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ABSTRACT

Atest room of volume 31m?® was selected and wallsare classified asW, N, S,
E, C and F for west, north, south, east, ceiling and flooring respectively.
Nine dosimeters consisted of LR 115 type Il plastic track detectors were
installed at a constant distance from the west (74cm), east (533cm), ceiling
(105cm) and floorings (191cm) with al the four windows and one door
closed for 90 daysto observe the explicit variations of 2°Rn and their prog-
eny levels with respect to the distance from the north to south wall, south
to north wall, ceiling to floorings and flooring to ceiling of the room. This
process is repeated for one year to see the seasonal variations also. After
the exposure period of 90 days the films were removed and chemically
etched in 2.5N NaOH solution at 60 °C for one hour and counted for alpha
track densities using spark counter. A specific trend of indoor 2°Rn concen-
trationsfor bare, filter and membrane filmswere observed. Itisviewed that
as the dosimeter is moved away from the north to south wall or south to
north wall the concentrations were found to decrease exponentially and
becomes minimum at the central dosimeter, which gives the structure of
parabola. Higher concentrations were observed at the ceiling and flooring
of the room and it reduces as the detector is moved away from them. 2*°Rn
progeny concentrations did not show any typical variations with the dis-
tance from the wall. The 2°Rn concentration in the studied areaisfound to
vary from 1.37 to 69.44 Bq m 2 where as their progeny concentrationsranges
between 0.012 to 12.93 mWL respectively. The arithmetic mean concentra-
tion of 2°Rn and their progeny with standard error are 23.57 + 0.67 and 0.43
+ 0.07 respectively. About 85 % of the dwellings have shown the concentra-
tions below 30 Bg m® and 15 % of the dwellings show the concentrations
above 50 Bg m3. The geometrical mean concentration of 2°Rn and their
progeny of all the seasonsinall thelocationsare 14.02 Bqm? and 0.12 mWL
respectively. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

pared to radon with ahalf-life of 3.8 days. Thismeans
that the distancethat thethoron gasatoms can migrate

Thoron hasashort half-life, 55.6 seconds, com-  intheground andinsidebuilding materiasand buildings
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beforeit decaysis much shorter than for radon gasand
dsothatitiscomparatively easily stopped by wall paper
and other surface sealants. Thereforetherisk for high
thoron level sindoors can beexpected to below, at least
muchlower thantherisk for high levelsof radon. How-
ever, inbuildingswith anineffectivebarrier between soil
andindoor air theentry of thoron could be significant,
especidly if thegrave or sandfiller or thesoil itself im-
medi ately under the building hasahigh concentration of
22Th. Soil asasignificant source of indoor thoron has
been demonstrated by Li and coworkersY. Therelease
of thoronfrom building materidshasasotobeconsd-
ered, especialy where unseal ed surfaces are present,
suchasbarewalls, floorsor ceilings. Under certaincir-
cumstances outdoor air can probably aso beasource
of highthoron levelsindoors. Theconcentration of thoron
outdoors hasbeen measured ashighas200Bg.m3at 1
m aboveground? and isstrongly dependent on height.
A few cmabove ground thethoron concentration can be
an order of magnitude higher. In Sweden, thethoron gas
concentration outdoors at asite near one of the office
buildings of theinstitute was measured for about two
months beginning September 1991 and thethoron con-
centration was measured at 10 cm above ground and
wasfound to vary between 20 Bg.m? and 330 Bg.m=
with an gpproximate mean of 90 Bg.n. Increased con-
centrations of 2°Rnwererecently measured inresiden-
tid traditiona dwellingsin Chind®4 and India®. Because
of theshort hdf-life (56 s) of theradioactiveraregas, the
main sourceof theindoor concentrationisthe surround-
ing building materid. Inthetraditiond dwellings, thisis
the bare soil floor, either soil in cave dwellingsor un-
burned adobe bricksand un plastered sone, wall inabove
ground dwelings. Themeasurementswereperformedin
order toformabasisfor ngtheriskfor highthoron
levelsindoorsin Bangd orecity. Thethoron concentra:
tioninthecontrolled room of volume31miisstudiedin
dependence of the parameters soil thorium content and
humidity. Theresulting thoronindoor concentrationisnot
only determined by theexhad ation but dso by the detec-
tor distancefromthewall of theroom. Because of the
short haf lifeof thoron, theindoor concentrationisnot
homogeneousbut increasestowardsthewalg3. Inthe
report of UNSCEAR!®, theannual effectivedosefrom
thoron and itsprogeny waseva uated tobe 75 uSv, only
about 6% of that of radon and its progeny.
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STUDY AREA

Bangaloreisoneof the 30 most populouscitiesin
the world, the district extends between 12°15" and
13°13" N latitude and 77°3" and 77°56" E longitude
with an averageelevation of 900 mfromthe sealevel.
Thestudy areahaspopul aion density of 322.86 person’s
knmr? and 2978.59 person’s km respectivelyl”. Geo-
logicdly, theareabe ongsto peninsular gnel sses, younger
and older granites, doleriteand amphibolitesdykes, |at-
erite, charnockite, and amphibolitesand pelitic schist.
Thesoilsof the study areaare highly porousand sandy
innature. Red loams, red gravelly loams, and red sandy
|loams are the predominant types of soils. Therocks
around thestudy areaare called Closepet granites. These
rocksareyounger than the peninsular gneiss. Therocks
aremadeup of severd typesof potassum graniteswith
variablecolour, textureand multipleintrusonrel ation-
ships. Thecommon rocksarepink, grey and porphyrite
gneisseswith largefeldspars, dolerite (black). These
rocksform an N—S band with a width of about 15-25
kmi&9. The correl ation between pegmatite and Closepet
graniteisambiguous. The age of Closepet graniteis
2380 millionyears. Uraniumisconcentratedin certain
sliconand silica-alkaline igneous rocks. Theclimateis
very agreeableand freefrom temperature extremes. It
isclassfied astheseasondly dry savannah dimate. City
hasaretwo rainy seasons, onethe southwest monsoon
(June-September) and the other northwest monsoon
(October—November). The average rainfall is 793.6 mm
per year. The season from December to February isthe
winter season of fine cool weether withlittleor norain-
fall and from March to May isthe summer season with
low humidity.

THORIUM CONTENT IN BANGALORE/IN-
DIA REGION

Thoron adecay product of thorium series, existin
soil and rocks. Differing from radon sourcein dwell-
ings, soil itself isnot the main source of thoroninin-
door, because of the migrating range of thoronisvery
limited duetoits short half life. On the other hand the
studiesof the concentrationsof 2°Ra, Z?Thand “°K in
the soils of Bangaloreregion, INDIARY reveal sthat
the concentration of **Ravariedintherangeof 7.7 —
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111.6 Bqg kg! with amean value of 26.2 Bqkg™. The
22Th concentration varied intherange 16.7-98.7 Bq
kg*withamean valueof 53.1 Bq kg™ and that of K
intherange151.8—1,424.2 Bq kg* withameanvaue
of 635.1 Bqkg™. Itisasoreported that about 67% of
the samplesof theregionthe®2Th concentrationswere
more than the world average of 40 Bg kg*. In five
sampl esthe concentrationswere morethan two-fold
of that of theworld average and the concentration was
around 90 Bq kg*. However, the mean concentration
of 22Th (53.1 Bq kg*) was comparableto that of the
All Indiaandtheworld averagevaues. TABLE 1 give
the estimated natural radioactivity content inthebuild-
ing materidsused for congtructionin India Inthe stud-
ied it isreported that The thoron concentrationin
granite quarries varies from 30 to 160 Bg.m>with a
median of 84.5 Bg.m2 anditsprogeniesvariesfrom
0.1to4.0mWLwithamedian of 1.2mWLrespectively.

TABLE 1: Natural radioactivity content in Indian building
materials'd

BU|Id|ng 40K 226Ra 232T Radium

Material Bq kg™ equivalent
Cement 5-385 16-377 8-78 40-440
Brick 130-1390 21-48 26-126 88-311
Stone 48-1479  6-155 5-412 24-311
Sand 5-1074  1-5047 4-2971 22-7759
Granite 76-1380 4-98  103-240 25-525
Clay 6-477 7-1621  4-311 11-1865
Fly ash 6-522 7-670  30-159 56-773
Lime stone 6-518 1-26 1-33 5-148
Gypsum 70-807 7-807 1-152 50-881

ENVIRONMENTAL THORONLEVELS
ACROSSTHE GLOBE

Dataonindoor thoron arelimited. Surveysfrom
different countries show mean thoron progeny va ues
(Equilibrium Equivaent concentration of Thoron, EET)
from 0.3 Bg.m3t03.5Bg.m3(23nJBg.n*to265nJ
Bqg.m?), .1 mWL to 12.7 mWL, Potential AlphaEn-
ergy concentration, PAEC andWorking Leve for thoron
progeny), with most meansbelow 1.0 Bg.m= (76 nJ
Bg.m3, 3.6mWL)™4, Themost extensvesurveyshave
been performed in the UK, Germany and France. In
the UK, measurements have been madein 390 dwell-
ings. Themean of these measurementswas 0.6 Bq.m3
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(46 nJBg.m3, 2.2 mWL). According to the authors,
results from measurements in 150 dwellings in the
Pennines, with amean of 0.3 Bg.m3(nJBg.m=3, 1.1
mWL ), aremorelikely to betypical of the concentra-
tionsin UK dwellingg*.. Thishasbeen confirmed by
measurementsin 50 dwellingsinfivemgor citiesinthe
UK, In Germany Kéeller and coworkerd™ have pub-
lished resultsfrom measurementsin 148 homeswith a
median of 0.3Bg.m3(23nJBg.n3, 1.1 mWL). From
two departmentsin agranitic areain Brittany in west-
ern Francemediansof 0.7 and 0.8 Bq.m3 (53 and 61
nJ.m?3, 2.5 and 2.9 mWL) have been reportedd.
Schery!¥ has measured 2?Pb at 68 indoor locationsin
18 gtatesinthe United Statesand found amean of 0.28
Bqg.m3 (21 nJ Bg.m3, 1.0 mWL). In Elliot Lake in
Canada 95 dwellings have been investigated with a
mean of 1.5 Bg.m?® (1 14 nJ Bg.m3, 5.5 mWL)2%,
Thoron progeny investigationshavea so been reported
from, for example, Norway and Hong Kong#-22,

In recent years several investigations concerning
thoron have been performed by Japanese research
groups. They havefound rdaivey highlevelsof thoron
progeny and thoron gasintraditional Japanesebuildings
with oneor morewallscovered withawidely used soil-
based plaster. Guo and coworkers? havefound amean
thoron progeny concentrationof 3.5Bq.n13 (265nJBg.NnT
3/12.7mWL) in4 houseswith plaster walsintheNagoya
area. A mean thoron gas concentration of 394 Bg.m
wasfound from measurementsin 9 such houses?.

Doi and coworkers have measured activity con-
centrationsof thoron gasin 21 housesintheHiroshima
prefecturewith amean of 85 Bg.m and amaximum of
550 Bg.nm3. Themeasurementswere made 20 cm from
awall®!, Several investigations show that thethoron
concentration decreasesexponentidly with thedistance
from asoil-plastered wall?624, M easurements of the
concentration of Z22Thinthesoil have shown val ues of
about 90 Bg.kg* inthe Hiroshimaarea® and about
35Bg.kgtinthe Nagoyaared®!.

The Swedish preliminary study included thoron
progeny measurementsin ninedwellings, eight base-
mentsand four workplacesin 12 different buildings. In
thisstudy the mean thoron progeny concentrationinthe
measured dwellingswas 0.3 Bg.m?3(EET) (23nJBg.nt
3, 1.1 mWL) and in the basements 1.5 Bg.m= (114 nJ
Bg.m3, 5.5 mWL) measured with agammameter and
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aportable gammaspectrometer.

TABLE 2: Ratio of exposurefrom thoron and itsprogeny to
that from radon, thor on and their progeny

Area Ratio (%)
Norway!? 12
Czechoslovakiad® 16
USA 17
Hong Kong, China®! 18
Fujian, China*? 20.3
Guangdong, China™ 30.5
Italy®! 32
Japan'* 36

Ningappaet a'?! have shownthat theactivity con-
centrations of 2°Ra, 2?Th and “°K inrocks of granitic
regionsof Bangaorearefoundto bevary from 32.2to
163.6, 128.3 to 548.6 and 757.4 to 1418.4 Bq kg,
respectively, with corresponding arithmetic mean val-
uesof 93.2, 306.2 and 1074.4 Bq kg*. Activity con-
centrations of ?°Ra, Z*Th and “K insoil sampleswere
found to vary from 32.4 to 55.2, 39.9 to 214.3 and
485.4t01150.2 Bg kg?, respectively, with correspond-
ing arithmetic meanvaluesof 40.7,93.1and 750.4 Bq
kg?. Theaverageactivity levelsof all theseradionu-
clidesin Bangaoreregionsare abovetheglobal aver-
age. High contributionsof thoron anditsprogeny tothe
total exposureof radon, thoron and their progeny have
been reported in someareasintheworld areshownin
TABLE2.

Inview of theseit wasfdt thet it isimportant toevau-
atetheannud effectivedoseequivaent dosedueto?Rn
anditsprogeny. The present paper describesthe depen-
dence of theindoor thoron concentration with distance
of wall, cellingand flooringsinacontrolled room.

METHODSAND MEASUREMENTS

The concentrationsof thoron and itsprogeny are
measured inthe controlled room of the Bangal orecity
using Solid State Nuclear Track Detectors (SSNTD),
which arethin sheetsof didlectric materidssuch ascel-
lulosenitrate (CN) and polycarbonates. They are sen-
sitiveto alphabut not to betaand gammaradiations.
They are unaffected by moderate humidity, heat and
light. For indoor measurementsnormally LR-115 type
Il plastictrack detector ispreferred. For the detailed
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description of the methodol ogy and the calibration ex-
periments has been given by Sathish et alt®.
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Figurel: Outlineof thecontrolled room

RESULTSAND DISCUSSION

Theam of the studieshasbeento find an approxi-
mate mean and range of thoron anditsprogeny inbuild-
ingsin order to assessthe possible hed th hazardsfrom
thoroninindoorsin Bangdorecity. Buildingswerecho-
senregardlessthe natural 22Th concentrations. All the
measurements were made on the ground floor. Nine
dosimetersweresuspended at equidistant fromthefloor-
ing and ceiling of theroom and at adistance of 25, 50,
75, 100,125,150, 175,200 and 225cm from north to
south as well as south to north wall of test room of
volume31m?andin alower and upper parabolic fash-
ionshowninFigure 1. Duetotheshort haf-lifeof 2°Rn,
it isassumed that the distribution of 2°Rn may be quite
different to that of ?2Rni*". We haveinvestigated the
dependence of 2°Rn concentration onthedistancefrom
thewall and on theflooringinacontrolled room with
brick wall coated with cement plaster and mud floor-
ing. Keeping thedosemetersfor 90 daysand the pro-
cedureis continued for one year to see the seasonal
variation. Theresult of the measurementsof variations
of 22°Rn concentrationswithwall distancefor the pe-
riod of April 2008 to March 2009 areshown in Figure
2aand 2b. Thesefigureillustratesthat the 2Rn con-
centration decrease exponentially with asafunction of
thedistancefromthewall andit may beduetoitsshort
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half life®3, Thissuggeststhat it isnecessary to keep
the distance from the wall when we measure indoor
220Rn concentration. During the measurement period
with twin cup dosimeters, the distri bution of 2°Rn prog-
eny and 2Rn concentration werea so measured at the
different distancefromwall andfloorings.
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Figure 3and 4 of winter season represent the hori-
zonta and verticd distributionsof 2°Rn concentrations,
asthedigtanceincreasesboth fromthewadl and thefloor-
ings the 2°Rn concentration decrease exponentialy.
Variationsof 2°Rn progeny with the distancefromthe
wall areshownin Figure5. 2°Rn progeny concentration
wasnearly independent of thedistancefrom soil wall.
Theuniformity of 2°Rn progeny concentraionsinadwell-
ingismay bebecauseof their long half life (10.64 h)
and thiswasal so confirmed by amodel calculation by
dsawherd®, Thoron exhdationfromthebuilding mate-
rid provokesacertainindoor thoron activity concentra:
tion. Dueto the short half-life, theconcentrationisnot
homogeneousintheroom but higher towardsthewalls,
floor and celling of theroom built fromtheexhaing ma-
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terid. Thesteepincreaseclosetothewall isshownin
Figure 1. Theturbulent transport from thewall into the
room center decreasestherelative contribution of the
thoron closethewall. However, the portionin theroom
center increases. Thisisimportant for dose assessment
of thedwdlers. Only a ventilationratesabovetheexha
lation saturation thetotd activity dedines™.
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Figure 6 showsthefrequency distribution of indoor
20Rn concentrationin dwellingsof Bangd orecity during
2007-2009. About 85 % of the dwellings have shown
the concentrations below 30 Bq m? and 15 % of the
dwel lings showed the concentrations above 50 Bq 2.
The?Rn concentrationsduring winter seasonis1. 74+
0.16timesthat of summer season, whereasits progeny
duringwinter is2.70+0.70 times that of summer season
and not much variationsare observed betweenrainand
autumn seasons. Thewinter to summer ratio of 2°Rn
and itsprogeny of the studied locations vary between
1.11-2.45Bqm=and 1.18 06.64 mWL respectively.
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A survey carried out by Wu et al®*¥ in Guangdong
provincegivesoneof thelimited dataof thoron andits
progeny in China The concentrationsof thoron and its
progeny weremesasured by grab sampling both indoors
and outdoors, the reported average concentrations of
thoron were 48.1+ 20.0 Bq m2and 22.1+ 10.7 Bq
mfor indoor and outdoor environment respectively.
Theaverage equilibrium-equiva ent concentrations of
thoron were 1.13 + 0.80 Bq m2and 0.50 + 0.29 Bq
m3for indoor and outdoor environment respectively.
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For different building materials of thewalls, the
house with soil/mud walls had the highest thoron con-
centration; thereported average vaue of thiskind of
housewas 104.0 Bq m. Theratio between the expo-
surefrom thoron and its progeny and that from radon
and thoron aswell astheir progeny wasreported to be
30.5% in Guangdong province. Martinez et d“? have
donethevariationinindoor thoronlevelsin Mexico
City dwellingsand showed thegenerd |og—normal dis-
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tribution of integratedindoor thoron concentration with
annual arithmetic and geometricmeansof 82 and 55
Bgm-3, respectively, with rangesfrom8to 234 Bqm-
% higher than world average of 3Bgm-3. The seasona
variation showsthe minimum mean vauesin thesum-
mer season that were 35% lower than in autumn.

Therange of 2°Rn and itsprogeny in different lo-
cationsof Bangalorecity areshowninthe TABLE 3.
220Rn concentrationsin the study areavary between
1.37 — 72.92 Bq m™ where as its progeny ranged
from 0.012—4.83 mW L respectively. The arithmetic
mean concentrations of ?2°Rn and its progeny are
20.53+0.67 Bqm=and0.432+ 0.07. Higher ?°Rn
concentrationsare observed in Sheshadripuram, lower
in Srirampuraarea, where asthe higher progeny are
observed in Malleshwaram, lower in Banashankari
area.

TABLE 3: Rangeof 2°Rn and itsprogeny levelsin different
locationsof Bangalorecity

RANGE AM £SE

Area Rn Conc. ?Rnprogeny  Of Rn

(Bgm? (MWL) (Bqm™)
Rajajinagar 556-3542 0.018-0.502 16.14+1.44
Srinivasanagar  13.74-56.94 0.041-0.711 29.29+4.32
Sheshadripuram  2.78 - 75.92 0.015-0.869 19.88+2.08
Srirampuram 6.18-30.91 0.018-1.860 18.85+1.66
Padhmanabhanagar 3.47-70.14 0.018-3.480 25.95+2.04
Jayanagar 486-63.19 0013-1.761 19.70+1.27
Banashankari 1.37-66.67 0.012-1.293 21.40+2.20
Malleshwaram 2.08-47.92 0.016-4.831 17.88+1.57
Vijayanagar 6.79-37.50 0.024-0.938 8.34+1.27
Gandhinagara 10.99-72.92 0.030-1.025 38.26+5.40

CONCLUSION

Twin cup passive detectorswere used for measur-
ing the°Rn concentrations. The concentrationswere
high near thewall and flooring of the room and the con-
centration decreases exponentially with the distance
fromwall, ceiling and flooring of theroom. Indoor 2°Rn
progeny concentrationsareuniform with thedistance
fromthewal. Detailed studiessuch asthediffusion of
thoron from each wall of the building materials used
and influencefactorsof thoron progeny levelsin dwdll-
Ingsare necessary to assessthe dose dueto thoronand
its progeny. Further work and moredetailed studieson

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 4(6) December 2009

the eva uation of the public exposurefrom natural ra-
diation, epecidly theexposurefromthoronanditsprog-
eny should be planned and performed in the country.
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