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ABSTRACT

Indoor radon and its progeny levels were measured during 2005-2006
around Bangalore rural district and in Bangalore city using Solid State
Nuclear Track Detector based dosimeters. More than 50 dwellings of dif-
ferent construction and types were chosen for the study in and around the
city. The geometrical mean value of radon concentration level in indoor
atmosphere of granite quarriesvariesfrom 55 Bg.m®to 300 Bg.m2 with a
median of 152.5 Bg.m® and its progeny variesfrom 0.24 to 19.6 mWL with
amedian of 8 MWL respectively. In Bangalore city the concentration level
of radon variesfrom 18.4 Bg.m*to 104 Bg.m with amedian of 45 Bg.m®
and itsprogeny variesfrom 1.62 to 11.24mWL with amedian of 4.78 mWL
respectively. Higher concentration of radon and its progeny were observed
in granite quarries compared to Bangal ore city due to the mining activity
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and types of the bedrock in granite quarries.
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INTRODUCTION

All organismsincluding human beingsaredways
continuously exposed to radiation by natural sources.
Amongdl thenatura sourcesof radiation doseto man,
inhal ation of radon, thoron and their progenies contrib-
ute 50% of global effective dose¥. Theexposureto
o - radiation emitted from radon and itsdaughter prod-
ucts gave health hazard not only to peopleworkingin
uraniummines, but asoto peoplelivingin norma houses,
working placeslikethermal power plant, coal fields,
graniteareasand other rel ated industries®. Exposure

of personsto high concentrationsof radon and itsshort
lived progeniesfor along period leadsto pathol ogical
effectsliketherespiratory functiona changesand oc-
currenceof lung cancer®”, Many authorshaveinvesti-
gated radon and itsprogeny owingto theeffect of naturd
radiation exposureon hedth, particularly inrdationship
with varioustype of cancer®1”, In 1988, the Interna-
tional Agency for Research on Cancer (IARC) identi-
fied radonisalung concerning gas*®. Nature has gifted
severd geologica materia sto mankind for building
construction purposes. Graniteisthe one of themost
important rock isusedin buildingmaterids. Thegranite
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rocksredatively higher contentsof radionuclides®. The
low-level concentration of radiation emitted fromthese
materia s contributes heavily to the exposure doseto
thepublicliving around thequarriesand workers.

Many surveyshave been performed to estimatethe
indoor radon concentrations. In view of thefact that
thestudy on environmentd radiationlevelsaround gran-
ite quarriesisimportant. Theresultswould serve as
base linedatafor the popul ated areanear the granite
quarriesaiming at assessing therisk caused to the pub-
lic by both indoor and outdoor exposure of theterres-
tria radiation. Therefore dataobtain from such study
may be used locally to establish if and where controls
areneeded. Theaim of the present study isto measure
of concentrationsof radon and their progeniesandin-
halation dosedueto radon andits progenies.

Sudy area

The area of the present study is granite quarries
around Bangdorerural district and BangaloreCity in
Karnataka, India. Bangalore is the capital city of
Karnataka. It liesin the south-east quadrant at 12° 8!
at latitudeand 77° 37t inlongitude. Thegeology of this
part of southern Indid®! formspredominantly agranitic
terrain with numerousvarietiesof graniteand granitic
gneiss, charnockite, dkainerocksetc. Withinthisvast
granitic complex, depositsof quartzite, sandstone, and
marblearefoundinsignificant quantities. Therocksare
of peninsular gneissand arewidely distributed through-
out thisarea. The emplacement of akaline dykeshas
domed upthearea. Therocksaround Bangalorerural
District arecalled closepet granites. Theserocksare
younger than peninsular granites. Theserocksare con-
centration of pegmatite. Themining activity inthisarea
covering astrange of morethan 80 hillocks spread be-
tween Kanakapura, Ramanagaraand Bidadi over 500
square kilometer. About 40 granite quarries are seen
around thisareaout of which 28 quarriesare selected.
Nearly 4000 |aborers areinvolved in stone crushing
andloading activities. Thesoil inthisareaisred sandy
loam with tracesof yellow and black soil. The soil be-
ing porous, permitsfreeinterna and downward move-
ment of water. Mixed red and black colored soil is
formed theunderlying parent rock, whichismostly gran-
ite. Thehouses are constructed with different types of
materials, most of them are cement housesand aminor
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component comprising of huts. The material sused for
building thecement housescons st of cement, reinforced
concrete, burnt clay bricks, hollow blocks, Terracotta
bricksandtiles. Thefloor finishesaremadeup of stones,
concretetiles, mosaictiles, graniteand marble s abs.
Thematerialsused for constructing hutsaresand lime
bricks, mortar, clay and asbestos sheets.

M ethodol ogy

Radon anditsprogeny levelsin some dwellings of
the study areawere measured using Solid State Nucl ear
Track Detectors(SSNTDs). Thedouble chamber do-
simeter cup used for monitoring radon and itsprogeny.
These dosimetersare suspended from the mid-point of
thehouseat aheight of 2 metersfromground level. At
the end of the stipulated period of exposure, usualy
about 100 days, the dosimeters are retrieved and all
thethree SSNTDsare etched with 10% of NaOH so-
lutionsfor 1hr at a bath temperature of about 60°C.
Thetrack dengity of aphasinthefilmwasdetermined
using aspark counter. Finally inhal ation dose dueto
radon and itsprogeny in mSv.y ! can be calculated us-
ing theformula?2-22,

D(mSvy™) = (0.17+9F ) C_x7000x10° )

RESULTSAND DISCUSSIONS

Concentrationsof radon and itsdaughter products
were measured in different types of dwellings in
Ramanagara, Bidadi and Kanakapurataucksof Ban-
gdorerura digtrict and Bangdore City. Theresultsare
summarizedinTABLE 1. Fromthe TABLE, it may be
observed that, the concentration of 2?Rninindoor at-
mosphere rangesfrom 18.4 to 300 Bg.m=, withame-
dian of 120 Bg.nm3. The concentration 2?Rn daughter
productsrangefrom 0.24to 19.6 mWL, withamedian
of 6.8mWL. Theinhdation effective doseduetoradon
and itsprogeny variesfrom 0.49mSvy*to 7.92mSvy*
withamedia3.17mSvy™. Theimportant sourceof in-
door radon is?*Ra, present in soil beneath theground
and buildingmaterids. Thebuildingmaterialsused are
mostly bricks, cement, granite, tiles etc. the concentra-
tion of ?’Raisrédatively morein granites?.

Themaximum concentration of radon anditsprog-
eny wereobserved inAlanahally and Maral ebekuppe
villages. Pink granitesattribute thesevillagesand the
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TABLE 1: Averageindoor radon and itsprogeny concentration levelsand equivalent effectivedosear ound granitequarries

and in Bangalorecity

Type of house

“2Rnconc. “?Rnprogeny  Effective

Sl.no  Location (Roof and Floor) (Bg.m® Conc.(mWL) dose(mSv.y™)
A. Kanakapura Taluck
1 Maraebekuppe Small tiled, F- Cement 205 13.50 5.41
Mud house, F- Bare 300 10.73 7.92
Mangaloretiled, F-Cement 180 15.60 4.75
Hut, F- Bare 155 11.12 4.09
2 Alanahally Small tiled, F- Bare 240 19.60 6.33
Mud house, F- Bare 260 16.70 6.86
Hut, F- Bare 170 9.77 4.49
Concrete, F- Cement 190 6.80 5.01
3 Hosahally Mangaoretiled, F- Cement 150 17.00 3.96
4 Terinadoddi Mangaoretiled, F- Cement 113 3.89 2.98
5 Kodihaly Small tiled, F- Bare 180 8.60 4.75
6 Nayakaradoddi Mangaoretiled, F- Cement 149 6.80 3.93
Mangaoretiled, F- Cement 160 12.50 4.22
7 Ramanahaly Small tiled, F- Bare 175 8.20 4.62
8 Mahargjakatte Mangaoretiled, F- Cement 96 7.8 2.53
9 Puttadasanadoddi Hut, F- Bare 70 0.3 1.85
10 Moolegondi Hut, F- Bare 65 0.25 1.72
11 Kabbali Hut, F- Bare 55 0.24 1.45
B.Ramanagara Taluk
12 L B Palya, Concrete, F- Cement 110 0.86 2.90
13 K G Hosahally Concrete, F- Cement 85 0.4 2.24
Small tiled, F- Cement 125 3.34 3.30
C. Bidadi Hobli
14 Kallugopahally Concrete, F- Cement 115 0.40 3.03
D.Bangalore city
15 Victoria Hospital Concrete, F-Tile 63 6.75 1.66
Concrete, F- Poly Vinyl (Air conditioned room) 40 4.15 1.06
16 HSR Layout Concrete, F-Granite 104 11.24 2.74
17 Koramangala Concrete, F- Mosaic 50 5.40 1.32
18 Vijayanagara Concrete, F-Mosaic 184 1.62 0.49
19 Rajgjinagara Concrete, F- Red oxide (I1) 28.6 2.74 0.75
Median 120 6.8 3.17
Average 132 7.37 3.44

rocks are exposed to surface compared to the other
regions. High concentration of radon and its progeny
levelswere observed wherethe graniterocksarevery
well exposureto surface. It may bedueto higher diffu-
sionfromthesoil into the dwellings. Thisisbecauseto
the bedrock or soil beneath adwelling have high con-
tent of radium, then these gases can diffuse into the
dwellingsthrough the structure of bedrock along the
different |layersand the cracksresulting high concentra-
tion of radon and its progeny!324,

Lower concentration of radon and itsprogeny were
observed in Kabballi, Moolegondi and Puttadasana
doddi of Kanakapurataluck. Themain reason for the
lower concentration of radon and itsprogeny inthese
villagesisthedwellingsare huts of thatched roofsand

wallshaving good ventilation. Thesehutsareaway from
thequarriesand mining activity was stopped at thetime
of measurement. Thisareasurrounded by altered gran-
ites. Theserocks containing low activity of >*Ra. In-
door concentrationismainly depends on ventilation,
rocks, typesof buildingand materia parameters
Slightly lower concentrationsof radon anditsprog-
eny wereobservedinHosahd ly, Terinadoddi, Kodihdly,
Nayakaradoddi, Ramanahally and M aharajakatte of
Kanakapura taluck, L B Palya, K G Hosahally of
Ramanagarata uck and Kalugopahdly of Bidadi Hobli.
Thisareasurrounded by gray granites. Theserockshave
lower concentration of *Ra. The concrete houses hav-
ing good ventilation and are away from the quarries.
May bedueto thisthey havedightly |low concentration
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Figurel: Indoor radon concentr ation in differ ent typesof
dwdlingsof M ar alebekuppe
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compared tosmall tiled houses.

The variation of radon in different dwellings of
Mard ebekuppeisasshowninfigure 1. It showsmud
houses have higher concentrations of radon compare
to concrete housesand huts. Itisknownthat themajor
contribution toindoor radon and its progeny concen-
trationsisduetolocd soil wherethedwellingsexist®!.
Thehigher concentration of radon progeny levelsin
dwellings of mud and mud planting walls can be ex-
pected asthemudisgenerdly takenfromthelocd soil.
Thehutsarethatched roofsinvolvesgood ventilation
and these shows| ess concentration of radon progenies.

In Bangal ore City higher concentration of indoor
22Rn and its progeni es have been observed in HSR
Layout, dueto the reason that thefloorings are made
up of granitesand thedwellingsispoorly ventilated. In
VictoriaHospita, thewallsare a so made up of gran-
ites. Theflooring of theground floor roomismade up
of tileswhilethat of thefirst floor roomismade up of
poly-vinyl materias. Thefirst floor roomisair-condi-
tioned. InVictoriaHospital, higher concentration of in-
door 2?Rn andits progeny is observed in ground floor
room. Thismay bedueto higher concentration of 2°Ra
present in granitesand tileg?. TheA.C. room shows
relatively lower concentration of radon and its prog-
enies. Thismay beattributed toA.C., which enhances
air exchangerate. Thehousein Vijayanagar showslow
concentration of radon and itsdaughter products. This
isbecausethehouseisnewly constructed and hasgood
ventilation. Theconcentration of radon anditsdaughter
productsin Koramangdaisdightly high. Thismay be
duetothereason that thehouseisquiet old and poorly
ventilated, asthewindowsareadwayskept closed. The
housein Rgginagar hasrelatively lower concentration
of radon and its daughter products, which may be be-
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causeitisonthe second floor and hasred oxidefloor-
INgs.

To estimatethe popul ation dose, conversion factor
of 9mSy, equilibrium factor of 0.4 and occupation fac-
tor of 7000 hoursisused®?. Theinhalation dose dueto
radon and itsdaughter productsvary from 1.06to 7.92
mSvy! with an average of 3.66mSvy . The houses
havinggranite, tileflooringsandwallshaving higher value
of inhalation dose. However, new housesand dwell-
ingswith good ventilation show |ower inhal ation dose.
Estimated averageinhaation doseduetoradonandits
progeny varied from 1.06mSvy*to 7.92mSvy ! me-
dian of 3.66mSvy. Inhalation doserate dueto radon
and its progenies gives geometrical mean value of
3.61mSvy™.

CONCLUSION

Themaximum progeny concentrationsof radonhave
been observed in the houses Situated near the quarries
wherethemining activity wastakesplace. The concen-
trationismainly dependsontheactivity of radionuclides
present in soil and rocks. Theresult showsthat theim-
pactsof radiation hazard dueto mining activity (crush-
ing and loading) on the laborers and public near the
guarriesare cons derable. The concentrations of radon
and itsprogeny levelsare higher than globa average.
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