
Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

www.jespublication.com Page No:479 

  
  

  
 

DETERMINATION OF MASS ATTENUATIONCOEFFICIENT OF 

DIFFERENT MATERIALS&SOILS 
Vishal D. Bharud1,3, B.J. Patil2, V.N. Bhoraskar3, S.D. Dhole3 

1Department of Physics, M.J. College, Jalgaon, Maharashtra India 
2MES, AbasahebGaware College, Pune Maharashtra, India 

2Microtron Lab, Department of Physics, Savitribai Phule Pune University, Pune Maharashtra, India 

Corresponding author email: vbharud@gmail.com 

 

Abstract-Absorption coefficient is of interest to 

scientists and researchersof different areas such as 

shielding, agriculture yield, pesticides contamination 

in soils etc,.The linear and mass absorption 

coefficient of metals (Al, Cu, and Pb) and soil 

samples collected from the different region of the 

Maharashtra, India has been determined. The gamma 

ray sources 137Cs, 60Co having gammaray energies 

0.662 MeV,1.17 MeV and 1.33 MeV was used to 

measure the absorption coefficient.Samples were 

prepared using standard techniques and linear 

absorption coefficient was measured using gamma 

ray spectroscopy. The gamma spectrometry 

usingNaI(Tl) scintillator/PMT detector and MCA 

system having 2K resolution was used. The mass 

absorption coefficient of pure materials of 

Aluminum, Copper and lead was measured initially. 

Moreover, absorption coefficient of different soil 

samplescollected from different parts of Maharashtra 

was also measured for various applications. The work 

presented is part of a survey recently conducted with 

larger database for shielding materials, moistures 

level in the soil. In general, mass attenuation 

coefficients determined in this study can be used for 

determination of gamma emitters in any soil samples. 

This method is useful for the study of properties the 

soils in agriculture purposes.  

Keyword: Linear and mass absorption coefficient, 
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1.1. Introduction 

Attenuation coefficients have achieved the vital 

importance in the area of nuclear research. The 

attenuation coefficient parameter is widely used in 

reactor building materials, shielding, industry, 

agriculture, science, and technology,etc [1-3].The 

interactions of different radiation give the probability 

to measure the attenuation coefficient depending 

upon the incident radiation energy and nature of the 

absorbing materials [4]. Theproperties of different 

materials can be studied by the attenuation 

coefficients. The literature survey gives the 

importance of attenuation coefficient for soil, sand, 

clay, porosity,etc [5]. The experimental data relevant 

to the measurement of the mass attenuation 

coefficients of different samples is available[6-7]. 

The properties characterizing the penetration and 

diffusion of gamma rays in composite materials such 

as soil are very important [8]. Soil has chemical 

properties as on its compositions like C, N, S, P, Ca, 

Mg, Na, etc. The physical properties such as 

moisture, porosity, density, etc.,in variable 

concentrations of soil [9-10]. The different soils 

contain different elemental composition in which as 

Cu, Fe, Mg, and Zn is microelements [11]. Moreover, 

the study of mass attenuation coefficients in soil of 

different region of the country has a vital importance 

in field of agriculture. Therefore,  the radiation 

physics and radiation dosimetry/ detector materials 

have an importance to solve various problems using 

linear and mass attenuation  coefficient [12]. Gamma 

radioactive sources such as Co-60, Cs- 137,  have 

used develop the materials absorption probabilityby 

same techniques. [13]. 

The purpose of the present work is to determine 

linear and mass attenuation coefficient of soil 

samples in Maharashtra State (India) for systematic 

studies, which is useful for society. To calibrate the 

mass attenuations coefficient the metals materials  

like copper, Aluminum and Lead have used. From 

the region of Maharashtra, the different fertile soil 

from different farm have collected to check the linear 

and mass attenuation  coefficients 

The attenuation coefficient is a basic quantity 

used in calculation of penetration of materials by 

quantum particles or energy beams. The linear 

attenuation coefficient, also called the narrow beam 

attenuation coefficient, is a quantity, which describes 

the extent to which the intensity of a beam is reduced 
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as it passes through the material. The attenuation of 

gamma rays can be expressed as  

I = I0exp(−μx), 

where I0 is the number of particles of radiation 

counted during a certain time duration without any 

absorber, I is the number counted during the same 

time with a thickness x of an absorber between the 

source of radiation and the detector, and µ is the 

linear absorption coefficient.  

 

 

 

 

1.2. Experimental arrangement for the 

measurement of mass absorption 

coefficient:   

Experimental arrangement is shown in fig.1. 

The gamma ray sources such as 137Cs having energy 

66 KeV and 60Co having energy 1170, 1330 KeV was 

used. A NaI (Tl) detector was connected to the 

scintillation counter with multichannel analyzer 

(MCA) facilities, which were connected to an 

advanced computer system for the detection and 

measurement of transmitted gamma. The whole 

system was enclosed in lead castle to reduce the 

background counting if any. The readings were taken 

for 600 seconds with varying the thickness of the 

absorber.  

 
Figure 1: Experimental arrangement for the measurement of mass absorption coefficient.  

Rectangular plates of different thickness were 

prepared for Pb, Al, Cu materials. Each plate is of 

size, length 8 cm and breadth 8 cm.  The arrangement 

was made such as the plates can be placed in between 

detector and source as shown in fig.1. The distance 

between detector and source was kept constant to 6 

cm for each time.  

Initially, background reading was measured 

without keeping any plates and source. To remove 

error due to the random nature of radioactivity each 

measurement was performed for three times and 

average was taken. After placing only source again 

measurement was performed to determine the I0 

initial activity of the source at 0 thickness material.  

After this, the measurement was continued for 

varying thickness of absorbing material plates. This 

procedure was repeated for different material and for 

different sources of various energies: 662, 1170 and 

1330 KeV.  

An exponentially decay structure was observed 

from the graph of thickness Vs intensity or counts. 

To determine the absorption coefficient, a graph of 

thickness of absorbing material Vsln(Io/I) for each 

material and energy was plotted which follows 

straight lines. A slope of the straight line is nothing 

but the linear attenuation coefficients. Using the 

linear absorption coefficient  mass absorption 

coefficient was determined for each case of energy 

and material. In this way, the mass absorption 

coefficient for different material such as Al, Cu, and 
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Pb were determined. Fig.2 shows the photograph of 

the detector and MCA. The similar method was 

applied for the measurement of mass absorption 

coefficient of different soil samples. The soil samples 

were collected from the different regions of 

Maharashtra state. Soil sample was kept in a plastic 

carry bag which has rectangular shape. The length 

and breadth of the bag was kept ~ 8 cm. The 

thickness of the bag was measured using Vernier 

Caliper at 5 different places and average was taken 

for calculation.  The photograph of the MCA bin and 

NaI(Tl) detector as shown in fig. 2.  

 
 

Figure 2: Photograph showing MCA bin,NaI(Tl) detector and Shielding Assembly of Experiment. 

1.3. Results 

The mass absorption coefficient determined for 

different energies of gamma rays for different 

material is shown in Table 1. Fig. 3 shows variation 

of mass absorption coefficient with respect to energy 

of gamma rays. 

Table 1.1: Mass absorption coefficient for Al, Cu and Pb. 

Energy 

(MeV) 

Al plate 

µm(cm2/gm) 

Cu plate 

µm  (cm2/gm) 

Pb plate 

µm (cm2/gm) 

0.66 0.0683 0.06348 0.1019 

1.17 0.0506 0.04799 0.05737 

1.33 0.05004 0.05387 0.05738 
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Figure 3: Variation of mass attenuation coefficient with Energy for Al, Cu, Pb materials. 

 

Table 2 shows the physical properties of soil 

samples collected from different regions of 

Maharashtra. Seven different soil Samples were 

collected from Ahmednagar, Dhule and Pune 

districts. The soil samples were again distinguished 

as per their exact location.  

The linear and mass absorption coefficient of all soils 

at three different energies of gamma rays was 

determined and is shown in Table 3. It is observed 

from the data that the linear and mass attenuation 

coefficient of soil depends on material density, 

sample composition and photon energy E. Fig. 4 

shows variation of mass absorption coefficient with 

respect to energy of gamma rays. 

 

Table 2: Physical properties of the soil samples and their area of Maharashtra 

Sample 

No. 

Location of 

the samples 

Thickness 

(cm) Mass Volume Density(gm/cm3) 

1 Dhule 3.788 153.279 100.48 1.525468 

2 Shridi 1 3.344 159.029 120.576 1.318911 

3 Gawa field 3.236 113.969 75.36 1.512327 

4 Sanvantsar 3.712 147.029 115.552 1.272405 

5 Mali field 

(waste water) 
3.602 105.669 95.456 1.106992 

6 Pune 

(red colour) 
3.842 163.389 115.552 1.413987 

7 Onion 

kopargaon 
3.442 150.689 110.528 1.363356 
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Table 3: Mass Absorption coefficient of soil from different field 

  Cs-137  0.66MeV Co-60  1.17MeV Co-60 1.33MeV 

Sample 

No. 

Area μ (1/cm) μm(cm
2
/g) μ (1/cm) μm(cm

2
/g) μ (1/cm) μm(cm

2
/g) 

1 Dhule 0.079803 0.052314 0.060473 0.039642 0.064366 0.042194 

2 Shridi 1 0.102919 0.078034 0.085176 0.064581 0.087219 0.066129 

3 Gawa field 0.103666 0.068547 0.081186 0.053683 0.089698 0.059311 

4 Sanvantsar 0.079792 0.062710 0.060552 0.047588 0.068659 0.053960 

5 Mali field 

(wastewater) 
0.080836 0.073023 0.082480 0.074508 0.090257 0.081534 

6 Pune 

(red colour) 
0.083349 0.058946 0.088825 0.062819 0.099466 0.070344 

7 Onion 

kopargaon 
0.098360 0.072145 0.083021 0.060895 0.110439 0.081005 

 

 
Figure 4: Variation of mass attenuation coefficient of different soils with respective to Energy. 

 

1.4. Conclusion and discussion 

The linear and mass attenuation coefficient depends 

on material density, sample composition, and photon 

energy E.The mass attenuation coefficient values 

were measured for various soil samples at gamma 

energies. The mass attenuation coefficient values are 

useful for quantitative evaluation of interaction of 

gamma radiations with soil samples.  
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