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ABSTRACT

Results of the measurement of indoor radon and thoron carried out in and
around Vijayanagar, Bangalore, India using passive detector technique is
presented. Measurements were carried out using twin cup radon-thoron
dosimeter using small strips of 12 micronthick LR-115 typell nuclear track
detectors. Measurements were carried out in 44 dwellings for a period of
oneyear on atimeintegrated quarterly cycleto have the seasonal variation.
After the exposure period, the detectorswere chemically analyzed using 2.5
N NaOH at 60 °C for atime of 90 min and the etched detectorswere scanned
by spark counter techniques. The estimated 2?Rn and ??°Rn levels in the
studied locations showed the higher concentrations during winter season,
in bath rooms, in concrete wallsand in granite flooring houses. In this paper
the authors have also made an attempt for the measurement of concentra-
tions of indoor radon along with its distribution pattern based on construc-
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INTRODUCTION

Radon and itsprogenies areidentified asacause of
lung cancer among the minerd?. It has not been clear
wegther radon posesasimilar risk of causinglung can-
cer inhumansexposed a generally lower levelsfound
in homes, but anumber of indoor radon survey have
been carried out in recent yearsaround theworld. The
assessment of radiological risk related toinhal ation of
radon and its progeny is based mainly on integrated
measurementsof radon'. Additiona information about
the degree of equilibrium between thedifferent radio
nuclides is necessary to access the true exposures.

Generdly, thethoron concentrationin dwellingsiscon-
sidered negligible because of the short lifetime of the
thoron (55.6 sec). Theworldwide average estimated
by UNSCEARis3Bqm34, Whilecaculatingtherisk,
the contribution of thoron and its progeny cannot be
ignored. Assuch the radon measurements should be
accompani ed by the thoron measurement for assess-
ment of the correct level of dosedueto radio nuclides
present intheenvironment. During last severd years, a
number of studiesdealing with radon and thoron mea-
surementswere carried out al over theworld®4. Ra-
don exposureislargely determined by the geol ogy un-
derlying the buildings, its construction and ventilation
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conditiong®. Theconcentrationsof radon anditsprog-
eny show largetemporal and local fluctuationsinthe
indoor and outdoor atmospheredueto variation of tem-
perature, pressure, building materids, ventilation con-
dition, wind speed, etc.[®. Thetrack-etch techniqueis
recognized asthemost reliabletechniquefor integrated
and long term measurement of indoor radon/thoron
concentrationg”. In present investigation, the measure-
mentsof radon, thoron and their daughter productsare
carried out by using LR-115 type Il plastic track de-
tector. In recent years, it isobserved that theexposure
toradonisthe most significant dement of humanirra-
diation by natural sources¥.

Itisthereforeimportant to know the annual aver-
ageindoor radon concentration in human environment.
Keepinginview thisfact, the survey was designed tek-
inginto account that itsmain goa isto obtaintheannua
averageindoor radon concentration in different parts
of Bangalore city and to find out the average radon
value. In spring 2007, the UGC sponsored research
project was started. A twin cup dosimeter was used for
simultaneous measurements of 22Rn and 2°Rn levels
insidethehouses. Thework presentedinthispaperisa
part of theinvestigationsof theresearch project. About
44 houseswere surveyed in Vijayanagar areaof Ban-
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gdore city and the results of integrated measurements
of two year are presented.

METHODSAND MEASUREMENTS

The concentrations of 22?Rn and ?°Rn levelsare
measured indwellingsof Vijayanagar areaby usng Solid
State Nuclear Track Detectors, which arethin sheets
of didectricmaterid ssuch ascdllulosenitrateand poly-
carbonates. They are sensitiveto a phabut not to beta
and gammaradiations. They are unaffected by moder-
ate humidity, heat and light. For indoor measurements
normally LR-115typell plastic track detector ispre-
ferred. The detailed description of methodol ogy and
the calibration experiments hasbeen given by Sathish
et all,

RESULTSAND DISCUSSION

Ventilation wisevariations

Housesweresd ected onthebas sof ventilation con-
ditions depending on the number windows available
ranged from 0-5. Ventil ation wise seasond variations of
22Rn and ?®*Rn levels in different dwellings of
Vijayanagar areaof BangdorecityisshowninFgure 1.
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Figurel: Variation of 22Rn and 2°Rn with respect to ventilation
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Themaximum concentration was observed during
thewinter periodsas observed elsewhere. It may be
essentialy influenced by thetemperatureinversonand
also becausemogt of al thewindowsare closed during
winter season. But in summer low concentrations of
22Rn and %2°Rn were observed because of thevertica
mixing and dispersion. Further during summer fansare
used and all windows are kept open. During therainy
season and autumn the 222Rn and 2°Rn concentrations
do not show muchvariation. Theaveragevaueof 22Rn
and?Rn of dl the studied dwellingsduring winter, sum-
mer, rainy and autumn seasonswere found to be 36.8,
13.8, 23.2 Bqm3 and 24.5 and 20.0, 8.1, 13.2 and
14.4 Bgm respectively. It isknown that the??Rn and
220Rn gasesare continuoudly diffused into theindoor
environment dueto theradioactive decay of naturally
occurring radionuclide present in the soil beneath the
dwellings and the construction materia sused for the
dwdlings Sincethesoil beneaththedwd lingsinagiven
location is expected to be of sametype?. Theaver-
agevauesof 22Rnand #?°Rnlevelsof dl the studied
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dwellingsreveal maximum inwinter and minimumin
summer season. Thegradual decreaseof radonin sum-
mer isdueto high temperatureand low pressurein sum-
mer. Still decreasein monsoon may be dueto saturated
water in the soil. Winter to rainy season ratio of mea-
sured radon concentrationisdightly morethanthewin-
ter tosummer ratio seasonratio. Thehighvauesinwinter
aremainly because of ventilation factor(*y,

Flooringwisevariations

Dwellingswere chosen on the basis of different
floorings. The variations of 22Rn and 2°Rn concentra:
tionsindwellings of different flooringswith respect to
the number windows availablein themonitored houses
areshownin Figure 2. Themeasurementswere made
covering all thefour seasonsin acaendar year. The
wallsand flooring of thehousesareof different materi-
ds. Themateria sused for congtruction of buildingsare
sufficiently porousand alow ?2?Rn to enter into thein-
door atmosphere*?. The integrated data revea the
higher concentrationin graniteflooringsand lower in
mosaicflooring.
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Figure?2: Variation ??Rn and 2°Rn with respect to floorings

Thedatashowsthat in the houseswith brick and

containshigh concentrationsof 2°Ra. Sannappaet d .

cement flooring, concentrationislessbutinthehouse  haveshownthat thereisapositive correlation between
withgraniteflooringitisdightly higher becausegranite  the exhdation rate and concentrationin building mate-
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rids. Granite samplesshow higher 2?Rnexhdationrate
than marble, and the correl ation of the?**Racontent of
granitewith 2?Rn exhal ation and 2?Rn concentrationis
observed by several researcherd?9, Mosaic flooring
houses show dightly less??Rn exhal ation ratethan ce-
ment flooring houses. The huts have mud walls, bare
flooring and poor ventilation. The??Rn concentration
in hutsislower than in concrete and mosaic flooring
houses even though 22?Rn exhd ation from bareflooring
ishigher than other types of flooring. Thismay be at-
tributed to the possibility of out flow of air from huts
through the coconut dry leavesthat form theroof. Fur-
ther thefume emitting from cooking stovewouldin-
creasetheair pressureinsidedwellingsand forcing it
outside. Z?Rn exhdationinmud wallsisless compared
to thecemented walls. High 2?Rn exhdation from con-
cretewallsmay beresponsiblefor increasing the con-
centration in cement and mosai ¢ flooring houses. This
may be dueto the high?22Rn concentration in the con-
crete floorings and al so because of the porous floor
concrete s ab through which 222Rn could easily enter
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the houses. In addition to thisthe high Indoor ?2Rn
concentration could be attributed to cracksin thefloor
asaconseguenceof poor quaity of materialsused for
construction*®, The average concentrations of 22Rn
and ?°RninVijayanagar areaof Bangal ore city were
foundtobe12.2, 19.3, 24.5 and 36.8 Bqm3and 8.3,
15.9, 15.2 and 35.4 Bq m3 for mosaic, red oxide, con-
creteand granitesflooringsrespectively.

Wall wisevariations

The concentrationsof 22Rnand 2°Rnin houses of
different wallsare shown in Figure 3. The concentra
tionlevdsarefoundtovary fromwal towal. Thevaria-
tionismay be dueto random ditribution of radioactive
rock speciesused ignorantly in the construction of the
houses'”. Further thehigh radon level in mud houses
suggeststhat the building material s and mode of the
construction of housesinfluencetheindoor radonlev-
els. Inview of thequality and number of mud housesin
thearea, alarge population inthat areaisexpected to
exposeto ahigh value of 2?2Rn and 2°Rn with apoten-
tia risk of lung cancer™.
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Figure3: Variation of 22Rn and 2°Rn with respect towalls

Theaverage vaues of ?Rnand 2?°Rnin different
walls of the dwellings were found to be 11.1, 14.4,

22.8and 36.8Bgm2and 8.3, 7.5, 12.5and 19.4 Bq
3 respectively. Guo et a*® have reported that the
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220Rn concentration seemed more sensitiveto ventila-
tion conditions than that of ??Rn. Indoor radon and
thoron also showed agood correlativity with field ¢
dose rate. The ranges of 2?Rn and ?2°Rn exhalation
ratefrom the surface of adobewall were22.5-42.9
and 21.11—-40.12 mBgms, respectively. For the sur-
faceof brick wall, the ranges of 22Rn and 2?°Rn exha-
lation ratewere 11.1-26.4 and 317-1022 mBgm2s,
respectively. Both 22Rn/?°Rn concentrations were
measured with 1-h cydeinfiveadobeand brick houses,
therange of the average concentrations of each mea-
sured room was 152-412 Bg m™ for 22Rn and 82—
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403 Bg m3for 2°Rn (5 cm from the ground and far
from thewall). Authors have also reportsthat rather
highlevelsof radon and thoron withawideand varied
range were found in both adobe and brick houses as
well. High 22°Rn exhal ation rates from the surface of
adobe walls suggested that the adobe wallswerethe
sourcesof thehigh thoron concentrationsindoors. Our
observationsaresimilar to the observationsmade el se-
wherel8l,

Room wisevariations

The concentrations of 2°Rn and ?2°Rnin different
roomsof different dwellingsare showninFigure4.
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Figure4: Variation of ??2Rn and ??°Rn with respect torooms

One can clearly seethat thereishigh concentra-
tion in bathroom compared to the other roomsin the
houses. The differenceswere clearly present, bath-
room wasfound to have higher 2Rn concentration,
kitchen ranked second, next bed rooms and living
room theleast. Bed rooms might be expected to be
least ventilated, on the average based upon limited
use patterns and bath rooms may receive some addi-
tional 222Rn dueto ??Rn dissolved in water™, 22Rn
isshown to berel eased in spray fromfaucets or shower
fixture?®, NCRP®2Y reports that 40% of houses use

water from privatewellsor similar sourceshaving high
radon content. Although domestic water usevaries
widely in the amount of radon released, some uses
such as showers and dish washing release up to 98%
of theradon in the water to indoor air. Of the 50 to
100 gallons of water used per day per person ap-
proximately 70% of theradon isreleased to thein-
door environment. On this basis some 0.5 to 3% of
the approximately 40 Bg m mean radon concentra-
tion of radon in homes originatesfrom the domestic
water supply?Y. Itisalso estimated that 370 Bq L of
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22Rninwater contributesabout 37 Bq L™ of 2?2Rnto  may be mainly dueto the differencesin location and
theindoor air of ahouses depending uponthewater meteorological conditions. Generaly, siteswith such
temperature and to the extent that the water isaer-  radonand itsprogeny concentrations, such asthat stud-
ated**?2, Thisaso supportsour resultsof higher con-  ied here, could possibly be found in many countries
centrationsin bath rooms. Air inlivingroomsonthe and may becomeimportant sources of information re-
other hand ismost readily diluted dueto outdoor air  garding theeffect on hedth of |low dosesdueto natura

blow. Theaveragevaues of 2?Rnand?’Rnlevelsin  radiation exposure outdoors. On the other hand, theo-
bath room, bed room, kitchen and livingroomsof dif-  retical modelingisnecessary to helpinterpret thedata
ferent dwdlingsof themonitored dwe lingswerefound  and to make predictionsbeyond the observations (for
to be 32.9, 24.5, 17.5 and 13.4 Bg m? and 28.8, example, regiond depositioninthehumanlung). Inad-
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15.2,13.1 and 6.9 Bq m™ respectively.
Figure5reved sthat thereisapositive correlation

between 22Rn, 2°Rn and their progenies. Theresults

differ somewhat from dwellingsto dwellings, but this

dition thedwellingsof high indoor radon and thoron
concentration arein accordancewith thedistribution
maps of 2°Raand %**Th concentrationsin surface sail,
respectively, and granite®.
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Figure5: Variation of 22Rn and 2?°Rn

CONCLUSIONS

Thedoseratesrecorded during thisstudy aredue
to the contribution of the natura background radiation
and did not show any abnormal raiseintheradiation
level at any place, which can beattributed to any radio-
nuclidesother than dueto natural background. Radon/
thoron and their progeny concentrationsintheindoor
atmosphere vary with ventilation conditions, types of

theflooring, and types of the materialsused for con-
struction of houses. The average concentrationsof ra-
don and thoronare 23.78 Bq.m=and 14.69 Bg.m3for
their progeniesthey are 0.082mWL and 0.044mWL
respectively, theradon concentrationislessthan the
global average (40 Bqg.kg™) but thoron concentrationis
higher than the global average (10Bq.kg?). Total an-
nual inhal ation dose dueto radon/thoron and their prog-
eny and ambient gammaradiationin Banga oreisdightly
lower than theglobal averageva ue. Radon/thoron and
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their progeny concentrationsin Bangaorecity vary with
ventilation conditions, types of theflooring, and types
of thematerialsused for construction of houses. High
concentrationisobservedin very poorly ventilated and
loose-cemented flooring houses. The average annual
doseto the population of Bangal ore city dueto radon
and thoron daughter activity worksout to be 1.68 mSv
yL. All Indiameen effectivedoseequivaentis2.49 mSv
ylandtheglobd effectivedoseequivaentis2.4 mSv
y! Seasonal variationsin the concentration of indoor
radon/thoron and their progeny concentrationsare ob-
served. Higher valueswerefound in winter and lower
in summer. Also maximum concentrations have been
observed in rainy and autumn seasonsin some dwell-
ings. Indoor radon/thoron concentrations at Bangalore
arecomparablewith theglobd averagevaue; theglo-
bal average valuesof indoor radon/thoron concentra-
tionsbeing 40 Bg.m= and 10 Bq.m=, respectively.
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