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Abstract — Equilibrium factor between radon/ thoron and their progenies is very important 

for dose assessment from inhalation of radon and its progeny. Since the equilibrium factor 

depends largely on environmental conditions (ventilation rates, humidity, hours, etc) 

(Ramola et al., 2003; Huet et al., 2001). These conditions are expected to vary from house 

to house as well as from time to time.  So, it is important to measure the equilibrium factor 

before projecting the dose from measurements of radon and thoron. In the present 

investigation measurement of equilibrium factor between radon/thoron and their progenies 

were carried out in different types of residential houses in Hardoi and nearby towns in India.  

The concentration of indoor radon and thoron were found to vary from 11.41 Bq/m3 to 97.66 

Bq/m3 with an average of (46.53 ±1.63) Bq/m3 and 6.32 Bq/m3 to 43.35 Bq/m3 with an 

average of (16.49 ± 0.67) Bq/m3 respectively. The concentration of radon and thoron progeny 

were found to vary from 5.04 Bq/m3 to 31.80 Bq/m3 with an average of (18.07 ± 0.37) Bq/m3 

and 0.17 Bq/m3  to 2.19 Bq/m3 with an average of (0.87 ± 0.03) Bq/m3 respectively. The value 

of equilibrium factor for radon and thoron were found to vary from 0.07 to 0.76 with an 

average of (0.39 ± 0.02) and 0.01 to 0.16 with an average of (0.06 ± .00) respectively. 
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1. INTRODUCTION 

Radon (Rn222), thoron (Rn220) and their progenies are present everywhere in the environment due 

to the presence of content of natural uranium in soil and different materials. Its radioactive nature 

makes it important to study it in the environment because it contributes to 55 % of total 

inhalation dose to human (ICRP, 1993). When air with radon and its decay products is inhaled, 

the short-lived decay products deposit in respiratory tract which may lead to the development of 

lung cancer. Recent epidemiological studies of indoor radon have provided strong evidence of 
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lung cancer risk with respect to radon exposure (Darby et al., 2005; Kreswki et al., 2005).  

Radon is a ubiquitous naturally occurring radioactive gas present in our environment both indoor and 

outdoor. 

The common building materials like concrete, sandstone, fired and unfired brick, marble and 

granite are the major construction and decoration materials for houses. They are being 

considered as the second major source of indoor radon after soil. The inhalation of radon, thoron 

and their progenies in the Indian dwellings is the most important source of radiation, given that 

people spend most of their time indoors. It is well known that in radon problem, the progeny 

species, and not radon, are primarily responsible lung does. 

Among the progenies, short-lived nuclei viz. Po214 is focused due to its high contribution in 

deposition and emission of alpha particles inside the lungs. In past studies, the equilibrium factor 

between radon and their progeny was a globally assumed value, and even the calculation of 

radon progenies was inferred using this value. Based on the available data, UNSCEAR specified 

a value of F =0.4(for radon & progeny) and F= 0.1(for thoron & progeny) for indoor 

environment (UNSCEAR, 1992). These are understood as the representative mean value in the 

global sense and might vary across countries and geographical locations.    

 

2. MATERIALS AND METHODS 

In measuring the equilibrium factor, one has to know the concentrations of the parent nuclei and 

their progenies. The concentrations of progenies were determined through EERC and EETC by 

using DRPS (Direct radon progeny sensor) and DTPS (Direct thoron progeny sensor). The 

indoor radon and thoron concentrations were measured by using SSNTD (Solid state nuclear 

track detector). 

 

2.1 Measurement of indoor radon and thoron concentration 

The concentration of indoor radon & thoron was measured in residential houses by pin-hole 

based 222Rn /220Rn discriminator dosimeter. The details and calibration of pin-hole based 222Rn 

/220Rn discriminator dosimeter was described elsewhere (Sahoo et al. 2013). 
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 This dosimeter system has two compartments separated by a central pin-holes disc made up of 

high-density polyethylene material, acting as 220Rn discriminator. Four pin holes each with 

dimensions 2 mm length and 1 mm diameter are made in this circular disc.  The schematic 

diagram of the dosimeter is shown in fig. 1. The dosimeter has a single entry through which gas 

enters the first chamber namely “ radon + thoron” chamber through a glass fiber filter paper 

(0.56 µm ) and subsequently diffuses to second chamber namely “radon” chamber through pin 

holes cutting off 98% of  the entry of 220Rn and 98% transmission of 222Rn in to this chamber( 

Sahoo et, al. 2013). Each chamber is cylindrical having a length of 4.1 cm and radius 3.1 cm. 

The LR 115 Type II films of size (2.5 × 2.5 cm2) were fixed at opposite end of the entry face in 

each chamber. The LR 115 type II film in the first chamber measured track produced by α 

emitted from radon and thoron, while the second chamber measured tracks due to radon only.  

74 No of residential houses were selected in 35 villages for the measurement of indoor radon and 

thoron concentration in different types of dwellings in the study area. The dosimeters were 

deployed in the residential houses at the height of about 2 m from the floor and 20 cm away from 

any surface. After an exposure period of 90 days, the detector was retrieved from dosimeters and 

chemically etched with 10% of NaOH solution at 600c for 90 minutes without stirring (Ramola 

et al. 1996,).  Tracks recorded in SSNTD films were counted using spark counter.  

 

Fig. 1 – Schematic diagram of pin-hole dosimeter. 
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2.2 Measurement of Radon and Thoron Progeny Concentration 

The concentrations of radon and thoron progeny were measured by using deposition based direct 

radon and direct thoron progeny sensors (DRPS and DTPS). These are made of passive nuclear 

track detectors (LR 115) mounted with the absorbers of appropriate thickness. For thoron 

progeny , the absorber is 50 µm aluminized Mylar and which selectively detects only 8.78 Mev 

α- particles emitted from 212Po ; while for radon progeny , the absorber is a combination of 

aluminized Mylar and Cellulose nitrate of effective thickness 37 µm to detect mainly 7.67 Mev 

α- particles emitted from 214Po. This thickness mainly ensures that lower energy alpha emissions 

(from the gases and other airborne alpha emitters) do not pass through the absorber (Mishra et 

al., 2009).  Since the system is intended for use in   the deposition mode, it is necessary to avoid 

uncontrolled static charges from affecting the deposition rates and hence aluminized side of the 

Mylar was chosen to act as the deposition surface (Mishra et al., 2009). 

74 DTPS & DRPS are suspended with pin hole based radon/thoron discriminator in sleeted 

houses in the study area. The tracks recorded in the exposed LR 115 film is related to 

Equilibrium Equivalent Concentration (EEC) using sensitivity factor.  

The number of tracks per unit time (T) can be correlated to the Equilibrium Equivalent Progeny 

Concentration in air using the sensitivity factor (S) (Mishra and Mayya 2008). 

 

2.3 Important formulas used in calculation of equilibrium factor for radon and thoron 

 

2.3.1 For calculating radon and thoron concentration from the track density of pin-hole 

dosimeter.  

 

For radon concentration, CR(Bq/M3) = T1/ (d .kR) 

For thoron concentration, CT(Bq/M3)  = (T2-d CR kR’ )/(d .kT)  

Where, T1 is the track density observed in radon chamber. kR is the calibration factor of radon in 

radon chamber. For radon, kR (0.019 ± 0.003 tr. cm-2 per Bq.d.m-3), d is the number of days of 

exposure time.  

T2 is the track density observed in “radon + thoron” chamber, kR’ (0.019 ±0.003 tr. cm-2 per 

Bq.d.m-3) and kT (0.016 ± 0.005 tr. cm-2 per Bq.d.m-3) are the calibration factors of radon and 

thoron  in “radon + thoron” chamber. 
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2.3.2 Equilibrium Equivalent Radon and Thoron Concentration were calculated as – 

EEC (Bq/m3) = T (Tracks. cm-2 .d-1)/S [Tracks. cm-2 .d-1/EEC(Bq/m3)]  

Where S= 0.94 Tracks. cm-2.d-1/EETC (Bq/m3) for thoron progeny and  

 S = 0.09 Tracks. cm-2.d-1/EERC (Bq/m3) for radon progeny. 

 

2.3.3 Equilibrium factor between radon, thoron and their progenies were calculated as –  

For Rn) = EERC (Bq/m3)/CR(Bq/m3) 

For Tn) = EETC (Bq/m3)/CT (Bqthe /m3) 

 

Where CR is the concentration of radon  

Where CT is the concentration of Thoron  

  

3. RESULTS AND DISCUSSION 

The observed values of indoor radon, thoron, and their progenies are given in table 1.The 

concentration of indoor radon and thoron were found to vary from 11.41 Bq/m3 to 97.66 Bq/m3 

with an average of (46.53 ±1.63)  Bq/m3 and   6.32 Bq/m3 to 43.35 Bq/m3 with an average of 

(16.49 ± 0.67) Bq/m3 respectively.   

The concentration of radon and thoron progeny were found to vary from 5.04 Bq/m3 to 31.80 

Bq/m3 with an average of (18.07 ± 0.37) Bq/m3 and 0.17 Bq/m3  to 2.19 Bq/m3 with an average of 

(0.87 ± 0.03) Bq/m3 respectively. The value of equilibrium factor for radon and thoron were 

found to vary from 0.07 to 0.76 with an average of (0.39 ± 0.02) and 0.01 to 0.16 with an 

average of (0.06 ± .00) respectively. 

The seasonal variation in concentration of indoor radon, thoron, their progenies and equilibrium 

factor in the residential houses of Hardoi and nearby towns are shown in table 2. In present 

investigation, it is observed that the concentration of indoor radon/thoron, their progenies are 

higher in winter and lower in summer. The corresponding values of equilibrium factor between 

radon and progeny and thoron and progeny also have a similar trend. The indoor radon is 

influenced mainly by the ventilation condition of the house. In this region fog is also one of the 
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factors for the increase in concentration during winter. Many times fog continues to seven or 

eight days. This indicates that wind velocity becomes quite low. In winters the sugar mills and 

other sources of smoke do work day and night producing ash.  The ventilation rate is maximum 

in summer and minimum in winter.  The maximum concentration in winter season is the result of 

decreased ventilation because in winter season the people use to keep the windows & doors of 

houses closed for long time and radon accumulate inside the house. The maximum concentration 

in winter is also influenced by the increase in temperature inversion, which generally occurs in 

winter when the wind velocity is low. The radon concentration gradually decreases towards 

summer and monsoon, the factors that may affect is high temperature and low pressure in 

summer. 

During the monsoon with south-west winds having strong wind velocity and heavy precipitation, 

a decrease in radon concentration was found. The decrease of radon in monsoon is due to other 

factors also, i.e. soil is saturated with water during monsoon. 

The graphs between the equilibrium factor and its frequency for different seasons are presented 

in Fig. 1-4. Based on the result it was observed that in winter season the majority of houses 

(about 26%) has equilibrium factor between 0.30 - 0.35 for radon and progeny and more than 

67% houses shows equilibrium factor between 0.00 – 0.05 for thoron and progeny respectively 

(Fig. 1). In summer season majority of houses (20%) has equilibrium factor between 0.15 – 0.20 

for radon and progeny while more than 84% houses have an equilibrium factor between 0.00- 

0.05 for thoron and its progeny (fig. 2). In monsoon, the majority of houses (27%) has 

equilibrium factor between 0.25 – 0.30 for radon and progeny while more than 60% houses show 

equilibrium factor between 0.00-0.05 for thoron and its progeny (fig. 3) . In autumn the majority 

of houses (22%) have equilibrium factor between 0.10 - 0.1 5 for radon, and its progeny and 

more than 68% houses show the equilibrium factor between 0.00 - 0.05 for thoron and its 

progeny Fig. 4). 

The number of houses with higher equilibrium factors is greater in the winter than in the summer 

and autumn. This is because during winter season people keep the windows and doors closed for 

long time and accumulation of radon and progeny takes place so the equilibrium factor between 

radon and  progeny increases. 

Seasonal variation in equilibrium factor between radon and its progeny and thoron and its 

progeny are presented in fig. 5 and fig.6 respectively. The annual equilibrium factor radon 
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between radon and its progeny and thoron and its progeny were found as (0.39 ± 0.02) and (0.06 

± 0.00), respectively. The reported value of equilibrium factor for Indian dwellings varies from 

0.05 to 0.97 with an average of 0.42 (UNSCEAR 1988, Ramachandran T. V et al.; 2000).  

 In the present survey, it is shown that the average value of the equilibrium factor for radon and 

its progeny is very close to the global average of F. 

 

4. CONCLUSION  

The results obtained with pin hole based 222Rn /220Rn discriminator dosimeter shows that the 

concentration of indoor radon, thoron, equilibrium factor between radon and its progeny and 

thoron  

and its progeny were found within recommended levels. 

 

Table 1 – Annual concentration of indoor radon, thoron and their progenies inside the 

houses 

Range AM ± SE 

Radon concentration (Bq/m3) 11.41 – 97.66 (46.53 ± 1.63)  Bq/m3 

Thoron concentration (Bq/m3) 6.32 – 43.35 (16.49 ± 0.67)  Bq/m3 

EERC (Bq/m3) 5.04  – 31.80 (18.07 ± 0.37)  Bq/m3 

EETC(Bq/m3) 0.17 - 2.19 (0.87 ± 0.03)  Bq/m3 

F for radon 0.07  - 0.76 (0.39 ± 0.02)  

F for thoron 0.01 -  0.16 (0.06  .00) 

 * SE (standard error) = σ/ N, where σ is the standard deviation, and N is the no. of observations. 

           

Table 2 – Seasonal variation of indoor radon, thoron, their progenies and equilibrium 

factors inside the houses 

 Winter Summer Monsoon Autumn 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

Radon conc. 

(Bq/m3) 

16 98 56 11 78 39 21 69 44 15 89 45 

Thoron 11 43 18 6 25 15 10 28 17 10 23 17 
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Fig. 2 – Variation in equilibrium factor for thoron and their progeny during winter season 

conc. 

(Bq/m3) 

EERC 

(Bq/m3) 

8.43 31.8 23.46 5.04 23.49 13.67 10.24 27.43 18.05 9.95 28.99 16.74 

EETC(Bq/

m3) 

0.26 2.19 1.11 0.17 1.05 0.76 0.36 1.63 0.92 0.29 1.48 0.97 

F for radon 0.19 0.76 0.43` 0.07 0.68 0.35 0.24 0.72 0.40 0.21 0.74 0.38 

F for thoron 0.02 0.16 0.07 0.01 0.11 0.05 0.03 0.11 0.06 0.03 0.12 0.06 
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Fig. 3 – Variation in equilibrium factor for thoron & their progeny during summer season 

 

Fig. 4 – Variation in equilibrium factor for thoron and their progeny during monsoon 
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Fig. 5 – Variation in equilibrium factor for thoron & their progeny during autumn season 

 

Fig. 6 – Seasonal variation in equilibrium factor for radon and its progeny 
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Fig. 7 – Seasonal variation in equilibrium factor for thoron and its progeny 
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