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บทคัดยอ 
 

จากการสํารวจปริมาณกาซเรดอนในที่อยูอาศัยประเภทบาน 318 หลัง และเรือนแพ 152 หลัง จํานวน 1410 ตัว
อยาง ในจังหวัดพิษณุโลก โดยใชถานกัมมันตเปนอุปกรณในการเก็บตัวอยางอากาศ และวัดปริมาณกาซเรดอนดวยเคร่ือง
วัดรังสีแกมมา  ระดับท่ีตรวจพบในบานมีคาเฉล่ีย 21.56 ± 3.49 Bqm-3 และ 8.22 ± 2.29 Bqm-3 ในเรือนแพ  ปริมาณที่
วัดไดในเรือนแพต่ํากวาในบานอยางมีนัยสําคัญทางสถิติที่ระดับ p<0.05  เมื่อศึกษาปจจัยท่ีมีผลกระทบตอปริมาณกาซ
เรดอนในท่ีอยูอาศัยพบวา ท่ีอยูอาศัยท่ีสรางดวยคอนกรีตมีระดับกาซเรดอนสูงกวาที่อยูอาศัยที่สรางดวยไม ท่ีอยูอาศัยท่ี
สรางติดกับพ้ืนดินมีปริมาณกาซเรดอนมากกวาเมื่อสูงจากพื้นดิน 1 เมตร หรือมากกวา นอกจากนี้อายุของท่ีอยูอาศัย และ
ประสิทธิภาพของการระบายอากาศในอาคารก็มีผลตอปริมาณกาซเรดอน เมื่อนํามาคํานวณปริมาณรังสีท่ีไดรับท่ัวรางกาย 
และที่ปอดจากการสัมผัสกาซเรดอนมีคาเทากับ 0.35 mSvy-1   และ 5.94 mSvy-1   ตามลําดับ คิดเปนคาประมาณหนึ่งใน
สามของคาเฉล่ียของโลก 
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Abstract 
 

 A survey of the radon ( 222Rn) concentrations in 318 homes and 152 floating houses (1410 samples) in 
Phitsanulok province, using a passive 222Rn charcoal canister and measurement by gamma spectrometry. 
Floating houses showed significant lower mean levels (8.22 Bqm–3 ) than homes (21.56 Bqm–3 ) (p<0.05). The 
analysis of data according to factors influencing indoor 222Rn concentrations indicated that concrete homes had 
a higher level than wooden homes and homes lying on ground had a higher level than those built at 1 meter or 
more above ground. The estimated annual mean effective dose equivalent 0.35  mSvy-1 and the annual lung 
dose equivalent of  5.94  mSvy-1  were only one-third of the world mean estimates. 
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Introduction 
 

It is well known that human spends at least two-thirds of the time indoor and their exposure to indoor 
radon accounts for up to 50 % of the total exposure to natural background radiation(1). Naturally occurring radon 
gas together with its short-lived progeny has been shown to be a cause of lung cancer in uranium and other 
underground miners. A wide variety of data, accumulated throughout the world, relate excess lung cancer 
mortality for uranium miners(2-3). After that, the health effects due to radon and radon progeny has been 
attracting attention and became an important topic in the study of radiation protection and environmental health 
physics. 
             High radon concentration are not only limited to mines and industrial facilities, but also can be met in 
domestic environments due to radon exhalation from the ground. Radon gas migrates through the soil and 
ground water and can enter dwelling through cracks in walls, floor drain and sumps. Problem of people’s 
exposure to radon in homes and the importance of the contribution of environmental radon (222Rn) to the 
natural radiation dose had been realized for the past decades and became a public health concern in 1970s 
when high residential concentrations were sometimes found(4).  
             Breathing radon in the indoor air of dwellings is the primary public health risk from radon, contributing 
to about 20,000 lung cancer deaths each year, according to a landmark report in 1998s by the National 
Academy of Science (NAS) on radon indoor air. This study fully supports the U.S. Environmental Protection 
Agency (EPA) estimates that about 15,000 lung cancer deaths each year are attributable to radon(5). Based on 
a second NAS report on radon in drinking water, EPA estimates that radon in drinking water causes about 168 
cancer deaths per year, 89 percent from lung cancer caused by breathing radon released from water, and 11 
percent from stomach cancer caused by drinking radon-containing water(5). Furthermore, the Surgeon General 
of the United State has recognized radon gas as being second only to cigarette smoking as a cause of lung 
cancer(5-6). And, risk of lung cancer in smokers living in radon-exposed environment is especially higher than 
that of the general public(6-7).   
 

Methods 
 
1.Preparation of Activated Charcoal Canister 
              The standard charcoal canister with diffusion barrier was prepared by giving an individual serial 
number. Before exposure, adsorbed moisture was removed by heating the canister at 80oC for 8-12 hours, 
weighing and counting the background gamma radiation. The canisters were open and placed on the required 
area in dwellings. After 3 days of exposure, the devices were sealed and reweighed.  
 
2. Test of Precision of Activated Charcoal Canister 
               Ten sets of activated charcoal canister, each of 10 were prepared to be placed at 10 different 
locations in different places of the homes and floating houses. After 72 hours of exposure, radon and its decay 
products that adsorbed on the charcoal  
were measured by counting with a gamma spectrometry system. 
               To assess precision of activated charcoal canister, mean and standard deviation of the measured 
activity and the percentage coefficient of variation for each location were calculated, that is; 

% CV  =  (Standard deviation x 100) / Mean 222Rn concentration 
 
3. Measurement of Radon Concentration 
                   After 72 hours exposure, the canisters were sealed with the same tape and returned to the 
laboratory of Radiation Measurement Division, Office of Atoms for Peace. When it is exposed to air, radon is 
adsorbed onto the charcoal grains. The radon undergoes beta decays to lead-214 (214Pb) and bismuth-214 
(214Bi), both of which emit gamma rays. The photons will escape the canister and counted with high purity 



  

germanium detector for 1200 seconds within the energy region of interest (the photopeaks of the 609 KeV 
gamma ray from 214Bi). The gamma ray spectrum is recorded using the personal computer analyzer, a visual 
display an accurate count of the emissions. The counting efficiency of the spectrometer for the charcoal 
canister was obtained from a commercial charcoal radon standard traceable to the Isotope Products 
Laboratories of standards 226Ra. The number of counts within this energy band was determined during a 1200 
second counting time-period. 
            The measurements were performed in dwellings under normal living conditions. The project intended 
to cover inhabited houses and floating houses at different location. Different criteria to stratify the sample were 
also taken into account including the building materials, height of the dwelling from soil, the age of dwelling and 
etc. They were carefully instructed to place the canisters in a living room or the area whereas mostly occupied 
by the dwellers of those homes. Three measurements were carried out for each home, once for each month 
from January to March 2000. During the sampling time, inhabitants were interviewed to be filled in 
questionnaires about address, type of construction, number of dwellers, humidity, temperature, wind velocity 
and etc. during the sampling time. 
 
4. Data Analysis(8) 
            The activity was expressed in Becquerel per cubic meter (Bqm-3) by using the equation: 

RN     =     Net CPM / (Ts)(E)(CF)(DF) 
Where 

RN     =    Radon concentration in Bqm-3 

           Net CPM    =    Gross CPM for the canister-background CPM for that detector for that day. 
 Ts     =    canister exposure time (minutes) 
  E     =    detector efficiency (CPM/Bq) 
CF     =    calibration factor 
DF     =    decay factor from the midpoint of exposure to the start of counting 

        =    e-0.693t/ t1/2 Rn(min) 

   t     =    time in minutes from midpoint of exposure to the start of counting 
T1/2     =    half life of 222Rn is 5501 minutes 

 
5. Statistical Analysis 
           All data were collected during the period from January to March 2000. The calculations and statistical 
analysis were made by Microstat–II program. Categorical variables (building materials, the age of dwelling and 
the height above the ground of dwellings) were expressed as the range, mean, and standard deviation. The 
student’s unpaired t-test was used to compare the means for normally distributed data. P-values of 0.05 and 
over were regarded as showing statistically insignificant differences.   
 

Results and Discussion 
 

           Charcoal canisters are the most useful device used to measure levels of radon and its disintegration 
products. They are simple, easy to use, reusable and suitable for large-scale testings of radon levels in homes. 
They can provide precise measurements within a reasonable times over period of three days while the other, 
i.e., alpha track detectors need to be exposed for a period of one to three months. In this paper an average 
concentration of indoor radon gas can be simply and accurately measured to within about ± 7.96 % as shown 
in Table 1. 
           Up to the present time much knowledge has accumulated about radon. Various scientific publications 
have discussed and summarized the data that are available on levels of radon in homes(2,9). In a survey of 
houses in Thailand, the analysis of radon since 1993 have shown that geological variations of indoor radon 
level exists. In some provinces i.e. Tak, Phrea, Pang-nga, Khonkaen and Kanchanaburi, the concentrations 



  

were found to be unexplainatorily elevated and has been concluded that most rock and soil in those areas may 
contain relatively high concentrations of radium(10-11). In the present study, a total of 1410 samples from 318 
homes and 152 floating houses in Phitsanulok province have been measured for indoor radon level. It has been 
concluded that the radon level in Phitsanulok home averages 14.89 Bqm-3 and none have level exceeding 148 
Bqm-3 (5). The highest measured value of 36.10 Bqm-3 was found in home made primarily of masonry, and the 
lowest was 3.29 Bqm-3 in wooden homes (Table 2,3). 
              In a survey of 318 homes, the arithmetic mean level was 21.56 Bqm-3 while a survey of 152 floating 
houses, for comparison, yielded concentration of 8.22 Bqm-3 (P<0.05) (Table 2). As the major source of radon 
in indoor air, at least 80 % , is from emanation from soil and rock formations close to the ground surface(12), 
and the concentration in groundwater does not constitute a major risk because only a small fraction of the 
radon escapes into the air(12-13), and radon concentrations in surface water are small, our presented findings 
strongly support the notion. 
              The concentrations of radon and its decay products in the indoor air of homes depend on their 
escaping rates from soil into the atmosphere. The contribution into indoor air can be influenced by  
meteorologic factors. The meteorological surveys in floating houses have shown that the humidity and wind 
velocity are higher than homes. As the response of charcoal canister depends on the amount of humidity in air 
during the exposure period and the charcoal has a strong tendency to absorb water from air, the adsorption 
capacity of charcoal for radon increases as the moisture decrease(14-15). This is one possible explanation for low 
radon levels in floating houses. 
              Radon is a hazard only when it enters a confined space where it can accumulate to significant 
concentrations. This may occur in houses which the structures are built on or close to earth, where the radon 
gas usually enters a dwelling from the ground through the foundation(16). Radon can accumulate inside a house 
on the ground floor which is in contact with the soil, therefore, indoor radon level is proportional to the height of 
the dwelling above the ground. In this study, the results are in substantial agreement with those of the theory, 
homes built on ground level have higher radon concentration than at one or more meters above the ground 
(Table 4). 
             Other parameters such as age of dwellings, building materials and ventilation are also associated with 
the concentration of radon. The highest levels of radon were found in homes built less than one year and the 
similar results were found in floating houses (Table 5). These findings agree favorably with those found in the 
United States(17) and Sweden(18). 
            The reduction in the activity level of radon in indoor air of an old dwelling possibly related to the 
decrease, as a function of time, in radon decay products from building materials and soil under the houses. As 
a matter of ventilation radon levels in home may be reduced by preventing the entry of radon by increasing the 
ventilation rate within the homes. To increase the rate windows on all sides of the home might be opened 
symmetrically. Exhaust fans can also be installed to increase the ventilation rate. In the present study, 
ventilation plays less important role to indoor radon levels as life-style of Thai people living in the dwelling is 
quite different from those in temperate regions. Most of the Thai homes are well ventilated. In this study, 94.03 
percent of homes and 78.95 percent of floating houses are under good ventilation, the mean radon levels are 
21.47 Bqm-3 and 8.17 Bqm-3, respectively (Table 6). 
            The indoor radon and its daughters concentration, lung dose equivalent, and resulting EECRn are 
shown in Table 7. The geometric mean of indoor EECRn was estimated to be 5.82 Bqm-3.  The calculation was 
made on the assumption that most persons spend two thirds of their time indoors, or approximately 15 to 18 
hours per day or 6000 hours per year with a constant breathing rate of 0.75 m3h-1. The reference dose 
conversion factors of 1.7x10-4 mSv (Bqhm-3)-1 for lung exposure and 1.0x10-5 mSv (Bqhm-3)-1 for whole-body 
exposure have been proposed by ICRP 50(16).  
            The estimated annual mean effective dose of 0.35 mSv y-1 due to radon exposure in Phitsanulok 
province is about 30% of the dose estimated in the UNSCEAR 1993 Report as the world mean is 1.3 mSv y-1. 
In addition, the estimated average annual dose equivalent to the lung (Hlung) from inhalation exposure to radon 



  

is about 5.94 mSv y-1  (Table 5), somewhat less than the value of 18.0 mSv y-1 derived in the ICRP Publication 
50(16). The main reason for the lower dose or lower radon concentration in Phitsanulok province might be from 
the high percentage of wooden houses, and the traditional of construction which have crawl space between the 
living area and the ground. The radon exhaled from the ground is expected to be diluted by the outdoor air 
before entering the living space.  

 
Conclusion 

 
The mean indoor radon concentration were measured in 318 homes and 152 floating houses using 

charcoal canister. The mean, standard deviation and median were 21.563.94 and 21.42 Bqm-3, respectively for 
home; and 8.22, 2.29 and 8.15 Bqm-3, respectively for floating house. The mean level in floating houses was 
shown to be significantly lower than home (P<0.05). 
           The average indoor radon concentration in Phitsanulok province was 14.89 Bqm-3 and geometric mean 
was 14.56 Bqm-3. The equilibrium equivalent concentration (EECRn) as calculated from the assumed equilibrium 
factor of 0.4 was 5.82 Bqm-3. This leads to an estimated annual effective dose equivalent of 0.35 mSv and 
annual lung dose equivalent of 5.94 mSv for the inhabitants in Phisanulok province.  
           This level is one of the lowest in the world. The maximum concentrations of 36.10 Bqm-3 was within the 
acceptable level (148 Bqm-3) according to the U.S.EPA. The differences in the radon concentration amongst the 
types of house structure and height above the ground are obvious. Wooden houses show lower concentrations 
than concrete or wood&concrete  or wood&zinc houses. The higher the house level from the ground the lower 
the radon level and the older the houses age, the lower the radon level. The results obtained from these 
surveys are useful not only for the dwellers but also for the national authorities to decide whether to make 
action levels mandatory or advisory, and to set the limits for the radon concentration in the existing building and 
newly built building. 
            The charcoal adsorption method used in this study is the most popular radon measuring technique 
because of its simplicity, low cost and accuracy. It is almost always used as a screening technique but multiple 
samples and periodically measurements throughout the year are required to obtain a good estimate of the 
annual average. However, to confirm accurate and reliable results, more details by other commonly used 
method of measurements such as solid nuclear track detectors should be compared. 
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Table 1    Mean radon concentrations, standard deviation and their percentage coefficient of variation at 
10 different locations. 

 
Location Radon concentrations (Bqm-3) % CV 

 Mean (n=10) SD  
1 
2 
3 
4 

12.51 
9.73 
11.72 
13.41 

1.12 
0.94 
1.05 
0.82 

8.95 
9.66 
8.96 
6.11 

5 
6 
7 
8 
9 
10 

12.06 
16.90 
9.12 
10.71 
12.06 
14.20 

0.73 
0.86 
0.85 
1.21 
0.98 
0.85 

6.05 
5.09 
9.32 
11.30 
8.13 
5.99 

  mean 
SD 

7.96 
2.03 

 
 

Table 2   Indoor radon concentrations and type of dwellings. 
 

Type of 
Dwelling 

Number of 
samples 

222Rn concentrations 
(Bqm-3) 

Standard 
deviation 

  Min Max AM GM  
Home (all types) 
Floating house  

954 
456 

9.19 
3.29 

36.10 
15.85 

21.56 
8.22 

21.20 
7.92 

3.94 
2.29 

Wooden home 501 9.19 25.43 19.11 18.90 2.75 
In all types 1410 3.29 36.10 14.89 14.56 3.15 

 
 

Table 3 Type of building materials and indoor radon concentrations.      
   

Building 
materials 

Number of 
homes 

222Rn concentrations 
 (Bqm-3) 

Standard 
deviation 

  Min Max AM GM  
Concrete 
Wood 
Wood & concrete 
Wood & Zinc 

67 
167 
80 
4 

19.19 
9.19 
19.48 
18.33 

36.67 
25.43 
27.19 
24.03 

26.33 
19.11 
22.79 
21.29 

26.11 
18.90 
22.72 
21.16 

3.56 
2.75 
1.70 
2.74 

 
 
Table 4  Height above ground and variation in indoor radon level. 

 
Height 

(m) 
Number of 

homes 
222Rn concentrations 

 (Bqm-3) 
Standard 
deviation 

  Min Max AM GM  
0 

Less than 1 
1 

More than 1 

151 
20 
142 
5 

18.33 
13.83 
9.19 
17.42 

36.10 
24.48 
27.96 
23.63 

24.18 
20.05 
19.08 
20.03 

23.97 
19.86 
18.84 
19.92 

3.26 
2.74 
2.94 
2.38 



  

 
Table  5  Indoor radon concentrations in relation to the age of  home and floating houses.  
      

Age 
(years) 

Number 
of 

Number 
of 

222Rn concentrations 
 (Bqm-3) 

Standard 
deviation 

 homes Floating- Home Floating house Home Floating - 
  houses Min Max AM GM Min Max AM GM  house 

less than 1  
1 to 5 
5 to 10 
more than 10 

12 
61 
111 
134 

- 
12 
41 
99 

17.61 
13.83 
11.93 
9.19 

33.22 
35.44 
36.10 
25.50 

24.69 
23.64 
21.48 
20.45 

24.28 
23.20 
21.20 
21.14 

- 
4.14 
3.29 
4.55 

- 
15.40 
15.85 
12.38 

- 
9.82 
9.29 
7.57 

- 
9.02 
8.91 
7.41 

4.74 
4.56 
3.53 
3.38 

- 
3.97 
2.55 
1.56 

 
 
Table 6   Indoor radon concentrations and ventilation in homes and floating houses. 
 

Ventilation Number 
of 

Number 
of 

222Rn concentrations 
 (Bqm-3) 

Standard 
deviation 

 homes Floating- Home Floating house Home Floating - 
  houses Min Max AM GM Min Max AM GM  house 

Good 
ventilation 

299 120 9.19 36.10 21.47 21.11 4.52 15.85 8.17 7.95 3.96 1.98 

Poor 
ventilation 

19 32 17.85 28.88 23.33 22.98 3.29 15.40 8.38 7.79 3.45 3.22 

 
 

Table 7 Indoor radon and its daughters’concentrations, lung dose equivalent and the resulting effective dose 
equivalent for inhabitants in Phitsanulok Province. 

 
Type of 

Dwelling 
Concentration (Bqm-3) Lung dose equivalent 

(Hlung) 
Effective dose 
equivalent (HE) 

 GM EECRn (mSvy-1) (mSvy-1) 
Home 
Floating house 

21.20 
7.92 

8.48 
3.17 

8.65 
3.23 

0.51 
0.19 

 14.56 5.82 5.94 0.35 
 
Remarks  
Min  =  Minimum    Max  =  Maximum 
AM  =  Arithmetic Mean   GM   =  Geometric Mean 
CV   =  Coefficient of Variation  EECRn=  Equilibrium Equivalent Radon Concentration  


