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ABSTRACT
The sources of indoor radon levels are the soil-gas, building materials, tap water, natural gas used for
cooking, etc. The concentrations of 222Rn, 220Rn and their progeny levels in dwellings were measured
using Solid State Nuclear Track Detectors. The higher concentrations were observed in a room of
lower volume than in higher volume. The concentrations in a dwelling of volume 35-300 m3 ranged
from 6 to 93 Bq m-3. It is observed that the enhancement of volume by almost ten-fold reduces the
concentration of 222Rn to 11.1% and that of 220Rn to 8.3% provided the rest of condition remains
unaltered.  The result clearly indicates that though the observations have been made almost for
similar type of constructions and lifetime of the houses, but as the volume of the room increases the
concentrations drops exponentially and it becomes almost constant above 200 m3. The variation in
the concentration follows the exponential drop with the regression coefficients greater than 0.91.
The present work reveals that the dwellers of lower volume houses will expose themselves to the
higher dose rates and is 4.4 times of the dose received in higher volume houses. The volumetric
variations of 222Rn, 220Rn and their progeny levels along with their doses in dwellings of various
locations are discussed.
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INTRODUCTION
Measurement of indoor radon is vital since the
radiation dose to human population due to
inhalation of radon and its daughters contributes
more than 50% of the total dose from natural
sources1. The three radon isotopes, radon -222Rn,
thoron -220Rn and actinon -219Rn are gaseous and
they may be released from the ground, rocks and
also from building materials and accumulate with
their short-lived daughters in closed spaces, and
particularly in dwellings. 220Rn and 219Rn are not
as important as 222Rn because of their short half-
lives, which may reach levels of concentration in

the air which are significant in terms of radiological
protection. The dose deriving from the presence
of 222Rn in the air is linked to the inhalation of its
short-lived daughters, which are deposited in the
respiratory organs, if deeply inhaled; emit alpha-
particles that are in contact with bronchial and
pulmonary epithelium. For these reasons, the dose
deriving from the exposure to 222Rn in closed
spaces has been placed in direct relation to the
risk of lung cancer2. The main sources of indoor
radon levels are the soil-gas, building materials,
tap water and natural gas used for cooking. The
topography, house construction type, soil
characteristics, ventilation rate, wind direction,
atmospheric pressure and even the life style of
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the people, also significantly influence it3-5, which
demands the long - term integrated measurements.
In the present investigations Solid State Nuclear
Track Detectors (SSNTD) are used to measure
the concentrations of indoor 222Rn, 220Rn and their
progeny levels in dwellings of Bangalore city,
India.

STUDY  AREA
The area of present study is Bangalore
metropolitan, India and is shown in Fig. 1. The
district lies between the latitudes 12°39' to 13°13'

N and longitudes 77°22' to 77°52' E. The climate
is having four distinct seasons, viz., summer
season, rainy season, autumn season and winter
season. April is usually the hottest month with the
mean daily maximum temperature of 30-35°C and
mean daily minimum at 20-24°C. The geology of
this part forms predominantly a granite terrain with
numerous varieties of granites, granitic gneiss,
pegmatite, charnockites and so on. The rocks
around the study area are called Closepet
granites6.

Fig. 1 :  Locative map of Bangalore metropolitan, India
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These rocks are younger than the peninsular
gneiss, made up of several types of potassium
granites with variable color, texture and multiple
intrusion relationship. The common rocks are pink,
grey and porphyrite gneisses with large feldspars,
black dolerite. These rocks form geological band
of a width 15–25 km. Most of the studied houses
in Bangalore city were constructed with cement
and bricks that were made up of local soil and
few were mud houses6. The soil radioactivity
reported in earlier studies is close to background
levels from other regions of the country7. The
radioactivity reported for the building materials
collected from this region is higher compared with

soil radioactivity8. About fifteen-houses were
chosen each in all the monitored locations. All the
monitored houses were on the ground floor.
Analysis is made on volume wise and rooms
selected were in the range of volume from 35 to
300 cubic meters.

MATERIAL   AND   METHODS
Solid State Nuclear Track detector based twin
cup dosimeters developed in Bhabha Atomic
Research Centre (BARC), Mumbai, India were
used in this study. The dosimeter has two
cylindrical cups of equal volumes having radius
3.1 cm and height 4.1 cm as shown in Fig. 2.

Fig. 2 : Schematic diagram of  twin cup radon-thoron dosimeter

The cups are having two provisions to hold
SSNTD films inside the cups and a third SSNTD
film outside the cup for progeny measurements.
Track detector used in the dosimeter is cellulose
nitrate films, commercially called LR-115 films,
made by Kodak Pathe. LR-115 Type II
(pelliculable) films were used in this study since
spark counter was used for counting the alpha
tracks. Films of size 3 cm × 3 cm were affixed at
the bottom of each cup as well as on the outer
surface of the dosimeter. The exposure of the
detector inside the cup is termed as cup mode
and other one exposed openly is termed as bare
mode. One of the cups has its entry covered with
a glass fiber filter paper that permeates both 222Rn
and 220Rn gases into the cup and is called filter
cup. The other cup is covered with a semi
permeable membrane sandwiched between two
glass fiber filter papers called membrane cup9.

These types of semi permeable membranes have
diffusion coefficient for radon gas in the range of
10–8 –10–7 cm2s–1 that permeates more than 95%
of the 222Rn gas while it suppress the entry of
220Rn gas10 to more than 99%. Thus, the SSNTD
films inside the membrane cup register tracks
attributes to 222Rn gas alone, while the filter film
records tracks due to both 222Rn and 220Rn gases.
The third film exposed in the bare mode registers
alpha tracks produced by both the gases and their
alpha emitting progeny. The dosimeters were kept
at a height of about 1.5 m from the ground,
considering least disturbance to the occupants,
and the active phase of the bare card is kept at
least 10 cm away from any surface to avoid tracks
due to attenuated alphas reaching from other
surfaces. After the exposure of the dosimeters
for 3 months, the SSNTD films were retrieved
and etched in 10% NaOH solution at 60 ºC for 90
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minutes10-11. The exposure period is continued for
all the seasons of a calendar year. The tracks
recorded on LR-115 films were counted using a
spark counter12,13.  The 222Rn and 220Rn
concentrations have been estimated by the
formulations given by Mayya et al14. For the
present study, inhalation dose is computed using
F-values reported in UNSCEAR15.

RESULTS   AND   DISCUSSION
A total of 46 houses in each location were selected
for the study and the houses were categorized
into six groups with average room volume ranging
from 35 to 300 m3. Each group had minimum of 7
houses for the measurement and are presented

in Fig. 3, the results gives the volumetric variations
of 222Rn and 220Rn levels in a dwelling in different
locations. The higher concentrations were
observed in lower volume room than in the higher
volume at all the monitored locations. The average
222Rn concentration ranged between 7.3 ± 2.2 –
81.1 ± 9.3 Bqm–3 whereas the 220Rn varied from
6.9 ± 1.3 – 57.5 ± 9.7 Bqm–3 for the dwellings of
volume ranged from 35 to 300 cubic meters.
Enhancement of volume by ten-fold reduces the
concentration of 222Rn to 11.1% whereas 220Rn
by 8.3% provided all other conditions remain
same.
Frequency distribution of 222Rn and 220Rn levels
in dwellings is presented in Fig. 4 and Fig. 5.

Fig. 3 : Variation of 222Rn and 220Rn levels in a room of different volume

Average  222Rn Conc. Average  222Rn Conc.

222Rn Conc. 222Rn Conc.Minimum
Maximum

Minimum
Maximum

C
on

ce
nt

ra
tio

n 
(B

q 
m

3 )
C

on
ce

nt
ra

tio
n 

(B
q 

m
3 )



Journal of Environmental Research And Development Vol. 6 No. 1, July-September  2011

38

Fig. 4: Radon levels in dwellings

Fig. 5 : Thoron levels in dwellings
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Geometric means of indoor 222Rn and 220Rn levels
in the study area are 23.0 and 20.0 Bqm-3 with
GSDs 2.1 and 2.0 respectively. Cumulative
frequencies against the radon/thoron values
showed linear regression with correlation
coefficient equals 1 for both the cases. A linear
correlation with correlation coefficient nearing one
indicates a common factor predominant in the
various categories of rooms governing the gas
concentrations in these houses.

Inhalation dose calculated from the total results
varied from 0.27 - 4.45 mSv y-1 with a geometric
mean of 1.34 mSv y-1 (GSD 2.1).  The dose rate
due to 222Rn and 220Rn concentration against
volume of the room is plotted in Fig. 6 and it drops
exponentially with the correlation of 96%. The
concentration remains almost constant for the
volumes greater than 200 cubic meters. It clearly
shows that the dwellers of lower volume room
are exposed to higher risk than higher volume.

Fig. 6 : Dose rate due to 222Rn, 220Rn and their progeny concentrations

Therefore, it is concluded that the radon
concentration mitigates and diffuse in faster rate
as the volume of the room increases provided
the activity of radon is constant.

CONCLUSION
Volumetric variations of indoor 222Rn, 220Rn and
their progeny levels reveals higher concentrations
in lower volume room compared to higher volume
at the monitored locations. For this environment,
the levels of indoor radon and thoron are higher
than the acceptable values for the population
prescribed by UNSCEAR. Hence the lower

volume room should be well ventilated to reduce
the health effects.
Further, the frequency distributions of 222Rn and
220Rn levels in dwellings reveal the higher
concentrations in lower volume houses and lower
in higher volume houses. Geometric means of
indoor 222Rn and 220Rn levels in the study area
are 23.0 and 20.0 Bqm-3 with GSDs 2.1 and 2.0,
respectively. Cumulative frequencies against the
222Rn and 220Rn values showed linear regression
with correlation coefficient approaches to unity
in both the cases.  A linear correlation with
correlation coefficient nearing one indicates a
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common factor predominant in the various
categories of rooms governing the gas
concentrations in these houses. Inhalation dose is
computed using UNSCEAR dose conversion
factors. Inhalation dose varies from 0.27 - 4.45
mSv y-1 with a geometric mean of 1.34 mSv y-1

(GSD 2.1).
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