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ABSTRACT

Radio nuclides 22Rn and 2°Rn, from the uranium and thorium decay chains
are noble gases produced by the decay of their immediate respective
nuclides ?2Ra and 2*Ra 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. 22Rn and ?*Rn decay products are the
radioactiveisotopes of polonium, bismuth, lead and thallium. These daugh-
ter products, being the isotopes of heavy metals, get attached to the exist-
ing aerosol particlesin 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, 2°Rn and their decay products. Thiswork is
intended to obtain the 2?Rn, 2°Rn 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.
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INTRODUCTION

22Rn and ?°Rn inindoor environment originate
from emanation of the gases by thewalls, floor and
ceilingwhichareconstructed of building materia, rock,
soil by release from material s brought into the room,
such asradon-richwater or gasand by radon or thoron
intheinlet air, whichmayinturn haveanorma concen-
tration of the gases or anincreased concentrations de-
rived from sourcesouts de theroom. Primary sources
areinall cases**Raor #?*Ra. Thegreat differencesin
their half-life are important for the release from the
ground and thedistributionintheir atmosphere above
theground andintheroom air of building.

Elimination of theseradio nuclidesfrom theatmo-
sphere occurseither by itsradioactive decay or by the
removal processessuch as plate out or surface deposi-
tion and washout by rain. Vast differencein the half-
livesof 22Rn (3.8d) and 2°Rn (55s) isacrucia param-
eter, governing their release from the ground and sub-
sequent distribution inthefree atmosphere®.

22Rn and 2°Rn daughter aerosol intheatmaosphere
isgenerated intwo steps. After theformation fromthe
isotopes by decay, thefreshly generated radio nuclides
react very fast with trace gasesand air vapor, and be-
comesmall particles, called clusters or unattached ra-
dio nuclideswith diametersvarying from 0.5to 5mm.
In addition, theseradio nuclides attach to the existing
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aeros0l particlesintheatmospherewithin 1-100sform-
ing theradioactive aerosols. Mogt of the newly formed
decay product clustersare positively charged and have
ahighmohility?. Mohility ischaracterized by thediffu-
son coefficient that mainly controlstheformation of the
radioactive aerosol by attachment and the deposition
on surfacesand inthehuman lung.

Inview of thisit wasfelt that, to estimatethe effec-
tive doseratesto the population of Bangaorecity, In-
diaduetotheexposure of indoor 2Rn, 2°Rn and their
progeny levelsin different seasons, different walls of
the houses, different floorings of the houses, different
roomsof thehousesandindifferent volumeof thehouses
and thistype of study strengthenstheresultsfor spe-
cificareaand adds up as adatabank for radon mea-
surements.

STUDY AREA

Theareaof the present study isBangalore City in
Karnataka, India. Bangalore is the capital city of
Karnataka It liesin the south— east quadrant at 12° 8'
at latitudeand 77° 37' in longitude. The geology of this
part of southern India® forms predominantly agranitic
terrain with numerousvarietiesof graniteand granitic
gneiss, charnockites, dkainerocksetc. Withinthisvast
granitic complex, depositsof quartzite, sandstone, and
marblearefoundin significant quantities. Therocksare
of peninsular gneissand arewidely distributed through-
out thisarea. The emplacement of akaline dykeshas
domed upthearea. Therocksaround Bangalorerural
Digtrict arecalled closepet granites. Theserocksare
younger than peninsular granites. Theserocksare con-
centration of pegmatite. Thesoil inthisareaisred sandy
loam with traces of yellow and black. The soil being
porous permitsfreeinternal and downward movement
of water. Mixed red and black colored soil isformed
theunderlying parent rock, whichismostly granite. The
houses are constructed with different types of materi-
as, mogt of them are cement housesand aminor com-
ponent comprising of hutswith mudwalls. The materi-
alsused for building the cement houses consist of ce-
ment, reinforced concrete, burnt clay bricks, hollow
blocks, Terracottabricksand tiles. Thefloor finishes
aremade up of stones, concretetiles mosaictiles, granite
and marbledlabs. Thematerialsused for constructing
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huts are sand lime bricks, mortar, clay and asbestos
sheets¥. April isusudly thehottest monthwith themean
daily maximumtemperatureof 30-35°C and mean daily
minimum at 20-24 °C. Relative humidity is high during
the Rainy season for the South-West Monsoon months
and decreasesthereafter. During themonthsfrom May
to September, the winds are west to South-West to
Wegt, whileduring the period from November to March,
they are east to North-East and East to South-East.
Theyearisdividedintofour season’s viz.: Summer sea-
son [March to May], rainy season [Juneto August],
autumn season [ September to November] and winter
season [ December to February]. An attempt has been
madeto seethevariation of doseratesin seasonwise,
wall wise, floor wise, room wise and volume wise of
thehousesin about 10 different locationsof Bangaore
city, Indiaby deploying morethan 150 dosimetersand
morethan 1400 measurements have been made during
2007-2009.

METHODSAND MEASUREMENTS

Solid statenuclear track detectors

The concentrations of 22Rn, 2°Rn and their prog-
eny aremeasured in dwellings of Bangalorecity using
Solid State Nuclear Track Detectors (SSNTD), which
arethin sheetsof dielectric materialssuch ascellulose
nitrate (CN) and polycarbonates. They aresensitiveto
alphabut not to betaand gammaradiations. They are
unaffected by moderate humidity, heat and light. For
indoor measurementsnormally LR-115typell plastic
track detector ispreferred. The detailed description of
the methodol ogy and the calibration experiments has
been given by Sathish et al®.

RESULTSAND DISCUSSION

About 150 dwellingsinten different | ocations of
Bangd orecity, Indiawere sel ected on the basisof con-
struction, ageof thebuilding, natureof walls, different
roomsand flooringsto seetheeffective doseratesdue
toindoor 22Rn, 2°Rn and their progeny levelsin dwell-
ingsindifferent seasonsof theyear, different wall houses,
different flooring houses, different roomsof the houses
and different volumeof thehouses. Theresultsof 2007
tomid of 2009 are discussed.
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Areawiseseasonal variationsand doser ates

Areawiseseasond varidionsof 22Rnand 2°Rncon-
centrationsindifferent locationsof Bangd orecity isshown
in Fgure1-2. The??Rn concentration during winter sea-
son of the studied | ocationsranged between12.28— 100
Bgm?, thehigher vaue of arithmetic mean concentra:
tionswith ssandard error during winter was61.95+9.2
Bgm=and thewinter minimum valuewas24.95+2.7
Bgm3, whereas during summer season the concentra:
tion ranged between 4.05 — 50.29 Bq m3, the higher
valueof arithmetic mean concentrationswith standard
error during summer was 26.26 + 3.8 Bq m=and the
summer minimum concentrationwas10.91+ 1.0 Bqm-
3, The?°Rn concentration during winter season of the
studied locationsranged between 6.18—72.92 Bqm3,
themaximumva ueof arithmeticmean concentrationswith
standard error observed during winter was 35.24+ 4.2
Bgm andthewinter minimumwas15.39+ 1.7 Bqm®®,
whereasduring summer season the concentrationranges
between 2.78 - 40.97 Bg m3, the maximum value of
arithmetic mean concentrations of 2° Rnwith standard
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error during summer was 18.67 + 3.6 Bq m2and the
summer minimumwas 12.27+2.0 Bqm=.

Thewinter maximum concentration of 2?2Rnwas
observed in Vijayanagar areaand thewinter minimum
was observed in Rajginagar. The summer maximum
concentrations of 2?RnisobservedinVijayanagar and
thesummer minimum concentrationsof 2?Rnisseenin
Raginagar anditistruefor rainy and autumn seasons
for the samelocations. The higher value of 2°Rn con-
centrations during winter was seen in
Padhmanabhanagar areaand the winter minimumwas
observed in Rg ginagar. The higher valueduring sum-
mer was seen in Rajginagar and the lower was ob-
served in Srirampuram. Thearithmetic mean val ue of
the?Rn concentrationsof dl thestudied|ocationsdur-
ingwinter, summer, rainy and autumn seasonsare42.66,
16.18, 23.41 and 24.95 Bg m respectively, where as
for 2°Rn they are 24.35, 15.01, 18.80 and 19.24 Bq
n3 respectively and areshownin Figure 3.
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Figure3: Seasonal variationsof 22Rn, 2°Rn

Especidly inthewinters, most of thedwe lingsshow
222Rn concentrations on an average 43 Bq m other-
wisethehighest concentration during winter seesonwas
observed as 100 Bg m=. Whereas the average >°Rn
concentration during winter seasonwas 24 Bqm2and
thehighest was34 Bqm3. Theselargevariation of the
indoor #Rn and °Rn concentration between differ-
ent dwellingsof the studied | ocationscan beexplained
dueto different ventilation rate, nature of the soil un-
derneath and particularly dueto thegeol ogical consid-
erations. Evenit has been established that the radon
activity in soil—gas is highly variable and it differ dra-
maticaly from placeto place, takesvaueof 30 KBgnr
3inoneplaceto 900 KBgm3, 10 m away'®. Theaver-

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 4(6) December 2009

ageindoor 22Rn concentration published for dwellings
of different citiesaround theworld vary between 8, 7
Bgm? (Australia) and 190 Bqm (German states of
Saxony and Turingia), with aweighed arithmetic mean,
for al thecitiesconsidered, of 40 Bqm#,

Annud effectivedoseratesdueto 22Rn, 2°Rn and
their progeniesduring different seasonsof theyear are
showninFigure4.
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Figure4: Effectivedoseratein differ ent seasons

During winter season it wasfound to vary between
0.171-0.322 mSv y'!, whereas during summer sea-
sonitwas0.108—0.171 mSv y*. Thearithmetic mean
dose with standard error during winter and summer
seasonswere0.267+0.01 and 0.126 £0.007 mSv y
! respectively. Thegeometric mean concentration of dose
during thewinter and summer seasonsare 0.262 and
0.125mSv y* respectively. Thehigher doserateswere
observed during winter seasonsof dl thelocations. The
higher concentration of doseduring thewinter and sum-
mer ssasonswereobserved in Vijayanagar and thelower
concentrationswere seen in Ragjgjinagar. Thismay be
duetothefact that during winter season theradioactive
gases are trapped near the surface because of tem-
peratureinversions. In summer, thehigher rate of verti-
cal mixing and dispersionsliftsthe aerosolsto higher
dtitudesresultingin adecreaseinthe concentration near
thegroundlevd ar®. Wilkening® reported smilar trend
of variationsfor the environment of USA. Magalhaes
et a*¥ have observed atwo order of magnitudeof vari-
ability, with amaximum of 50 Bgm=inwinter and a
minimum of 0.5 Bqm=inthesummer months. Inaddi-
tion ?22Rn exhal ation rate al so decreases during mon-
soon assoil poresget filled by water and hence, result-
inginlower concentration of 22Rnand 2°Rn{*Y,
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Wall wisevariationsand doser ates

The concentrations of 2?2Rn and 2°Rnin different
typesof wallsof thehousesin al the studied locations
and are shown in Figure 5 - 6. The arithmetic mean
concentrationsof Z?Rnand 2Rnleve indifferent wals
of the study areaareshownin Figure7. The??Rn con-
centrationsin concrete, cement, brick and mud wall
housesin the studied locationswerefound to vary be-
tween 9.24 — 17.88, 13.74 - 27.13, 19.57 — 40.46
and 27.1-83.75 Bq m* respectively. Thearithmetic
mean concentrationswere 12.55+ 1.0, 13.74 + 1.5,
19.57 + 2.6 and 42.66 + 6.8 Bq m™ respectively
whereas their geometric mean concentrations were
12.25, 18.41, 25.85 and 39.52 Bq m respectively.
The ?°Rn concentrationswerefound to vary between
5.56 -33.33,2.08 —35.42, 1.37 - 56.25 and 6.18 —
61.11 respectively. Thearithmetic 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 concentrationswere 15.85, 12.06,
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19.37 and 20.51 respectively. The higher concentra-
tions of 222Rn and ?2°Rn were observed in mud wall
houses and lower concentrations were observed in
houseswith concretewalsof dl thelocations.

Theconcentrationsarefound to vary fromwall to
wall. Thevariation may bedueto random distribution of
radioactiverock speciesused ignorantly inthe construc-
tion of houses*?. Most of thewallsof thehousesinthe
city and surrounding areaare constructed with cement
and brick, and some of the houses had mud walls. In
genera the 22Rn and #2°Rn concentration was found
higher inmud wall housesthan that in cemented wall
houses. Theground floor dlowsmoreradon to diffuse
insidethe house because of higher porosity of materia
used. Theemanation of radonisaso higher fromrocks
andlocd stones. Inaddition, themud wall houseshave
smdl doorsand asmdl window, whichremainsclosed
for most of thetime. Dueto poor ventilation condition,
theradonisaccumulated insidethe houseand thusre-
aultsin higher 22Rnand 2°Rn concentrationinmud wall
housesthanin concretewall houses*®. Thehigher con-
centrationsof dosewereseeninthehousesof mudwalls
of all thelocationsand thelower concentrationswere
observed inhouseswith concretewdlsof dl thestudied
locationsand areshownin Fgure8. Theannud effective
doserate dueto ?2Rn, 2°Rn and their progeniesin dif-
ferent dwellingsof concrete, cement, brickand mudwals
werefoundto vary between0.03—-0.146,0.112-0.187,
0.133-0.264 and 0.185 —0.419 mSvy™* respectively.
Thearithmeticmean dosewith sandard error were0.098
+0.01, 0.146 £ 0.01, 0.189 + 0.01 and 0.266 + 0.02
respectively. Thegeometric mean doserateswere 0.090,
0.143,0.184 and 0.258 respectively.
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Floor wisevariationsand doserates
The concentrations of 22Rn and 2°Rnin different

typeof flooringsof the housesof different locationsand
areshowninFigure9-10.
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Thehigher concentrations??Rn and 2°Rnwere ob-
servedingraniteflooring housesand lower concentra-
tionswereobsarved in houseswith mosaicflooring of dl
thelocationsand areshowninFigure11. The??Rncon-
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centrationsin granite, concrete, red oxide, stone and
masa ¢ flooring houseswerefound tovary between 36.84
—100.00,22.81-82.71, 13.88-57.89, 14.32 -46.78
and 4.05 - 37.84 Bq m™ respectively. The arithmetic
mean concentrations of 22Rnwith standard error were
65.77+8.4,44.68 £5.6,30.15+3.9,23.25+2.9and
15.32+2.73 Bq m respectively whereastheir geomet-
ric mean concentrationswere 60.38, 42.58, 28.58, 22.25
and 14.14 Bq m® respectively. The 2°Rn concentra-
tionswerefoundto vary between 6.18—72.92, 12.50 —
69.44, 1.37 — 61.11, 4.17 — 40.97 and 2.08 — 37.50
Bqg n3 respectively. Thearithmetic mean concentrations
withstandard error were30.28+4.5,25.86+3.5,21.64
+1.4,16.05+ 1 and 14.46 = 1.6 Bq m™ respectively,
whereasthair geometric mean concentrationswere27.51,
24.37,21.17,15.77 and 13.84 Bq 3 respectively.
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Graniteisrich of radium and it may bethereason
for higher concentration of radon in graniteflooring
houses. The material sused for construction of build-
ingsare sufficiently porousand allow radon to enter
into theindoor atmosphere?4. Theearlier studieshave
shown that thereisapositive correl ation between the
exhd ation rateand concentrationin building materia §.

Granitesamplesshow higher radon exhaation rate
than marbles. Thereisapostivecorrelation betweenra-
dium content of granitewith radon exha ation anditscon-
centration. Thistrend isobserved by severd research-
erg1%18, Someof the hutshad mud walls, bareflooring
and the roof covered by the dry coconut leaves with
poor ventilation. Theexhdationfrombrick wall with ce-
ment plasteringishigh. It isobserved that theMosaic
flooring houses show dightly lessradon exhad aionrate
than cement flooring houses. Radon concentrationin huts
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islower thanin concreteand mosai cflooring houseseven

though radon exhdation from bareflooringishigher than

other typesof floorings. Thismay beattributed to the
possbility of out flow of ar from hutsthrough the coco-

nut dry leaves. Further, thefumesemitted during cooking
processether fromthekerosenestoveor firewood will

increasethealr pressureingdedwellings. Radonexhda

tioninmudwadlsislesscomparedtothecemented walls.

High exhalation of radon from concretewallsmay be
respons blefor enhancement of concentrationin cement
and mosai ¢ flooring houses, dueto largeextent of usage
of thesematerid sin congtruction. Thismay beduetothe
high radon concentration in the concreteflooringsand
a so because of theexigtence of porousbetweenthedaos
that were sandwiched by cement for thefloorings. Due
to thisradon could easily enter into the houses*. The
cracksinthefloor asaconsegquence of poor quality of
materiasused for congtruction favorstheenhancement
of radon concentration?”. Sreenath Reddy et al.?Y and
VinayaKumar et d .2 haveobserved that thedwellings
withmudfloorshaverdatively higher doseand reports
that the sub surface soil may be predominating source of
indoor 222Rn, 2°Rn for the environment of Hyderabad,
India. Thismay beattributed to therich content of 2°Ra
and?2Thintheloca soil used for construction of mud
walls. Theradonlevelsinmud housesmay behigh due
to emanation from ground surfacesand poor ventilation
of thedwellingg®. Radon concentrationsin dwellings
changesfrom placeto placeduetodifferencein geology
and climate, in construction materia stechniquesand
domestic customs. Although exposurefor radonintropi-
cd climatesisunlikely to beof seriousconcern, keeping
inview theradiologica sgnificanceof radon, mapping of
radon leve indifferent partsof thecountry ishelpful in
definingtheradon pronearess, if any, and evauating the

natura radiation exposures®,
Thevariations of doserate dueto ??Rn and 2°Rn

indifferent flooringsare shownin Figure 12. Thean-
nual effective dosedueto??Rn, 2°Rn and their prog-
eniesinmosai ¢, stone, red oxide, concrete and granite
floorsof thehousesof different | ocationswerefoundto
vary from0.09-0.24,0.11-0.25,0.13-0.31,0.17
—0.41 and 0.19 — 0.48 mSvy*respectively. Thearith-
metic mean concentration of dose with the standard
error were0.127+0.01,0.170+0.01,0.211 £ 0.02,
0.278 £ 0.04 and 0.373 + 0.35 mSvy*respectively.

ey Snoivonmental Science

Hn Tndéan g%wumé



490

Current Researech Paper =

Thehigher doserateswereobservedinthegranitefloor-
ingshousesin all the studied locationsand thelower
concentrationswere observedinmosaicfloorings. The
geometric mean concentrationswerefoundtobe0.121,
0.165, 0.203, 0.269 and 0.355 mSvy respectively.
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Figure12: Effectivedoseratesin different floorings
Room wisevariationsand doser ates
Theconcentrations of %2°Rn and 2°Rnin different

roomsof thehousesof different |ocationsand areshown
inFigure13-14.
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Variationsof indoor 22Rn and 2°Rn concentrations
in different rooms of housesare shownin Figure 15.
The ?22Rn concentrations in bath room, bed room,
kitchen andliving room of themonitored houseswere
found to vary between 29.24 —81.29, 24.98 — 58.48,
18.13-43.27,and 5.85 —27.46 Bq m3respectively.
Thearithmetic mean concentrationswith standard er-
ror were 52.16 + 4.2, 38.59 + 3.3, 28.90 &+ 1.7 and
17.12+ 1.4 Bq m™ respectively whereastheir geomet-
ric mean concentrationswere 50.90, 37.64, 28.43 and
16.54 Bqg m™ respectively. The 2°Rn 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™ respec-
tively. The arithmetic mean concentrationswith stan-
dard error were 31.52 + 3.5, 21.03 + 1.7, 18.77 +
1.7 and 14.855+2.1Bq m™ respectively whereastheir
geometric mean concentrations were 30.02, 20.39,
18.22 and 13.76 Bgm® respectively. The higher con-
centrations 22Rn and #°Rn were observed in bath
room, bed room and lower concentrations were ob-
servedinlivingroomsof the housesof al thelocations.
Onecan clearly seeintheFigure 15, that thereishigh
concentrationin bathroom compared to the other rooms
in the houses. The differences were clearly present,
bathroom was found to have higher 22Rn concentra-
tion, kitchen ranked second, next bed roomsand 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
22Rn dueto ?Rn dissolved inwater®, 22Rnisshown
to be released in spray from faucets or shower fix-
ture?:21_ Air inliving rooms on the other hand ismost
readily diluted due to outdoor air blow. This can be
correlated with concentrations of 2?Rninwater? and
theactivity of ?°Ra. However, Yadagiri Reddy et al .[#!
have reported that theradon concentration varied from
17 to 311 Bg m™ and progeny concentration varied
between 0.1 to 20mWLwith an average of 62+ 45 Bq
m2and 4.7+ 4.1 mWL, respectively. They have also
reported the activity of 2°Rafrom different zonesand
showed the bed rooms haverel atively higher concen-
trations of 22Rn and ?*Rn followed by kitchen, front
room and hall. Thismay be dueto less atmospheric
pressureand lessventilation inthe bed room and dso
dependsonlocation of the housesfor the environment
of Hyderabad.
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Thevariationsof doseratein different roomsof the
housesare shownin Figure 16. The annual effective
dose rate due to ?2Rn, ?°Rn and their progeniesin
living room, kitchen, bed room and bath room were
found to vary between 0.009-0.21, 0.14-0.32, 0.04
—0.33and 0.026 —0.52 mSvy* respectively. Thearith-
metic mean dose with standard deviationsare 0.11 +
0.02, 0.206 + 0.01, 0.201 £+ 0.02 and 0.284 + 0.05
mSvy respectively. The higher dose rates were ob-
served in bed room and bath rooms of all the studies
| ocations. The observed geometric means of doserates
were0.16, 0.22, 0.25 and 0.31 mSvy* respectively.
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Figure16: Effectivedoseratesin different rooms
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Volumewisevariationsand doser ates

The volumetric variations of 2?Rn and %2°Rn are
showninFigure 17. Thehigher concentrationsof 22Rn
and 2Rnwereobservedinlower volumeroomthanin
the higher volume room. The?2Rn and 2°Rn concen-
trationsinadwelingof volume30-310 mPrangedfrom4
to 93 and 5to 69 Bqm3, respectively. However, their
progeny concentrationsranged from 0.015to0 2.45and
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0.012 to 0.80 MWL, respectively. It is aso observed
that theenhancement of volume by dmost ten-fold re-
ducesthe concentration of 2?Rnto 23% and that of 2°Rn
to 13% provided therest of condition remainsunaltered.
Itisinteresting to notethat thevolumeof roomvariesas
geometric progress on; thereisno dependence onthe
concentrationsin the sameratio. About 67% of moni-
tored houses had volume 30 - 100 m?, 22Rn concentra:
tionswereabove 30 with maximum 93 Bqm3. Whereas
32% of thedwelingshad thevolume 110 - 310 m# have
shown the concentrationslessthan 20 Bg 3. For thoron
itis12to 69 and lessthan 11.5 Bg m respectively.
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Figurel7: Variation of 22Rn, 2°Rn with volume

Thisdearlyindicatesthat thoughtheobsarvaionshave
been madea most for smilar typeof congructions, venti-
lation and lifetimeof thehouses, but asthevolumeof the
roomincreasestheconcentrationsreducesexponentialy
and it becomesamost congtant abovethevolumeof 150
cubicmeters. Thevariationintheconcentrationfollows
theexponentid decay with theregression coefficientsfor
ZZRnand?Rn are0.99and 0.98, respectively. Thevolu-
metric variations of doseratesareshowninFigure 18.
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The present work reved sthat thedwelersof lower vol-
ume houseswill exposethemsealvesto the higher dose
ratesandis4.4timesof thedosereceived inhigher vol-
ume houses. Itisrecommended that thelower volume
housesshould have good ventilation to reduce the effec-
tive doseratedueto ??Rn, 2’Rn and their daughters.

CONCLUSION

Thehigher value of annual effectivedoseratesin
graniteflooring house, bath room, mudwall housesand
in winter season werefound as0.37, 0.31, 0.26 and
0.22 mSvy* respectively. Among the higher dose con-
centrationsthelower volumeand graniteflooring house
inhabitants are exposed to higher dosethan in winter
season or mud wall houses or bath rooms of the stud-
iedlocations Itissuggested to have higher volumerooms
or well ventilated roomsand granitefreehousestore-
ducethedose effect.
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