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ABSTRACT KEYWORDS
Different dwellings each of volume ranged from 30 to 310 cubic meterswere Volumetric variation;
selected in different locations on the basis of quality of construction, age, Indoor;
similar nature of wallsand floorings. Twin cup dosimeters consisting of LR- Radon;
115 plastic track detectorswereinstalled in 42 housesto study the variation Thoron;
in indoor radon and thoron concentrations to record the significance of Plastic track detectors;
volume of theroomthat are similar type of constructions. After an exposure Dose rate.

period of 90 days the films were removed and etched chemically in 10%
NaOH solution at 60 °C for an hour with mild agitation throughout, the
etched films were alpha counted using spark counter. The measurement is
continued for one complete calendar year to observe the seasonal varia-
tions. The large variations in the concentrations were observed during
winter and summer seasons than in rainy and autumn seasons of the calen-
dar year. The higher concentrations of radon, thoron and their progeny, and
doserates were observed in aroom of lower volumethanin higher volume.
The 222Rn and 2°Rn concentrations in dwellings of volume 30 to 310 cubic
meters ranged between 4-93 Bq m~ whereas their progeny concentrations
ranged between 0.012-2.45 mWL, respectively. It is observed that the
enhancement of volume by almost ten-fold reduces the concentration of
22Rn to 23% and that of 22°Rn to 13% of the studied locations provided all
conditions remain unaltered. Further it is observed, if the volume of room
varies as geometric progression, there is no dependence on the concentra-
tionsin the same ratio. The annual effective dose due to radon, thoron and
their progeniesranged between 0.105 and 0.457 mSvy ! for the volume speci-
fied above. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION morethan 50% of thetota dosefrom natura sources.

The primordia radon isotopes such asradon - ??Rn,

Measurement of radoninindoor isof greatimpor-  thoron - 2°Rn and actinon — 2°Rn are gaseousin na
tance sincetheradiation doseto human populationdue  ture and may be released from the earth, rocks and
toinhaation of radon and itsprogeny a onecontributes  also from building materials. The gasesformed accu-
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mulatewith their short-lived progeny in closed spaces,
particularly in dwellings. 2°Rn and ?°®Rnarenot asim-
portant as?2Rn because of their short half-life, which
may reach levelsof concentrationintheair which are
ggnificant intermsof radiologicd protection. Thedose
deriving fromthe presenceof 2?Rnintheairislinked
totheinhaation of itsshort-lived daughters, which are
deposited intherespiratory organs, if deeply inhaed;
emit dpha-particlesthat arein contact with bronchia
and pulmonary epithelium. For thesereasons, thedose
deriving from the exposure to 22Rn in closed spaces
has been placed in direct relation to therisk of lung
cancer!?. Themain sources of indoor radon levelsare
the soil-gas, building materials, tap water and natural
gas used for cooking. Thetopography, typesof house
congtruction, soil characterigtics, ventilaionrate, wind
direction, aimospheric pressureand eventhelifestyle
of thepeople, dsoinfluencesignificantly®%. Thesefea
tures demand theimportance of continuouslong-term
integrated datathrough experimenta studiesto make
ideal models. Dataon thevolumetric variations of ra-
donandthoroninthedwelling arelimited and thiswork
seemsto befirst of itskindin India

Thepresent study aimsat the measurement of volu-
metric variations of indoor concentrations of radon,
thoron, their progeny levelsand doseratesusing Solid
State Nuclear Track Detectors (SSNTD) inthe dwell-
ingsof Bangdorecity.

STUDY AREA

Thelocation selected for the present study isBan-
gaore city, situated in the south-eastern part of
Karnataka State. It hasan aeria extent of about 2200
sguarekilometersand popul ation of around six millions.
Thedidtrict liesbetween thelatitudes 12°39'to 13'13
N andlongitudes77°22'to77'52 E. Thedimaeishaving
four distinct seasons. April isusually the hottest month
with mean daily maximum temperature of 30-35'C and
mean daily minimum 20-24°C. Relativehumidityishigh
during rainy season for the South-West monsoon months
and decreases thereafter. During the months May
through September, thewinds arefrom West to South-
West to West, whilefor the period November to March,
itisfrom East to North-East and East to South-East.
Theyear isdivided into four season’s viz.:
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Summer season [Marchto May]

Rainy season[Juneto August]

Autumn season [ September to November] and
Winter season [ December to February]

ApWODNDPE

METHODOLOGY

Theradon-thoron mixed field dosimeter employed
for themeasurement which aremade up of atwin cham-
ber cylindrical sysemusing 12um thick, LR-115 cellu-
losenitrate based SSNTDs. Thedos metershave been
developed at the Bhabha Atomic Research Centre
(BARC), Mumbai, INDIA and areschematicaly shown
inFigurel. Each chamber hasalengthof 4.1cmanda
radiusof 3.1 cm.

Bare mode
/

Glass fiber filter
cup for radon
and fhoron

Mermorane filter
cup for radon

Glass Fiber Filler

Membrane Flter

Figurel: Thedoublechamber dosmeter cup

The SSNTD placed inthe compartment which has
membranefilter measures®?Rndonewnhichdiffusesinto
it fromtheambient air through asemi-permeablemem-
braneof 25um thickness having diffusion coefficient in
therangeof 10°-10° m?s¢8, It dlowsthebuildup of
about 90% of the radon gas in the compartment and
suppressesthoron gas concentration by morethan 99969,
Ontheother hand, the compartment that hasglassfiber
filter paper of thickness 560 micron, alowsboth radon
and thoron gasesto diffusein and hencethetrackson
SSNTD placed inthischamber arerelated to the con-
centrationsof both thegases. The SSNTD exposedin
thebaremoderegistersa phatracksattributableto both
the gasesand their d pha-emitting progeny, namely #8Po,
214Po, 25Pp and #?Po. The choice of the detector LR-
115ismadeinview of thefact that LR-115 detectorsdo
not devel op tracks originating from the progeny dphas
deposited onthem™*1 and thereforeisided ly suited for
ar concentration measurements. Following theenviron-
mental exposurefor aperiod of 90 days, the SSNTDs
areetched with 2.5N NaOH solutioninan etching bath
at atemperature of 60 °C for developing the registered
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tracks. Theetching processremovesabulk thicknessof
4 um leaving aresidual detector thickness of 8 um. The
detector is pre-sparked using aspark counter a apo-
tentid of 900V to develop completely thepartidly etched
track holes. Thetracksarethen counted at the voltage
approximately 450V corresponding to the plateau re-
gionof thecounter and itsdesign characterigticsaresmi-
lar tothe onediscussed by Garakani*?. Thepaper dedls
withthestudieson volumetric varigionsof radon, thoron
andtheir progeny levelsin dwellings. Thedetailed de-
scriptionsof methods of measurementsand thecaibra-
tionsare described by Sathish et al*3.

RESULTSAND DISCUSSION

About seven roomsin variouslocations were se-
lected of different volumeranging from 30to 310 cubic
meters. Radon, thoron, their progeny levelsand dose
rateswere measured using plastic track detectors. The
detailsof volumetric variation of radon, thoronand ther
progeny levelsindwellingsof variouslocationsarelisted
inTABLE 1. The higher concentrations of radon and
thoronwereobsarvedinlower volumeroomthaninhigher
volumeroomin al thelocations. The???Rn and 2°Rn
concentrationsinadwelling of volume 30to 310 cubic
meters ranged between 4 — 93 Bq m~, whereastheir
progeny concentrationsranged between 0.012 —2.45
MWL, respectively, for thesmilar dimension of rooms.

TABLE 1: Variation of Concentr ation of 22Rn, 2°Rn and their
progeny levelsin roomsof different volume

Concentration range
2Rn Z2Rn progeny 2°Rn progeny

Bgm? mwL
200-310 10.53-4.05 1250-556 0.207-0.015 0.249-
110-120 20.47-1287 17.36-556 1.090-0.046 0.494-
80-100 36.26-25.15 27.85-1250 0.732-0.090 0.580 -
65-75 47.37-38.60 69.44-1181 1.065-0.139 0.351-
45-60 61.99-4854 66.67-15.80 1.228-0.174 0.506 -
30-40 9298-67.25 61.11-10.99 2453-0.241 0.834-

Volume of

room

m3

ZZZRn

0.015
0.012
0.027
0.033
0.056
0.031

It isobserved that the enhancement of volume by
amost ten-fold reduces the concentration of 2?Rnto
23% and that of 2°Rnto 13% of the studied locations
provided al conditionsremain unaltered. Furtheritis
observed, if the volume of room varies as geometric
progression, thereis no dependence on the concentra:
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tionsinthe sameratio. The geometric mean of radon
and thoron concentration with thevolumeof therooms
isshownin Figure 2. Higher concentrations of radon
and thoron were observed in the dwellings of volume
ranged between 30-40 cubic meter and thelower con-
centrations were observed for dwellings of 200-310
cubic meters. Figure 3 showsthefrequency distribu-
tion of radon, thoron concentration in dwel lings of dif-
ferent volume ranged between 30-310 cubic meters.
About 67% of monitored houses havethevolumein
the range 30-100 cubic meters and showed the con-
centrations 30 Bq m leading to 60% and aboveand
32% of the dwellings had the volume between 110-
310 cubic meter have shown the concentrations|ess
than 20 Bg m?. Thisclearly indicatesthat though the
observationshave been madeadmost for similar type of
constructions, ventilation and age, but asthevolume of
theroom increasesthe concentrations reduces expo-
nentially and it becomesamost constant abovethevol-
umeof 150 cubic meters.
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Figure?2: Variation of 22Rn, 2°Rn with volumeof theroom
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About 39% dwellings of volumeintherange be-
tween 94-310 m? have shown the radon concentra-
tionsbelow 29 Bq n2 and 60% of the dwellingswhaose
volumeswereintherangeof 30-93 m® haveshownthe
concentrations above 30 Bg m with amaximum con-
centration of 93 Bg m= where as 76% dwellings of
volume ranged between 50-310 m* have shown the
thoron concentrationsbel ow 29 Bg mr2and 24% dwel |-
ings of volumeranged between 30-49 m? with amaxi-
mum concentration of 69.44 Bq m=. It emphasisthat
norma roomsof dimensonswith averageheight around
4mmay havethedimensions5x6 mor 5x5 mmay pose
higher risk compared to theroomsof larger volume.
Thecorre aion coefficient for exponentia decayismore
than 90% in all casesand envisagesthat thereisadi-
rect dependencewith volumeand concentration. Nor-
mally hals, bigrooms, classrooms, conferenceshals
etc. areof higher dimensionswith good ventilationtoo
andwill havelessrisk. Thisfactor can beclearly seen
from Figure 3, wherefrequency islessfor higher di-
mensions beyond 100 cubic meters.
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Figure4: Volumetricvariationsof 22Rn concentrations

Thevariation of theradon, thoron and their prog-
eny concentration with volumeof theroom areshown
inFigures4-7, thevariationin the concentrationfollows
theexponentia law with theregression coefficientsfor
radon, thoron are0.99, 0.96 and for their progeniesitis
0.91and 0.91, respectively. Theexponential decay in
concentrationwith volumeof theroomisobserved only
in poor ventilation rooms of al thelocationsand the
sameexponentia law isnot observed with good venti-
lation houses. For the volume greater than 100 cubic
metesthe concentrationsremainsamost constant.
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Figure7: Volumetric variations of 2°Rn progeny concen-
trations

It may also be seen that the possibility of radon
concentration mitigatesand follows quicker diffusion
rate asthevolumeof theroomincreases, assuming the
radon sourceand ventilation conditionsare constant. It
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isalsoobserved that if thevolumesof theroomsarein
theratio of geometric progressionas, 2,4 and 8, then
the concentrations of 2?2Rn and 2°Rn vary intheratio
of 1.96, 2.45, 2.06 and 2.31, respectively. Thevaues
aretabulated in TABLE 2 for understanding the phe-
nomenaclearly.

TABLE 2: Variationsof 2?Rn and ?°Rn in ther oom volume
enhancesgeometrically

VOl ume 222Rn 220Rn 222Rn 220Rn
m? Bqm? mwL
30 92.98 69.44 2.453 0.834
60 47.37 27.08 0.264 0.105
120 19.31 125 0.124 0.038
240 9.36 8.33 0.046 0.023
400 4.05 5.56 0.015 0.012

The arithmetic mean with standard error for con-
centrationsof radonandthoron arealsolistedintable
for the better understanding of thevariationswith refer-
encetothevolume. TABLE 3reveal sthat the concen-
trations and effective doserate arelow in higher vol-
umeroomsand good ventilated rooms, the higher con-
centrations and effective doserate were observedin
lower volumeroomsand the poor ventilated rooms of
all thelocation the arithmetic mean with standard error
concentrations of 22Rn and ?°Rn al so decreases ex-
ponentialy asthe volume of theroom increaseswith
theregression coefficients0.99 and 0.97, respectively.

Thevariaionsof doseratesduetotheradon, thoron
and their progeny level swith the volume of the moni-
tored locationsare shownin Figure 8. The doserate
reduces exponentidly likeradon and thoron with the
regression coefficient 0.97. On the other hand the con-
centrations of ?°Ra, 2?Th and “K inthesoilsof Ban-
galoreregion™ reved sthat the concentration of 2*Ra
variedintherangeof 7.7-111.6 Bq kgt withamean
value26.2 Bqkg?®. Theconcentration of 2*Thvaried
intherange 16.7-98.7 Bq kgt withameanvaue53.1
Bqgkg!andthat of “K intherange 151.8-1424.2 Bq
kg!withamean vaueof 635.1 Bqkg®. Itisasore
ported that about 67% of the samplesfrom Banga ore
region the 22Th concentrations were more than the
world average of 40 Bg kg and in five samplesthe
concentrationswere more than two-fold of that of the
world average and the concentration was around 90
Bq kg*. However, the mean concentration of 2°Th
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(53.1Bg kgt) was comparableto that of Indiaand the
world averagevalues. Theearly morningjoggersare
expected to poseto theannual effective dose of 0.085
mSvy ! for Bangaloreregion™!, The present work re-
vealsthat thedwelersof lower volumehouseswill ex-
posethemselvesto thehigher doseanditis1: 4.4 for
higher volume houses. It issuggested that the lower
volume houses should have good ventilation to reduce
the effectivedoserate due radon and its daughters.

TABLE 3: Arithmetic mean valuesof 2°Rn,?®Rn and doser ate

Arithmetic

AM £ SE
Nature of Mean of 2R 2020 Total
o volume of the . . Dose
Ventilation Concentration Concentration 1
room 3 S uSvy
M3 Bgm Bgm
Excellent 272 7.34+0.82 9.41+0.90 0.105
Very good 155 16.67+0.94 1064+1.74 0.170
Good 92 31.37+1.41 19.71+2.01 0.204
Moderate 70 4276+ 1.11 2951+ 645 0.279
Partial 53 54.09+1.56 33.91+7.54 0.358
Poor 35 81.06+3.52 38.66+6.13 0.457
i
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Figure8: Variation of doseratewith thevolumeof theroom

CONCLUSIONS

With the objective of estimation of the concentra-
tionsin different volume of theroom dueto exposureto
indoor radon gas, the concentrationsaremoreinsmaller
volumeroomsand low inlarger volumeroomsof the
monitored dwellings. It issuggested that thelower vol -
umerooms should bewell ventilated toreducethera-
diation exposure dueto radon and itsprogeny. Onthe
basi sof theresultsobtained it may be concludethat the
levels of indoor radon and thoron arewell within the
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acceptable values for the population prescribed by
UNSCEAR.
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