclear-potential scattering) 
In thisprocess, scattering of a photon iscaused by the electromagnetic field of the nucleus. 

2.5. Research Methods 
The gamma rays were used for non-destructive quantitative analysis of nuclear materials. Knowledge of the 
gamma ray energy and its rate of emission from nuclear material are required to interpret the measurements 
of the material quantities.For this both the spectroscopy capability and the knowledge of specific detector 
response are required.The detection of gamma rays for quantitative non-destructive analysis (NDA) of 
nuclear materials requires spectroscopy (P. A. Russo and D. T. Vo). Many researchers investigated and 
studied the effects produced due to gamma-rays using different gamma ray measuring instruments. The 
linear attenuation coefficients of building materials were measured using the portable NaI(Tl) detector and 
studied the shielding properties(B. Dogan and N. Altinsoy). The measurement of radioactivity must be 
derived indirectly, to study the chemical, electrical and physical effects of radiation on material. The mostly 
used effect is ionization: the particles ionize gases through which they pass, and make the gases electric 
conductive. The gamma ray counters basically uses this principle that are proportional counter, Geiger-
Muller counter. 

Applications of gamma ray spectrometry include: 

monitoring in nuclear facilities, 

health physics, 

nuclear medicine, 

 research in materials, 

bioscience, 

environmental science, and 

industrial uses of radioisotopes 

1. Ionization Chambers 
In the ionization chambers, one pair of electrodes is a wire located centrally within a cylinder, and then the 
other electrode is wall of the chamber. The radiation ionizes with gas in chamber, permits the passage of 
current between the electrodes. The window in the ionization chamber wall determines the type of radiation 
and measure. In the ionization chamber only the gamma rays pass from the heavy metal wall. The calibrated 
counters of such type will measure the total radiation received by a body. The proportional counter is a type 
of ionization chamber in which the intensity of the electric pulse it produces is proportional to the incoming 
energy of particle, it makes possible to record the alpha particles and discriminate gamma radiations. 

 
Fig-2.8: Mechanism of ionization chamber. 
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2. Geiger-Miller Counters 
These detectors are widely used and have malleable applications.  The applied potential difference between 
the electrodes in the G-M counter is high, as that of ionization chamber. A single particle of alpha, beta can 
ionize some of the gas within the chamber; consequently these ions strike other gas molecules for producing 
the secondary ionization. The results are at large amount of electricity passing between the electrodes. The 
electric pulses produced were counted electrically and recorded on a meter at the rate up to several thousand 
per minute. 

.  
Fig-2.9: G. M. Tube. 

3. Scintillation Counters 
Since the development in the photoelectric tube and photomultiplier tube, the use of the scintillation counter 
has increased and it has become more popular for many purposes.  When the light strikes sodium-iodide 
crystal, it is noted by photoelectric cell. The intensity of the light is a measure of the energy of the radiation 
so the output voltage of photomultiplier tube is a measure of the wavelength of gamma ray. The scintillation 
counter can measure million counts per minute and can discriminate gamma rays of different energies. With 
the proper window it can be used for alpha or beta counts too. 

 
Fig-2.10: Scintillation counter. 

4. The Semiconductor Ge Detectors 
The germanium semiconductor detectors were first introduced in 1962 (Tavendale and Ewan, 1963) and the 
detectors are usedfor high energy resolution gamma ray studies. Germanium detectors are semiconductor 
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diodes having P-I-N structure in which I region (intrinsic) is sensitive to ionizing radiation, mainly x-rays 
and gamma-rays. One electron-hole pair is produced on the average for every 3 eV absorbed. These pairs 
drift under external electric field to the electrons where they generate the pulses (M. Khandaker, 2011). 
These pairs drift under external electric field to the electrodes where it generates the pulse. The Ge crystal 
with acceptor impurities is called p-type Ge material and the Ge crystal with donor impurities is called n-type 
Ge material. To create a p-n junction at electrode (one end) and to polarize it so that no current passes 
through when there is no radiation. It is called as reverse biasing which creates a depletion region where few 
charge carriers remain like in pure semiconductor. Having enough voltage, the electric field can create a 
large depleted volume to make a variable detector(Knoll, 2000; Goulding, 1966; Haller, 1982). The intrinsic 
region is sensitive to ionizing radiation particularly gamma-rays and x-rays. The performance of a detector 
depends on its depletion depth, which is inversely proportional to the impurity concentration of the detector 
material. 

i. HighPurityGermanium (HPGe) Detectors 
A step forward was achieved when high purity Ge material was fabricated, with impurity concentration of 
1010 atoms cm-3 of 1013 cm-3, eliminating the need for Li compensation (Hall and Soltys, 1971; Hansen, 
1971). It means that the semiconducting material has a higher resistivity which is proportional to the square 
of the depletion layers thickness that cemented the way for the manufacture of larger and much more 
detectors. 

 
Fig-2.11: Creation of depletion region in the Ge semiconductor crystal(M. Khandaker, 2011). 

The major characteristics of the HPGe detector are high atomic number, low impurity concentration, low 
ionizing energy, high conductivity, compact size, first time response, high resolution and relative simplicity 
of operation.These types of detector present a moreuniform, efficient cross-section of the active detector 
volume to samples that are counted at a short distance from the detector. 

 
Fig-2.12: Configuration of an n-type intrinsic germanium closed-end co-axial detector. (M.Khandaker, 2011) 
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Fig-2.13: Schematic view of HPGe detector. 

No.?NaI (Tl) scintillation detector: 
The scintillation counters are consist of the luminescent material called as reflecting layer for scintillation 
like foil of aluminium enclose the  luminescent materials to facilitate the collection of light, light pipe, 
photomultiplier tube, amplifier, voltagediscriminator and electric circuit to record the output pulses. This is 
one of the most suitable methods for counting of gamma ray and measurement of their energy. The 
spectrometeremploys a scintillation detector which is usually a thallium activated sodiumiodide [NaI (Tl)] 
crystal as scintillator. 

Thescintillator is covered by layer of reflecting material like MgOor Al2O3 powder. A glass window is 
provided at one end so that lightproduced can pass to the photo cathode. The NaI (Tl)crystals are usually in 
the form of right circular cylinder. 

 
Fig-2.14: The experimental set-up of gamma ray spectroscopy. 

A gamma-ray spectroscopy is the quantitative study of the energy spectra  of gamma-ray sources, and can be 
used in many fields like nuclear industry, geochemical investigation, and astrophysics. Most radioactive 
sources produce gamma rays, which are having various energies and intensities. A detailed analysis of the 
energy spectrum is used to determine the identity and quantity of gamma emitters present in a gamma 
source. It is a vital tool in radiometric assay. The gamma spectrum is characteristic of the gamma-
emitting nuclides contained in the source. The counting of gamma rays in this method is included of 
following instruments. 
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Counting System 
1. Preamplifier 

2. Amplifier 

3. Multichannel Analyzer (MCA) 

4. Analog to Digital Converter (ADC) 
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Chapter – 3 

Basic Formulae of Attenuation 
Coefficient and Theory 
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3.1. Basic formulae for measurement of attenuation coefficient 
As the use of radioisotopes increases in many fields like medicine, agriculture, industries, the study of 
absorption of gamma rays in the materials has become most important. The mass attenuation coefficient, 
atomic cross section, electronic cross-section, effective atomic number and electron density are the basic 
quantities required in determining the penetration of gamma-rays in material. The mass attenuation 
coefficient for any material is an important parameter to measure how much energy of a photon is taken by 
matter, mainly by the electrons of atom. The absorption of X-rays or gamma rays during wave propagation is 
called attenuation. The attenuation coefficient is a measure that gives the idea about how easily a material 
can be penetrated by a beam of electromagnetic rays. The study of photon interaction in materials has gained 
importance in recent years (Narender K et al., 2013). 

Since these photon interactions involved various compounds having different compositions, that the effective 
atomic number of a sample or material composed of more than one elements cannot be expressed by a single 
number, it can be concluded that it is an energy dependent parameter due to the different partial photon 
interaction processes with matter for which the various atomic numbers in the material can be calculated. 
The effective atomic numbers Zefffor the total and partial gamma ray interactions in many materials is most 
important. The radioactive parameters found very much useful in many research fields and investigated by 
using following formulae for many materials (A. Una, 2012, P. Onder et al, 2012, Adem Un, 2013, Anne 
Bonnin, 2014, A. Una, Y. Sahin, 2011, Adem Un, 2013, S.R. Manohara 2008 ). The formulae used in the 
present study to investigate the parameters theoretically such as: Mass attenuation coefficient μm, Atomic 
cross-sections t, Electronic cross-sections e, Effective atomic number Zeff, Effective electron densities Neff, 
Molar extinction coefficient (ԑ) etc. are described below: 

1. Mass attenuation coefficient (m) 
When a beam of monochromatic gamma photons is attenuated on matter according to Lambert-Beer law: 

I=I0e-t                                                (1) 

Where, I0 and I are the incident and transmitted photon intensities, respectively, m (cm-1) represents linear 
attenuation coefficient of the material and t (g/cm2) is the thickness of the target material/sample. The total 
m values for materials composed of many elements are the sum of the (m) values of constituent elements 
(Hubbell and Seltzer, 1995). Rearrangement of Eq. (1) yields the following equation for the linear 
attenuation coefficient: 
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The mass attenuation coefficients of the sample to be calculated by using following equation. 

 
i imim w      (3) 

Where, wi is the weight fraction, (μm) i is the mass attenuation coefficient. The wi can be defined as follows: 
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Where, Ai is the atomic weight of the sample, ni is a number of formula units. 

2. Total atomic scattering cross-section (t) 
Total atomic scattering cross section (t) is a measure for the probability of an absorption process. The term 
cross-section is used to measure the probability of the certain particle-particle interaction that are, scattering, 
etc. Total atomic scattering cross section (t) can be calculated from the obtained values of mass attenuation 
coefficient by the following relation (Hubbell, 2006; Erzeneoğlu et al., 2006).
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Where iii AnN   and is the atomic mass of the sample & NA is Avogadro’s number (6.02486*1023 mol-1). 
It can be expressed as in units of barns, where, (1 barn=10-24cm2). 

3. Electronic scattering cross-section (e) 
Electronic scattering cross-section (e) for the individual element is given by: 
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Where fi is the fractional abundance of the sample &Zi is the atomic number of the sample. 

4. The effective atomic number (Zeff) 
The total atomic cross- section and total electronic cross-section are related with the effective atomic number 
therefore the equation for Zeff can be defined as: 

e

tZeff
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                                      (7) 

5. Effective electronic density (Neff) 
The equation for Neff can is defined as: 
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Where, 

iii AnN   
6. Molar Extinction Coefficient (ε) 
It is a measurement of how strongly a chemical species attenuates light at a given wavelength. If it is known, 
concentration of samples in the solution can be determined and it is given by, 

 54343.0 tAN    

3.2. Theoretical analysis methods 
As the use of radiation and radioisotopes increased in many fields, there is need to work out and investigate 
the parameters of materials for medical field and gamma ray shielding. Many researchers worked and 
investigated the gamma ray parameters for building materials (B. Dogan, 2016), alloys (Narender K et al., 
2013;I. Han, 2009), soils (A. Una et al., 2012), concrete (Adem Un, 2013), polymers (RipanBiswas, 2016), 
amino acids (S.R. Manohara, 2007;P S. Kore et al., 2014; C V More et al., 2016), minerals (I Han 2011) 
using the XCOM and WinXComprogram. 

The experimentally investigated attenuation parameters such as mass attenuation coefficient, effective 
atomic number, electron density, electronic cross-section etc, being compared using some theoretical 
softwares available online as XCOM, WinXCom, XMudat etc. Many researchers have widely studied the 
scattering process theoretically: J H Hubbell et al. have carried out the photon cross sections and the mass 
attenuation coefficient for all elements in the photon energies 1 MeV to 100 GeV(Hubbell et al., 1980). Also 
by another researcher photon cross section have been tabulated from 1 keV to 100 MeV (Storm and Israel, 
1970). J H Hubbell et al. has developed the tables by calculating attenuation coefficient for elements, 
compounds and mixtures for energy range 1 keV to 100 GeV (Hubbell, 1982; Berger and Hubbell, 1987). L 
Gerward in 2004 developed XCOM program to the windows and this version is known as WinXCom. 

A. XCOM: Photon cross-section on PC 
XCOM is acomputer program and data base which can be used to calculate photon cross sections, scattering, 
photoelectric absorption, pair production and also total attenuation coefficients, for any element, compound 
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or mixture, from energy Range 1 keV to 100 GeVusing a personal computer. It is in FORTRAN language. 
XCOM gives two forms of output: (1) tables which correspond closely in format to existing tables in the 
literature; (2) graphical display of the tabular data. The XCOM program provides total cross section, 
attenuation coefficient and partial cross section for the following interaction processes: incoherent scattering, 
coherent scattering, photoelectric absorption, and pair production in the atomic nucleus and atomic 
electrons.For compounds, the quantities tabulated are partial and total mass interaction coefficients, which 
are equal to the product of their corresponding cross sections times the number of target molecules per unit 
mass of the material. The sum of the interactions of individual processes is equal to the total attenuation 
coefficient. Total attenuation coefficients without coherent scattering are also given, because they are often 
used in gamma-raytransport calculations. This program gives all photon attenuation information for 
elements, mixtures and compound with wide energy range. 

B. WinXCom 
A convenient alternative to manual calculations, using tabulated data, is to generate attenuation data as useful 
using a computer, for such purposeBerger & Hubbell developed a computer program XCOM for calculating 
the attenuation parameters for any element, compound and mixture from energy range 1 keV to 100 GeV. 
Further this program was developed by certain times and upgraded and now is available in a web version, 
and transformed to the windows platform by Gerward and the windows version of XCOM is called 
WinXCom program. 

Interaction coefficients and total attenuation coefficients for compounds and mixtures are obtained as sums 
of corresponding quantities for atomic constituents. The program can generate cross-sections and attenuation 
coefficients on a standard energy grid, spaced approximately logarithmically, or on a grid selected by the 
user or for a mix of both grids. The program provides total cross-sections and attenuation coefficients as well 
as partial cross-section for following processes: incoherent scattering, coherent scattering, photoelectric 
absorption and pair production. 

For compounds, the quantities tabulated are partial and total mass attenuation coefficients. The total 
attenuation coefficient is equal to sum of interaction coefficients for the individual processes. Total 
attenuation coefficients without the contribution from coherent scattering are also given because they are 
often used in gamma-ray transport calculations. 

WinXCom makes it possible to export the table of cross-sectional or mass-attenuation data to a predefined 
Microsoft Excel template. In this way, graphical display and further data treatment is made easy. The ability 
of WinXCom to calculate attenuation data for mixtures of compounds, defined by the user, comes in handy 
when studying for example the radiation-shielding properties of glasses (Singh et al., 2003). 

C. XMuDat: Photon attenuation data on PC 
XMuDat is a windows 95 or Windows NT based program used for presentation and calculation of various 
photon interaction coefficients that is mass attenuation, mass energy transfer and mass energy absorption 
photon coefficients for total or specific reaction channels. 
Two data sources being used for generation of photon interaction coefficients in this program are: 
[1]. J M. Boone, A E. Chavez; Medical Physics 23, 12 (1996) 1997-2005. 
[2]. J H Hubbel, S M Seltzer; Tables of X-Ray Mass Attenuation Coefficients and Mass Energy-Absorption 
Coefficients 1 keV to 20 MeV for Elements Z=l to 92 and 48 Additional Substances of Dosimetric Interest. 
NISTIR 5632, 1995. 
Six absorbing materials to be set up individually. Each material can be composed of components chosen 
from the elements and further from a number of compounds and mixtures of dosimetric interest. Data for 
mass attenuation-, mass energy transfer- and mass energy absorption coefficients in a photon energy range of 
1 keV to 50 MeV can be retrieved for 290 elements, compounds and mixtures. 
D. MUA_T and MUEN_T 
These are another softwares used for the computation of mass attenuation and energy-absorption coefficients 
for body tissues and substitutes of arbitrary percentage-by-weight elemental composition and photon energy 
ranging between 1 keV (or k-edge) and 400 keV (Okunade, 2007). 
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4.1.Sample information and their structures 

In the present work we used some low-Z materials such as 
Sodium hydroxide(NaOH), Poly vinyl alcohol (C2H4O), Potassium nitrate (KNO3), Benzoic acid (C7H6O2), 
Naphthalene (C10H8), Sodium thiosulphate (Na2S2O3), graphitic powder (C),polycarbonate (C15H16O), 
polyvinylchloride(C2H3Cl),plaster of Paris (Ca2S2O9H2),  gypsum (CaSO4H4O2), lime stone (CaCO3), 
polyoxymethylene (CH2O),  poly acrylonitrile (C3H3N),natural rubber(C5H8), poly ethyl acryl ate (C5H8O2), 
polyphenyl methacrylate (C10H10O2), polyethylene terephthalate (C10H8O4). 

Structure and information of the used samples 

1. Sodium hydroxide 

 
Molecular formula: NaOH 

IUPAC Name:Sodium Hydroxide, Caustic Soda 

Sodium hydroxide (NaOH) is also known as lye and caustic soda, it is colourless when in liquid form, and 
denser than water is an inorganic compound. Sodium hydroxide is soluble in water. It has molar mass 
39.9971 g mol−1 and density is 2.13 g/cm3. It can absorb moisture from the air and reacts with CO2 to form 
sodium carbonate.it has no odor in any form as in liquid or solid. As a solid, it is a plane white substance that 
comes in the form of pellets, chips or sticks. 

Sodium hydroxide is used in many industries mainly as a strong chemical base in the manufacture of pulp, 
paper, textiles, drinking water, drain cleaner etc. also used as Adhesives and sealant chemicals, Adsorbents 
and absorbents, Agricultural chemicals, Anti-adhesive agents, Bleaching agents, Corrosion inhibitors and 
anti-scaling agents, Dyes, Finishing agents, Fuels and fuel additives, Functional fluids (closed systems), Ion 
exchange agents, Laboratory chemicals, Paint additives and coating additives not described by other 
categories, Plasticizers, Plating agents and surface treating agents, Building materials not covered elsewhere, 
food packaging etc. 

2. Polyvinyl alcohol 

 
Molecular formula: C2H4O 

IUPAC Name:Alcohol, Polyvinyl, Liquifilm Tears, Polyvinyl Alcohol, Polyviol. 

Polyvinyl alcohol is a water soluble synthetic polymer. It is white and odourless. The density of PVA is 1.19-
1.31 g/cm3. Polyvinyl alcohol is used as emulsion polymer aid, protective colloid, to make polyvinyl acetate 
dispersions; this is the largest industry application in China and Japan for fibre production. PVA has 
excellent film forming, emulsifying, adhesive etc, properties. It has also used as resistant to oil, grease and 
solvents. It has high tensile strength and flexibility. PVA fibres were used in many fields, as reinforcement in 
concrete, in protective chemical-resistant gloves, Adhesives and Sealants, Fabric, Textile, and Leather 
Products not covered elsewhere, Paper Products. PVA can be used as corrosion inhibitor and when halides 
are added to PVA can improves inhibition efficiency considerably (Umoren. S. A. 2006). 
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3. Potassium nitrate 

 
Molecular formula: KNO3 

IUPAC Name: potassium nitrate; Saltpeter; Nitre; Nitrate of potash 

Potassium nitrate is a chemical compound having chemical formula KNO3, it is an ionic salt of k+ and NO3- 
ions, and therefore it is an alkali metal nitrate. Itoccurs as mineral nitre and it is a natural solid source of 
nitrogen. It has molar mass 101.1032 g/mol and density 2.109 g/cm3. The potassium nitrate is mainly used in 
fertilizers, tree stump removal rocket propellants and fireworks. It also can be used as food preservative, for 
the production of nitric acid, used as oxidizer, used in pharmacology many times in some toothpaste, used as 
electrolyte in salt bridge etc. 

4. Benzoic acid 

 
Molecular formula: C7H6O2 

IUPAC Name: Benzoic acid; 65-85-0; Dracylic acid; Benzenecarboxylic acid; Carboxybenzene; Benzene 
formic acid. 

Benzoic acid is a colorless crystalline solid and a simple aromatic carboxylic acid. The molar mass of 
benzoic acid is 122.12 g·mol−1 and density is 1.2659 g/cm3. The salts of benzoic acid are used as food 
preservatives. Benzoic acid is an important precursor for synthesis of many organic substances. The salts of 
esters of ben acid are known as benzoates. It is used as antifungal. Other uses of benzoic acid are it is used in 
adhesives and sealants, agricultural products, anti-freeze and de-icing products, building materials not 
covered elsewhere, electrical and electronic products, floor coverings, lubricants and greases, paints and 
coatings, personal care products, plastic and rubber products not covered elsewhere etc. (Armand  J Quick, 
1926, Frank 1940,  S yariv 1966). 

5. Naphthalene 

 
Molecular formula:  C10H8 

IUPAC Name: Naphthalene; 91-20-3; Naphthalin; Naphthene; Camphor tar. 
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Naphthalene is a white, volatile, solid polycyclic hydrocarbon having a strong mothball odor. The molar 
mass of naphthalene is 128.174 g/mol, and density is 1.145 g/cm3. It is obtained from either coal tar or 
petroleum distillation. The naphthalene is used in manufacturing phthalic anhydride, also as moth repellents. 
Exposure to naphthalene may occur hemolytic anemia, damage to the liver and neurological systems, 
cataracts and retinal hemorrhage. It is responsibly anticipated to be a human carcinogen and may be 
associated with a risk of colorectal cancer. The other uses of naphthalene are : Abrasives, Adhesives and 
sealant chemicals, Agricultural chemicals (non-pesticidal), Fuels and fuel additives, Functional fluids (closed 
systems), Intermediates, Ion exchange agents, Paint additives and coating additives not described by other 
categories, Processing aids, not otherwise listed, Solvents. 

6. Sodium thiosulphate: 

 
Molecular formula:  Na2S2O3 

IUPAC Name: Sodium thiosulphate 

Sodium thiosulphate is an inorganic compound having 158.11g/mol(anhydrous)248.18 g/mol (pentahydrate) 
molar mass and 1.667 g/cm3 density. It is typically available as pentahydrate. The sodium thiosulphate is an 
crystalline solid dissolves well in water.  It is included in list of World Health organizations as essential 
medicines, the most effective and safe medicines needed in health system.  It is mostly used in medical field 
as an antidote for cyanide poisoning, used in the treatment of calciphylaxis in hemodialysis people with end-
stage kidney disease, used as topical antifungal agent for tineaversicolor. It is also used for the management 
of extravasations during chemotherapy. The sodium thiosulphate prevents alkylation and tissue destruction 
by providing a substrate for the alkylating agents that have invaded the subcutaneous tissues.It is used in 
measuring volume of extracellular body fluid and for renal glomerular filtration rate. There are other many 
uses of sodium thiosulphate in photographic processing, gold extraction, neutralizing chlorinated water etc. 
(Rakesh K. Bijarnia et al. 2015). 

7. Graphitic powder: 

 
Molecular formula:  C 

IUPAC Name: natural graphite powder, synthetic graphite powder, graphite, c,    black lead, mineral carbon. 

Graphitic powder is allotropes of carbon; it is the most stable form of carbon. It is a crystalline form of 
carbon, it is semimetal an element mineral. Graphite has a layered, planar structure; the layers are called as 
grapheme. In each layer of graphene the carbon atoms are arranged in honeycomb lattice with separation of 
0.142 nm and the distance between planes is 0.335 nm.  Atoms in the plane are bonded covalently with only 
three of the four potential bonding sites satisfied. The fourth electron is free to migrate in the plane, making 
graphite electrically conductive. Graphitic powder is used in many fields as to improve the conductivity of 
polymers. (Raffaele Gilardi, 2015, G Awasthi 2013). Used as lubricant (Diana Berman, 2014).Also used in 
refractories, steelmaking, brake linings, batteries, foundry facing lubricants, pencils etc. 



 

Gamma Radiation Effects on Low-Z Materials 

40 

8. Polycarbonate 

 
Molecular formula: C15H16O2 

IUPAC Name: polycarbonate (PC) 

Polycarbonate is a thermoplastic polymer having carbonate groups in their chemical structure. The name 
polycarbonate is because it is a polymer containing carbonate group (−O−(C=O) −O−). It is strong and tough 
material and some grades are optically transparent. It can be easily molded because of these properties 
polycarbonate is used in many fields for various applications. Polycarbonate is a balance of useful features as 
temperatureresistance, impact resistance and optical properties, positions polycarbonates 
between commodityplastics and engineering plastics.it is a durable material. Although it has high impact-
resistance, it has low scratch-resistance. Therefore, a hard coating is applied to 
polycarbonate eyewear lenses and polycarbonate exterior automotive components. The polycarbonate is 
stronger and will hold up longer to higher temperature. Polycarbonate is highly transparent to visible light, 
with better light transmission than many kinds of glass. The polycarbonate has many applications as it is 
used in electronic components, used as construction material, data storage, automotive, aircraft, and security 
components, in medical applications etc. 

9. polyvinyl chloride 

 
Molecular formula: C2H3Cl 

IUPAC Name: polyvinyl chloride 

Polyvinyl chloride commonly abbreviated as PVC, the molar mass of PVC is 62.50 g/mol and density 1.385 
g/cm3. It is the world’s third most widely produced synthetic polymer (M. W. Allsopp, 2012). PVC comes in 
two basic forms as rigid and flexible. The rigid PVC is mainly used in construction for pipe, doors, windows 
etc. it is also used in the manufacturing of bottles, other non-food packaging, and cards. It can be made softer 
and more flexible by adding plasticizers. It is also used in plumbing materials, electrical cable insulation, 
imitation leather, phonograph records and so many other products where it replace to rubber (Barton, F.C, 
1932, W. V. Titow, 2011). PVC has high hardness and good mechanical properties. 

10. plaster of Paris 

 
Molecular formula: Ca2S2O9H2 

IUPAC Name: plaster of Paris 

Plaster of Paris is abbreviated as POP. It has molar mass 77.94 g/mol. POP is made from white powder and 
water which dries quickly. It is used to make plaster casts. Plaster is a building material used for protective 



 

Gamma Radiation Effects on Low-Z Materials 

41 

and decorative coatings, also for moulding and casting decorative elements, commonly refers to external 
applications (Weyer, Angela at al, 2015, Henry Alison, 2011). It is commonly used in the fields like 
architecture, making arts, funeral processes, used in medical field as a support for broken bone, for fire 
protection, safety issues.POP is light in weigh and more durable, low thermal conductivity, it has good fire 
resistant and that’s why it is very good heat insulating material. 

11. Gypsum 

 
Molecular formula: CaSO4H4O2 

IUPAC Name: Gypsum 
Gypsum is a soft sulphate mineral composed of calcium sulphate dihydrate. It has molar mass 136.14 g/mol. 
Gypsum is generally water soluble and, in contrast to most other salts, it exhibits retrogradeSolubility, 
becoming less soluble at higher temperatures, gypsum crystals contains anion water and hydrogen bonding 
(Block E, 1961, Mandal P K 2002). It is widely mined and mostly used as fertilizer, and as the main 
constituent in many forms of plaster. It is primarily used as finish for walls and ceilings and is known as 
construction drywall, the blocks of gypsum are used like concrete blocks in building construction, and 
gypsum mortar is ancient mortar used in building constructions. Used as soil conditioner, surgical splints etc. 
(csinet, 2014, Oster J D et al, 1980, Hogan, C. Michael, 2007, Palmer, John, 2008, USGC, 2013, LYC, 2013, 
Astilleros, J.M, 2010). 

12. lime stone 

 
Molecular formula: CaCO3 

IUPAC Name: limestone, calcium carbonate 
Limestone is most commonly used sedimentary rock used as building material, an essential component 
concrete. It is used as an aggregate for the base of roads, used as white pigment or filler in products like 
toothpastes, paints, as soil conditioner. The molar mass of limestone is 100.0869 g/mol. Its major materials 
are the minerals calcite and aragonite which different crystal forms of calcium carbonate. Its usefulness is 
due to its strength and density. Limestone is long-lasting and stands up well to exposure. However, it is a 
very heavy material, making it impractical for tall buildings, and relatively expensive as a building material. 

13. Polyoxymethylene 

 
Molecular formula: CH2O 

IUPAC Name: polyoxymethylene 

Polyoxymethylene (POM) is also known as acetal, polyacetal and polyformaldehyde, it has molar mass 
30.02598 g/mol. POM has a density of 1.410–1.420 g/cm3. It is an engineering thermoplastic used in 
precision parts requiring high stiffness, low friction and excellent dimensional stability.   It has many 



 

Gamma Radiation Effects on Low-Z Materials 

42 

applications for injection molded POM include high performance engineering components as small gear 
wheels,  eyeglass frames, bearings, ski bindings, fasteners, guns, lighters, aerosol valves, knives etc. The 
POM is widely used in the automotive and consumer electronics industries and much more. 

14. Poly acrylonitrile 

 
Molecular formula: C3H3N 

IUPAC Name: Poly acrylonitrile, poly (1-acrylonitrile) 

Poly acrylonitrile is most commonly used in fibre form; it has molar mass 53.06 g/mol. Since it softens 
below its thermal degradation temperature, it must be processed by wet or dry spinning. It is a synthetic, 
semicrystaline organic polymer resin. It is thermoplastic, it does not melt under normal conditions, and it 
degrades before melting and melts at 300 °C only if heating rates are 50 degree per minute or above. It is a 
versatile polymer used to produce large variety of products including ultra-filtration membrane, hollow 
fibers for reverse osmosis, for textiles.   Poly acrylonitrile has very good properties such as low density, 
thermal stability, high strength and modulus of elasticity, due these unique properties POM is made an 
essential polymer in high technology, as it is important in composite structures for military and commercial 
aircraft. 

15. Natural rubber 

 
Molecular formula: C5H8 

IUPAC Name: Natural rubber, 2-Methyl-1, 3-butadiene Isoprene. 

Natural rubber (NR) is obtained from the number plant species, the primary one is Hevea brasiliensis. The 
molar mass of NR is 68.12 g/mol. Vulcanized natural rubber has outstanding mechanical properties. Natural 
rubber is also known as India rubber or caoutchouc, consists of the organic compound isoprene. Natural 
rubber is used in many companies for production of rubber products. Natural rubber is used widely in many 
uses and products, either only or in combination with other materials. Due to its flexible nature it is often 
used in hoses, tires, rollers, and wide variety of products as clothes wringers, much flexible equipment. 

16. poly ethyl acrylate 

 
Molecular formula: C5H8O2 

IUPAC Name: poly ethyl acrylate 

Poly ethyl acrylate is an organic compound having molar mass 100.12 g/mol. It has a chemical formula 
CH2CHCO2CH2CH3. It is the ethyl ester of acrylic acid. Poly ethyl acrylate is mainly used for paints, plastics, 
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textiles, rubber and denture material (Takashi O’Hara, 2013, Hazardous Substance Fact Sheet). Ethyl 
acrylate is used as reactant for homologous alkyl acrylates by trans esterification with higher alcohols 
through acidic or basic catalysis. Copolymers of acrylic acid ethyl ester with are used as suitable adhesive 
and polymer additives; it increases the cleaning effect of liquid detergents. 

17. polyphenyl methacrylate 

 
Molecular formula: C10H10O2 

IUPAC Name:polyphenyl methacrylate 

Polyphenyl methacrylate is an organic compound with chemical formula C10H10O2 having 162.19 g/mol 
molar mass and density 25oC: 1.21 g/cm3. It is low-loss heat resistant plastic optical fiber. The polyphenyl 
methacrylate is used as photo conducting polymer. 

18. polyethylene terephthalate 

 
Molecular formula: C10H8O4 

IUPAC Name: polyethylene terephthalate 

Polyethylene terephthalate is abbreviated as PET and having molarmass 192.20 gm/mol. PET is the most 
commonly used thermoplastic polymer resin of the polyester and used in fibers for clothing, containers used 
for liquid foods, thermoforming in manufacturing, combination with glass fiber for engineering resins. It 
may be known by popular brand name viz. Dacron, Terylene, Lavsan etc. Many beverages, food products are 
delivered in bottles or packages made from PET. Manufacturers like it because it’s safe, strong and 
transparent versatile properties, also due to safety, light weight and recyclability. 

4.2. Gamma Ray Spectrometry system 
Gamma-rays are the form of electromagnetic radiations, light energy that is invisible to human eyes. 
Gamma-rays are composed of ultra-high frequency of light produced by energetic radioactive elements, 
energetic celestial bodies as neutron stars, black holes.  Gamma-rays are referred as radiation because they 
can easily penetrate human body, materials and causes harms after energy deposited by them. In order to use 
gamma-rays safely, the energy of source and emission must be determined. The invention of gamma ray 
detectors allowed this function of identifying dangerous gamma emitting elements. Most radioactive sources 
produce gamma rays, which are of different energies and intensities. When these emissions are detected and 
analyzed with a spectroscopy system, a gamma rayenergy spectrum can be produced (Thomas Swan, 2016). 
Gamma-ray spectroscopy is the quantitative study for energy spectra of gamma-ray elements in many fields 
like nuclear industry, medical field, geochemical investigations etc. when emitted gamma-rays get detected 
and analysed a gamma-ray energy spectrum is produced. A detailed analysis of this spectrum is used to 
determine and to identify gamma emitter source. It is a vital tool in radiometric investigations. The gamma 
spectrum is characteristic of gamma-emitting nuclides in source. Gamma-rays are the higher energy form of 
electromagnetic radiation having highest photon energy due to shorter wavelength. Because of this the 
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gamma-ray energy is resolved individually and gamma-ray spectrometers can measures the energies of 
gamma-ray photons detected. Radio nuclides commonly emit gamma-rays from the energy range from a few 
keV to ~10 MeV, corresponding to their typical energy levels with reasonably long lifetimes. These sources 
typically produce gamma-rays may produce line spectra, whereas the continuum spectra may obtained at 
much higher energy i.e. above 1 TeV. The boundary between gamma-rays and x-rays is somewhat blurred, 
as x-rays typically referred to the high energy emission of atom in target materials, which may range over 
100 keV, and the lower energy emission of nuclei are typically termed as gamma-rays even though their 
energies may be below 20 keV. 

For the measurement of electromagnetic spectrum and its different regions require different instrumentation 
to produce good results. For gamma-ray spectroscopy, the sodium iodide detector NaI (Tl), an inorganic 
scintillation counter is the most commonly used detector for the measurement of spectral lines that exists in 
gamma-ray and x-ray regions. 

In the gamma-ray spectroscopy detection of gamma-rays is not a direct process as these rays do not have an 
intrinsic charge. Because of this they do not create ionization or excitation of the medium they are passing 
though directly. What we can measure is the by-product of their interaction with the electrons of the target 
material. Gamma radiation interaction with the medium can occur in one of three ways: photoelectric 
absorption, Compton scattering, and pair production (gamma-ray spectroscopy using a NaI (Tl) scintillation 
counter, 2014). 

Experimental set-up and components: 

 
Fig-4.1: Experimental set-up of NaI (Tl) detector. 

A. Scintillator 
The basic function of scintillation detector is like other detectors that to transform the energy of incoming 
particle to a measurable electronic signal. A scintillation detector consists of following components: 

1. Scintillator. 2. Photomultiplier tubes (PMT). 

1. Scintillator 
A scintillator is a material which emits light scintillates when absorbing radiation. When a particle passes 
through the scintillation material it collides with atomic electrons, exciting them to higher energy levels. 
After a very short period of time the electrons drop back to their natural levels, producing emission of light. 
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2. Photomultiplier tubes (PMT) 
The scintillator converts a fraction of the energy of the incoming particle to light and the photomultiplier 
tube converts the light to a current signal, which can be manipulated further in an electronics system converts 
in electronic signals.A photomultiplier tube (PMT) is a device that converts photons to electric current. 

The photomultiplier tube has following advantages: 

1. It has high detection efficiency. 

2. It has short dead time. 

3. It has the ability to distinguish between types of radiations. 

4. It can measure the energy of the radiation and hence can be used to identify different isotopes. 

5. It has good energy resolution 

 
Fig-4.2: Photomultiplier tube 

The output signal from the scintillation counter goes to a Multichannel Analyzer (MCA) which processes 
and formats the data. 

Following instruments are included in gamma spectroscopy system: 

-An energy-sensitive radiation detector 

-Electronics - to process detector signals produced by the detector, such as a pulse sorter (MCA). 

-An amplifiers and data readout device- to generate, display, and store the spectrum.  The components like 
rate meters and peak position stabilizers can also be included. 

B. Counting System 
i. Preamplifier 
Preamplifiers are used to improve the performance of the detectors. The output signal of detector is usually 
low-amplitude, short duration current pulse, a typical pulse maybe 10 mV high and 200 ns long. The 
preamplifier converts this current pulse to a voltage pulse whose amplitude is proportional to the energy 
deposited in the detector during the gamma-ray interactions. The preamplifier is often placed as close to the 
detector as possible. The closeness of the preamplifier reduces the capacitance at the input of preamplifier, 
thereby reducing the output noise level. It is an electronic device used to convert the weak electrical pulses 
into strong electrical pulses capable of being conducted through a cable to amplifier, multichannel analyzer 
(Jack L Parker, Instrumentation for Gamma-Ray Spectroscopy). 

ii. Amplifier 
Amplifier is an electronic device which can increase the power of a signal. After leaving the preamplifier, the 
gamma-ray pulses are amplified and designed to meet the requirements to the pulse height analysis 
instrumentation that follows the main amplifier. It takes energy from the provided power supply and control 
the output to match the input signal shape with larger amplitude. It modulates the output of power supply to 
make output signal stronger than the input signal. Amplifier provides the gain to electronic circuit. 
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iii. Multichannel Analyzer (MCA) 
It is a very important laboratory instrument which is used for distributions of input signals of consisting off 
pulses. The voltage pulse produced by the detector or by photomultiplier tube is shaped by multichannel 
analyzer. The multichannel analyzer can operate in several modes; these are pulse height analysis, voltage 
sampling and multichannel scaling. It sorts and collects the gamma-ray pulses coming from the main 
amplifier to build a digital and visual representation of the pulse-height spectrum produced by the detector. 
The MCA takes the very small voltage signal produced by the detector, reshapes it into a Gaussian or 
trapezoidal shape, and converts that signal into a digital signal. It operates in two different modes i.e. Pulse 
height analyzer (PHA) and multichannel scalar (MCS) mode. 

It include- 

-A visual display unit (VDU) or Monitor of the resulting distributions 

- A printer as output device for further analysis. 

The MCA is microprocessor controlled having extensive local arithmetic operation capabilities. The 
multichannel analyzer output is sent to a computer, which stores, displays, and analyzes the data. A variety 
of software packages are available from several manufacturers, and generally include spectrum analysis tools 
such as energy calibration, peak area and net area calculation, and resolution calculation. 

iv. Analog to Digital Converter (ADC) 
The analog-to-digital (ADC) converter performs the fundamental pulse height analysis and it is located at the 
multichannel analyzer (MCA) input. ADC plays a very important role in defining the resolution of the 
system. The input of the ADC is the analog voltage pulse from the main amplifier, and its output is a binary 
number that is proportional to the amplitude of the input pulse. The binary output number is called as an 
address. The ADCs have specific numbers of "bins" into which the pulses can be organized;these bins 
represent the channels in the spectrum. The number of channels can be changed in most modern gamma-ray 
spectroscopy systems by modifying software or hardware settings. The number of channels is typically a 
power of two; common values included are 512, 1024, 2048, 4096, 8192, or 16384 channels. The choice of 
number of channels depends on the resolution of the system and the energy range being studied. 

 
Fig-4.3: The block diagram of MCA output 

Gamma spectroscopy detectors are passive materials that wait for a gamma interaction to occur in the 
detector volume. The most important interaction mechanisms are the photoelectric effect, the Compton 
effect, and pair production. The photoelectric effect is preferred, as it absorbs all of the energy of the incident 
gamma ray. Full energy absorption is also possible when a series of these interaction mechanisms take place 
within the detector volume. When a gamma ray undergoes a Compton interaction or pair production, and a 
portion of the energy escapes from the detector volume without being absorbed, the background rate in the 
spectrum is increased by one count. This count will appear in a channel below the channel that corresponds 
to the full energy of the gamma ray. Larger detector volumes reduce this effect. In some systems, the analog-
to-digital conversion is performed before the peak is reshaped. The analog-to-digital converter (ADC) also 
sorts the pulses by their height. 
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v. Detector Performance 
Gamma-ray spectroscopy systems are selected to take advantage of several performance   characteristics 
which are as follows: 

a. Detector Sensitivity 
As the slope of calibration curve is higher the sensitivity of your detector for that particular component is 
also higher, but the high fluctuations of your measurements will decrease the sensitivity. 

b. Detector resolution 
Gamma-rays detected in a spectroscopic system produce peaks in the spectrum. The width of the peaks is 
determined by the resolution of the detector. In gamma spectroscopic detectors and high resolution enables 
to separate two gamma lines that are close to each other. Gamma spectroscopy systems are designed and 
adjusted to produce symmetrical peaks of the best possible resolution. The peak shape is usually a Gaussian 
distribution. In most spectra the horizontal position of the peak is determined by the gamma ray's energy, and 
the area of the peak is determined by the intensity of the gamma ray and the efficiency of the detector. 

The energy resolution is influenced by: 

 The light output of the scintillator, 

 The size of the scintillator (light collection), 

 Photomultiplier characteristics (quantum efficiency and photocathode homogeneity) 

The energy resolution is defined as the Full Width at Half Max (FWHM) in percentage. 

R = FWHM/ H0                         (1) 

Where FWHM is the full width at half maximum of the full-energy peak and H0 is the mean pulse height 
corresponding to the same peak. 

The full width at half maximum (FWHM) is used to express detector resolution. This is the width of the 
gamma ray peak at half of the highest point of the peak distribution. Detector resolution is given with 
reference to specified gamma ray energies. Resolution can be expressed in absolute (i.e., eV or MeV) or 
relative terms. For example, a sodium iodide (NaI) detector has a FWHM of 82.75 keV at 662 keV. This is 
the absolute form of resolution. In relative form, the FWHM in eV or MeV is divided by the energy of the 
gamma ray and multiplied by 100. In the above example, the resolution of the detector is 8.2% at 662keV. 

c. Response Time 
The response time is defined as the time between the arrival of the radiation and formation of the output 
signal. If the signal is formed on a very short time scale with a fast rising flank a precise moment in time can 
be marked by the signal. 

d. Detector efficiency 
The efficiency of a detector is the percentage of gamma-rays form a source passing though the scintillator 
that interact and are counted in the final spectrum. The total count rate in the spectrum is depends on set of 
threshold and the background rate. The percentage of interacting gamma-rays is depending on the distance 
between source and detector and also on the size and shape of NaI (Tl) crystal.All gamma rays emitted by 
the source that pass through the detector will not produce a count in the system. The efficiency of the 
detector is the probability of an emitted gamma ray interaction with the detector that produces count. 

The detectors with the High-efficiency produce spectra in less time than of low-efficiency detectors. In 
general, larger detectors have higher efficiency than smaller detectors;the efficiency of the detector is 
measured by comparing a spectrum from a source of known activity to the count rates in each peak to the 
count rates expected from the known intensities of each gamma ray. 

The detector efficiency can be expressed in absolute or relative terms. Absolute efficiency values represent 
the probability that a gamma ray of a specified energy passing through the detector will interact and be 
detected. Relative efficiency values are often used for germanium detectors, and compare the efficiency of 
the detector at 1332 keV to that of a 3 in × 3 in NaI detector (i.e., 1.2×10 −3 cps/Bq at 25 cm). Relative 
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efficiency values greater than one hundred percent can therefore be encountered when working with very 
large germanium detectors. 

The energy of the gamma rays being detected is an important factor in the efficiency of the detector. An 
efficiency curve can be obtained by plotting the efficiency at various energies. This curve can then be used to 
determine the efficiency of the detector at energies different from those used to obtain the curve. 

e. Dead Time 
It can be defined as “the minimum time interval that two consecutive counts must be separated in order to be 
recorded as two different events”. The effect of having a dead time in a detector used to monitor counting 
rates is that the measured counting rates will be lower than the real ones. However, the real counting rate can 
be determined from the measured one if the dead time of the detector is known.It can also be defined as the 
time for detection system to reset after one event in order to receive another event .If the radiation reaches in 
the detector in this time then it will not be recorded as anevent. A long shaping time for the amplifier will 
increase energy resolution, but with a highcount rate there can be a pileup of events leading to peak 
summing. Thus, the optimum shaping time is low for high count rates. 

iv. Scintillation detectors 
When the gamma-rays interact with a scintillator, it produces pulse of light the intensity of light produced is 
proportional to the energy deposited in the crystal by the bombarding gamma-rays. Then the pulse of light is 
converted to an electric pulse by photomultiplier tube.   Common scintillators include thallium-doped sodium 
iodide (NaI (Tl))—often simplified to sodium iodide (NaI) detectors—and bismuth germanate (BGO). 
Because photomultipliers are also sensitive to ambient light, scintillators are encased in light-tight coverings. 
Scintillation detectors can also be used to detect alpha- and beta-radiation. 

Sodium iodide-based detectors 

 
Fig-4.4: Gamma ray spectrum of Caesium-137(137Cs) 

 
Fig-4.5: Gamma ray spectrum of Cobalt-60(60Co) 
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Thallium-doped sodium iodide (NaI (Tl)) has two principal advantages: 

6. It can be produced in large crystals, yielding good efficiency, and 

7. It produces intense bursts of light compared to other spectroscopic scintillators. 

NaI(Tl) is also convenient to use, making it popular for field applications such as the identification of 
unknown materials for law enforcement purposes. 

An example of a NaI spectrum is the gamma spectrum of the caesium isotope 137Cs—(as in Fig. 
4.4)137Cs emits a single gamma line of 662 keV. The spectrum in Fig. 1 was measured using a NaI-crystal 
on a photomultiplier, an amplifier, and a multichannel analyzer. The figure shows the number of counts 
(within the measuring period) versus energy. The spectrum indicates the following peaks (from left to right): 

1. Low energy radiation (Causes due to internal conversion of gamma-radiation), 

2. Backscatter at the low energy end of the Compton distribution. 

3. Aphoto peak (full energy peak) at an energy of 662 keV 

The Compton distribution is a continuous distribution that is present up to 150 keV in Fig.4.4 The 
distribution arises because of primary gamma-rays undergoing Compton scattering within the crystal, 
depending upon the scattering angle, the Compton electrons have different energies and hence produce 
pulses in different energy channels. If there are many gamma-rays present in a spectrum, then it will be very 
complicated for analysis, an anticoincidence shield can be used to avoid or reduce gamma-ray. The gamma 
spectrum shown in Fig. 4.5 is of the cobalt isotope 60Co, with two gamma rays with 1.17 MeV and 1.33 MeV 
respectively. The two gamma lines can be seen well-separated; the peak to the left of nearly 200 keV most 
likely indicates a strong background radiation source that has not been subtracted. A backscatter peak can be 
seen at channel 150, similar to the second peak in Fig.4.4. 

v. Calibration and Background count 
The scintillation detector gives the spectrum in terms of counts vs. channel numbers. If a gamma-ray 
spectrometer is used for identifying samples of unknown composition, its energy scale must be calibrated 
first. A channel number is an integer that corresponds to the voltage of the electron signal corresponding to 
each number of counts, before we can use the detector we need to convert these channel numbers into actual 
energies this process is called energy calibration. Calibration of gamma-ray spectrometer is performed by 
using the peaks of known sources, such as caesium-137 or cobalt-60. Because the channel number is 
proportional to energy, the channel scale can then be converted to an energy scale. If the size of the detector 
crystal is known, we can also perform an intensity calibration, so we can determine the energy as well 
intensities of unknown source or the amount of isotope in the source. Because some radioactivity is present 
everywhere we called it as “background radiation” the spectrum should be analyzed when no source is 
present in the system. The background radiation must then be subtracted from the actual 
measurement. Lead absorbers can be placed around the measurement apparatus to reduce background 
radiation. 

vi. Experimental set-up 
The measurements of incident and transmitted photon energies were done for the present investigation with 
the help of narrow beam good geometry set up. The fig below shows the schematic view of the experimental 
set-up. 
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Fig-4.6: The schematic view of the experimental set up 

The signal from the detector (2″X2″) NaI (Tl) crystal having energy resolution of 8.2% at energy 662keV 
gamma-ray from the decay of Cs137 after suitable amplification was recorded in EG&G ORTEC 8K 
multichannel analyzer plug-in-card coupled to a PC/AT. For the present investigation we used the 
radioactive sources of strengths Co57 (250 kBq), Ba133 (86 kBq), Na22 (73kBq), Cs137 (97kBq), Mn54 
(113kBq) and Co60 (134kBq) which were obtained from Bhabha Atomic Research Centre, Mumbai, India. 

The source, collimators and the detector shields were mounted in vertical axis. The radiation beam cross-
sectional area at the absorber position must be less than that of the absorber area to avoid contribution from 
direct photons in the transmitted intensity. The photon built- up depends on the atomic number and the 
sample thickness, and also on the incident photon energy. It is also a consequence of the multiple scattering 
inside the sample. In the present work the multiple scattering effects have been corrected and detector of 
good resolution was used with optimum value of count rate and counting time, it is expected that effects of 
photon built-up were negligible. The pulse pile of effects was kept minimum by selecting an optimum count 
rate and counting time. 
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Procedure 
Measurements were carried out under steady conditions of the detector. No drift of the photo peak was 
detected since the experiments were performed in as air conditioned room, keeping the room temperature 
23±1 °C. The six radioactive sources 57Co, 133Ba, 137Cs,54Mn, 60Co and 22Na were used for this experimental 
study, using gamma rays of energy 122, 360, 511, 662, 840, 1170, 1275 and 1330 keV emitted by the above 
radioactive sources were collimated on the sample and detected by the NaI (Tl) detector. The signals from 
the detector were amplified and analyzed with 8K multichannel analyzer. The efficiency of NaI (Tl) detector 
is higher at low source energy (U Cevik, 2000). The low-Z samples such as Sod thiosulphate (Na2S2O3), 
Benzoic acid  (C7H6O2),Sod Hydroxide (NaOH), Poly Vinyl alcohol (C2H4O),Potassium nitrate(KNO3), 
Naphthalene (C10H8), Graphitic powder(c),Polycarbonate(C15H16O2), Poly vinyl chloride(C2H3Cl), Plaster of 
Paris(Ca2S2O9H), Gypsum (CaSO4H4O2) and Limestone(CaCO3), polyoxymethylene (CH2O) poly 
acrylonitrile (C3H3N), natural rubber (C5H8),poly ethyl acrylate(C5H8O2), polyphenyl methacrylate 
(C10H10O2), polyethylene tetrapthalate (C10H8O4) using KBr press machine  pellets were prepared  having 
same thickness. A cylindrical plastic container is used as a sample holder. The diameters of the samples were 
determined with the help of a traveling microscope. It was observed that the attenuation of photons of the 
empty containers were negligible. Each sample pellet was weighed in a sensitive digital balance having 
accuracy 0.001 mg. The sample thickness was selected in order to satisfy the following ideal condition as far 
as possible Creagh, (1987): 2 <ln (I0 /I) < 4.For measurement of incident and transmitted photon energies a 
narrow beam good geometry set up was used. The schematic view of the experimental set up is displayed in 
Fig.1.From the measured values of un-attenuated photon intensity I0 (with empty plastic container) and 
attenuated photon intensity I (with sample), the mass attenuation coefficients (/ρ) for all the samples of low-
Z samples were calculated using Eq. (3).The values of mass attenuation coefficients were also obtained using 
the Win-Xcom program by Berger. M, J. and Hubbell. J.H. (1987)at all photon energies of current interest. 
Apart from multiple scattering and counting statistics, the other possible sources of error due to the small 
angle scattering contribution, sample impurity, non-uniformity of the sample, photo built-up effects, dead 
time of the count in instrument, and pulse pile effect were evaluated and taken care. By proper adjustment of 
the distance between the detector and source (30cm < d < 50cm), the maximum angle of scattering was 
below 30 min. According to Hubbell (1999) the contribution of coherent as well as incoherent scattering at 
such angles in the measured cross-sections at intermediate energies is negligible. Hence no small angle 
scattering corrections was applied to the measured data. The error due to sample impurities can be high only 
when large percentage of high Z impurities is present in the sample. The non-uniformity of the sample 
material introduces a fraction of error of about half the root mean square deviation in mass per unit area. In 
the present work, the uncertainty in the mass per unit area and the error due to the non-uniformity of the 
sample is< 0.05% for all energies of interest. The photon built-up effect was kept minimum by choosing 
optimum count rate and the counting time .The photon built-up depends on the atomic number and the 
sample thickness, and also on the incident photon energy. It is also a consequence of the multiple scattering 
inside the sample. In the multichannel analyzer used in the present study, there was a built-in provision for 
the dead time correction. Pulse piles of effects were kept minimum by selecting an optimum count rate and 
counting time. 
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Table-1:  The mean atomic numbers calculated from the chemical formula for low-Z Materials. 

 
Table-2: Mass attenuation coefficient μm (cm2/g) oflow-Z chemicals. 
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Table-3: Atomic cross-sections, t (barn/molecule) of some low-Z chemicals. 

 
Table-4: Electronic cross-sections, e (barn/molecule) of low-Z chemicals. 

 
Table-5: Effective atomic number, Zeff of low-Z chemicals. 
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Table-6: Effective electron densities, Neff (1023) for low-Z chemicals. 

 
Table-7: Molar extinction coefficient for low-Z chemicals. 

 
Table-8: Mass attenuation coefficient μm (cm2/g) of Low-Z materials. 
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Table-9: Atomic cross-sections, t (barn/molecule) of some low-Z materials. 

 
Table-10: Electronic cross-sections, e (barn/molecule) of Somelow-Z materials. 

 
Table-11: Effective atomic number, Zeff   of low-Z materials. 

 



 

Gamma Radiation Effects on Low-Z Materials 

59 

Table-12: Effective electron densities, Neff (1023) for low-Z materials. 

 
Table-13: Mass attenuation coefficient μm (cm2/g) of polymer materials. 

 
Table-14: Atomic cross-sections, t (barn/molecule) of some Polymer materials. 
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Table-15: Electronic cross-sections, e (barn/molecule) of Some Polymer materials. 

 
Table-16:  Effective atomic number, Zeff   of Polymer materials. 

 
Table-17: Effective electron densities, Neff (1023) for Polymer materials. 
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Figures 

 
Fig-1: Determination of µm versus Energy for some Low-Z chemicals. 

 
Fig-2: Determination of t versus Energy for some Low-Z chemicals. 

 
Fig-3: Determination of e versus Energy for some Low-Z chemicals. 
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Fig-4: Determination of Zeff versus Energy for some Low-Z chemicals. 

 
Fig-5: Determination of Neff versus Energy for some Low-Z chemicals. 

 
Fig-6: Determination of  versus Energy for some Low-Z chemicals. 
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Fig-7: Shows a typical plot of μm versus Energy for some Low-Z materials 

 
Fig-8: Shows a typical plot of t versus Energy for some Low-Z materials 

 
Fig-9: Shows typical plot of e versus Energy for some Low-Z materials. 
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Fig-10: Shows typical plot of Zeff versus Energy for some Low-Z material 

 
Fig-11: Shows a typical plot of Neff versus Energy for some low-Z materials. 

 
Fig-12:  A typical plot of m versus energy for some polymers. 
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Fig-13: A typical plot of t versus energy for some polymers. 

 
Fig-14: A typical plot of e versus energyfor some polymers. 

 
Fig-15: A typical plot of Zeff versus energy for some polymers. 
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Fig-16: A typical plot of Neff versus energy for some polymers. 
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Results and Discussion 
 The values of mean atomic number calculated from chemical formula for Sod thiosulphate (Na2S2O3), 

Benzoic acid (C7H6O2), Sod Hydroxide (NaOH), Poly Vinyl alcohol (C2H4O), Potassium nitrate(KNO3), 
Naphthalene (C10H8), graphitic powder (C), polycarbonate (C15H16O2), polyvinyl chloride (C2H3Cl), 
plaster of Paris (Ca2S2O9H), gypsum(CaSO4H4O2) and limestone(CaCO3), polyoxymethylene (CH2O) 
poly acrylonitrile (C3H3N),natural rubber (C5H8),poly ethyl acrylate(C5H8O2), polyphenyl methacrylate 
(C10H10O2), polyethylene tetra phthalate(C10H8O4), are described in table1,it shows that the mean atomic 
number and different molar mass for all low-Z samples are different. 

 The experimental and theoretical values for mass attenuation coefficient μm (cm2/g) of low-Z samples 
have been tabulated in Table 2, 8, 13and were plotted in fig. 1, 7 and 12. It is clearly seen that the mass 
attenuation values depends on the concentration of the composite material as well as the incident photon 
energy, the μm values decrease with increase in the photon energy. As can be seen from Table 2, 8, 13and 
fig. fig. 1, 7 and 12 the change in experimental values that are increase or decrease is due to the impurities 
and oxidation in the samples. 

 The values for atomic cross-section (t) are displayed in Tables 3, 9 and 14 and a typical plot is displayed 
in Fig.2, 8, 13. It can be clearly seen from the Figure 2that the values for poly vinyl alcohol and sodium 
hydroxide are much less as compared to that of the other samples but all values decrease and then remain 
unchanged. 

 It can be clearly seen from the Fig.8that there is a certain variation in atomic cross-section, but as the 
photon energy increases the values for atomic cross-section (t) decreases and at a point they are 
constant.It is observed that the Polyphenyl Methacrylate and Polyethylene tetra phthalate have highest 
photon scattering cross-section as shown in Fig.13. 

 Experimental and theoretical values calculated from XCOM for electronic cross-section (e) of low-Z 
samples are displayed in Table 4, 10 and 15 and fig. 3, 9 and 14shows good agreement with the 
experimental and theoretical values. Fig. 3shows that the electronic cross-section values for naphthalene 
and benzoic acid are more than other chemical samples. The values of e decreases and constant after the 
energy range 1275 keV. 

 also from Figure 9 it can be seenthat only the low-Z material i.e. polycarbonate which is having the 
highest mass number shows more electronic cross-section as compared to other low-Z materials at the 
same photon energy and remains constant at certain point. Also from Fig. 14it can be observed that the 
values of poly phenyl methacrylate and poly ethyl tetra phthalate as more as compared to the other 
samples. 

 The values of the effective atomic number (Zeff) are displayed in Tables 5, 11 and 16 and a typical plot in 
figs. 4, 10 and 15. It can be seen from Fig. 4 that the values for sodium thiosulphate and potassium nitrate 
are more than the values counted for other samples. These value decreases and then constant at an energy 
range. 

 It can be clearly seen from table and figure 10 that the plaster of Paris and limestone which are having the 
mean atomic number near to 10 displays more effective atomic number at the same energy used for the all 
low-z materials, and remains constant at energy point. 

 The Fig. 15shows the value of Zeff for chosen polymers tends to be almost constant as a function of 
energy. This behavior of Zeff with energy may be due to dominance of Compton scattering in the present 
energy range. 

 The effective electron density (Neff) for low-Z materials is displayed in Table 6, 12 and 17 and a typical 
plot in Figs. 5, 11 and 16 shows good agreement with the experimental and theoretical values. Fig.5shows 
Neff values for potassium nitrate, sodium thiosulphate and sodium hydroxide are more only till energy 
range 662 keV to 840 keV and then the all values will be at saturation decreases as increase in energy and 
then almost constant as a function of gamma ray energy. 

 Fig.11. shows that the plaster of Paris and limestone shows more effective electron density as compared 
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to the other low-Z materials decreases slightly and remains same at the energy point. 

 Fig. 16. shows the variation of Neff as a function of energy. It has been observed form them the variation 
in the values of Neff decrease or increase is due to the change in the chemical composition in the polymer 
samples. The theoretical values calculated from XCOM program and investigated from the experiment 
shows good agreement. 

 It clears from the Zeff and Neff are related to each-other as values are initially decreases and then remains 
constant as photon energy increases. 

 The values calculated from XCOM program and investigated form an experiment is shown in Table 7 and 
the typical plot in fig. 6. It will be clear from fig that the molar extinction-coefficient values for sodium 
hydroxide and poly vinyl alcohol are less than the other samples and remain constant. It will be clearly 
seen from all calculated and the observed values for all samples, for all parameters at energy levels may 
not be same and provides the different results. 

Conclusions 
 The present work was carried out for investigation of values of new interest for mass attenuation 

coefficient, Atomic cross-sections (t), Electronic cross-sections (e), effective atomic Numbers (Zeff) and 
effective electron densities (Neff) and molar extinction coefficient of some low-Z samples i.e. Investigated 
and calculated values of µm, t, e, Zeff and Neff, ɛ plotted in figures 1 to16 shows the values initially 
decrease and then almost constant. 

 It is found that µm the main physical quantity to determine the values of Neff and Zeff for low-Z materials. 

 In the present work, we report mass attenuation coefficient (µm), effective atomic number (Zeff), effective 
electron density (Neff), for few polymer materials using radioisotopes 57Co, 133Ba,22Na,137Cs,54M&60Co 
using narrow beam geometry. 

 The energy dependence parameters Zeff and Neff useful to calculate dose rate have been measured with 
accuracy. 

 The variations in the attenuation values of polymer samples are sensitive to chemical and physical 
environment of the samples. 

 Good agreement between theory and experiment has been observed. 

 From the present work it was found that the Poly vinyl alcohol, potassium nitrate, limestone, poly vinyl 
chloride and natural rubber could be used as better gamma shielding material, as these samples has large 
amount of μm values. 

 The samples used in the present work containing C, H, N and O elements which are of much interest in 
medical field also and can be used in dose rate calculations. 

 Also, low-Z materials doped with the high Z elements can be used as radiation shielding materials and 
available at low cost. The values introduced in the present investigation can be used in many applications 
as dosimetry, radiation protection, agriculture, chemical industry, polymer industry, electronics industry, 
construction, plastic industry etc. 
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