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1. Introduction 

 
Natural occurring radioactive material (NORM) 

contains potassium (40K), long-lived uranium (238U) and 
thorium (232Th). 238U and 232Th follow radioactive decay 
chain respectively producing radon (222Rn) and thoron 
(220Rn) until reaching a stable isotope (206Pb and 208Pb). 
Inhalation of radon (222Rn) accounts for more than 50% 
of annual effective radiation dose [1]. To manage radon 
concentration of building materials, “guidelines for 
reduction and management of radon in building materials” 
apply radioactivity concentration index to building 
materials [2]. Non-destructive 𝛾-ray spectroscopy is 
effective method to assess radioactivity concentration 
without structural change of building materials and 
compare the amount of radon exhalation from building 
materials with radioactivity concentration index.  
 

2. Methods and Results 
 

Measurement system is set up to assess radioactivity 
of construction sample using High Purity Germanium 
(HPGe) detector. Measurement of activity concentration 
of concrete is conducted, primary radon-emitting 
building material, which is supplied from LH (Korea 
Land & Housing Cooperation). Calibration of the 
detector is conducted using both experiments and Monte 
Carlo simulation (MCNP6). Finally, radioactivity 
concentration index is obtained. 
 
2.1 Measurement System 

 
Shielding background radiation is essential for 

measurement of radioactivity, as building materials are 
made of NORM resulting in containing low activity of 
radionuclides. High Purity Germanium (HPGe) detector 
measure radioactivity of the sample under background 
radiation shielded circumstances consisting of lead 
bricks and 1 cm thickness copper box (Fig. 1).  

The level of background radiation was measured for 
24 hours and significantly reduced, making possible to 
detect 𝛾-ray peaks having low counts (Fig. 2). Minimum 
detectable activity (MDA) of 40K is calculated using 
equations (1), (2): 
 

     𝑀𝐷𝐴 =
𝑁

𝜂𝜀 𝑇
     (1)  [3] 

 

         𝑁 = 2.706 + 4.653𝜎     (2)    
 
where 𝜂 is branching ratio of 𝛾 energy, 𝜺abs is absolute 
peak efficiency, T is measurement time and ND is 

minimum mean number of counts needed from the 
source ensure a false-negative rate no longer than 5% (Eq. 
1). And 𝜎B is standard deviation of background counts 
(Eq. 2). MDA is decreased by more than half from 
59.389 to 24.851 Bq in the system. 
 

 
 

Fig. 1. Schematic view (left) and configurations (right) of 
measurement system consisting of HPGe detector, LN2 dewar, 
lead bricks and 1 cm thickness copper box. 

 

  
 
Fig. 2. Effects of shielding systems on the background 
radiation spectra. 
 
2.2 Energy Calibration 
 

Energy calibration of the detector system is conducted 
using 𝛾 standard sources of 241Am, 133Ba, 109Cd, 57Co, 
60Co, 137Cs, 152Eu, 54Mn, 22Na covering energy range 
from 59.5 keV to 1408.0 keV. Energy calibration curve 
is determined as equation (3) with R2 = 0.9999: 
 

𝐸𝑛𝑒𝑟𝑔𝑦 = 0.181 × 𝐶ℎ𝑎𝑛𝑛𝑒𝑙 + 1.433      (3) 
 
2.3 Efficiency Calibration 

 
Efficiency calibration of the detector system is 

conducted using the standard sources and MCNP6 
simulations. After 𝛾-ray standard sources are measured 
respectively, net area of peak is calculated. ROI of peak 
area is set from -1.6×FWHM to 1.4×FWHM from the 
peak centroid, calculated from gaussian fitting of full 
energy peak. Intrinsic peak efficiency is calculated using 
equation (4): 
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𝜀 =
𝑁

𝐴 ⋅ 𝜂 ⋅
Ω

4𝜋
⋅ 𝑇

      (4) 

 
where A is activity, and  is solid angle. Intrinsic peak 
efficiency is determined from 59.5 keV to 1408.0 keV 
(Fig. 3). 

To consider self-attenuation of 𝛾-ray, dead layer of 
HPGe crystal is corrected, verifying between experiment 
results and simulation (Fig. 3). Dead layer of the crystal 
is determined to 1.23 mm. Finally, absolute peak 
efficiency considered for solid angle and self-attenuation 
is derived through MCNP6 simulation (Fig. 4). 

 

 
 
Fig. 3. Intrinsic peak efficiency calibration of the detector by 
adjusting dead layer about MCNP6 simulation and 
experimental results of 𝛾-ray standards. 
 

 
Fig. 4. Absolute peak efficiency results of the detector and 
concrete configurations (size: 20 × 20 × 5 𝑐𝑚 ). 
 
2.4 Radioactivity Concentration Index (I) 

 
Radioactivity concentration index guided in Korea is 

calculated using equations (5), (6):  
   

          𝐼 =  +  +       (5) [2] 
 

      𝐴 =
⋅ ⋅ ⋅

 (𝐵𝑞 ⋅ 𝑘𝑔 )     (6)     

where Ax is activity concentration, Nnet is net area, and m 
is mass of measured sample.  

For 226Ra and 232Th, in addition to directly determining 
the concentration of the nuclide, the concentration was 
obtained indirectly by analyzing radionuclides in decay 
chains, using the fact that the nuclides of the decay chain 
follow radiative equilibrium. Overlapped photopeak at 
~186 keV is corrected by determining 235U concentration 
from both 143.8 keV 𝛾-ray of 235U and natural abundance 
of 238U concentration [4]. Likewise, overlapped 

photopeak at ~63.5 keV is corrected by determining 
232Th concentration from activity concentration of 228Ac. 

226Ra and 232Th range respectively from 56.3 to 70.8 
and from 42.6 to 61.0 Bq∙kg-1. And the concentration of 
40K is 834.8 Bq∙kg-1. Activity concentration index (I) for 
concrete sample ranges from 0.682 ± 0.020 to 0.819 ± 
0.028. Activity concentration index of 226Ra, 232Th and 
40K accounts for 28.7%, 34.0% and 37.1%. (Table I) 

Table I: Radioactivity Concentration Index about 
Radionuclide in Concrete sample (size: 20 × 20 × 5 𝑐𝑚 ) 

 
 

3. Conclusions 
 

Non-destructive 𝛾-ray spectroscopy is conducted for 
building material. To minimize the effect of the 
background radiation, measurement system is set up. 
Calibration is performed to measure bulk sample 
considering self-attenuation effect. The index of 
radioactivity concentration is determined both directly 
and indirectly using radiative equilibrium. Obtained 
index is less than 1, which is the recommended limit in 
the guideline. As inhalation of radon closely related to 
concentration of 226Ra, the level of 220Rn exhalation 
should be compared with radioactivity concentration 
index in the future.  
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