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ABSTRACT

Radio nuclides 222Rn and 220Rn, from the uranium and thorium decay chains
are noble gases produced by the decay of their immediate respective
nuclides 226Ra and 224Ra present in the rocks, uranium ores and soils. These
gases can leave the earth�s crust by processes such as diffusion, advec-

tion, and enter in the atmosphere. 222Rn and 220Rn decay products are the
radioactive isotopes of polonium, bismuth, lead and thallium. These daugh-
ter products, being the isotopes of heavy metals, get attached to the exist-
ing aerosol particles in the atmosphere. The significant contribution to the
total dose received by the population is subjected to the natural radiation
due to the inhalation of 222Rn, 220Rn and their decay products. This work is
intended to obtain the 222Rn, 220Rn concentrations and the associated inha-
lation dose rates in the dwellings of different characteristics. Higher dose
rates were observed in lower volume houses and the granite flooring houses.
2009 Trade Science Inc. - INDIA

INTRODUCTION

222Rn and 220Rn in indoor environment originate
from emanation of the gases by the walls, floor and
ceiling which are constructed of building material, rock,
soil by release from materials brought into the room,
such as radon-rich water or gas and by radon or thoron
in the inlet air, which may in turn have a normal concen-
tration of the gases or an increased concentrations de-
rived from sources outside the room. Primary sources
are in all cases 226Ra or 224Ra. The great differences in
their half-life are important for the release from the
ground and the distribution in their atmosphere above
the ground and in the room air of building.

Elimination of these radio nuclides from the atmo-
sphere occurs either by its radioactive decay or by the
removal processes such as plate out or surface deposi-
tion and washout by rain. Vast difference in the half-
lives of 222Rn (3.8d) and 220Rn (55s) is a crucial param-
eter, governing their release from the ground and sub-
sequent distribution in the free atmosphere[1].

222Rn and 220Rn daughter aerosol in the atmosphere
is generated in two steps. After the formation from the
isotopes by decay, the freshly generated radio nuclides
react very fast with trace gases and air vapor, and be-
come small particles, called clusters or unattached ra-
dio nuclides with diameters varying from 0.5 to 5mm.
In addition, these radio nuclides attach to the existing
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aerosol particles in the atmosphere within 1-100s form-
ing the radioactive aerosols. Most of the newly formed
decay product clusters are positively charged and have
a high mobility[2]. Mobility is characterized by the diffu-
sion coefficient that mainly controls the formation of the
radioactive aerosol by attachment and the deposition
on surfaces and in the human lung.

In view of this it was felt that, to estimate the effec-
tive dose rates to the population of Bangalore city, In-
dia due to the exposure of indoor 222Rn, 220Rn and their
progeny levels in different seasons, different walls of
the houses, different floorings of the houses, different
rooms of the houses and in different volume of the houses
and this type of study strengthens the results for spe-
cific area and adds up as a data bank for radon mea-
surements.

STUDY AREA

The area of the present study is Bangalore City in
Karnataka, India. Bangalore is the capital city of
Karnataka. It lies in the south � east quadrant at 12º 8'

at latitude and 77º 37' in longitude. The geology of this

part of southern India[3] forms predominantly a granitic
terrain with numerous varieties of granite and granitic
gneiss, charnockites, alkaline rocks etc. Within this vast
granitic complex, deposits of quartzite, sandstone, and
marble are found in significant quantities. The rocks are
of peninsular gneiss and are widely distributed through-
out this area. The emplacement of alkaline dykes has
domed up the area. The rocks around Bangalore rural
District are called closepet granites. These rocks are
younger than peninsular granites. These rocks are con-
centration of pegmatite. The soil in this area is red sandy
loam with traces of yellow and black. The soil being
porous permits free internal and downward movement
of water. Mixed red and black colored soil is formed
the underlying parent rock, which is mostly granite. The
houses are constructed with different types of materi-
als, most of them are cement houses and a minor com-
ponent comprising of huts with mud walls. The materi-
als used for building the cement houses consist of ce-
ment, reinforced concrete, burnt clay bricks, hollow
blocks, Terracotta bricks and tiles. The floor finishes
are made up of stones, concrete tiles, mosaic tiles, granite
and marble slabs. The materials used for constructing

huts are sand lime bricks, mortar, clay and asbestos
sheets[4]. April is usually the hottest month with the mean
daily maximum temperature of 30-35 ºC and mean daily

minimum at 20-24 ºC. Relative humidity is high during

the Rainy season for the South-West Monsoon months
and decreases thereafter. During the months from May
to September, the winds are west to South-West to
West, while during the period from November to March,
they are east to North-East and East to South-East.
The year is divided into four season�s viz.: Summer sea-

son [March to May], rainy season [June to August],
autumn season [September to November] and winter
season [December to February]. An attempt has been
made to see the variation of dose rates in season wise,
wall wise, floor wise, room wise and volume wise of
the houses in about 10 different locations of Bangalore
city, India by deploying more than 150 dosimeters and
more than 1400 measurements have been made during
2007-2009.

METHODS AND MEASUREMENTS

Solid state nuclear track detectors

The concentrations of 222Rn, 220Rn and their prog-
eny are measured in dwellings of Bangalore city using
Solid State Nuclear Track Detectors (SSNTD), which
are thin sheets of dielectric materials such as cellulose
nitrate (CN) and polycarbonates. They are sensitive to
alpha but not to beta and gamma radiations. They are
unaffected by moderate humidity, heat and light. For
indoor measurements normally LR-115 type II plastic
track detector is preferred. The detailed description of
the methodology and the calibration experiments has
been given by Sathish et al[5].

RESULTS AND DISCUSSION

About 150 dwellings in ten different locations of
Bangalore city, India were selected on the basis of con-
struction, age of the building, nature of walls, different
rooms and floorings to see the effective dose rates due
to indoor 222Rn, 220Rn and their progeny levels in dwell-
ings in different seasons of the year, different wall houses,
different flooring houses, different rooms of the houses
and different volume of the houses. The results of 2007
to mid of 2009 are discussed.
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error during summer was 18.67 ± 3.6 Bq m-3 and the
summer minimum was 12.27 ± 2.0 Bq m-3.

The winter maximum concentration of 222Rn was
observed in Vijayanagar area and the winter minimum
was observed in Rajajinagar. The summer maximum
concentrations of 222Rn is observed in Vijayanagar and
the summer minimum concentrations of 222Rn is seen in
Rajajinagar and it is true for rainy and autumn seasons
for the same locations. The higher value of 220Rn con-
centrations during winter was seen in
Padhmanabhanagar area and the winter minimum was
observed in Rajajinagar. The higher value during sum-
mer was seen in Rajajinagar and the lower was ob-
served in Srirampuram. The arithmetic mean value of
the 222Rn concentrations of all the studied locations dur-
ing winter, summer, rainy and autumn seasons are 42.66,
16.18, 23.41 and 24.95 Bq m-3 respectively, where as
for 220Rn they are 24.35, 15.01, 18.80 and 19.24 Bq
m-3 respectively and are shown in Figure 3.

Area wise seasonal variations and dose rates

Area wise seasonal variations of 222Rn and 220Rn con-
centrations in different locations of Bangalore city is shown
in Figure 1-2. The 222Rn concentration during winter sea-
son of the studied locations ranged between12.28 � 100

Bq m-3, the higher value of arithmetic mean concentra-
tions with standard error during winter was 61.95 ± 9.2

Bq m-3 and the winter minimum value was 24.95 ± 2.7

Bq m-3, whereas during summer season the concentra-
tion ranged between 4.05 � 50.29 Bq m-3, the higher
value of arithmetic mean concentrations with standard
error during summer was 26.26 ± 3.8 Bq m-3 and the
summer minimum concentration was 10.91 ± 1.0 Bq m-

3. The 220Rn concentration during winter season of the
studied locations ranged between 6.18 � 72.92 Bq m-3,
the maximum value of arithmetic mean concentrations with
standard error observed during winter was 35.24 ± 4.2

Bq m-3 and the winter minimum was 15.39 ± 1.7 Bq m-3,
whereas during summer season the concentration ranges
between 2.78 - 40.97 Bq m-3, the maximum value of
arithmetic mean concentrations of 220 Rn with standard

Figure 1 : Season wise 222Rn concentrations

Figure 2 : Season wise 220Rn concentrations

Figure 3 : Seasonal variations of 222Rn, 220Rn

Especially in the winters, most of the dwellings show
222Rn concentrations on an average 43 Bq m-3 other-
wise the highest concentration during winter season was
observed as 100 Bq m-3. Whereas the average 220Rn
concentration during winter season was 24 Bq m-3 and
the highest was 34 Bq m-3. These large variation of the
indoor 222Rn and 220Rn concentration between differ-
ent dwellings of the studied locations can be explained
due to different ventilation rate, nature of the soil un-
derneath and particularly due to the geological consid-
erations. Even it has been established that the radon
activity in soil�gas is highly variable and it differ dra-

matically from place to place, takes value of 30 KBqm-

3 in one place to 900 KBqm-3, 10 m away[6]. The aver-



L.A.Sathish et al. 487

Current Research Paper

ESAIJ, 4(6) December 2009

An Indian Journal
Environmental ScienceEnvironmental Science

During winter season it was found to vary between
0.171 � 0.322 mSv y-1, whereas during summer sea-
son it was 0.108 � 0.171 mSv y-1. The arithmetic mean
dose with standard error during winter and summer
seasons were 0.267 ± 0.01 and 0.126 ± 0.007 mSv y-

1 respectively. The geometric mean concentration of dose
during the winter and summer seasons are 0.262 and
0.125 mSv y-1 respectively. The higher dose rates were
observed during winter seasons of all the locations. The
higher concentration of dose during the winter and sum-
mer seasons were observed in Vijayanagar and the lower
concentrations were seen in Rajajinagar. This may be
due to the fact that during winter season the radioactive
gases are trapped near the surface because of tem-
perature inversions. In summer, the higher rate of verti-
cal mixing and dispersions lifts the aerosols to higher
altitudes resulting in a decrease in the concentration near
the ground level air[8]. Wilkening[9] reported similar trend
of variations for the environment of USA. Magalhaes
et al[10] have observed a two order of magnitude of vari-
ability, with a maximum of 50 Bq m-3 in winter and a
minimum of 0.5 Bq m-3 in the summer months. In addi-
tion 222Rn exhalation rate also decreases during mon-
soon as soil pores get filled by water and hence, result-
ing in lower concentration of 222Rn and 220Rn[11].

Wall wise variations and dose rates

The concentrations of 222Rn and 220Rn in different
types of walls of the houses in all the studied locations
and are shown in Figure 5 - 6. The arithmetic mean
concentrations of 222Rn and 220Rn level in different walls
of the study area are shown in Figure 7. The 222Rn con-
centrations in concrete, cement, brick and mud wall
houses in the studied locations were found to vary be-
tween 9.24 � 17.88, 13.74 - 27.13, 19.57 � 40.46

and 27.1 � 83.75 Bq m-3 respectively. The arithmetic
mean concentrations were 12.55 ± 1.0, 13.74 ± 1.5,

19.57 ± 2.6 and 42.66 ± 6.8 Bq m-3 respectively
whereas their geometric mean concentrations were
12.25, 18.41, 25.85 and 39.52 Bq m-3 respectively.
The 220Rn concentrations were found to vary between
5.56 � 33.33, 2.08 � 35.42, 1.37 � 56.25 and 6.18 �

61.11 respectively. The arithmetic mean concentrations
with standard error were 16.46 ± 1.0, 12.33 ± 1.5,

19.67 ± 2.6 and 21.08 ± 6.8, respectively whereas

their geometric mean concentrations were 15.85, 12.06,

age indoor 222Rn concentration published for dwellings
of different cities around the world vary between 8, 7
Bq m-3 (Australia) and 190 Bq m-3 (German states of
Saxony and Turingia), with a weighed arithmetic mean,
for all the cities considered, of 40 Bq m-3[7].

Annual effective dose rates due to 222Rn, 220Rn and
their progenies during different seasons of the year are
shown in Figure 4.

Figure 4 : Effective dose rate in different seasons

Figure 5 : Wall wise 222Rn concentrations

Figure 6 : Wall wise 220Rn concentrations
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19.37 and 20.51 respectively. The higher concentra-
tions of 222Rn and 220Rn were observed in mud wall
houses and lower concentrations were observed in
houses with concrete walls of all the locations.

The concentrations are found to vary from wall to
wall. The variation may be due to random distribution of
radioactive rock species used ignorantly in the construc-
tion of houses[12]. Most of the walls of the houses in the
city and surrounding area are constructed with cement
and brick, and some of the houses had mud walls. In
general the 222Rn and 220Rn concentration was found
higher in mud wall houses than that in cemented wall
houses. The ground floor allows more radon to diffuse
inside the house because of higher porosity of material
used. The emanation of radon is also higher from rocks
and local stones. In addition, the mud wall houses have
small doors and a small window, which remains closed
for most of the time. Due to poor ventilation condition,
the radon is accumulated inside the house and thus re-
sults in higher 222Rn and 220Rn concentration in mud wall
houses than in concrete wall houses[13]. The higher con-
centrations of dose were seen in the houses of mud walls
of all the locations and the lower concentrations were
observed in houses with concrete walls of all the studied
locations and are shown in Figure 8. The annual effective
dose rate due to 222Rn, 220Rn and their progenies in dif-
ferent dwellings of concrete, cement, brick and mud walls
were found to vary between 0.03 � 0.146, 0.112 � 0.187,

0.133 � 0.264 and 0.185 � 0.419 mSvy-1 respectively.
The arithmetic mean dose with standard error were 0.098
± 0.01, 0.146 ± 0.01, 0.189 ± 0.01 and 0.266 ± 0.02

respectively. The geometric mean dose rates were 0.090,
0.143, 0.184 and 0.258 respectively.

Figure 7 : 222Rn, 220Rn in different wall Figure 8 : Effective dose rates in different wall

Floor wise variations and dose rates

The concentrations of 222Rn and 220Rn in different
type of floorings of the houses of different locations and
are shown in Figure 9-10.

Figure 9 : Floor wise 222Rn concentration

Figure 10 : Floor wise 220Rn concentration

The higher concentrations 222Rn and 220Rn were ob-
served in granite flooring houses and lower concentra-
tions were observed in houses with mosaic flooring of all
the locations and are shown in Figure 11. The 222Rn con-
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Granite is rich of radium and it may be the reason
for higher concentration of radon in granite flooring
houses. The materials used for construction of build-
ings are sufficiently porous and allow radon to enter
into the indoor atmosphere[14]. The earlier studies have
shown that there is a positive correlation between the
exhalation rate and concentration in building materials[15].

Granite samples show higher radon exhalation rate
than marbles. There is a positive correlation between ra-
dium content of granite with radon exhalation and its con-
centration. This trend is observed by several research-
ers[16-18]. Some of the huts had mud walls, bare flooring
and the roof covered by the dry coconut leaves with
poor ventilation. The exhalation from brick wall with ce-
ment plastering is high. It is observed that the Mosaic
flooring houses show slightly less radon exhalation rate
than cement flooring houses. Radon concentration in huts

is lower than in concrete and mosaic flooring houses even
though radon exhalation from bare flooring is higher than
other types of floorings. This may be attributed to the
possibility of out flow of air from huts through the coco-
nut dry leaves. Further, the fumes emitted during cooking
process either from the kerosene stove or fire wood will
increase the air pressure inside dwellings. Radon exhala-
tion in mud walls is less compared to the cemented walls.
High exhalation of radon from concrete walls may be
responsible for enhancement of concentration in cement
and mosaic flooring houses, due to large extent of usage
of these materials in construction. This may be due to the
high radon concentration in the concrete floorings and
also because of the existence of porous between the slabs
that were sandwiched by cement for the floorings. Due
to this radon could easily enter into the houses[19]. The
cracks in the floor as a consequence of poor quality of
materials used for construction favors the enhancement
of radon concentration[20]. Sreenath Reddy et al.[21] and
Vinaya Kumar et al.[22] have observed that the dwellings
with mud floors have relatively higher dose and reports
that the sub surface soil may be predominating source of
indoor 222Rn, 220Rn for the environment of Hyderabad,
India. This may be attributed to the rich content of 226Ra
and 232Th in the local soil used for construction of mud
walls. The radon levels in mud houses may be high due
to emanation from ground surfaces and poor ventilation
of the dwellings[23]. Radon concentrations in dwellings
changes from place to place due to difference in geology
and climate, in construction materials techniques and
domestic customs. Although exposure for radon in tropi-
cal climates is unlikely to be of serious concern, keeping
in view the radiological significance of radon, mapping of
radon level in different parts of the country is helpful in
defining the radon prone areas, if any, and evaluating the
natural radiation exposures[24].

The variations of dose rate due to 222Rn and 220Rn
in different floorings are shown in Figure 12. The an-
nual effective dose due to 222Rn, 220Rn and their prog-
enies in mosaic, stone, red oxide, concrete and granite
floors of the houses of different locations were found to
vary from 0.09 � 0.24, 0.11 � 0.25, 0.13 � 0.31, 0.17

� 0.41 and 0.19 � 0.48 mSvy-1 respectively. The arith-
metic mean concentration of dose with the standard
error were 0.127 ± 0.01, 0.170 ± 0.01, 0.211 ± 0.02,

0.278 ± 0.04 and 0.373 ± 0.35 mSvy-1 respectively.

centrations in granite, concrete, red oxide, stone and
mosaic flooring houses were found to vary between 36.84
� 100.00, 22.81 � 82.71, 13.88 � 57.89, 14.32 � 46.78

and 4.05 � 37.84 Bq m-3 respectively. The arithmetic
mean concentrations of 222Rn with standard error were
65.77 ± 8.4, 44.68 ± 5.6, 30.15 ± 3.9, 23.25 ± 2.9 and

15.32 ± 2.73 Bq m-3 respectively whereas their geomet-
ric mean concentrations were 60.38, 42.58, 28.58, 22.25
and 14.14 Bq m-3 respectively. The 220Rn concentra-
tions were found to vary between 6.18 � 72.92, 12.50 �

69.44, 1.37 � 61.11, 4.17 � 40.97 and 2.08 � 37.50

Bq m-3 respectively. The arithmetic mean concentrations
with standard error were 30.28 ± 4.5, 25.86 ± 3.5, 21.64

± 1.4, 16.05 ± 1 and 14.46 ± 1.6 Bq m-3 respectively,
whereas their geometric mean concentrations were 27.51,
24.37, 21.17, 15.77 and 13.84 Bq m-3 respectively.

Figure 11 : 222Rn, 220Rn in different flooring
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Room wise variations and dose rates

The concentrations of 222Rn and 220Rn in different
rooms of the houses of different locations and are shown
in Figure 13-14.

The higher dose rates were observed in the granite floor-
ings houses in all the studied locations and the lower
concentrations were observed in mosaic floorings. The
geometric mean concentrations were found to be 0.121,
0.165, 0.203, 0.269 and 0.355 mSvy-1 respectively.

Figure 12 : Effective dose rates in different floorings

Variations of indoor 222Rn and 220Rn concentrations
in different rooms of houses are shown in Figure 15.
The 222Rn concentrations in bath room, bed room,
kitchen and living room of the monitored houses were
found to vary between 29.24 � 81.29, 24.98 � 58.48,

18.13 � 43.27, and 5.85 � 27.46 Bq m-3 respectively.
The arithmetic mean concentrations with standard er-
ror were 52.16 ± 4.2, 38.59 ± 3.3, 28.90 ± 1.7 and

17.12 ± 1.4 Bq m-3 respectively whereas their geomet-
ric mean concentrations were 50.90, 37.64, 28.43 and
16.54 Bq m-3 respectively. The 220Rn concentrations
were found to vary between 13.89 � 63.89, 5.56 �

47.92, 6.25 � 61.11, and 6.11 � 31.94 Bq m-3 respec-
tively. The arithmetic mean concentrations with stan-
dard error were 31.52 ± 3.5, 21.03 ± 1.7, 18.77 ±

1.7 and 14.855 ± 2.1Bq m-3 respectively whereas their
geometric mean concentrations were 30.02, 20.39,
18.22 and 13.76 Bq m-3 respectively. The higher con-
centrations 222Rn and 220Rn were observed in bath
room, bed room and lower concentrations were ob-
served in living rooms of the houses of all the locations.
One can clearly see in the Figure 15, that there is high
concentration in bathroom compared to the other rooms
in the houses. The differences were clearly present,
bathroom was found to have higher 222Rn concentra-
tion, kitchen ranked second, next bed rooms and living
room the least. Bed rooms might be expected to be
least ventilated, on the average based upon limited use
patterns and bath rooms may receive some additional
222Rn due to 222Rn dissolved in water[25]. 222Rn is shown
to be released in spray from faucets or shower fix-
ture[26,27]. Air in living rooms on the other hand is most
readily diluted due to outdoor air blow. This can be
correlated with concentrations of 222Rn in water[27] and
the activity of 226Ra. However, Yadagiri Reddy et al.[28]

have reported that the radon concentration varied from
17 to 311 Bq m-3 and progeny concentration varied
between 0.1 to 20mWLwith an average of 62 ± 45 Bq

m-3 and 4.7 ± 4.1 mWL, respectively. They have also

reported the activity of 226Ra from different zones and
showed the bed rooms have relatively higher concen-
trations of 222Rn and 220Rn followed by kitchen, front
room and hall. This may be due to less atmospheric
pressure and less ventilation in the bed room and also
depends on location of the houses for the environment
of Hyderabad.

Figure 13 : Room wise 222Rn concentration

Figure 14 : Room wise 220Rn concentration
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Volume wise variations and dose rates

The volumetric variations of 222Rn and 220Rn are
shown in Figure 17. The higher concentrations of 222Rn
and 220Rn were observed in lower volume room than in
the higher volume room. The 222Rn and 220Rn concen-
trations in a dwelling of volume 30-310 m3 ranged from 4
to 93 and 5 to 69 Bq m-3, respectively. However, their
progeny concentrations ranged from 0.015 to 2.45 and

0.012 to 0.80 mWL, respectively. It is also observed
that the enhancement of volume by almost ten-fold re-
duces the concentration of 222Rn to 23% and that of 220Rn
to 13% provided the rest of condition remains unaltered.
It is interesting to note that the volume of room varies as
geometric progression; there is no dependence on the
concentrations in the same ratio. About 67% of moni-
tored houses had volume 30 - 100 m3, 222Rn concentra-
tions were above 30 with maximum 93 Bq m-3. Whereas
32% of the dwellings had the volume 110 - 310 m3 have
shown the concentrations less than 20 Bq m-3. For thoron
it is 12 to 69 and less than 11.5 Bq m-3 respectively.

The variations of dose rate in different rooms of the
houses are shown in Figure 16. The annual effective
dose rate due to 222Rn, 220Rn and their progenies in
living room, kitchen, bed room and bath room were
found to vary between 0.009 � 0.21, 0.14- 0.32, 0.04

� 0.33 and 0.026 � 0.52 mSvy-1 respectively. The arith-
metic mean dose with standard deviations are 0.11 ±
0.02, 0.206 ± 0.01, 0.201 ± 0.02 and 0.284 ± 0.05

mSvy-1 respectively. The higher dose rates were ob-
served in bed room and bath rooms of all the studies
locations. The observed geometric means of dose rates
were 0.16, 0.22, 0.25 and 0.31 mSvy-1 respectively.

Figure 15 : 222Rn, 220Rn in different rooms

Figure 16 : Effective dose rates in different rooms

Figure 17 : Variation of 222Rn, 220Rn with volume

This clearly indicates that though the observations have
been made almost for similar type of constructions, venti-
lation and lifetime of the houses, but as the volume of the
room increases the concentrations reduces exponentially
and it becomes almost constant above the volume of 150
cubic meters. The variation in the concentration follows
the exponential decay with the regression coefficients for
222Rn and 220Rn are 0.99 and 0.98, respectively. The volu-
metric variations of dose rates are shown in Figure 18.

Figure 18 : Variation of dose rate with volume
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The present work reveals that the dwellers of lower vol-
ume houses will expose themselves to the higher dose
rates and is 4.4 times of the dose received in higher vol-
ume houses. It is recommended that the lower volume
houses should have good ventilation to reduce the effec-
tive dose rate due to 222Rn, 220Rn and their daughters.

CONCLUSION

The higher value of annual effective dose rates in
granite flooring house, bath room, mud wall houses and
in winter season were found as 0.37, 0.31, 0.26 and
0.22 mSvy-1 respectively. Among the higher dose con-
centrations the lower volume and granite flooring house
inhabitants are exposed to higher dose than in winter
season or mud wall houses or bath rooms of the stud-
ied locations. It is suggested to have higher volume rooms
or well ventilated rooms and granite free houses to re-
duce the dose effect.
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