December 2009

Trade Science Ine.

Volume 4 | ssue 6

Snviconmental Science

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 4(6), 2009 [462-470]

Environmental radon/thoron and their progenies

L.A.Sathish'", K.Nagaraja?, S.Shoba®, H.C.Ramanna!, V.Nagesh!, S.Sundareshan,

T.V.Ramachandran®

1Depar tment of Physics, Gover nment Science College, Bangalore- 560001, (INDIA)
2Department of Physics, Bangalor e Univer sity, Bangalor e- 560 056, (INDIA)
*Department of Physics, Basaveshwar a First Gradecollege, Bangalore- 560010, (INDIA)
“Department of Physics, Vijaya College, Bangalore- 560 004, (INDIA)
SEnvironmental Assessment Divison, BhabhaAtomic Resear ch Center, M umbai - 400085, (INDIA)

E-mail : lasgayit@yahoo.com

Received: 19" June, 2009 ; Accepted: 29" June, 2009

ABSTRACT

Radon is the most important source of natural radiation and is responsible
for approximately half of the dose received totally from the rest of the
sources. Most of it comes from the inhalation of the progeny of 2?2Rnand is
prominent in closed atmosphere. The continuous measure of the levels of
22Rn concentration in the different geographical areas is of great
importance particularly in living places. The radon and thoron concentra-
tions have been measured in houses of covering about 15 locations in
different parts of Bangalore city, India. Solid state nuclear track detectors
were used for measuring the concentrations. The data is continuously
obtained for a period of two years since 2007, covering more than 150
houses. The construction materials used for building the housesare  pre-
dominantly of cement, concrete and brick that is made up of local soil. The
total average of radon in this area is found to be 33.38 Bgm. The values
above 100 Bgm are very few and none of them have more than 150 Bgm-.
Theaveragevaluefor radonin Indiais57 Bq m with ageometric mean of
42 Bgm, being the effective annual dose of 0.97 mSvy'. Theresult shows
no significant radiological risk for the inhabitants of Bangalore city and is
well within the recommendations of International Commission on Radio-
logical Protection. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Now adaysthe public and Government isshowing
much concern on the study of natural radiation, envi-
ronment, and particularly theradiation level in dwell-
ings. Dueto the high doses found asa consequence of
the el evated radon concentrations, some countriesare
now subject tolegidations. Thisistrueparticularly in

cold climate countrieswherethe energy crisshasavi-
tal role. Thisisevident that the houseswerebuilt more
hermeticaly so asto minimize ventilation conditions.
Radon istheimportant natural sourceand contributes
most to the effective dosereceived by populationfrom
natural sources. It has been estimated that radon and
itsprogeny contribute alot with three quarters of the
annual effective dose received by human beingsfrom
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naturd terrestrial sourcesand areresponsiblefor about
half of thedosefrom thetotal sources.

Radon emanatesto acertain degreefrom dl types
of soil and rocks. Presence of radon inthe biosphereis
duetoitssemi-disntegration period nearly 4 days, which
dlow it todiffusefromtheearth’s crust into the atmo-
sphericair. Theradiologica importance of radon does
not lie on the concentration of radon gasitself, but on
itsshort lived decay progenies such as polonium, bis-
muth and lead. During breathing radon comes out dur-
ing exhalebut the progenies, beingamaterid particles
may deposit on to the lungs, tracks of breathing etc.
Themean concentrationlevelsof 2?Rninair over con-
tinentsarein therange of 1-10 Bgm~¥. Some of the
factorsthat influencesthe diffusion of radon fromthe
soil into theair arethe uranium and radium concentra-
tionin soil and rock, emanati on capacity of theground,
porosity of the soil and/or rock, pressure gradient be-
tween theinterfaces, soil moistureand water saturation
grade of the medium(3. The concentration of indoor
radon al so depends on the emanation rate of the gas
from the soil, the content of precursor nuclide?**Ra,
and ventilation rate of thedwelling. Itisimportant to
notethat even though reduced ventilation rate aidsto
enhancetheradon concentration and that of itsdaugh-
tersinair. It may be dueto the presence ?*Rarich soil
or itscomponent in construction material. Thetrack
etchtechniqueisrecognized asthemost reliabletech-
niquefor integrated and long term measurement of in-
door radon concentrations®®. Theradon and thoron
concentrationswerecarried out by using plastic track
detectors and theresults obtained are discussed in de-
tall.

MEASUREMENT PROCEDURE

Solid statenuclear track detectors

About 150 houses of different typesof construc-
tion have been surveyed simultaneously on atimeinte-
grated quarterly cycleof 90 days. Solid State Nuclear
Track Detector (SSNTD) based dosimeterswere used
for theinvestigations™9. Themodeof samplingispas-
sveandintegrated for long duration taking into account
thediurnal, monthly and seasona variations of radon
and thoron concentrations. Such long-term measure-
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ments were usually carried out using SSNTD tech-
nique™. Thesearesimpleto useandlessexpensiveas
compared to some continuous measurement systems
likeAlphaGuard, whichisuseful for comparison of
SSNTD based dosimeters. In view of this, SSNTD
based dosimeters were devel oped and calibrated at
BhabhaAtomic Research Centre (BARC), Mumbai,
Indiafor thesurvey. Thedos meter isacylindrical plas-
tic chamber divided into two compartmentsof equd
dimensiong*?. Each cup of the dosimeter hasaninner
volumeof 135 cubic centimeter and interna height of
4.5 cm. Dimensionsof thedosimeter are chosen based
ontheratio of the effectivevolumeof cup anditstota
volume, to achieve maximum track registrationfor the
cylindrical cupi***. Thedosimeteriswell designed to
discriminateradon and thoronin mixedfield Situations,
where both thegases are present even at monaziterich
areas. A cellulosenitratefilmof LR-115TYPE Il is
used as the detector. The 12 um thick film having a
dimension of 2.5x2.5 cm? andisaffixed at the bottom
of each cup aswell ason the outer surface of the do-
simeter. Theexposure of the detector insidethecupis
termed as ‘cup mode’ and other one exposed openly is
termed as ‘bare mode’.

Baore mode
f
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@ 1 b it Glogs fiber filter i
c ne filter m
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= : and thoron L
= U]

Figurel: Thedoublechamber dosmeter cup

One of thecupshasitsentry covered with aglass
fiber filter paper that permeates both radon and thoron
gasesintothecup andiscalled ‘glass fiber filter cup’.
Theother cupiscovered with asemi permeable mem-
brane sandwiched between two glassfiber filter papers
cdled ‘membrane filter cup’™. Thesetypesof mem-
braneshave permesability constant intherangeof 10-°
—10~ m?s' and alow morethan 95% of theradon gas
todiffusewhileit suppressthe entry of thoron gasto
lessthan apercent!’¢8, Thus, the SSNTD filmsinside
the membrane cup register tracks attributesto radon
aone, whilethe ‘filter film’ records tracks due to both
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radon and thoron. Thethird film exposed inthe bare
moderegistersalphatracks produced by the presence
of both gasesand their dphaemitting progeny. Eappen
et al. (1998)¥ have reported that the LR-115 of 12
um film does not register tracks from deposited activ-
ity. Thisisbecause the maximum energy for LR-115
filmis4MeV and al the progeny isotopes of radon/
thoron emit alphaswith energies5 MeV. Thustheun-
certainty from the deposited activity isremoved; other-
wiseitisdifficult to evaluatethetrack densitiesdueto
aphaemissionsusing LR-115film. Thedosimeter is
kept at aheight of 1.5 m from theground and careis
taken to keep the bare card at least 10 cm away from
any surface. Sincetherangeof aphaparticlesfromra
donvthoron progeny falswithin 10 cm distance, thereby
minimizing thecontribution of errorsduetotracksfrom
deposited activity from nearby solid surfaces. After the
exposure period of 90 days, the SSNTD filmswere
retrieved and chemically etched in normality of 2.5
NaOH solution a 60°C for 60 minuteswith mild agita:
tion throughout®. The exposure period is continued
for al the seasons of acaendar year. Thetracksre-
corded ondl thethree SSNTD filmswere counted us-
ing spark counter. A methodol ogy devel oped using track
dengtiesto obtainindividua equilibriumfactorsfor ra-
don and thoron by way of ventilation parameterd?! is
employedinthisstudy.

C.(Bqm)=T_/(dS,)

C,(Bgm?®) =(T,-dC.S,)/(dS,)

whereT _isthetrack density of thefilmin membrane compart-
ment, d is the period of exposure in days, S, refers to the
sengitivity factor of membrane compartment, T, is the track

density of thefilminfilter compartment, S, isthe Sensitivity of
#?Rninfilter compartment, and, C_ and C_isthe concentration

of 22Rn and ?2°Rn, respectively.

R, (mWL)=(C,F_.)/3.7

R, (mWL)=(C_F,)/0.275

where R and R, refersto the progeny concentrations of *?Rn
and ?2°Rn, respectively.

F.=0.104f_ , +0.518f  +0.37f__

F,=0.91f _+0.09f _

wheref_,, f. and f__are the activity fractions with respect to
parent gas. But F_ and F, representsthe equilibrium factors for
22Rn and ?2°Rn progeny corresponding to the extracted
ventilation rate?, Equilibrium factor is determined using the

working level concentrations, and the inhalation dose rates
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(mSvy?) isestimated by using UNSCEAR (2000)/2:
D =7x[(0.17 + 9F_) C + (0.11 + 32F ) C.] x10°
Calibration procedure

The calibration were carried out at the BARC,
Mumbai for the estimation of calibration factorg>2,
Theexperimentswerecarried out separately for radon
and thoron, inasetup of stainlesssteel chamber of 0.5
cubic meter volume. Thecalibration chamber hasfacil-
ity for imputing aerosol sfrom an aerosol generator. The
chamber hasaso got provisionsfor an online Lucas
cdl systeminconjunctionwith anAlphaGuard for con-
tinuous measurement of radon gas concentration. The
radon concentration insidethe chamber wasvaried for
different experimental conditionsand compared with
theAlphaGuard readings, radon or thoron, asthe case
may be, wasintroduced into the chamber from sepa-
rate sources of Pylon, Canada. A laminar flow of
monodi spersed aerosol of di-2-ethylhexyl sebcate con-
densed on NaCl nuclel isused to generate aerosolsto
producealaminar flow. Thetemperature of the system
ismaintai ned to obtain mono-dispersed aerosol of Sze
0.125 pm diameter. Aerosol concentrations of the order
of 10*to 10° particlesper cubic centimeter of air were
generated to stimul atetheindoor environmental condi-
tions. Theactivity median aero dynamic diameter for
indoor aerosol is estimated to be 0.2 um(?®, Aerosol
wasintroduced for maintaining theequilibrium factors
at the desired level 9?71, Decay pattern of the aerosol
inside the chamber was studied and accordingly aero-
solswerefed into the chamber tomaintain thedesired
number concentrations. AlphaGuard kept insidethe
chamber recordsthehourly average radon concentra-
tion. Theonline Lucas cdll system was coupled to an
alphacounting setup and countsweretaken synchro-
nizingwith thetiming of theAlphaGuard. The compari-
son of radon measured by the two systemsfor awide
range of concentrations, showed very good correlation
with adopeequd to unity®!,

Calibration factor

Calibrationfactorsarerequired totrandatethere-
corded tracksin theexpected SSNTD filmsinto radon
and thoron concentrations. Theestimation of cdibration
factorsfor al themodes of exposuresare describedin
detail™® for the sakeof continuity of thework presented.
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Cup mode

Cdibrationfactors(CFs) for radon and thoron gases
in the cup mode were determined through a series of
experiments. The CFsfor radon (K,) and for thoron
(K,) intermsof tr cm per Bqdm?can beequated as

K,=(24xT) (®Rn x H)
K, =(24xT)/(**Rn x H)

where, T isthetracksper unit area (tr cm2), 22Rnisconcentra-
tion of the radon gas (Bgm=) ?Rn is the concentration of
thoron gas (Bgm®) and H is the exposure time in hours.

Estimated calibrationfactorsfor radoninthemem-
brane compartment isfound to bedightly lower than
that inthefilter paper compartment. Thismay bedueto
the attenuation effect in the membrane. CFfor thoron
inthemembranecup isessentially zero and that inthe
filter paper cupis0.017 tr cm?/Bgd m?.

Baremode

Thedéfinition of the CF for the baremode has cer-
tainambiguities. Intheearlier approach, the CFfor the
bare detector was defined as the track density rate
obtained per unit working level (WL)234, |nreality,
track formation ratein the bare modeisnot aunique
function of working level, but will depend onthe equi-
libriumfactor (F). If bare detector cdibrationfactor is
taken ask;, (tr c?/Bgdm?) of each species, it may be
easy to show that this quantity isindependent of the
equilibrium factor aswell astheincident energy of the
aphaparticles. For agiventrack density rate T (tr cm
2d™") andworkinglevel (W for radonand W._ for thoron
inmWL units) and the corresponding equilibrium fac-
tors, F, and F_, the calibration factors as defined above
can be obtained for radon (k) and for thoron (k)
respectively intermsof tr cm?/Bgdm? using thefollow-
ingexpressons.

Ko = (T/3.7W,) (F/1+2F )
K g =(T/0.275W.) (F /2+F.)

On the afore-mentioned concepts, CF was obtained
for the speciesmatrix for radon, thoron and their prog-
eny concentrations. They werefound to be nearly con-
stant for awiderange (0.1-0.72) of equilibrium factors
supporting the basi c assumption of theapproach. The
results of the CFsfor the cup mode and bare mode
exposurefor radon and thoron®! areshown in Figure
2. The CFfor radon and thoron areestimated as 0.020
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and 0.019 trem?/Bqdm?, respectively and are of the
samerange. Thisconfirmstheassumptionthat thebare
mode calibration factors are the same for the alpha
emitterssincethey arefunctionsof only thedifference
intherangesand thelower and upper cut off energies
of the detector. Hence for practical use, an average
value of 0.020 tr cm2/Bgdm?®may be used asthe CF
for radon and thoron in the bare mode exposure.

RADON CUP MODE
20 ] W/ THORON DON
1.5i // %
RUN |77 .
NE 0.0; /j T ' %2% !
E o] et Membr?ZRE MODE
\g 2'0{ i} THORON V RADON THORON
g 15 / 2 % 5/
me 2 _ 7
el B

Filter Membrane

Dosimeter Compartments

Figure2: Estimated calibration factorsfor baremode and
cup modeexposure

Comparisons of thetheoretical and experimental
vauesshow closeagreement with each other. The prog-
eny workinglevel swere estimated usingthere ations:
WL, = C_F,/3700

= C, (0.104F, , +0.518 F_ , + 0.37 F, )/3700
WL, = C_F, /275
= C, (0.908F , +0.092F_ /275
where F, and F, are the equilibrium factors for radon and

thoron progeny, respectively, which arerelated to the ventila-
tion rate.

Information obtained from thebaremode SSNTD
isbeing usedin conjunction with RFM for building a
database on the equilibrium factors. The purposeisto
obtain arepresentativeequilibrium factor for theregion
under study. Thus, at present, the effective dosedueto
inhal ation wasestimated from the gasand progeny con-
centrationsusingthe UNSCEAR equilibrium factors.

Spark counter

Anaysisof etched tracksin SSNTDsby anoptica
microscopeisdifficult, timeconsuming and expensive
task. Theattemptsfor automatic track counting have
led to the use of image analyzer instruments and spark
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counter systems. Spark counter technique, whichis
applicableto plastic detectors, providesaconvenient,
economical and fast method for track counting. The
spark counting techniquewas developed by Cross-and
Tommasino (1970)1*3 and isdiscussed by severd re-
searcherg®*%l, Thespark counter isavery smpleand
reliableinstrument to measure the number of tracks
whicharenothingbut—holes in LR — 115 films formed
after etching. Thisisacompact unit designed primarily
to count the number of tracksformed. It isfound that
counting of thetracks by spark method isthemost con-
venient and efficient method. It essentidly consstsof a
spark head, continuoudly adjustable high voltageand
four digit LCD/LED display for counts. The spark heed
assembly of the spark counter hastwo el ectrodesfitted
into acircular cylindrical base, made of acrylic mate-
rial. Oneof theelectrodesreferred as “spark head” has
an areaof exactly 1 cm?and the other electrodehasa
springloaded contact that ise ectricaly grounded. High
voltageisapplied acrossthespark head and the ground,
then the etched filmisplaced ontheelectrodeand an
auminized Mylar filmisplaced covering both thee ec-
trodes such that conducting sideisfacingthefilmand
al so makes contact with the grounded electrode. A cy-
lindrical weight with transparent window isplaced for
viewingthespark.

Operation and working

The spark counter hasto be stabilized for 30t0 45
min, beforeitisused to measurethe counts. The chemi-
caly etched filmwas placed on theround e ectrode on
spark head. Asthe potential increasestherewereno
countstill potentid reaches250V. Theduminized Mylar
foil was placed on the etched film such that the counting
surfacewasin contact with the etched face of thefilm
and the grounded electrode. The heavy weight was
placed on Mylar gently, without disturbing thefilmto
maintain proper position and contact. At thisstagean
internd relay getsactuated and high voltagewill beap-
plied acrossthefilm. At each holetherewill beadis-
chargeand leadsto onecount andit will not be counted
again because of evaporation of thealuminum at that
gpot. Thecumulative count will berecorded ondigital
display. After sometimewhen the duration between
two consecutive pulsesexceeds apreset timeinterval,
thecountingwill stop. Then, thepotentia isincreased
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by 10 volt. The counter weight and theMylar foil were
carefully removed without disturbing theetched filmand
that iscleaned with soft ti ssue paper without disturbing
the sparked area. A fresh Mylar foil was kept along
with the counter weight and the procedureisrepeated.
Thusby taking countsin stepsof 10valts, theoptimum
counting voltage of the spark counter was determined
from the plateau obtained from aplot of track count
against sparking voltage. Themidpoint of the plateau
region (~425 V) was chosen asthe optimum voltage
asshowninFigure3.

3500

3000
] Operating voltage (~ 425 V)
2500

2000

1500

Tracks per cm’

1000 |

500

o1 __

LR IR B B LI I T R B B
250 275 300 325 350 375 400 425 450 475 500
Applied voltage (V)

Figure 3: Plateau of spark counter

RESULTSAND DISCUSSION

TheTABLE 1 summarizestheva uesof radon con-
centration foundinthedifferent locationsof Bangalore
city and a so the number of housesmonitoredin each
areaduring 2007-2009. The arithmetic mean of radon
concentrationinmonitored areavariesfrom 17.24+1.29
to 85.89 + 2.30 Bqm™ with a mean of 33.38 +
6.10Bgm™. Theradon concentrationsobservedislow
in Rgginagar and higher concentrationsare observed
in Government Science College of Gandhinagara. The
averageindoor radon concentration reported for dwell-
ingsof different citiesacrosstheworld variesbetween
8.7 Bgm™ for Australiaand 190 Bgm for Saxony
and Turingiaof Germany, with aweighted arithmetic
mean for al the cities considered of 40 Bqm3ii. The
observationsmadefor Banga oreregiondsohavingthe
samerangereported el sewhere.
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TABLE 1: Averageradon concentration in each monitored
locationsof thecity

Radon

Name O.f the concentration Numbgr of
L ocation - dwellings
(Bgm™)

Rajgjinagar 17.24+1.29 11
Srinivasanagar 40.03+1.91 10
Sheshadripuram 31.80+3.15 10
Srirampuram 26.32+3.21 15
Padhmanabhanagar 2745+ 1.72 15
Jayanagar 25.25+ 1.66 15
Banashankari 26.45+2.02 12
Malleshwaram 27.96+2.92 12
Vijayanagar 25.46 + 3.88 10
Gandhinagara 85.89+2.30 10
Arithmetic Mean 33.38+£6.10 120

Theaverageradon concentration for thedifferent
seasons and temperature of Bangalore city using
SSNTD aretabulated in TABLE 2. The obtained con-
centration showsaclear seasona variation for radon.

TABLE 2: Variation of radon concentration and temperature
in 20 dwellingsof Jayanagar area, Bangalor ecity

Mean Radon
Season Period Temperature Concentration
(©) (Bgm™)
Winter ~ December - February 20 22.56
Autumn  September - November 24 16.96
Rainy June - August 30 11.44
Summer March - May 35 10.99

L.A.Sathish et al. 467
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Thetemperature profile showsthevariationsand isaf-
fecting theventilationrate, showing maximumradon con-
centrationsinwinter and lower insummer. Thismay be
dueto theincreased in radon exhal ation and reduced
ventilation asobserved el sewhere339,

Radon levelsin closed environment are affected
both by the degree of exchange with outdoor air as
measured by theventilation rate and by changesinthe
entry rate of radonrich air from theunderlying soil and
rocks. Sincemgjority of thehousesarewe |l ventilated
Insummer season, indoor radon concentrations might
be expected to belower for summer thaninwinter sea-
sont,

To get aclear ideaof the spatia variations, the ob-
served valuesare compared with the surveysmadein
different areas. Therangeand arithmeticmeanwith stan-
dard error for each location were estimated and are
givenin TABLE 3. Theelevated radon levelsare seen
in poor ventilation and lower volumeof thehousesindl
|ocationswhere most of the houseswerebuilt by local
s0il and sedimentary gravel. Somebuildingswith higher
radon levelswerefound on grave but al thelower va-
uesobservedin Rg ginagar area. Thereason being the
existence of the subsurface5to 15 mdeep clay layer is
good barrier against radon emanation from ground
water, especialy whenitiswet or frozen“Y,

TABLE 3: Areawiseannual statisticsof radon, thoron and their progeny levelsand total doseratesin dwellingsof Bangalore

city
Range AM £ SE Dose
Area Concentration Concentration “’Rn “Rn Concentration Concentration
of *Rn of “Rn progeny progeny of *’Rn of “Rn ;;]S_lv
(Bgm™) (Bgm™) (mwL) (MWL) (Bgm™) (Bgm™)
Rajajinagar 4.05 - 36.84 556-3542 0.015-0.951 0.018-0.502 17.24+1.29 16.14+1.44 0.131
Srinivasanagar 29.82-50.29 13.74-56.94 0.118-1.910 0.041-0.711 40.03+1.91 29.29+4.32 0.274
Sheshadripuram 5.85-100.00 278-7292 0.021-1.600 0.015-0.869 31.80+3.15 19.88+2.08 0.202
Srirampuram 10.99 - 65.93 6.18-3091 0.061-1.163 0.018-1.860 26.32+3.21 18.85+1.66 0.177
Padhmanabhanagar  4.09 — 76.02 347-7014 0.015-1569 0.018-3480 27.45+1.72 25.95+2.04 0.242
Jayanagar 4.09 - 80.70 486-63.19 0.021-2245 0.012-1.761 25.25+1.66 19.70+1.27 0.180
Banashankari 5.85 - 89.47 1.37-66.67 0.021-4.467 0.012-1293 26.45+2.02 21.40+220 0.191
Malleshwaram 5.85-92.98 2.08-47.92 0.020-2.261 0.016-4.831 27.96+2.92 17.88+1.57 0.189
Vijayanagar 11.70 - 99.42 6.79-3750 0.048-1.482 0.024-0.938 25.46+3.88 834+1.27 0.247
Gandhinagara 73.68-100.02 10.99-72.92 0.264—-4.467 0.030-1.025 85.89+2.30 38.26+540 0.493

Figure4 showsthefrequency distribution of radon
concentrationsin about 150 houses of different loca-
tions of Bangalore city. About 60% of indoor radon

levelsarefound to vary between 20 and 39 Bgm> The
higher concentrationswere observed in 6% of the stud-
ied houses, thismay be dueto the buildingswithout the
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basic concrete slab or the slab that was not properly
built or already damaged“y. 23% of buildings show
radon concentration between 50-80 Bqm are40 year
old, poorly constructed with several cracksinfounda
tion, walls, bas ¢ dabsthorough which radon can easily
enter theroomg“!,
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The observed values of radon concentration are
found comparablewith variation observed in the coun-
try and ranges from 6.4 to 95.4 Bgm™ with a Geo-
metrical mean 25.5 Bqm=“3, Thehousesselectedin
the present study arein the Bangd orecity. The geology
of thispart forms predominantly agraniteterrain with
numerousVvarietiesof granites, granitic gnelss, pegma
tite, charnockitesand so on. Therocksaround the study
area are called Closepet granites. These rocks are
younger thanthe peninsular gneiss. Therocksaremade
up of severd typesof potassium graniteswith variable
color, textureand multipleintrusion relaionships. The
common rocksare pink, grey and porphyrite gneisses
with largefeldspars, black dolerite. Theserocksforms
geologicd band of awidth 15-25 km“*44, Mogt of the
studied housesin thecity are constructed with cement
and bricks and few were mud houses. These houses
are constructed with local stone and rockswith thin
plaster of cement aslayer to thewall. In general the
radon concentration wasfound higher in mud houses
than in cement houses“>#8. The ground floor of such
housesisdirectly constructed on thetop of soil witha
coating of mud. Theground floor dlowsmoreradonto
diffuseing dethe housesbecause of higher porosity of
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materialsused, which aso justify our previousfind-
ingg*”. Theemanation of radon may also contribute
higher radon from rocks and locd stones. In addition,
themud houseshave smal doorsand asmall window,
which remain closed for most of thetimeto conserve
the energy. Dueto poor ventilation, theradon isaccu-
mulated inside the houses and thusresults higher con-
centration.

Theradon concentration wasfound highestinwin-
ter andlowest in summer. Thewinter/summer ratiowas
observed maximum whilethewinter/autumnratiowas
found minimum. Thehigh valuesinwinter aremainly
because of ventilation factort?. A comparison of in-
door radon concentration for different seasonsisshown
iInTABLE 4. Theindoor radonisinfluenced mainly by
the ventilation condition of the house. In most of the
classroomsof the Government science college high
radon concentrationinsummer isobserved thaninwin-
ter. Thisanomaly observed inthe collegeismay bedue
thefact that the classroomswill beclosed for longer
durationinsummer holidays (April to June). Thewinter
/summer ratioin different locationsarefound to vary
between 1.92 and 3.69 and thisratioishigh compared
totheratiosof winter/rainy and winter/autumn. Thisagain
depends on ventilation condition of the houses. The
concentrationsof radon and its progeny asofollow the
sametrend asit was recorded maximum in summer

TABLE 4: Rdativeindoor radon concentr ations

Number of

L ocation WIS W/R WIJ/A
Houses

Srirampura 20 210 189 1.36

Rajajinagar 11 299 140 140

Vijayanagar 10 303 145 141

Sheshadripuram 10 369 194 176

Malleshwaram 12 276 131 121

Jayanagar 15 338 199 183

Banashankari 12 203 121 1.08

Padmanbhanagar 15 283 130 124

Sinivasnagar 10 239 158 154

Gandhinagara 10 192 158 152

MAX 369 199 183

MIN 192 121 108

AM 271 156 143

GM 265 154 143

Winter / Summer - W/S, Winter / Rainy - W/R,
Winter/ Autumn - W/A
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and minimum during winter®3%, However thethoron
and itsprogeny concentrati on wasfound maximum dur-
ingwinter and minimum duringrany.

Thisbehavior ismay bedueto low emanationrate
of thoron duringrainy season and dso it may bedueto
thepossibility of brief haf life, it cannot escapeeasily
from the soil capillariesthat are mostly occupied by
water during therainy seasond,

CONCLUSION

It isobserved that the concentrationsof indoor ra-
don, thoron and their progeny levelsaremorein poor
ventilated housesaswell assmdler volumeof theroom
thaninwell ventilated roomsand roomsof larger vol-
ume. Theresultsobserved for Bangdorearewd | within
thelimitsof Internationad CommissiononRadiologica
Protection. The higher radon concentration observed
may be dueto the presence of radioactive contentsin
the building materials used for construction of the
houses. It is suggested that the room should be well
ventilated and building construction materialsmust by
freefrom radioactive speciesto minimizetheradon,
thoron concentrationsinthedwellings.
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