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ABSTRACT
The present work is to assess the possible health hazards for the inhabitants of Bangalore Metropolitan, India
due to 220Rn and its progeny in dwellings. The mode of sampling is passive and integrated for long-term measurements taking into account the diurnal and seasonal variations. The results reveal that the 220Rn concentration
decreases exponentially with distance. As the distance increases from the wall, ceiling and the floorings of the
room the concentration decreases exponentially. 220Rn concentrations in 91% of the dwellings were below 30
Bq m-3 and 9% of the dwellings had the concentrations above 31 Bq m-3 with a maximum of 69.4 Bq m-3. The
220Rn concentrations in winter is 1.74 times that of summer, whereas its progeny is 2.7 times that of summer
season and not much variations were observed between rain and autumn seasons. The arithmetic mean concentrations of 220Rn and its progeny are 20.5 ± 0.6 Bq m-3 and 0.4 ± 0.07 mWL.
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INTRODUCTION

is the bare soil floor, either soil in cave dwellings
or unburned adobe bricks and uncovered stone,
wall in above ground dwellings. Because of the
short half-life of 220Rn, the indoor concentration is
not homogeneous but increases towards the walls2.
The total indoor 220Rn concentration is not only
determined by the exhalation but also by the detector distance from the wall, ceiling and the flooring
of the room. UNSCEAR5 reports the annual effective dose from 220Rn and its progeny was evaluated to be 75 µSv, only about 6% of that of 222Rn
and its progeny.
Several researchers have done the extensive studies on radon. 220Rn a decay product of thorium
series, exist in soil and rocks. Shiva Prasad et al6
have reports that for the soils of Bangalore region
the concentration of 226Ra varied in the range of
7.7 -111.6 with a mean value of 26.2 Bq kg-1. The
232Th concentration varied in the range 16.7 98.7 with a mean value of 53.1 Bq kg-1 and 40K
in the range 151.8 -1424.2 with a mean value of
635.1 Bq kg-1 . Authors have also reported

The risk for high 220Rn levels in indoor can be
expected to be low, at least much lower than the
risk for high levels of 222Rn since 220Rn has short
half-life, 55.6 s compared to 222Rn. This means the
distance that the 220Rn gas atoms can migrate in
the ground and inside building materials and buildings before it decays is much shorter than 222Rn
gas and also it is easily stopped by wall paper and
other surface sealants. However, in buildings with
an ineffective barrier between soil and indoor air
the entry of 220Rn could be significant, especially
if the gravel or sand filler or the soil itself immediately under the building has a high concentration
of 232Th. Soil as a significant source of indoor
220Rn has been demonstrated by Li et al1.
Enhanced levels of 220Rn were reported for the
residential traditional dwellings in China2,3 and
India4. In the traditional dwellings, source of 220Rn
*Author for correspondence
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widely used soil-based plaster. Guo et al15 have
found a mean 220Rn progeny concentration of 3.5
mWL in 4 houses with plaster walls in the Nagoya
area. A mean 220Rn gas concentration of 394 Bq m3 was found from measurements in 9 such houses16. Doi et al17 have measured the activity concentrations of 220Rn gas in 21 houses in the
Hiroshima prefecture with a mean of 85 and a
maximum of 550 Bq m-3. Several investigations
show that the 220Rn concentration drops exponentially with the distance from a soil-plastered
wall18. Measurements of the concentration of
232Th in the soil have shown values of about 90
Bqkg-1 in the Hiroshima area17 and about 35 Bq
kg-1 in the Nagoya area14.
In light of the above it is felt that it is important to
evaluate the annual effective equivalent dose due
to 220Rn and its progeny. The present paper
describes the dependence of the indoor 220Rn concentration with distance of wall, ceiling and floorings of the room; this type of work is first of its
kind in India. About 54 dosimeters were suspended for 4 seasons and more than 648 measurements
have been made.

that about 67% of the samples of the region the
232Th concentrations were more than the world
average, and were more than two-fold of that of
the world average (90 Bq kg-1). However, the
mean concentration of 232Th (53.1 Bq kg-1) was
comparable to that of the all India and the world
average values. The 220Rn concentration in granite quarries of Bangalore region varies from 30
to 160 with a median of 84.5 Bq m-3 and its progenies varies from 0.1 to 4.0 with a median of 1.2
mWL respectively7 . Surveys from different
countries have shown the 220Rn and its progeny
values ranged from 0.3 to 3.5 Bq m-3, 1.1 to 12.7
mWL, with their mean values below 1.0 Bq m-3
8, 9. In the UK, measurements have been made in
390 dwellings. The mean of these measurements
was 0.6 Bq m-3. According to the authors, results
from measurements in 150 dwellings in the
Pennines, shows a mean concentration of 220Rn
as 0.3 Bq m-3 are more likely to be the typical
concentrations in UK dwellings10. This has been
confirmed by measurements in 50 dwellings in
five major cities in UK11. The results from measurements in 148 homes with a median of 0.3 Bq
m-3. From two departments in a granitic area in
Brittany in western France medians of 0.7 and
0.8 Bq m-3 have been reported13. In Elliot Lake14
in Canada 95 dwellings have been investigated
with a mean 220Rn concentration as 1.5 Bq m-3.
In recent years several investigations concerning
220Rn have been performed by Japanese research
groups. They have found relatively high levels of
220Rn and its progeny in traditional Japanese
buildings with one or more walls covered with a

MATERIAL AND METHODS
Twin cup dosimeters were used in this study has
two cylindrical cups of equal volumes having
radius 3.1 cm and height 4.1 cm. The cups are
having provision to hold two SSNTD films
inside the cups and a third SSNTD film outside
the cup for progeny measurements as shown in
Fig. 1. The dosimeter is designed to
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Fig. 1 : Entrenched outlook of Twin cup Dosimeter
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discriminate 222Rn and 220Rn in mixed field
situations, where both the gases are present
like in monazite rich deposit areas. Track
detector used in the dosimeter is cellulose
nitrate films, commercially called LR-115
films, made by Kodak Pathe. 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 222 Rn
and 220 Rn 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
cup19.
These types of semi permeable membranes
have diffusion coefficient for radon gas in the
range of 10-8-10-7 cm2 s-1 that permeates more
than 95% of the 222Rn gas while it suppress the
entry of 220Rn gas to20 more than 99%. Thus,
the SSNTD films inside the membrane cup
register tracks that attributes to 220Rn gas
alone, while the filter film records tracks due
to both 222 Rn and 220 Rn gases. The third film
exposed in the bare mode registers alpha
tracks produced by both the gases and their
alpha emitting progeny. Eappen and Mayya 21
have reported that LR-115 (12 µm) film does
not register tracks from deposited activity
since Emax for LR-115 (12 µm) is 4 MeV and
all the progeny isotopes of 222 Rn/220 Rn emit
alphas with energies more than 5 MeV. Thus,
uncertainty due to deposited activity on film
surface is removed for the bare detector
estimate; a reason to choose LR-115 (12 µm)
film for bare card estimate. Measurements
were completed in the study dwelling for a
calendar year covering the four seasons prevailing in the area. After exposure, the dosimeters were retrieved and SSNTD films were
removed from the dosimeter for etching. The
films were then etched in 10% NaOH solution
at 60ºC for 90 minutes 21. The tracks recorded
on LR-115 films were counted using a spark
counter22,23 . Tracks are converted to gas concentrations using Equations (1 and 2).
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C R ( Bqm 3 ) 

C T ( Bqm 3 ) 

Tm
d  Sm

(1)

T f  d  C R  S rf

(2)

d  S tf

where Tm is the track density of the film in membrane compartment (Tr cm-2), d is the period of
exposure in days (d), Sm refers to the sensitivity
factor of membrane compartment (Tr cm-2)/
(Bq d m-3), Tf is the track density of the film in
filter compartment (Tr cm-2), Srf and Stf are the
sensitivity of 222 Rn and 220 Rn (Tr cm-2 )/
(Bq d m-3) and, CR and CT are the concentrations
(Bq m-3) of 222Rn and 220Rn, respectively. We
followed the protocols given by Eappen and
Mayya21 for processing the exposed films; hence
sensitivity factors Sm and Srf are taken from their
work for computing the gas concentrations. The
progeny concentrations in terms of Working
Level (WL) can be written as:

RR (mWL) 

C R  FR
3.7

(3)

RT (mWL) 

CT  FT
0.275

( 4)

where FR and FT are equilibrium factors for
radon and thoron respectively and can be equated with progeny fractions of respective gases as
shown in Equations (5) and (6).

FR  0.104 FRA  0.514 FRB  0.37 FRC

(5)

FT  0.91FTB  0.09 FTC

(6)

where FRA, FRB, FRC, FTB and FTC are activity
fractions of 218Po, 214Pb, 214Bi, 212Pb and 212Bi,
respectively. Mayya et al24 have obtained these
activity fractions through ventilation parameters
applying a root finding method using the
deposition velocities for attached and
unattached fractions of the progeny nuclides.
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RESULTS AND DISCUSSION
The main objective of the study was to find the
dependence of concentrations on distance and to
assess the possible health hazards from indoor
220Rn levels in Bangalore city. Buildings were
chosen regardless the natural 232Th concentrations. All the measurements were performed on
the ground floor. Eighteen dosimeters were suspended at a constant distance from the flooring
and ceiling of the room and at a distance of 25
cm each in the room of volume 30 m3 and also in
a lower and upper parabolic fashion shown in
Fig. 2-4.

Fig. 4 : Parabolic curve: Focus away from the Ceiling

The results of the measurement of variations of
220Rn concentrations with wall distance are
shown in Fig.5a. The step increase in concentration close to the wall is observed and the figure
illustrates that the 220Rn concentration drops
exponentially as the detector distance increases
from the wall and it may be due to its short half
life. This suggests that it is necessary to keep the
distance from the wall when we measure indoor
220Rn concentration25. During the measurement
period with twin cup dosimeters, the distribution
of 220Rn progeny concentrations were also measured at the different distance from wall and
floorings and are shown in Fig. 5b.
220Rn progeny concentration was nearly
independent of the distance from wall. The
uniformity of 220Rn progeny concentrations in a
dwelling is may be due to their long half life28
and this was confirmed through model
calculation by elsewhere26.

Fig. 2 : Suspension of dosimeters in equi-distant
manner from the wall
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Fig. 5 : Distribution of 220Rn and its progeny levels

Fig. 3 : Parabolic curve: Focus away from the floor
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appears to represent a general feature of 222Rn
indoor concentration. The turbulent transport
from the wall into the room center decreases the
relative contribution of the 220Rn close to the
wall. This is important for the dose assessment
of dwellers only at ventilation rates above the
exhalation saturation the total activity declines28.
A survey carried out by Wu et al29 in Guangdong
province gives one of the limited data of 220Rn
and its progeny in China. The concentrations of
220Rn and its progeny were measured by grab
sampling method for both in indoor and outdoor,
the reported average concentrations were 48.1 ±
20.0 Bq m-3 and 22.1 ± 10.7 Bq m-3 respectively
and the average equilibrium-equivalent
concentrations were 1.1 ± 0.8 Bq m-3 and 0.5 ±
0.3 Bq m-3 respectively. For different building
materials of the walls, the house with soil/mud
walls had the highest 220Rn concentration; the
reported average value of this kind of house was
104 Bq m-3. The ratio between the exposure from
220Rn and its progeny and that from 222Rn and
220Rn as well as their progeny was reported to be
30.5 % in Guangdong province29. Martinez et
al30 have done the measurement of variation in
indoor 220Rn levels in Mexico City dwellings
and showed the general log-normal distribution
of indoor 220 Rn concentration with annual
arithmetic and geometric means as 82 and 55 Bq
m-3, respectively, with ranges from 8 to 234 Bq
m-3 higher than world average of 3Bq m-3.
The seasonal variation shows the minimum
mean values in the summer season that were
35% lower than in autumn. The obtained results
of the studied area are in the range as observed
by others.

It is believed that the walls and floor of room
were made of local soil material and bricks,
which are the source of indoor 220Rn concentrations. Fig. 6 (a) and 6 (b) represent the concentration profiles of 220Rn concentrations, as the
detector distance increases from the flooring,

Fig.6. Concentration profile of 220Rn

wall and the ceiling the concentration drops
exponentially.
Due to the short half-life, concentrations are not
homogeneous in the room but higher towards the
walls, ceilings and floorings of the room. It is
evident from the figure that the 220Rn concentration is declining towards the room center and it
may be because of the short half-life of 220Rn. In
contrast, the 222Rn concentration is homogeneous within the dwelling due to its longer halflife of 3.8 days. Close to the walls the 220Rn concentration is significantly higher than the 222Rn
concentration as shown in Fig. 5 (a). At increasing wall distances, the 220Rn concentration may
decrease but the 222Rn concentration remains
steady. Due to the short half-life, cocentration
are not homogeneous in the room but higer
towords the walls, ceilings and floorings of the
room. It is evident from the Fig. 6 that the 220Rn
conecentration is declining towords the room
center and it may be because of the short half-life
of 220Rn. This type of observation was also made
in several dwellings in the Gansu area2, so that it

CONCLUSION
Twin cup passive detectors were used for measuring the 220Rn and its progeny concentrations.
The concentrations were high near the wall,
ceiling and flooring of the room and decreases
with the distance from the wall, ceiling and
flooring of the room. Indoor 220Rn progeny
concentrations are uniform with the distance
from the wall. Continuous and long-term
studies such as diffusion of 220Rn from each
wall of the room and factors that influences are
620
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necessary to assess the dose due to 220Rn and its
progeny. More detailed studies on the
evaluation of public exposure from the natural
radiation; particularly the exposure from indoor
220Rn and its progeny should be planned and
performed in the country.
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