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Abstract: The use of radiation has exponentially increased in a lot of industries such as Nuclear, Medical and Agriculture. 
Radiation are highly hazardous for not only human beings but for all living organisms. Hence, there is a need for good radiation 
shielding material. Radiation Shielding is the concept of reduction of radiation by interposing a shield of absorbing material 
between any radioactive source and the living organism or work area. The reduction in the strength of radiation is known as 
Total attenuation. In this research paper, the total attenuation of various elements at different photon energies is determined 
from the data obtained from the WinXCom computer program.   
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I. INTRODUCTION 
Radiation is used in a lot of industries such as Nuclear, Agriculture, Medicine etc [1]. The usage of radiation has exponentially 
increased in the recent years. In physics, radiation is the emission or transmission of energy in the form of waves or particles 
through space or through a material medium.  
This includes electromagnetic radiation such as radio waves, microwaves, visible light, x-rays, and gamma radiation(γ), particle 
radiation such as alpha radiation(α), beta radiation(β), and neutron radiation (particles of non-zero rest energy). Depending on the 
energy of the radiated particles, they are classified as Ionizing radiation and Non-ionizing radiation. Ionizing radiation is the 
radiation with sufficiently high energy which can ionize atoms; that is to say it can knock electrons off atoms, creating ions. 
Ionization occurs when an electron is stripped (or “knocked out”) from an electron shell of the atom. Because living cells and, more 
importantly, the DNA in those cells can be damaged by this ionization, exposure to ionizing radiation is considered to increase the 
risk of cancer. Ionizing radiation carries more than 10 eV.  
Some of the ionizing radiations are Ultraviolet radiation, X-ray, Gamma radiation, Alpha radiation, Beta radiation, Neutron 
radiation and cosmic radiation. The kinetic energy of particles of non-ionizing radiation is too small to produce charged ions when 
passing through matter.  
This type of radiation only damages cells if the intensity is high enough to cause excessive heating. Some of the Non-ionizing 
radiations are visible light, Infrared, Microwave, Radio waves, Very low frequency, Extremely low frequency and thermal radiation. 
Coherent scattering is also known as elastic scattering. It is one of three forms of photon interaction which occurs when the energy 
of the X-ray or gamma photon is small in relation to the ionisation energy of the atom. The only change is a change of direction 
(scatter) of the photon, hence 'unmodified' scatter. It has been proved that gamma radiation can alter the morphological and optical 
properties of materials [2]. Some research papers have also proved that the gamma radiation can alter the mechanical properties of 
materials [3], [4], [6]. The gamma radiation has the capability to alter the electrical properties as well [5]. Thus, radiation not only 
affects the living organisms, they affect all sorts of material with sufficient energy [1-7]. 

II. METHODOLOGY 
Lead is one of the most commonly used radiation shielding material due to its high density and total attenuation. It is also highly 
feasible. The elements chosen for this study are the materials which have density higher than lead and also some of the commonly 
used metals.  
Density is one of the important factors considered for radiation shielding. The computer program WinXCom was used to determine 
the total attenuation of the elements under study. The photon energy from 1 MeV to 105 MeV was used for this study. The various 
elements used for this study are Lead, Aluminium, Mercury, Copper, Gold, Iron, Tungsten, Silver, Osmium and Iridium.  
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III. DENSITY 
As said earlier, Density is one of the important factors considered for radiation shielding. The densities for the elements under study 
are as follows, 

Metal or alloy Density (kg/m3) 

Lead 11340 

Aluminum 2712 

Mercury 13593 

Copper 8940 

Gold 19320 

Iron 7850 

Tungsten 19600 

Silver 10490 

Osmium 22610 

Iridium 22650 

IV. TOTAL ATTENUATION 
The reduction in the strength of radiation is known as Total attenuation. Total attenuation is one of the parameters specified for 
radiation shielding materials. Using the WinXCom computer program, the total attenuation of the various elements has been 
computed. 

 
Fig. 1 The Electromagnetic spectrum 
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Fig. 2 Illustration of the relative abilities of three different types of ionizing radiation to penetrate solid matter. 

A. Lead 

 
Fig. 3 Total attenuation of lead from 1 MeV to 105 MeV 
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Fig.4 Total attenuation of Lead at various Photon Energies 

B. Osmium                             

 
Fig.5 Total attenuation of Osmium from 1 MeV to 105 MeV 
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Fig.6 Total attenuation of Osmium at various Photon Energies 

C. Iridium 

 
Fig.7 Total attenuation of Iridium from 1 MeV to 105 MeV 
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Fig.8 Total attenuation of Iridium at various Photon Energies 

D. Tungsten 

 
Fig.9 Total attenuation of Tungsten from 1 MeV to 105 MeV 
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Fig.10 Total attenuation of Tungsten at various Photon Energies 

E. Iron  

 
Fig.11 Total attenuation of Iron from 1 MeV to 105 MeV 
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Fig.12 Total attenuation of Iron at various Photon Energies 

F. Gold 

 
Fig.13 Total attenuation of Gold from 1 MeV to 105 MeV 
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Fig.14 Total attenuation of Gold at various Photon Energies 

G. Silver 

 
Fig.15 Total attenuation of Silver from 1 MeV to 105 MeV 
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Fig.16 Total attenuation of Silver at various Photon Energies 

H. Aluminum                                

 
Fig.17 Total attenuation of Aluminum from 1 MeV to 105 MeV 
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Fig.18 Total attenuation of Aluminum at various Photon Energies 

I. Mercury                                                 

 
Fig.19 Total attenuation of Mercury from 1 MeV to 105 MeV 
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Fig.20 Total attenuation of Mercury at various Photon Energies 

J. Copper 

 
Fig.21 Total attenuation of Copper from 1 MeV to 105 MeV 
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Fig.22 Total attenuation of Copper at various Photon Energies 

V. CONCLUSION 
The total attenuation for the earlier said elements were computed using the WinXCom computer program. Although a lot of 
elements had density higher than lead, from 1 MeV to 105 MeV photon energy, lead showed the best total attenuation results as 
shown in the tables and graphs. Lead is also highly feasible and hence its common use in radiation shielding is justified. The total 
attenuation of the commonly used metals such as iron, aluminum and copper were lower than that of lead. Although the total 
attenuation of some elements were near the value lead, they are not feasible since their cost is very high. Hence, until an economical 
material is proposed for radiation shielding, the use of lead as radiation shielding will continue.  
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