
Advances in Environmental Biology, 8(17) September 2014, Pages: 453-459 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756 EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Amir Hossein Mahvi, Department of environmental health engineering, faculty of health  

education, Tehran University of medical sciences, Tehran, Iran  

Effective dose of Radon222 and thoron220 in the indoor air of Genow hot springs 
of Bandar Abbas 
 
1Saeid Motesaddi, 2,1Yadolah Fakhri, 2Ali Alizadeh, 3Seyed Mohsen Mohseni, 4Saeedeh Jafarzadeh, 
2Aziz Rahimizadeh, 5Maryam Mirzaei, 6Amir Hossein Mahvi 
 
1Department of environmental health engineering, Faculty of health, Shahid Beheshti University of medical sciences, Tehran, Iran 
2Social Determinants in Health Promotion Research Center, Hormozgan University of Medical Sciences, Bandar Abbas, Iran 
3Department of Environmental Health Engineering, School of Public Health, Qom University of Medical 

Sciences, Qom, Iran 
4Department of Children's, Nursing Faculty of Nursing, Fasa University of Medical Sciences, Fasa, Iran 
5Msc of critical care nursing, Jahrom University of medical sciences, Jahrom, Iran 
6Department of environmental health engineering, faculty of health education, Tehran University of medical sciences, Tehran, Iran 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  30  August  2014 

Received in revised form 
17 November  2014 

Accepted  25 November 2014 

Available online 8 December 2014 

 

Keywords: 

Radon222, Thoron220, effective dose, 
Genow hot spring 

 222Rn and 220Rn is an odorless and colorless radioactive element. Once it enters the 

respiratory system and emission alpha particles it raises the probability of affliction 

with lung cancer. Hot springs such as Genow in Hormozgan province can be one source 
of radiating Radon. The total concentration of Radon (222Rn and 220Rn) in the indoor 

and background air was measured in 6 stages in winter 2011 and spring 2012. The 

portable RTM 1688-2 was used for this aim. The effective dose received by the staff 
and visitors of these hot springs were estimated via the suggested equations by 

UNSCEAR. The total geometric mean and concentration range of 222Rn and 220Rn in 

the indoor air was 94.2 Bq/m3 and 30.26-152.7 Bq/m3 in winter. They were 92.68 
Bq/m3 and 23.42-165.5 Bq/m3 in spring. The total mean of Radon in winter and spring 

(93.6 ±10.6 Bq/m3) was found to be 6.4 and 36.7 percent lower than the standards set 

by WHO (100 Bq/m3) and EPA (148 Bq/m3), respectively. The effective dose received 
by the staff (1.03±.1 mSv/y) was 94.8% lower than the standard limit (20 mSv/y). 

Conclusion: Since there was a big difference between Radon concentration in the air 

inside and outside the hot springs, these springs can be considered as a radiation source 

for Radon. Thus, total mean Radon of the indoor air in winter and spring is very close 

to the standard set by WHO. However, the effective dose received by the staff and 

visiting tourists was lower than the standard limit. 
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INTRODUCTION 

 

 Radon 222 (
222

Rn) is produced by the decay of radium 226 (
226

Ra) in the chain of uranium. Radon220 

(Thoron) is the result of the decay of radium 224 (
224

Ra) in the thorium chain. These are odorless and colorless 

radioactive elements with a half-life of 3.83 days [1, 2]. While breathing, radon enters lungs and begins to 

decay. Radiation of alpha during the decay injures the DNA of lung cells. Eventually cancerous cells are formed 

[3]. World Health Organization (WHO) has approved the significant correlation of lung cancer and the Radon 

existing in the indoor air [4]. Environmental Protection Agency (EPA) has reported the mortality rate induced 

by the radon of the indoor air to be 21,000 people per year. It is 10 times as big as the mortality caused by air 

pollution [5]. Radon comprised 1.3 mSv/y of the effective dose annually received from natural radiation (2.4 

mSv/y) (over 50%) [6, 7]. The standard total concentrations of 
222

Rn and 
220

Rn in the indoor air as suggested by 

EPA and WHO, are respectively 148 and 100 Bq/m
3
 [5, 8]. The global concentration of Radon in the indoor and 

outer air are respectively 48 and 15 Bq/m
3
 [9]. The United Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR) has stated the standard effective dose annually received from natural radiation 

as 2.5 mSv/y that 1 mSv/y of it belongs to the total radon [10, 11]. The maximum effective dose annually 

received by the staff and ordinary people from the total radon is 20 and 1 mSv/y, respectively [12]. In many 

cases, due to the radiation of radon in soil, water and construction materials and also due to the low ail 
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ventilation, there is a rise in radon concentration inside the places [1, 13]. Therefore, the effective dose received 

from radon is higher in people who spend longer hours in residential and entertaining places such as hot springs. 

The water which exits hot springs, after passing through multiple layers of the earth, absorbs heat and minerals 

and finally exits from a certain outlet [14]. A myriad of research has indicated that the concentration of radon is 

higher in hot springs than cold springs [15]. Genow hot spring in Hormozgan province is located in the west 

north and in the coordinates of 27°26’. 44”N and 56°18’. 84”E (figure 1). Due to the proximity of Genow hot 

spring to Bandar Abbas and the use of a great many people of this spring as both fun and therapy, the total 

concentration of radon and the effective dose received by these people is of a great significance.  

 

 
 

Fig. 1: Genow hot spring in Bandar Abbas county (1), Genow hot spring in Hormozgan province (2), Genow  

hot spring in Iran (3) 

 

MATERIALS AND METHODS 

 

Measuring the concentration of 
222

Rn and 
220

Rn: 

 Genow hot spring in Bandar Abbas was selected to measure the total concentration of radon. According to 

the protocol suggested by EPA for measuring the concentration of 
222

Rn in the indoor air, 25 consecutive hours 

are necessary for the measurement to be done by the portable instruments [16]. Therefore, three 24-hour radon 

concentration of the total background (next to the front door) as well as three 24-hour radon concentrations of 

the indoor spring was measured within the three months of winter 2011 and spring 2012 via RTM 1688-2 

(figure 1). On the whole, six 24-hour total concentration of radon in the indoor air as well as six 24-hour radon 

concentration of the total background air (next to the front door) was measured within 6 months. At the same 

time of measuring radon concentration, the relative air humidity and temperature were also measured by the 

radon -meter. RTM 1688-2 which was used in this research, is a portable constant measuring instrument for 

Radon and Thoron which has a silicon semi-conductor indicator. In this instrument the range of measuring 

radon concentration is 0-10 MBq/m
3
, relative humidity is 0-100 percent and temperature is -20 to 40°C [17]. 

The instrument would make the outer air enter with a pressure of 0.25 l/min into a measurement room. Two 

filters would prevent the entrance of 
222

Rn and 
220

Rn daughters into the room. Therefore, only Radon and 

Thoron enter the measurement room. The cathode is a silicone indicator of a 150 mm
2 

area and the anode is the 

indoor wall of the measurement room. They could create a potential difference of 1400 v [18]. To do the 

measurement, the instrument possesses two modes; slow and fast. In the slow mode it would have 4 decays per 

second, and in the fast mode it can have 2 decays per second. According to the instrument manual, for any 

measurement longer than 2 hours, the instrument should be set on its slow mode [17] (figure 2). 

 

 
 

Fig. 2: Portable radon-meter model RTM 1688-2 for measuring the concentration of 
222

Rn and 
220

Rn in water,  

soil and air, made in Sarad, Germany 
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Estimating the received effective dose: 
222

Rn-induced effective dose: 

 The equation for estimating the annually received effective dose of 
222

Rn of the indoor air (ERn) has been 

presented by UNSCEAR; 

 Equation 1: ERn(mSv/y)=CRn(Bq/m
3
),CT× 0.4×7000(h/Y)×9(nSv/Bq.m

3
.h)×10

-6
 

 In this equation; CRn is the geometric mean of 
222

Rn or the total radon concentration (CT) in Bq/m
3
, 0.4 is 

the balance factor of 
222

Rn in the indoor air, 7000 (h/y) is equal to 80 percent of the year (time of residence), 9 

(nSv/Bq.m
3
.h) is the conversion coefficient of radon concentration to the annually received effective dose, 10

-6 

is the conversion coefficient of nSv to mSv [11]. 

 

The equivalent 
222

Rn concentration exposed to 
222

Rn (Thoron), RTn: 

 The equation for estimating the annually received effective dose of 
220

Rn (Thoron) in the indoor air (ETn) 

has been presented by UNSCEAR; 

 Equation 2 ETn(mSv/y)=CTn(Bq/m
3
),CT×.02×7000(h/Y)×40(nSv/Bq.m

3
.h)×10

-6
 

 In this equation; CTn is the mean geometric concentration of 
220

Rn (Thoron) in Bq/m
3
,.02 is the balance 

factor of 
222

Rn in the indoor air, 7000 (h/y) is equal to 80% of a year (time of residence), 40 (nSv/Bq.m
3
.h) is the 

conversion coefficient of 
220

Rn concentration to the annually received effective dose, 10
-6 

is the conversion 

coefficient of nSv to mSv [11, 19]. 
220

Rn concentration which can, relative to the received effective dose of 
222

Rn, produce an effective dose is referred to as the equivalent concentration of 
222

Rn (RTn). 

Equation 3 
Tn

Tn Tn

C 0.02 7000 40
R 0.22C

0.4 7000 9

  
 

 
 

 In this equation: RTn is the equivalent concentration of 
222

Rn, CTn is the concentration of 
220

Rn (Thoron). 

Therefore, according to equation 4, the total concentration of radon is the sum of 
222

Rn concentration and 
222

Rn 

equivalent concentration [20].  

Equation 4: CT = CRn+ 0.22 CTn→ CTn+ RTn 

 

Estimation of the annually received effective dose: 

 In this study, UNSCEAR equation was used to estimate the effective dose [19].  

 Equation 5: E=9×10
-6 

× F × T× C 

 In this equation: E is the received effective dose in mSv, F is the balance factor of 
222

Rn concentration and 

decay products, T is the exposure time in h/year, C is the total radon concentration in Bq/m
3
. 

 

Determination of the exposure time: 

 The questionnaire was submitted to the staff and visitors in multiple stages and the mean exposure time 

(residence) was estimated with regard to the frequency of visits made per year and the length of people’s 

exposure to the indoor part of the pool. 

 

Results: 

 The total concentration of Radon (CT) in the indoor and background air (next to the front door) of the hot 

spring in winter 2011 is illustrated in table 1. The range and geometric mean of radon concentration in the 

indoor air were respectively 94.2 and 30.06-152.7 Bq/m
3
. For the background air, these were estimated to be 

29.07 and 4.1-77.52 Bq/m
3
. Moreover, the mean temperature and humidity of the indoor air are respectively 

18.2±3.8 °C and 32.2±7 percent.  

 
Table 1: Total Radon concentration in the indoor and background air of Genow hot spring in winter, 2011 

 CT: Total Radon concentration in indoor air ±SD 

(Bq/m3) 

CT: Total Radon concentration in background air±SD 

(Bq/m3) 

Time (h) December-

January 

January-

February 

February-

March 

December-

January 

January-

February 

February-

March 

9 80.7±14.1 81.2±13.5 87.9±14.6 26.8±3.8 22.9±3.8 30±4.5 

10 80±13.8 77.7±13.5 93.7±12.9 23.7±5.1 19.8±1.9 26.9±3.3 

11 66.5±11.1 63.5±8.6 75.2±10.7 12.8±2.1 8.2±1.1 20.3±3.1 

12 60.6±9.8 67.8±7.8 74.7±10.4 11.8±2 4.1±0.6 21±3.1 

13 83.2±16.3 92.5±11.8 99.5±11.3 30.7±4.9 24.2±3.5 36.3±3.8 

14 30.1±6.9 85.2±12.5 94.1±12.1 8.4±2.2 15.3±3.1 12.6±0.8 

15 72.6±14.5 73.4±10.2 82.2±12.8 18±2.9 14.1±2.3 21±1.3 

16 75.8±13.2 73.9±11.3 84.3±12.9 21.7±3.6 17.8±2.6 24.9±1.6 

17 83.6±12.5 87±11.7 93.8±13.5 26.6±3.8 26.7±3.6 37.9±3.9 

18 91.9±15.5 89.3±12.3 96.5±13.5 33.9±3.2 29.3±3.2 36.4±3.5 

19 82±12.1 92.4±12.3 95.7±14.8 22.9±2.1 18.5±2.3 25.6±1.8 

20 95.817.3 97.2±13.5 105.3±15.6 40.1±3.1 53.6±5.9 46.8±5 

21 73.4±15.2 89.4±12.3 97.6±14.2 21.4±1.9 17.5±2.6 24.6±1.7 
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22 94±16.7 97.2±12.3 105.3±15 40.3±2.5 34.6±3 42.8±4.9 

23 82.5±13.2 90.9±12.5 100±13.3 27.9±2.8 22±2.5 30±4.6 

24 89.8±11.5 91±12.3 105.6±13.2 31±2.4 27.1±2.6 34±4.6 

1 109±16.5 120.4±13.9 118.7±16.5 50.4±5.4 23.5±2.6 30.3±4.6 

2 121±18.3 131.9±15.6 131.4±17.5 60.6±5.6 55.6±6.3 62.8±7 

3 137.5±19.5 131.8±15.1 133.8±17.2 47.2±4.2 47.9±4.6 55±6.1 

4 130.2±18.5 135.5±16.5 143±18.4 47.9±4.6 42.6±40.3 49.8±5.8 

5 152.7±23.2 134.6±16.1 135.6±17.6 77.5±6.5 72.3±7.2 47.4±5.6 

6 114.1±18.2 113.5±13.5 111.6±13.1 46±4.1 40.5±4.1 51.6±5.9 

7 108±18.2 106.8±13.5 89.4±11.1 44.6±4 40.7±4.2 50.9±5.9 

8 112.7±15.3 88.9±12.1 84.5±11 52.5±4.9 47.4±4.5 51.8±5.7 

Geometric 

mean 

88.6±13.5 94.2±14.6 100.1±14.3 29.7±3.6 24.4±3.4 33.8±3.9 

 

Table 2: Total radon concentration in the indoor and background air of Genow hot spring in spring, 2012 

 CT: Total Radon and thoron 

concentration in indoor air ±SD 

(Bq/m3) 

CT: Total Radon and thoron concentration in background air ±SD 

(Bq/m3) 

Time (h) March- 

April 

April- 

May 

May- 

June 

March- 

April 

April- 

May 

May- 

June 

9 76.3±11.8 91.6±12.7 77.4±10.6 16.9±2.5 13.2±2.1 9.1±2.1 

10 71.4±11.6 84.2±11.6 77.7±10.7 14.2±2.2 10.5±2 7.4±1.8 

11 59.2±9.8 71.5±10.8 67±9.8 4.4±0.7 1.8±0.1 16.1±2.3 

12 55.8±9.8 78.2±11.3 65.4±9.7 1±0.1 1±0.1 16.7±2.2 

13 78.7±12.1 83.2±11.6 86.6±11.4 21.1±3.2 18.3±2.8 13.6±2.1 

14 74.6±12.2 76.4±11.3 79.9±10.8 2.4±0.3 1.8±0.1 1±0.1 

15 68.2±9.9 86.1±11.7 68.5±9.5 15±2.3 12±2.3 12.9±2.5 

16 71.4±10.5 75.7±10.7 74.4±9.6 12.9±2.1 9.7±2 17.9±2.6 

17 81.2±12.5 99.4±12.8 82.5±11.3 13.9±2.1 10.4±2.1 6.8±1.8 

18 87.3±12.4 98.2±12.7 85.9±11.5 27.6±3.5 17±2.3 12.3±2.4 

19 76.3±10.6 105.4±13.4 87.8±11.8 18.3±3.1 13.9±2.4 14.2±2.6 

20 90.9±11.6 112.3±13.8 91.7±12.5 31.3±3.6 17.4±3 12.5±1.8 

21 69±9.8 102.9±13.1 82.4±11.4 13.9±2.2 10.2±2.1 5.3±0.5 

22 90.9±11.4 113.6±13.7 91.7±12.4 23.3±3.4 17.9±2.6 13.4±1.5 

23 79.4±12.4 113.3±13.7 84.8±11.5 21.3±3.3 14.6±2.3 14±2.3 

24 83.6±12.6 116.5±13.9 92.7±12.5 24.4±3.4 18.5±2.6 15.9±2.4 

1 106.1±16.1 126.9±17.5 113.7±16.3 34.4±3.8 19.7±2.7 15.1±2.3 

2 115.2±16.4 165.5±18.9 119.3±16.5 47.2±5.6 32.4±3.6 14.6±2.2 

3 130.9±17.8 148.4±18.2 138.9±17.5 24.6±3.4 19.6±2.7 12.3±1.7 

4 127.5±17.6 126.4±18 133.3±17.6 34±3.7 26.8±3.1 19.3±2.6 

5 148.3±18.6 131±18.1 129.7±17.2 42.8±4.6 36.6±3.7 15.6±2.5 

6 114.5±16.2 113±16.1 107.3±16.3 44.4±4.6 33.5±2.7 15.3±2.5 

7 111.5±16 104.6±16 102.4±16 38.9±3.9 19±2.8 17±2.6 

8 113.3±16.2 89.6±12.4 85.7±12.2 42.4±4.2 25±3.2 14.3±2.4 

Geometric 
mean 

84.8±12.9 102.6±15.9 91.3±12.3 18.5±2.6 13.5±2.2 12.9±1.9 

 

 The total radon concentration (CT) in the indoor and background air (next to the front door) of the hot 

spring in spring (season) 2012 is indicated in table 2. The range and geometric mean of radon concentration in 

the total indoor air are respectively 92.68 Bq/m
3 

and 23.42-165.5 Bq/m
3
. For the background air, these are

 

28.9±5°C and 70.6±7 percent. 

 

Discussion: 

 The total Radon concentration of the indoor air in winter (94.6±11.3 Bq/m
3
) and in spring (92.7±9.1 Bq/m

3
) 

are respectively 5.8% and 7.4% lower than the standard 100 Bq/m
3
 set by WHO, 36.3% and 37.4% lower than 

the standard 148 Bq/m
3
 set by EPA (3). Moreover, the annual mean of total radon which was found to be 

93.6±10.6 Bq/m
3 

was in fact 6.4% and 36.7% lower than WHO ad EPA standards. 

  
Table 3: Mean concentration of radon in the indoor air of hot spring pools. 

City/country Radon concentration Bq/m3 references 

al Castaño/venezuela 4000 [21] 

Stubica/Crotia 109±9 [22] 

Mahallat/Iran 776.2±27.9 [23] 

Joshan Kerman/Iran 98.3±4.9 [24] 

Bandar Abbas/Iran 93.6±10.6 This Study 

 

 As it can be observed in table 3, the mean concentration of total Radon in the indoor air of Genow hot 

spring in Bandar Abbas is relatively the same as Joshan and Stubica. It is, however, much lower than Mahallat 

and al Castaño. The mean Radon concentration of the indoor and background air in winter and spring is 
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indicated in figure 3. P value >0.05 reveals no significant divergence between Radon concentration of the indoor 

air in winter and spring. This insignificance can be due to the minor changes in factors affecting the Radon 

concentration of the indoor air such as air ventilation and water temperature [10, 25, 26]. P value>0.05 showed a 

significant divergence between the total radon concentration mean of the indoor and background air in winter 

and spring season (indoor radon is higher than outdoor). In similar studies, the higher radon concentration in the 

indoor air than the outer air has been proved to be due to the radiation of radon from drinking water to the 

indoor air as well as a lack of necessary air ventilation [27-29]. The proportion of total Radon concentration in 

the background to the indoor air in winter and spring is 28.2 and 13.9%, respectively. This indicates that Genow 

hot spring is a source of Radon radiation. As can be viewed in table 4, the effective dose annually received by 

the staff (1.03±.1 mSv/y) is 3% of the standard limit (20 mSv/y). That of the visitors’ (0.06±0.01 mSv/y) is 6% 

of the standard limit which is 1 mSv/y. According to the data obtained via the questionnaire, the mean exposure 

time of the staff and visitors were 3051 and 164 h/y respectively. The higher exposure time of the staff as 

compared to the visitors can be one effective factor of the higher effective dose received by this group. 

 

 
 

Fig. 3: Total mean concentration of radon in the indoor and background air in winter and spring. 

 
Table 4: Effective dose received through the exposure to total radon in winter, spring and the annual mean. 

  Received effective dose Total radon Geometric mean 

  CT mSv/y 

winter staff 94.6±11.3 1.04±0.12 

visitors 94.6±11.3 0.06±0.01 

spring staff 92.7±9.1 1.02±0.1 

visitors 92.7±9.1 0.05±0.01 

annual staff 93.6±10.6 1.03±0.01 

visitors 93.6±10.6 0.06±0.01 

 

P value <0.05 indicates a significant difference between total radon concentration in the indoor air within 24 

hours of winter and spring. The highest and lowest total radon concentration in the indoor air was observed to be 

respectively early in morning (1:00-6:00) and early at noon (8:00-11:00). Mean concentration of total radon in 

the indoor air at night is highr than day each winter and spring seasons (Pvalue<0.05). This rise in the total 

radon concentration can be caused by a lower ventilation due to the closed doors and windows of the pool [30]. 

Changes in total radon of the indoor and background air are indicated in figure 4 and 5. 

 

Conclusion: 

 With regard to the divergence in the total Radon concentration in the indoor and background air, Genow hot 

spring can be said to be a source of radon radiation. The effective dose received by the staff and visitors is 

severely less than the standards of exposure to radon. Since the total mean of Radon concentration is very close 

to the standard set by WHO, the total Radon concentration can be reduced with the help of more air ventilation 

which can cut down on the received effective dose. 
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Fig. 4: 24-hour changes in radon concentration in the indoor and background air in winter, 2011. 

 

 
 

Fig. 5: 24-hour changes in radon concentration in the indoor and background air in spring, 2012. 
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