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 1. Introduction 

 In gamma spectrometry for voluminous environmental samples, the self-absorption effects 

can lead underestimation or overestimation of the radioactivity, especially for the samples 

emitting low energy gamma rays. For this reason, the correction for the effects should be 

performed for more accurate analysis. One of the most important factors for the correction is a 

linear attenuation coefficient of the samples.  

           

Background and purpose 

2. Method 

Theoretical approach 

3. Results 

4. Conclusion 

 In this study, a new semi-empirical method to calculate linear attenuation coefficients 

without collimator  or chemical composition was fully developed 

 This method can be useful for self-attenuation correction in gamma spectrometry for the 

environmental radioactivity analysis of unknown chemical composition. 
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 Mathematical approach of the correlation between a linear attenuation coefficient and 𝐼𝑚/𝐼0 

  The linear attenuation coefficient can be determined using the ratio (𝐼𝑚/𝐼0) of transmitted 

and incident gamma ray intensities. If there is information for the chemical compositions of 

the samples, the linear attenuation coefficient can be calculated using the nuclear data. It can 

be also determined experimentally using a beam collimator system or analytical method. 

However, those methods may be time and cost  consuming. This study was conducted to find 

the simple and effective method to determine the linear attenuation coefficient for the 

environmental samples with complicated matrix.  
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Materials 

 Test samples(density) used in this study 

Test sample 

HPGe 

Crystal 

Gamma source 

 Gamma ray emitting radionuclides used in this study :  241Am, 60Co,  137Cs, 152Eu 
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H2O

Cellulose

Soil

(NH4)2SO4 

(1.16 g/cm3) 

 

Na2CO3 

(1.45 g/cm3) 

 

NaCl 

(1.43 g/cm3) 

 

H2O 

(1 g/cm3) 

MnO2 

(2.77 g/cm3) 

 

Measurement 

BEGe(Broad Energy Germanium, relative 

efficiency : 38%) detector  system with the 

test sample 

End cap 

𝐼𝑚
𝐼0
=  𝑒−𝜇𝑚𝑀 𝜃 (1 − 𝑒−𝜇𝐸_𝐺𝑒𝐺(𝜃))

θ1

0

𝑑𝜃 + 𝑒−𝜇𝑚𝑀 𝜃 (1 − 𝑒−𝜇𝐸_𝐺𝑒𝐺(𝜃))
θ2

θ1

𝑑𝜃  

/  (1 − 𝑒−𝜇𝐸𝐺𝑒𝐺 𝜃 )
θ1

0

𝑑𝜃 + (1 − 𝑒−𝜇𝐸_𝐺𝑒𝐺(𝜃))
θ2

θ1

𝑑𝜃  

𝜇𝑚 = 𝜇𝑝ℎ. + 𝜇𝑐𝑜𝑚𝑝. + 𝜇𝑃𝑎𝑖𝑟. 

 
𝜇𝐸_𝐺𝑒 = 𝜇𝑝ℎ. + α𝜇𝑐𝑜𝑚𝑝. + 𝛽𝜇𝑃𝑎𝑖𝑟. 

 

M(𝜃) =
𝑡𝑚
𝑐𝑜𝑠𝜃

 

 

G(𝜃) =
𝑡𝐺

𝑐𝑜𝑠𝜃
(0 < 𝜃 < θ1),  G(𝜃) =

r−𝑑𝑠 𝑡𝑎𝑛𝜃

𝑠𝑖𝑛𝜃
(θ1 < 𝜃 < θ2) 

 

𝜽𝟏 = 𝒂𝒓𝒄𝒕𝒂𝒏(
𝒓

𝒅𝒔 + 𝒕𝑮
) 

 

𝜽𝟐 = 𝒂𝒓𝒄𝒕𝒂𝒏(
𝒓

𝒅𝒔
) 

 
The correlation can be assumed using 𝜇𝐺𝑒 instead of 
𝜇𝐸_𝐺𝑒 where, 

  
𝝁𝑮𝒆 = 𝝁𝒑𝒉. + 𝝁𝒄𝒐𝒎𝒑. + 𝝁𝑷𝒂𝒊𝒓. 

The ratio vs. linear 

attenuation coefficients by 

mathematical modeling : 

- 𝑑𝑠  : 20 cm 

- 𝑡𝑚  : 1 cm 

- 𝑡𝐺  :  3 cm 

- 𝑟   :  4 cm 
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The ratio vs. linear attenuation coefficients by the MCNP modeling : 

- 𝑑𝑠 : 20 cm, 𝑡𝑚 : 1 cm, 𝑡𝐺 : 3 cm, 𝑟 : 4 cm 

K2CrO4 

(1.84 g/cm3) 

 

The ratio(𝐼𝑚/𝐼0) vs. linear attenuation coefficients with H2O, (NH4)2SO4, NaCl, Na2CO3, 

K2CrO4 and, MnO2 ; 𝜇𝑙 was calculated using by XCOM 

 𝜇𝑙 = 𝑦0 + 𝑎𝑅 𝐸 + 𝑏𝑅 𝐸 2+ 𝑐𝑅 𝐸 3+ 𝑑𝑅 𝐸 4+ 𝑒𝑅 𝐸 5 

, where 𝑅 𝐸 =  𝐼𝑚/𝐼0 


