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Abstract: Specific activites of natural (40K, 226Ra and 232Th) and anthropogenic 
(137Cs) radionuclides in 30 glutinous rice samples bought from some local re-
tailers and department stores in Songkhla Province have been measured and 
analyzed. Experiment results were carried out by using a high-purity germa-
nium (HPGe) detector and gamma spectrometry analysis system at Radiation 
Laboratory in Thailand Institute of Nuclear Technology (Public Organization) 
(TINT). The results show that the specific activities of 40K, 226Ra, 232Th and 137Cs 
in 30 glutinous rice samples ranged from < 592.21 – 896.36, < 3.73 – 11.92, < 2.49 
– 7.84 and < 1.54 – < 2.35 Bq/kg respectively, with mean values of 683.13 ± 33.61, 
6.09 ± 1.78, 4.20 ± 1.52 and < 1.92 ± 0.21 Bq/kg respectively. Furthermore, some 
related radioactive hazard indices and the excess lifetime cancer risk (ELCR) 
value were also evaluated and found in the safety values. Moreover, all the 
results were compared with Office of Atoms for Peace (OAP) data, research 
data in Thailand, international studies and some recommended values.  
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1. Introduction  
It is well known that natural (primordial) radionuclides (40K, 226Ra and 

232Th) that arise simultaneously with the Earth would be accumulated and 
mixed with the natural samples as rocks, soil, sand, water and air. Moreover, 
the anthropogenic radionuclides (137Cs) arising from human activities such 
as nuclear bomb experiments, nuclear power plant accidents and causing 
leakage of radioactive material into nature, etc., would also be mixed and 
contaminated to all of those mentioned natural samples. At present, interna-
tional researchers and relevant agencies are interested in the determination of 
concentrations or specific activities of natural (40K, 226Ra and 232Th) and an-
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thropogenic (137Cs) radioactive materials in soil, sediment, sand and water around the world [1-6]. To evalu-
ate the specific activity values of radioactive substances of such interest, samples of food vegetables such as 
wheat, rice, local fresh vegetables and fruits etc., were also interested in by some national and international 
researchers [7-12]. Since these vegetables and fruits were grown in soil, and when fertilizers, watering and 
shedding the soil were operated during the agricultural process, those plants had to absorb nutrients and 
some amount of radioactive materials accumulated in the roots, leaves, flowers and seeds. The value is more 
or less dependent on each plant and vegetable's nature and biological structure. For considering and search-
ing for information on the accumulation of specific activity of natural (40K, 226Ra and 232Th) and anthropogenic 
(137Cs) radionuclides in some ordinary milled rice, it was found that studies and measurements were made in 
Japan, China, Iraq, India and Malaysia [13-17]. There is also some research and studies about measuring spe-
cific activities in rice samples cultivated in the south and northeastern parts of Thailand [10, 12, 18]. 

One major food crop and the principal staple food for Thai people is Glutinous or sticky rice (Oryza 
sativa var. glutinosa). Almost all Thai people usually stay in the northern and northeastern parts of Thailand 
like to eat glutinous rice in their basic daily diet. Hence, in dining, rice is treated as the most significant 
pathway for transferring radioactive materials into humans [17]. The glutinous rice is always consumed in 
white rice and is also classified as the main component of the famous dish of food named “Somtum or Papaya 
Salad”. According to the Office of Agricultural Economics (OAE) of the Ministry of Agriculture and Cooperatives 
(MOAC, Thailand), the estimated area of paddy planting for glutinous rice in 2020/21 was about 16,253,000 
rai (2,600,480 hectares) with a potential yield of 5,770,000 metric tons. The domestic consumption of glutinous 
rice per capita per year in Thailand is approximately 100 kg. For this reason, it is considered to find 
information of radioactivity baseline of all required radionuclides mentioned above, which were accumulated in 
the glutinous rice. 
 In this study, we have focused on the measurement and assessment of backgroud radioactivity in glu-
tinous rice samples chosen and collected from some local retailers and department stores in Songkhla Prov-
ince using a high-purity germanium detector and gamma spectrometry analysis system. Consequently, the 
results would be taken to evaluate some related radioactive hazard indices and compare with some studies 
and research data at both national and worldwide levels.  

2. Materials and Methods 

2.1 Sample collection and preparation 

According to its largest size and most populated on the southern border of Thailand, Songkhla 
Province was organized to be the centre of this area. Hence, Songkhla Province should be chosen for the 
studied area. At least 8 kilograms of milled glutinous rice samples were randomly selected and collected 
from some local retailers and department stores in Songkhla Province in the lower southern part of 
Thailand. After collection, all glutinous rice was treated and prepared following the IAEA sampling and 
vegetable and fruit samples [19]. For example, the glutinous rice samples would be ground until fine using a 
commercial grinding machine. Then, all glutinous rice would be sieved through a 325 mm mesh-sized sieve 
to remove some coarse parts. A slow-airflow temperature (60 °C) for 12 hours in the drying closet will 
accelerate to remove the moisture without loss of radionuclides from the samples. Then, each sample (about 
250 gms) 30 glutinous rice samples were placed and packed in a Polyvinylchloride (PVC) cylindrical 
container of diameter 7.0 cm and height 7.0 cm. The containers were wrapped tightly with a thick 
cellophane tape around their necks to avoid any gas escape from them and kept for a minimum of 4 weeks 
to ensure equilibrium between 222Rn and its daughter products. 
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2.2. High-purity germanium (HPGe) detector with the gamma-ray spectrometry analysis system  
In the present study, the specific activities of natural (40K, 226Ra and 232Th) and anthropogenic (137Cs) 

radionuclides in 30 glutinous rice samples were determined by using a high-purity germanium detector 
(HPGe, EG&G ORTEC Model GEM 20 P4) and gamma spectrometry analysis system at the advanced laboratory, 
Thailand Institute of Nuclear Technology (Public Organization) (TINT). The detector was enclosed in a 
massive 10 cm thick lead shielding. The gamma-ray background spectra were measured frequently to 
examine the background's stability and improve the net count rate of the selected gamma-ray photopeaks of 
the samples. The measuring time was 10,800 s. The IAEA-473 (Milk Powder) reference materials 
(International Atomic Energy Agency (IAEA), Vienna, Austria) was used to determine the geometric efficiency 
for matrices in the container.  
 
2.3. Measurement and analysis of the gamma-ray energy spectrum  

The TINT laboratory's high-purity germanium (HPGe) detector with gamma-ray spectrometry analysis 
system will measure and record the gamma-ray energy spectrum from every glutinous rice sample. Then, 
the specific activities of all required radioactive materials could be analyzed using a special computer 
program associated with the measurement system. The results will be presented in subsection 3.1. 
 
2.4. Study of the frequency distribution of specific activities 

By using the SPSS computer program, the frequency distribution of specific activities of 40K, 226Ra, 232Th 
and 137Cs in 30 glutinous rice samples were studied and analyzed. The result will be presented and shown in 
subsection 3.2. 
 

2.5. Calculation of some related radioactive hazard indices and the excess lifetime cancer risk (ELCR) value 
Some related radiological hazard indices are gamma absorbed dose rate (D) [20], radium equivalent 

activity (Raeq) [21], external hazard index (Hex) [21], annual external effective dose rate (AEDout) [20] and the 

excess lifetime cancer risk (ELCR (outdoor)) [22] were evaluated and presented by using the suitable 
medium values of specific activities of 40K, 226Ra and 232Th which were analyzed, determined and chosen 
from subsection 3.3. Set of equations which used to evaluate four related radiological hazard indices 
(D, Raeq, Hex, AEDout) and ELCR (outdoor) were shown in the following equations (1) – (5): 

                          D (nGy/h) = 0.0414CK + 0.461CRa + 0.623CTh                              (1) 

                             Raeq (Bq/kg) = 0.077CK + CRa + 1.43CTh                    (2) 

                              Hex = CK/4810 + CRa/370 + CTh/259 ≤ 1                     (3) 

                    AEDout (mSv/y) = D (nGy/h) × 8760 h × 0.2 × 0.7 (Sv/Gy) × 10-6               (4) 

                               ELCR (outdoor) = AEDout× LF× RF                               (5) 

where CK, CRa, and CTh are the medium values of specific activity of 40K, 226Ra, and 232Th in Bq/kg, respective-
ly. In addition, the LF and RF are the life expectancy of Thai people (75 years) and risk factor (0.05 Sv-1), 
respectively. Moreover, the results were also compared with some research data in Thailand and global 
recommended values as shown in subsection 3.4.  
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3. Results and Discussion 
 
3.1 Example of gamma-ray energy spectrum 

The example of gamma-ray energy spectrum measured and recorded using the special computer 
program is shown in Figure 1. 

 
Figure 1. Gamma-ray energy spectrum measured from the glutinous rice sample collected in Songkhla Province. 
 
3.2 Ranges and mean values of specific activity  

The ranges and mean values of specific activities of the studied radionuclides measured and evaluated 
from all 30 glutinous rice samples collected from the studied area are presented in Table 1. 

Table 1. Specific activity ranges and mean values of 40K, 226Ra, 232Th and 137Cs in Bq/kg were analyzed in 30 
glutinous rice samples collected from Songkhla Province. 

 
3.3 Frequency distribution of specific activities and some statistic values 

The SPSS computer program was used to study and determine the frequency distribution of specific 
activities of 40K, 226Ra, 232Th and 137Cs in 30 glutinous rice samples collected from Songkhla Province. These 
frequency distributions are shown in the following Figures 2 – 5. Furthermore, some related statistic values 
calculated from this study were also presented in Table 2. 
 

Glutinous rice samples 
collected from Songkhla 

province 
(30 Samples) 

Specific Activities (Bq/kg) 

40K 226Ra 232Th 137Cs 

Ranges < 592.21 – 896.36 < 3.73 – 11.92 < 2.49 – 7.84 <1.54 – <2.35 

Mean values 683.13 ± 33.61 6.09 ± 1.78 4.20 ± 1.52 < 1.92 ± 0.21 
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Figure 2. Frequency distribution of specific activities 
of 40K in 30 glutinous rice samples of the studied 
area. 

Figure 3. Frequency distribution of specific activi-
ties of 226Ra in 30 glutinous rice samples of the 
studied area. 

  

Figure 4. Frequency distribution of specific activities 
of 232Th in 30 glutinous rice samples of the studied area. 

Figure 5. Frequency distribution of specific activities of 
137Cs in 30 glutinous rice samples of the studied area. 

3.4. Some related radiological hazard indices values and comparison 
Figure 2-5 in subsection 3.3 shows that the frequency distribution of specific activities of the studied 

radionuclides in 30 glutinous rice samples collected from Songkhla Province was asymmetrical distribution 
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with the skewness of 1.40, 1.08, 1.17 and -0.19, respectively. This means that the frequency distribution is not 
normal. The normal distribution has a skewness of zero. Hence, the median values of 40K, 226Ra, 232Th and 
137Cs , which were 667.41 ± 34.01 Bq/kg, 5.82 ± 1.79 Bq/kg, 3.94 ± 1.43 Bq/kg, and < 1.95 ± 0.21 Bq/kg for this 
investigated area, were the recommended medium value and should be chosen for calculation some related 
radiological hazard indices and the excess lifetime cancer risk (ELCR (outdoor)) for this study. Moreover, 
the present results and their average values were evaluated and compared with some researches data in 
Thailand, foreign countries, Office of Atoms for Peace (OAP) annual report data and the recommended 
values reported by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 
and International Atomic Energy Agency (IAEA) as shown in Table 3. 

Table 2. Some related statistic values from the study of the frequency distribution of specific activities of 40K, 
226Ra, 232Th and 137Cs in 30 glutinous rice samples collected from Songkhla Province, Thailand. 

Statistic values 
Analyzed values 

40K  226Ra  232Th 137Cs 
Mean (Bq/kg) 683.13  6.09  4.20 < 1.92 
Median (Bq/kg) 667.41  5.82  3.94 < 1.95 
Mode (Bq/kg) 592.21  4.50  3.60 < 1.54 
Std deviation 76.30  2.27  1.26 0.21 
Skewness 1.40  1.08  1.17 -0.19 
Kurtosis 1.42  0.44  1.54 -0.43 
Minimum value (Bq/kg) < 592.21  < 3.73  < 2.49 < 1.54 
Maximum value (Bq/kg) 896.36  11.92  7.84 < 2.35 
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From Table 3, the D values of the present study were 32.77 ± 3.12 nGy/h, which mainly was lower than 
all research and studies data in Thailand (except in organic rice in Phatthalung Province), OAP data, and the 
recommended value (55 nGy/h) as reported by UNSCEAR but higher than in all of the international 
research data. The Raeq value in this study was lower than 370 Bq/kg [37], which is acceptable for safe use, 
mostly all of the research data in Thailand (except in organic rice in Phatthalung Province) OAP data but 
higher than in all research data of foreign countries. The Hex value evaluated in this study was equal to 0.17 
± 0.02, which was less than 1, lower than most research data in Thailand and OAP data but higher than in all 
research data of foreign countries (equal to data in rice samples in India). Furthermore, the AEDout value in 
this study was calculated and similar to 0.04 ± 0.004 mSy/y, which is lower than the worldwide average 
value of 0.48 mSv/y as presented by UNSCEAR and mostly also lower than all research data in Thailand 
(except in organic rice in Phatthalung Province), OAP data but again higher than in all research data of 
foreign countries (except in India). This value was also less than the maximum dose constraint value of 1.0 
mSv/y as presented by the International Atomic Energy Agency (IAEA) [38]. In addition, the excess lifetime 
cancer risk (ELCR(outdoor)) was also calculated and equal to (0.15 ± 0.01)× 10-3, which is lower than OAP 
data and all research data in Thailand (not included in Phatthalung Province) and UNSCEAR recommended 
values but higher than all of the research data of foreign countries. Hence, Thai people and everyone who 
usually likes to consume the glutinous rice for their favorite dishes should not get the radiological hazard 
impact on their health. However, the transfer factor (TF value) from paddy soil to rice and rice to humans 
should be studied and evaluated for normal and glutinous rice every year. Moreover, the results of this 
study could be considered and used to be the baseline reference for the glutinous rice and green and safe 
society in the future. 

4. Conclusions 
The evaluated median values of specific activity of natural (40K, 226Ra and 232Th) and anthropogenic 

(137Cs) radionuclides in 30 glutinous rice samples collected from Songkhla Province were 667.41 ± 34.01, 5.82 
± 1.79, 3.94 ± 1.43 and <1.95 ± 0.21 Bq/kg, respectively. The median values of specific activity of 40K, 226Ra and 
232Th were chosen to evaluate four radiological hazard indexes (D, Raeq, Hex and AEDout) and the excess 
lifetime cancer risk (ELCR(outdoor)) for the study area. The results obtained in this study fall within the 
range of values reported in similar studies conducted nationwide and worldwide. The D value was lower 
than the recommended value 55 nGy/h and the Raeq value was lower than the acceptable limits 370 Bq/kg. 
The Hex and AEDout values were less than the acceptable limit of unity and 0.48 mSv/y, respectively. 
Moreover, this study's ELCR(outdoor) was also calculated and found lower than recommended value 
1.8× 10-3. We can see that all four radiological indexes (Raeq, Hex and AEDout) and the ELCR(outdoor) were 
below the values that can cause a significant radiation hazard to both the environment and human health. 
Hence, this study could be a preliminary study for scientists or researchers interested in assessing or 
measuring the concentration of natural and anthropogenic radionuclides in some foodstuffs and medicinal 
plants samples for human consumption without any radiological risk. Furthermore, this data may provide a 
general background for the glutinous rice being studied and serve as a guideline for future measurement 
and assessment of possible radiological risks to human health. Therefore, subsequent studies and 
evaluations need to study, measure and assess the transfer factor of natural and anthropogenic 
radionuclides from glutinous rice to people who enjoy having it for their favourite dishes. 
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