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 ABSTRACT  
 
Radon (222Rn), being a radioactive gas has its parent nucleus originated from 238U. From 238U there is 
a series of 14 decays to form a stable nucleus of 206Pb. The equilibrium factor in its simple term may 
be defined as ratio of the amount of progeny nucleus to that of a parent nucleus. Measurement of 
Equilibrium Factor (F-factor) for  radon has been carried out in 24 dwellings in Aizawl City, which 
were specifically selected according to the site location and materials used for construction of the 
dwellings. In measuring F-factor for radon we have made use of absorber-mounted nuclear track 
detectors (LR-115) which selectively register the tracks due to alpha emissions from 214Po which is 
the 222Rn progeny species. This detector is termed as DRPS (direct radon progeny sensor). DRPS is 
used for estimating the Equilibrium Equivalent Radon Concentration (EERC). The concentration of 
222Rn is measured by using Solid State Nuclear Track Detector (LR-115) mounted in a BARC type 
twin cup dosimeter. The F-factor for radon is then calculated using the measured EERC and meas-
ured concentrations of radon. Our measurement shows the F-factor for radon in Aizawl city is 0.3, 
which is close to the worldwide value (0.4) for indoor conditions.   
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INTRODUCTION  
 
Radon is constantly decaying and giving 

rise to radon progenies. These are short-lived 
and decay until reaching a long-lived isotope 
of lead. The F-factor is used to describe the 

ratio between radon and its progeny. An F-
factor of 1 means equal amounts of radon and 
its progeny. It is well-known that in radon 
problem, the progeny species and not the ra-
don are primarily responsible for lung doses.  
Among the progenies, short lived nuclei viz. 
214Po is focused due to its high contribution in 
deposition and emission of alpha particles 
inside the lung. 

In the past years, the equilibrium factors (F
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-factor) for radon was a globally assumed 
value and even the calculation of radon 
progenies were inferred using this value. 
Based on the available data, UNSCEAR 
specified a value of F = 0.4 for indoor envi-
ronment.1 These are understood as representa-
tive mean values in a global sense and might 
vary across countries and geographical loca-
tions. In the absence of better locally available 
estimates, these values have been employed 
for estimating progeny concentrations and 
lung doses in several programmes across the 
world.  

With the advent of passive detection tech-
niques using solid state nuclear track detec-
tors (SSNTDs), direct progeny sensor (DPS) 
has been developed. Direct radon progeny 
sensor (DRPS) is a passive, deposition-based 
technique for estimating the time-integrated 
equilibrium equivalent radon concentration 
(EERC) in indoor environment. The values of 
equilibrium factor (F) of radon are bounded 
between 0 and 1. Its value in the indoor air 
depends mainly on the pseudo-ventilation 
rates, which is the sum of the air exchange 
rate and the wall removal rate in the dwelling. 
These quantities are expected to vary from 
house to house as well as from time to time in 
a given house. In a statistical sense, these may 
be treated as distributed quantities. In turn, 
this would result in the distribution in the 
equilibrium factors. 

 

FORMULAE, MATERIALS AND METHODS  
 
In measuring the equilibrium factor, one 

has to know the concentrations of the parent 
nuclei and progenies. The concentrations of 
progeny was determined through EERC by 
using DRPS. DRPS detector system is based 
on selectively registering alpha tracks origi-
nating from the deposited progeny activity on 
LR-115 type solid-state nuclear track detec-
tors. The selection of alpha particle energies 
was achieved by mounting absorbers of suit-
able thicknesses on the LR-115 detectors. The 
radon progeny sensor has an absorber thick-

ness of 37 m to detect mainly the alpha par-
ticles emitted from 214Po (7.69 MeV) formed 
from the eventual decay of 218Po, 214Pb and 
214Bi atoms deposited on it. This thickness 
mainly ensures that lower energy alpha emis-
sions (from the gases and other airborne alpha 
emitters) do not pass through the absorber.2 
Since the system is intended for use in the 
deposition mode, it is necessary to avoid un-
controlled static charges from affecting the 
deposition rates and hence aluminized side of 
the mylar was chosen to act as the deposition 
surface.3  

The indoor measurement of parent radon 
concentrations was carried out also using LR-
115 detector film. These films were exposed 
for a minimum of 90 days using Twin cup 
dosimeter, which was hanged overhead on the 
ceiling at the height of minimum 1.5 m from 
the floor and at least 10 cm away from any 
surface. Twin cup dosimeter was of BARC 
Type and was a cylindrical plastic chamber 
divided into two equal compartments.4 Films 
were inserted at these compartments by which 
tracks were recorded. In one compartment, 
pin hole cap was used to block the entry of 
nuclei other than radon. Filter paper was used 
to cover the entry point of the compartment 
blocking the entry of the progeny.5 Dosime-
ters and DRPS were together exposed adja-
cent to each other for the same duration. 

The exposed films were then etched using 
2.5N NaOH solution at 60°C for 90 mins for 
clear visibility of tracks for counting. The 
tracks recorded in this SSNTD films were 
then counted using a spark counter. The track 
densities were used to calculate the radon and 
progenies concentrations and hence these 
were related to find the equilibrium factor of 
radon. 

Important Formulae used in calculation of 
F-factor for radon were: 

 
(1) For calculating radon concentration from the 
track density of pinhole compartment of the do-
simeter. 
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where CR is the radon concentration and TP is 

the tract density of films in pin hole compart-
ment. Calibration factor used = 0.023 for ra-
don in pinhole. 
(2) Equivalent Equilibrium Radon Concentration 
is calculated as 

 
 

 

 
where TDRPS is the track density obtained by 

counting tracks in the etched film of the 
DRPS. Calibration factor used6 = 0.09 
(3) Equilibrium Factor for Radon is calculated as 

 
where CR is the concentration of radon calcu-

lated using track density from Pin hole com-
partment and EERC is the Equivalent Equilib-

rium Radon Concentration. 
 

RESULTS  
  
Figure 1 shows the average concentrations 

of radon for two seasons in each dwelling 
within Aizawl City in which dosimeters and 
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DRPS were deployed together side by side. 24 
dwellings were selected at different localities. 
The radon concentrations vary from 4.03-
40.44 Bq/m3 with geometric mean of 11.35 
Bq/m3.  

Figure 2 is the average EERC values which 
were obtained from the DRPS collected in 
two seasons. The EERC values vary from 
22.37-80.77 Bq/m3 with a geometric mean of 
41.39 Bq/m3. 

Figure 3 shows the equilibrium factors 
which were obtained by calculating the values 
obtained from radon concentration and 
EERC values in each dwelling. The equilib-
rium factors for each of the dwellings were 
found to be ranging from 0.10-0.86 and the 
average value of equilibrium factor is 0.32.  

 

DISCUSSION AND CONCLUSION 
 

From Figures1 & 2, it was observed that 
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Figure 1. Average concentrations of radon in 

Aizawl City for rainy season 2008 and summer 

season 2009.  

Figure 2. Average EERC in Aizawl City for rainy 

season 2008 and summer season 2009.  

Figure 3. Equilibrium factors of radon (FR) in Ai-

zawl City.  
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the EERC value is always lower than that of 
the parent nuclei concentration. Hence the F-
factor for radon will never be 1 or more than 
1.  

As any other part of the state of Mizoram, 
the climate of Aizawl is moderate throughout 
the year. The temperature varies between 20°
C-30°C during summer and 11°C-21°C during 
winter. As a result, the ventilation rate is al-
ways high and does not vary much during 
winter and summer. This can be attributed to 
the range of F-factor found within Aizawl 
City. 

The variation of radon concentration in 
building type materials is reported elsewhere.7 
It is worth noting that a complete re-inforced 
concrete building has the highest concentra-
tion of radon in a year. However, due to mild 
climatic condition throughout a year, sea-
sonal variation of radon concentration do not 
vary much and the concentration of radon 
inside the dwellings is found to be much be-
low the action level of WHO prescription 
throughout a year. As a result the progeny 
concentration is also found to be very low. 

It is interesting to conclude that the glob-
ally assumed value of F-factor and our experi-
mentally obtained value are also in good 
agreement. 
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