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ABSTRACT

Radon concentrations were measured using LR-115 plastic track detectors
in someof the dwellings of Bangalore, India. Thelevelsof radon concentra-
tions are relatively high in poor ventilated houses than in well ventilated
housesin all the selected areas. The arithmetic mean with standard devia-
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tion of the ?2Rn concentrations in Malleshwarum, Sheshadripurum,
Jayanagar and Srirampurum are 58.46 + 2.92, 53.57+ 2.67, 39.43+ 1.97 and
48.59 + 2.42 Bq m® respectively. The higher concentration of 22Rn is ob-
served in Sheshadripurum and lower concentration of 39.43Bq m was ob-
served for Jayanagar. This paper presents the preliminary results of the

work. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Overdl asaglobal average not lessthan 80% of
theradon emitted into the atmosphere comesfromthe
top layersof ground. The radon emanation isassoci-
ated with the presence of radium anditsultimate pre-
cursor uraniumin theground. Although thesed ements
occur virtudly inal typesof rock and soil, their amounts
vary with the specific Steand geological material. Ura-
niumisone of themost widely spread of al of theele-
ments. It occurs, with considerable variation. It is
presentinall rocksand soil and thereforein most of the
raw material sfrom which we processfinished prod-
ucts. Asaresult, itsdaughter, radium, isalso widely
spread, particularly in those productswhich are made
fromminerd products. Radium, with ahaf-lifeof 1600
years, continuoudy generatesitsimmediate daughter,

radon. Radon, being anoblegaswith ahaf-lifeof 3.82
days, can diffuse for some distance through porous
materiasbeforedecayingtoitsshort lived daughters.
Whenitisgeneratedin or near to buildings, it can dif-
fuseintoliving spaces. The concentration of radon and
itsdaughtersin living spaces depends on the balance
between therate at which they areremoved from the
ar andtherate at which they areintroduced. Exposure
toradon gas, whichispresent naturaly intheenviron-
ment, constitutesover haf theradiation dosereceived
by the publicannualy. Inhd ation of radon and itsdaugh-
ter productscan causeas gnificant health hazard when
they are present in enhanced level sin enclosed indoor
environment likehuman dwellings, if itispoorly venti-
lated and if the radon input from the soil and building
meateridsishigh. Plastictrack detectorshave been used
to measure indoor radon levels. The average radon
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concentrationin most of thedwellingsfdlsintherange
of theaction level recommended by the Internationa
Commission on Radiologica Protection.

Sudy area

Location selected for thestudy isBangal ore Urban
district that is situated in the south-eastern part of
Karnataka State. It hasan aeria extent of about 2200
squarekilometersand popul ation of around six millions.
Thedistrict liesbetween thelatitudes 12°39' to 13°3' N
andlongitudes 77°22'to77°52' E. Theclimateishaving
four distinct seasons. April isusually the hottest month
with themean daily maximum temperature of 30-35°C
and meandaily minimum at 20-24°C. Relativehumidity
is high during the Rainy season for the South-West
M onsoon months and decreasesthereafter. During the
monthsfrom May to September, thewindsarewest to
South-West to West, while during the period from
November to March, they are east to North-East and
Eadt to South-East. Theyear isdividedintofour season’s
Viz:

1. Summer season from March to theend of May
2. Rainy seasonfrom Juneto September

3. Autumn season from October to November and
4. Cold season from December to January

M ethodology

The concentrationsof radon, thoron andtheir prog-
eny indwellingsaremeasured using Solid State Nucl ear
Track Detectors (SSNTD), which are thin sheets of
dielectric materialssuch ascellulosenitrate and poly-
carbonate. SSNTDsare sensitiveto alphabut not to
betaand gammaradiation. An alphaparticle passing
through such aninsulating mediawill leavenarrow trall
of damage and the damage produces broken molecu-
lar chains, freeradical etc. Thesedamaged regionscan
dissolveat amuch higher ratethan the undamaged ma-
terial in certain chemical agentscalled enchants. The
dissolved portion appearsas atrack inthefilm. The
number of such tracks givesthe number of aphapar-
ticles. Thedosimetersare constructed using SSNTDs.
Thedosmeter usedisacylindrica plastic cup divided
into two componentshaving aprovisonfor holdingthe
SSNTD filmsin specific concentration. TheSSNTD is
acup with asuitable membranelikethin latex rubber
sheet that determinesthe®?Rn concentration alonesince
20Rn gasistrapped to lessthan 1% and SSNTD in-
sdethecupwith afilter paper determinestheboth 22Rn
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Figure1: Entrenched outlook of Twin cup dosimeter

and #°Rn concentrationsin air. The system used for
these measurementsiscalled double chamber dosim-
eter. The baremode exposurefilm can befixed conve-
niently on the surface of the chamber. For indoor mea-
surementsnormally LR-115 plastic track detectorsare
preferred4,

The schemati c representation of the double cham-
ber dosmeter cup used inthestudy isshowninfigure
1. The chamber has cylindrical in shape and hasthe
dimensgonwith 45 mmand 62 mm of lengthand diam-
eter, repectively. Thefilmsusedin thedos meter are of
approximately 12 um thickness. The SSNTD-1 placed
incompartment-A measuresonly radon, which diffuses
into it from theambient air through asemi-permeable
membrane such aslatex, cellulose, nitrateetc. These
membranes have good permeability of the order of
10— 10** m? s* and alow more than 95% of radon
gasto diffuse, and reducethoron concentrationto the
extent of 1% or evenless®. Onthe oppositeside, the
olassfiber filter paper inthecompartment-B alowsboth
radon and thoron gasto diffusein and hencethetracks
on SSNTD-2 aremeasure of concentration of both the
gases. The SSNTD-3 exposed inthebaremodethat is
placed on the outer surface of the dosimeter registers
aphatracksattributableto theai rborne concentrations
of both the gases and their progeny!®. These dosim-
etersare suspended from the midpoint of thehouseat a
height of approximately 2 mfrom thefloor of thedwell-
ing. At the end of the stipul ated period of exposure,
usualy 90 days, thedos metersareretrieved and dl the
three SSNTD’s are etched with 10% NaOH solution
for one hour wherethetemperature of thebathismain-
tained at 60°C"). Thetrack density of dphasinthefilm
isdetermined using aspark counter. Thisexposurecyce
has been extended in atimeintegrated four quarterly
cyclesto cover al thefour seasons of aca endar year
to eva uatethe annual radon/thoron and their progeny
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TABLE 1: 22Rn concentrationsfrom different walls(Bg m?) in thedwellingsof M alleshwarum

Radon measurements using Ir-115 plastic track detectors ESAIJ, 4(5) June 2009

Number of  Typeof Position of the dosimeter in theroom from the entry Arithmetic mean
windows  ventilation Wall L Wall R Wall F Wall B Center C

0 Poor 93.18+4.65 92.98+4.64 72.81+364 91.87+449 67.37+3.36 83.64t4.18

1 Partial 66.21+3.31 79.47+3.97 65.85+t329 75.38+3.76 55.38+2.76 68.45+3.42

2 Moderate  53.39+2.66 59.47+2.97 52.69+2.63 49.67+2.48 42.93+2.14 51.63+2.58

3 Well 27.54+1.37 32.98+1.64 30.88+1.54 33.83+1.69 26.84+1.34 30.14+1.50

Average indoor 222Rn concentration in Malleshwarum is 58.46 + 2.92Bq m
TABLE 2: 22Rn concentrationsfrom different walls(Bgm3) in dwellings of Sheshadripurum

Number of Type of Position of the Dosimeter in the room Arithmetic
windows  ventilation Wall L Wall R Wall F Wall B Center C mean

0 Poor 90.23+4.51  72.92+364  98.76+4.93 67.84+3.39 45.03+2.25  76.91+3.84

1 Partial 52.63+2.63  48.89+2.44  85.81+4.29 57.25+286 35.67+1.78  56.05+2.80

2 Moderate 39.18+1.95 36.56+1.82  67.84+3.39 51.99+259  33.33+1.66  45.78+2.28

3 Well 28.65+1.43 28.33+1.41  47.25+2.36 42.63+2.13 21.05+1.05 35.57+1.77

Average indoor ??Rn concentration in Sheshadripurum is 53.57+ 2.67Bq m?
TABLE 3: 22Rn concentrationsfrom different walls(Bq m=) in thedwellingsof Jayanagar

Number of oo o type “”Rn concentrations from different walls ( Bq m™) Arithmetic

windows Wall L Wall R Wall F Wall B Center C  mean value

0 Poor ventilation 37.33+1.86 24.56+1.22 49.16+2.45 67.84+3.39 43.93+2.19 44.56+2.22

1 Partial ventilation 34.97+1.74 23.71+1.18 45.19+2.25 61.25+3.06 41.99+2.09 41.22+2.06

2 Moderate ventilation  32.17+1.60 22.81+1.14 44.44+2.22 55.93+2.79 38.29+1.91 38.72+1.93

3 Well ventilation 30.99+1.54 22.56+1.12 40.94+2.04 38.48+1.92 33.27£1.66 33.24+1.66

Aver age indoor ???Rn concentration in Jayanagar is 39.43+ 1.97Bq m
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Figure2: Outlineof theinhabited room

levels

Theradon/thoronlevelsand their progeny working
level concentrationsare estimated by thefollowingre-
lationg®.
C.(Bqm?®)=T_/(dS)
C,(Bgm?®=(T,-dC.S,))/(dS)
whereT isthetrack density of thefilminmembrane compart-
ment, d is the period of exposure in days, S, refers to the
sengitivity factor of membrane compartment, T, is the track

density of thefilmin filter compartment, S isthe Sensitivity of
#2Rninfilter compartment, and, C_ and C_ isthe concentration

of 22Rn and ?2°Rn, respectively.

R, (MWL)=(C_F.)/3.7

R, (mWL)=(C F,)/0.275

WhereR and R, refersto the progeny concentrations of *?Rn

and °Rn, respectively.
F.=0.104f_, +0.518f  +0.37f__
F,=0.91f  +0.09f _

wheref_,, f.,and f__are the activity fractions with respect to
parent gas. But, F,, and F, represents the equilibrium factors
for 22Rn and #2°Rn progeny corresponding to the extracted
ventilation rate®. Equilibrium factor is determined using the
working level concentrations, and the inhal ation doserates(m

Svy!)isestimated by using UNSCEARE,
D =7x[(0.17+9F_) C_ +(0.11 + 32F ) C.] x10°

RESULTSAND DISCUSSIONS

22Rn concentration in different walls

An attempt has been madeto study the radon con-
centrationsin different dwellingsof different locations
of Bangalorecity, India. The detail sof resultsobtained
aretabulated in TABLES 1-4. Thedifferent walls of
theroominvariouslocationsarespecifiedasL, R, F
and B for l€ft, right, front, back wallsrespectively and
the center of theroom asC and thisisclearly shownin
figure2. The concentration showswiderangeof varia-
tion between x and y for the studied area. The arith-
metic mean of 222Rn concentrationin Ma leshwarum,
Sheshadri purum, Jayanagar and Srirampurum are58.46
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TABLE 4: 22Rn concentrationsfrom different walls (Bq m?) in thedwellingsof srirampurum

Number of Ventilation Type Position of the dosimeter in the room Arithmetic
windows Wall L Wall R Wall F Wall B Center C mean value
0 Poor ventilation 69.93+3.49 65.19+3.25 58.25+2.91 63.71+3.18 63.72+3.18 64.16+3.20
1 Partial ventilation 58.48+2.92 59.16+2.95 46.97+2.34 50.37+2.51 53.00+2.65 53.51+2.67
2 Moderate ventilation 47.25+2.36 45.93+2.29 35.37+1.76 32.16+1.60 39.64+1.98  40.07+2.00
3 Well ventilation 37.84+1.89 52.05+t2.60 30.94+1.54 2593+1.29 36.34+1.81  36.62+1.83

Average indoor 222Rn concentration in Srirampurum is 48.59+2.42 Bq m-3
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Figure4: Monthly variation of indoor 22Rn concentr a-
tions

+2.92,53.57+2.67,39.43+ 1.97 and 48.59 + 2.42
Bgn?, respectively. The higher concentration of 22Rn
isobserved in Sheshadripurum and may be dueto the
presence of uranium prospects beneath the soil™®. The
lower concentration of 39.43+ 1.97 Bqm™ was ob-
served for Jayanagar and thismay beattributed to the
fact that the mgjority of the houseshad good ventila-
tion9, 22Rn concentrationisfound to vary fromwall
to wall and the variation may be due to the random

distribution of radioactiverock speciesusedignorantly
in the construction of the houses**2. The concentra-
tion at the center of theroom wasfound to bequitelow
compared to that on thewalls. From the data obtai ned,
itisevident that the radon concentrationislow com-
pared to the concentrations in the poor ventilated
houses. Thereasonbeingisthat inwel| ventilated houses
windowswill be operated frequently asand whenre-
quired. The??Rn concentration recorded inthe dwell-
ingsof Bangalorecity arewe | withinthelimit recom-
mended by Internationa Commissionfor Radiation Pro-
tection.

Monthly/Seasonal variations

22Rn, 2°Rn and their progeny levelsin different
locationsof Banga ore city are measured during 2007-
2008. All thehouses chosenwerebuilt with local bricks
andthe cement ontheground floor. Theaveragemonthly
variation of indoor radonisshown below inthefigure
3. It showsthe general trend of variationinthe??Rn
and itsdaughter concentrationsin the houses. The set
of behavior of 22Rn and its daughter concentrationsin
indoor air of someof the dwellingsof Banga orecity,
with apeak during winter period of December to Janu-
ary anditiswell documented by severd other research-
erd®®18 andisessentialy influenced by theintensive
temperatureinversonwhich occursinwinter, theverti-
ca mixing and dispersion which occur in summer and
therainwash out during monsoon. Themonthly varia-
tions of 222Rn progeny concentrations are shown in
figure4. December showsmaxi mum concentration and
minimumisobservedinthemonth of June. Thefigure5
showsthe annual average concentrations of 2?Rn dur-
Ing winter, summer, rainy and autumn seasonsand the
valuesare 57.13, 25.17, 41.49 and 42.57 Bqm®3, re-
spectively. Annual average??Rn progeny concentra-
tionsfor winter, summer, rainy and autumn seasonsare
found to be 1.15, 0.153, 0.438 and 0.506 mWL re-
spectively. Theventilationrateis presumably reduced
during winter, particularly night, wherethereisacon-
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Figure5: Monthly variation of indoor 22Rn progeny
concentrations

Sderably fall inambient temperatureand thedoorsand
windows are closed morefrequently and for more du-
rationtoavoidentry of cold airintothedwd lings. Where
asinsummer in addition to thewindowshbeing open, air
circulating fansarea so used, resulting in better air ex-
change. This fact is particularly highlighted by!*
Heischer (1989) asbeing responsiblefor indoor venti-
lation changes™®. Ningappaet a.(2008) havedonethe
studiesonindoor radon and its progeny levelsaround
Bangdorerurd district and Baglaorecity, and reported
that thegeometrical mean value of radon concentration
level inindoor atmosphere of granitequarriesvaries
from 55 Bg.n3to 300 Bq.m= with amedian of 152.5
Bg.nmr®and itsprogeny variesfrom 0.24t0 19.6 mWL
with amedian of 8 MWL respectively. In Bangalore
city the concentration leve of radon variesfrom 18.4
Bg.m3to 104 Bg.m3with amedian of 45 Bg.m=and
its progeny varies from 1.62 to 11.24 mWL with a
median of 4.78 mWL respectively. Higher concentra-
tion of radon and its progeny wereobservedin granite
quarriescompared to Banga ore city dueto themining
activity and typesof thebedrock ingranitequarries.
Summary

Radon measurementsin severa dwellingsarecar-
ried out and the annual mean indoor radon concentra-
tionswereobtained at 120 housesusng SSNTD’s. The
indoor concentrationliesintherangeof theactionlevd.
Thevariationintheindoor radon concentration may be
duethedifferencesin theactivity of uranium and tho-
riuminthesoil and thebuilding materia
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