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Abstract 

Indoor radon concentration plays a vital role in the total annual effective dose due to internal radiation 

exposure. This research investigated the radon gas found in concrete, which consists of rocks, sand, and 

cement. It can be found in most houses and buildings in Thailand to evaluate the possible residents’ health 

hazards. Radon was measured using an ionization chamber detector (ATMOS 12 DPX), and the values 

of the radon concentration, radon exhalation rate, and annual effective dose were calculated. This study 

collected concrete samples from Loei, Khon Kaen, Nong Bua Lam Phu, Bueng Kan, Nakhon Phanom, 

Mukdahan, Ubon Ratchathani, and Nakhon Ratchasima provinces in the northeastern region of 

Thailand. The radon concentration in the concrete samples varied from 22.00 ± 4.00 to 110.00 ± 8.00 Bq⸱ 

m-3, with an average of 56.77 ± 5.77 Bq⸱m-3. These values were below the guideline level of 148 Bq⸱m-3, 

recommended by the US Environmental Protection Agency (US EPA). The radon exhalation rate varies 

from 4.20 ± 0.84 to 55.07 ± 4.00 Bq⸱kg-1⸱h-1, with an average of 15.47 ± 1.68 mBq⸱kg-1⸱h-1. The annual 

effective dose ranges from 0.57 ± 0.10 to 2.89 ± 0.21 mSv⸱y-1, with an average of 1.47 ± 0.15 mSv⸱y-1.  

The International Commission recommends the dose limit of 1 mSv⸱y-1 for public exposure on 

Radiological Protection (ICRP). 
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Introduction 

Construction materials such as rocks, soil, and sand 

contain naturally occurring radioactive materials 

(NORMs). One of the most prevalent radioactive 

substances is radon (Rn-222), which is a decay 

product of Ra-226 in the U-238 decay series. Rn-

222 has a half-life of 3.82 days. It emits alpha 

particles of high energy (5.5 MeV). These alpha 

particles can damage DNA (deoxyribonucleic acid)  

 

 

 
 

in humans. Therefore, radon entering the respiratory 

system can increase lung cancer risk. From a World 

Health Organization (WHO) report, radon is the 

second most important cause of lung cancer, next to 

cigarette smoking (Naomi et al., 1984; Hajo and 

Ferid, 2009). Rn-222 is a gaseous radioisotope 

commonly found in the outdoor and indoor 

atmospheres. However, the radon concentration 
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outdoors is lower than indoors because of better 

ventilation. Therefore, radon gas is accumulated 

inside houses and buildings (Konstantin, 2006). 

Radon can diffuse from the floor and cracks in 

homes and residential buildings and be contained 

inside such structures (Cothern et al., 1987). 

Different building materials such as brick, stone, 

soil, sand, iron, and cement all contain NORMs 

which can also be contaminated with metal particles 

(Po-218, Bi-214, Pb-210, and natural uranium) 

(Grace et al., 2008). Construction materials from 

different geographical locations may have different 

elemental compositions; therefore, they can have 

different radioactivity levels (Aksoy et al., 2002; 

Righi et al., 2006; Joseph et al., 2010). 

 This study aims to measure radon 

concentration in concrete, the main component of 

most residential buildings. The samples were 

collected from the northeastern region of Thailand, 

including Loei, Khon Kaen, Nong Bua Lamphu, 

Bueng Kan, Nakhon Phanom, Mukdahan, Ubon 

Ratchathani, and Nakhon Ratchasima provinces. 

The closed-chamber method measured the alpha 

radiation using an ionization chamber (ATMOS 12 

DPX). The radon exhalation rate and annual 

effective dose were calculated to assess the health 

impact of the construction materials. The radiation 

safety level of 1 mSv⸱y-1 set by the International 

Commission on Radiological Protection (Smith, 

1991) was used as the reference. 

Materials and Methods 

The source of radon can be raw materials used in 

construction. Therefore, concrete may contain 

radon-emitting materials. However, in the 

northeastern provinces of Thailand, especially in the 

small cities, concrete products are mixtures of raw 

materials such as gravel, sand, cement, and water, 

etcetera, bought from the local market. In this study, 

26 concrete samples were collected from random 

locations in the northeastern region of Thailand to 

analyze the radon level in each province’s raw 

materials. The provinces are shown in Figure 1. 

 The samples were ground into powder, dried, 

weighed, and kept inside a closed stainless chamber 

(0.064m3). The samples were left inside the chamber 

for about three hours to check for chamber leakage. 

A pressure gauge was used to confirm that the tank 

did not leak. Air was fed into the tank through an 

activated charcoal cylinder. The samples were kept 

inside until an equilibrium was reached between Rn-

222 and radon products (typically, it took 30 days). 

After that, the ionization chamber (ATMOS 12 

DPX) was connected to the tank’s gas flow system 

to measure the radon released from the construction 

materials in Figure 2. The measurement time for 

each sample was approximately two hours. 

 The mass radon exhalation was calculated 

from the radon concentration in the closed system 

and the radon exhalation: 

 

𝐶∞ =
𝐶(𝑡)

(1−𝑒−𝜆𝑡)
       (1) 

 

𝐸 =
𝐶∞𝑉𝜆

𝑆
        (2) 

 
where C∞ is the maximum measured radon 

concentration in the equilibrium (Bq•m-3), C(t) is the 

radon concentration measured (Bq•m-3) at time t (h), 

λ is the decay constant of Rn-222 (7.6 x 10-3 h-1),  

E is the radon exhalation rate of the sample  

(Bq•m-2 •h-1), V is the volume of the stainless-steel 

tank used in sample measurement (m3), S is the 

surface area of the sample (m2). 

 In the case where a sample does not have a 

geometrical shape and is in powder form, the radon 

 

Figure 1. Sampling areas of the concrete samples 

in the northeastern region of Thailand. 

The unit of latitude and longitude 

shown is degrees (°) 

 

Figure 2. Diagram of radioactivity measurement 

using the ionization chamber (ATMOS 

12 DPX) 
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exhalation rate can be replaced by the mass 

exhalation rate: 

 

𝐸𝑀𝑎𝑠𝑠 =
𝐶∞𝑉𝜆

𝑀
       (3) 

 
where EMass is the mass radon exhalation rate of the 

sample (Bq•kg-1 •h-1), and M is the sample weight 

(kg) (Kovler et al.,2005). We calculated the annual 

effective dose from the equation: 

 
𝐻 = 𝐶 × 𝐹 × 𝑇 × 𝐷      (4) 

 
Where H is the annual effective dose (mSv•y-1), C is 

the radon concentration (Bq•m-3), F is the radon 

equilibrium factor (0.4), T is the indoor occupancy 

factor (7000 h•y-1), and D is the dose conversion 

factor (9.0 x10-6 mSv•h-1 per Bq•m-3) (United 

Nations, 2000). 

Results and Discussion 

The measured radon concentrations of the samples 

ranged from 22.00 ± 4.00 to 110.00 ± 8.00 Bq•m-3, 

of which the lowest value was found at Nakhon 

Phanom and the highest value at Mukdahan. The 

summary statistics based on different locations are 

shown in Table 1. The calculated mass radon 

exhalation ranged from 4.20 ± 0.84 to 55.07 ± 4.00 

mBq•kg-1 •h-1, the average radon exhalation rate  

(17 mBq•kg-1 •h-1) is lower than the previous values 

of Hungary, Norway, and USA reported by 

UNSCEAR (1988) in Table 2. The annual effective 

dose was from 0.57 ± 0.10 to 2.89 ± 0.21 mSv•y-1. 

Overall, the radon concentration was 56.77 ± 5.77 

Bq⸱m-3, the radon exhalation was 15.47 ± 1.68 

mBq⸱kg-1⸱h-1, and the annual effective dose was 

1.47 ± 0.15 mSv⸱y-1. 

Conclusion 

The radon concentrations of the concrete samples 

collected from the northeastern region of Thailand, 

measured in the closed system using an ionization 

chamber, ranged from 22.00 ± 4.00 to 110.00 ± 8.00 

Bq⸱m-3, with an average of 56.77 ± 5.77 Bq⸱m-3. The 

calculated radon exhalation rate ranged from 4.20 ± 

0.84 to 55.07 ± 4.00 mBq⸱kg-1⸱h-1, with an average 

of 15.47 ± 1.68 mBq⸱kg-1⸱h-1 and the annual 

effective dose from 0.57 ± 0.10 to 2.89 ± 0.21 

mSv⸱y-1, and the average is 1.47 ± 0.15 mSv⸱y-1. It 

can be seen that the radon concentrations in the 

region studied are lower than the average indoor 

radon concentration (148 Bq•m-3) as reported by the 

United States Environmental Protection Agency 

(US EPA, 1992). The calculated annual effective 

doses in some areas were slightly higher than the 

standard 1 mSv⸱y-1 recommended by the 

International Commission on Radiological 

Protection (ICRP). However, the results were from 

the measurement in a closed system. 

Characteristically, due to natural ventilation, radon 

Table 1. Radon concentration, mean mass radon exhalation, and annual effective dose of concrete samples 

by province 

Location 

Mean Radon 

Concentration 

(Bq•m-3) 

Mean Mass Radon 

Exhalation  

(mBq•kg-1•h-1) 

Mean Annual Effective 

Dose 

(mSv•h-1) 

Loei 61.67 ± 5.67 10.60 ± 1.00 1.60 ± 0.13 

Khon Kaen 54.00 ± 6.67  7.63 ± 0.90 1.40 ± 0.20 

Nong Bua Lam Phu 86.00 ± 7.00 14.60 ± 1.20 2.20 ± 0.20 

Nakhon Ratchasima  65.00 ± 6.00 11.70 ± 1.10 1.70 ± 0.20 

Bueng Kan 54.67 ± 5.60 15.95 ± 1.83 1.41 ± 0.14 

Nakhon Phanom 22.00 ± 4.00 10.80 ± 2.00 0.57 ± 0.10 

Mukdahan 110.00 ± 8.00 55.07 ± 4.00 2.89 ± 0.21 

Ubon Ratchathani 26.00± 4.00 16.50 ± 2.50 0.70 ± 0.10 

    

Average 59.92 17.86 1.56 

SD 28.95 15.34 0.75 

Table 2. Radon exhalation rates reported in previous research. (UNSCEAR, 1988) 

Material Country Number of samplings 
Rn-222 mass exhalation rat 

(mBq•kg-1•h-1) 

Concrete Hungary 100 28 

Concrete  Denmark 4 17 

Concrete Norway 137 34 - 58 

Concrete  USA 50 9 - 72 
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concentrations in enclosed spaces are higher than in 

open-air areas. Good airflow can effectively reduce 

the build-up of radon concentration. 
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