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ABSTRACT

KEYWORDS
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Among al possible sources of radiation dose to human beings, inhalation
of radon and its progeny contributes a lot to the dose. High concentrations
of radon and its daughter products in mines have led to an increase in the
incidence of lung cancer among mine workers. Thereis correlation of lung
cancer risk for the people working in mines. For thelong term measurements
more than 100 dwellings were sel ected for the measure of radon, thoron and
their progeny concentrations using solid state nuclear track detectors. By
knowing the track density of films through spark counter, and sensitivity
factor for bare, filter and membrane; the concentrations of radon, thoron
and their progeny were calculated. The radon, thoron and their progeny
levelswerefound to vary fromwall to wall. The variation may be attributed
due to random distribution of radioactive rock used in the construction of
buildings. The radon, thoron and their progeny levelsin different types of
floorings, wall, room and building material are well within the admissible
limt.  © 2009 Trade Sciencelnc. - INDIA
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1.INTRODUCTION

Theorigin of radon and thoroninthe Earth’s crust
stemsdirectly from theuranium, thorium, and their de-
cay products distributed in minute quantitiesin the
ground within few metres of the Earth’s surfacel*.
Radon atomsgenerated in Earth’s crust enter the pore
spaces and are then transported by diffusion and ad-
vection through this space until they decay or arere-
leased into the atmosphere. The amount of radon that
escapes depends on the amounts of 2’Raand 2?Thin
theground, thetype of the soil cover, porosity, damp-

nessand temperature of the soil. Oncethegasisformed
it migratesto asignificant distancefromthesteof gen-
eration, evenduringtheir brief haf-lives. Radon prop-
ertieshaveled to itsuse asageographical tracer for
locating buried faultsand geologica structures, in ex-
ploring theuranium from mines, and for predicting the
earthquakes®. Among theisotopesof radon, the great-
est atentionisgivento*?Rnasit hasthelongest half-
life. In addition, the short-lived daughters, polonium,
lead and bismuth are valuable since they are natural
tracersinthe atmosphere”.

Inaddition, thereisanincreasinginterestinthesub-
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ject of indoor radioactivity particularly to the health ef -
fectsthat might result from prolonged exposureto air-
borneradio nuclides. Most of theliteratures havefo-
cused on radon and its progeny 28Po, 24Ph, 2“Bi since
they are known to make amajor contribution to dose
from natura radioactivity!®1%, Radon and itsdaughters
arethemost important radionuclide present intheam-
bient air aswell asinindoor atmosphere. Radon being
agasescapesfromthesoil by diffusion and mixeswith
theair by horizontal and vertical transportation. The
radon daughters attach to submicron sized aerosols
particles and causes hazards to lungs during inhala-
tioni*+12,

The concentration of radon builds up inside the
houses dueto exhalation from soil and walls. Radon
exhaation ratefrom building materid smainly depends
onthephysica conditionsof materidss, radium content,
porosity of themateria usedinthefloor, walsand ceil-
ingsof house. Exhaation ratesareal so influenced by
the meteorological parameters such astemperature,
humidity, rainfal, etc. Inthe present study the radon/
thoron concentrationin different typesof flooring, wals
and buildingmateria aredetermined.

2.MATERIALSAND METHOD

2.1. Solid statenuclear track detectors

The concentrationsof radon, thoron andtheir prog-
eny aremeasured in dwellings of somepartsof Mysore
city using Solid State Nuclear Track Detectors
(SSNTD), which arethin sheetsof didectric materias
such as cellulose nitrate (CN) and polycarbonate.
SSNTD’s are more sensitive to alpha compared to beta
and gammaradiations. Thefilmsarelessinfluenced by
themoderate humidity, heat and light. For indoor mea-
surementsnormally LR-115TY PE Il (Kodak Pathe,
France) plastic track detectorsare preferred.

BaremodeSSNTD
J

Comparmment
- far radow

Comparoument for
radoa & thoron

M embranefilter
Glassfibrefilter

Figurel: Thedoublechamber dosmeter cup
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The doublechamber dos meter cup used for moni-
toring radon, thoron and their progeny isshowninfig-
ure 1. The chamber hasalength of 45 mmand aradius
of 31mm. Thefilmsused in the dosimeter are of ap-
proximately 12um thickness. The SSNTD placedin
left compartment that measuresonly radon, which dif-
fusesintoit fromtheambient air through asemi-perme-
able membrane. These membranes have permeability
constantsintherange of 102— 10 m? s*and allow
morethan 95% of theradon gasto diffuseand reduce
thoron concentration tothe extent of 1% or evenless®3.
Ontheright side, theglassfiber filter paper placedin
the compartment all ows both radon and thoron gasto
diffusein and hencethetrackson SSNTD aremeasure
of concentration of both the gases. The SSNTD ex-
posed in the bare mode, placed on the top surface of
the dosimeter registersd phatracksattributableto the
air borne concentrations of both the gases and their
progeny™4. These dosimeters are suspended from the
midpoint of the houseat aheight of 2mfromtheground
level. At theend of the stipul ated period of exposure,
usualy 3months, thedosimetersareretrieved and al
thethree SSNTD’s are etched with 10% sodium hy-
droxide solution for one hour at 60 °C™. The track
densty of dphasinthefilmisdetermined usngaspark
counter. Thisexposure cycle hasbeen extendedina
timeintegrated four quarterly cyclesto cover al the
four seasons of acalendar year to evaluatetheannud
radon/thoron and their progeny levels.

Theradon/thoronlevel sand their progeny working
level concentrationsare ca culated by thefollowingre-
lationg™.

C.(Bqm¥=T_/(dS)

C,(Bgm?® =(T,-dC_S,)/(dS)

where T _isthetrack densty of thefilmin membrane compart-
ment, d is the period of exposure in days, S refers to the
sensitivity factor of membrane compartment, T, is the track

density of thefilmin filter compartment, S isthe Sensitivity of
#2Rn in filter compartment, C_and C, is the concentration of

22Rn and #°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 #°Rn, respectively.

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

F,=0.91f  +0.09f _
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wheref_,, o
parent gas.

But, F, and F, representsthe equilibrium factors
for 222Rn and °Rn progeny corresponding to the ex-
tracted ventilation rate*¥. Equilibrium factor isdeter-
mined using theworking level concentrations, and the
inhalation dose (mSvy?) is estimated by using
UNSCEARS:;

D =0.007x [(0.17 +9F,) C_+(0.11+32F ) C ]

and f__ are the activity fractions with respect to

2.2. Estimation of activity of radium

Theactivity of 2°Rainthe soil and building materi-
asisestimated by using the gammaray spectrometer.
The soil sampleswere collected at several locations
near the houses of different types of constructionin
Mysore city. The placesthat arefreefrom surfacerun-
off during heavy rain werecarefully selected. An area
of about 0.5 m? was chosen and the vegetation and
roots were removed, if any. Then about 2 kg of soil
sampleswere collected from these places at adepth of
approximately 20cm from the earth’s surfacel*”). After
the collection, the sampleswere mixed thoroughly and
extraneous materid ssuch asplants, debris, big pieces
of stones, pebbles etc. were removed. Composite
samples of about 2 kg was taken and seded in a
polythene bag. These samplesweredriedinovenmain-
tained at atemperature of 110°C for about 10-12 hours.
Then the sampleswere powdered and sieved through
150 micron sieves, weighed and sealed in a 300 ml
plastic container, and kept for amonth before counting
for gammaspectrometry, in order to ensurethat radio-
active equilibrium was reached between ?*Ra, 22Rn
and itsprogeny. The spectrometer consi sted of n-type
HPGecoaxid detector of 17% efficiency havingareso-
lution of 1.75 keV at 1.33 MeV and 641 eV at 5.9
keV and coupled to a4096 channel MCA. Thedetec-
tor ishousedin alead shield to ceasethe background
radiation entering from outside. The gammaspectro-
metric procedureisfollowed to estimatetheactivity of
2%6Ra. The gamma peak of energy 609.51 keV with
intensity of 46.1%isused asproxy for the quantitative
determination of Raby gammaspectrometry. The
activity of radionuclideiscaculated usingtherel ation:
Activity (Bqkg™) =(Ste) 107/ (EWA)
where Sisthe net counts/s under the photo peak of interest, ¢
isthe standard deviation of S, E isthe counting efficiency (%),
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A isthe gamma abundance (%) for the radionuclide, W isthe
mass of the sample (g)

3.RESULTSAND DISCUSSION

Several measurements are carried out using
SSNTDs for the concentrations of radon/thoron in
dwellings. Thevariation of the concentrationismainly
because of ventilation ratein housesand the materials
used. Sathish et al.[*® have measured the concentration
of radon, thoron and their progeny in different types of
buildingsat variouslocationsin Mysorecity. They have
reported the arithmetic mean vaues of concentrations
of radon and thoroninindoor atmosphereranged from
9.20t0 58.02 with amedian of 34 Bgm=3and 7.21to
59.27 with amedian of 33 Bqm=, respectively. The
arithmetic mean of progeny concentrationsvaried from
0.033to 2.52withamedianof 1.29 and 0.074t047.04
withamedian of 20.7 mWL, respectively. Thereported
doseto the selected popul ation of Mysorecity was 1.6
mSvy™

3.1 Different floorings

Radon, thoronand their progeny levelsweremea
sured in different typesof floorings of housesat differ-
ent locationsin Mysore city. The measurementswere
made covering all thefour seasonsin acalendar year
andtheintegrated dataisshowninfigure 2.

Thewalsandflooring of thehousesareof different
materialg*¥. The materials used for construction of
buildingsare sufficiently porousand dlow ??Rnto en-
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Figure 2 : Variation of 22Rn and ?*Rn in different
floorings
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TABLE 1: Radiumthoriumin different building material§®
Building materials Radium(Bq kg®) Thorium(Bq kg™)

Brick 125 25
Cement 25.6 22
Concrete 26.8 24
Sand 54 43
Granite 54.5 46

TABLE 2: Radon exhalation in different materials
22Rn exhalation rate

Types of surface

(m. Bq m3S?Y
Ground floor
Cement flooring red oxide coated 3.29+0.42
Concrete surface 2.77+0.31
Heavy concrete surface 0.95+0.14
Mosaic flooring 1.71+0.46
Bare (Huts) 4.98+0.89
Soil/Brick 5.49+1.00
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Figure3: Variation of 22Rn and 2?°Rn in different walls

ter into theindoor atmosphere. Thefigure2 also shows
that the high 22Rn concentration isobserved inloose
cement flooring housesand low concentrationin stone
flooring houses. L oose cement flooring houses show
high ?2Rn exhal ation rate than stone flooring houses.
Thisisduetolow porosity and low diffusion coefficient
inthestoneflooring thanin ordinary cement flooring
houses. The datashowsthat in the houseswith stone
flooring, concentrations of ??Rnislessbut inthe house
with graniteflooringitisdightly higher becausegranite
containshigh concentrationsof *Ra. Thiscanbeclearly
seenin TABLE 1. The geometric mean valuesof ra-
dium and thorium are 19.07 and 30.04 Bq kg™ This
feature for Mysore environment is reported by
Sannappaet al.,'> and shown that thereisapositive
correlation between theexha ation rate and concentra-
tioninbuilding materids. Granite samplesshow higher
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22Rn exha ation rate than marble, and the correlation
of the 26Ra content of granite with ?22Rn exhalation
and 22Rn concentrationisobserved by severd research-
ers[21-24] .

M osaic flooring housesshow dightly less??Rn ex-
ha ation ratethan cement flooring houses. Thehutshave
mudwalls, bareflooring and poor ventilation. The??Rn
concentrationin hutsislower thanin concrete and mo-
sai ¢ flooring houses even though 2?Rn exha ation from
bareflooringishigher than other typesof flooring. This
may be attributed to the possibility of out flow of air
from hutsthrough the coconut dry leavesthat formthe
roof. Further the fume emitting from cooking stove
wouldincreasetheair pressureinsidedwellingsand
forcingit outside. 2?Rn exhalaionin mudwallsisless
compared to the cemented walls. High 22Rn exha a
tion from concretewa lsmay beresponsiblefor increas-
ing the concentration in cement and mosaic flooring
houses. Thismay be dueto the high 22Rn concentra-
tioninthe concrete floorings and al so because of the
porousfloor concrete sl ab through which 222Rn could
ead |y enter the houses. Theexhaationfrombrick wall
with cement plagteringisaso highasshownin TABLE
2. In addition to thisthe high indoor 222Rn concentra-
tion could beattributed to cracksin thefloor asacon-
sequenceof poor quality of materid sused for construc-
tion®,

3.2. Different walls

Annual average concentration of 22Rn, 2°Rnand
their progeny levelsfor different typesof wal areshown
infigure 3. The??Rn, 2°Rn and their progeny levels
arefoundtovary fromwal towall. Thevariation may
be dueto random distribution of radioactiverock spe-
cies used ignorantly in the construction of the
houses?621, The reported average values of porosity
of the soil and building materiasare0.25 and 0.15128
respectively. The??Rn exhalaionrateishigher in soil
thanin concrete, whereasbuilding may contain severd
tonsof concrete. Thecontribution of thistoindoor 22Rn
isrelatively low because of low escaperate of 2°Ra.
22Rn exhal ation rate d so depends on the thickness of
wall asevident in TABLE 2. UNSCEAR!*9 reports
the exhal ation ratesfrom wallsand floor of half slab
thickness 0.1m — 0.05m as 1.6 mBgqm2sand 0.8
mBgm2s?, respectively. Ramachandran et al > have
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Figure 4 : Variation of 22Rn and #°Rn in different
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quantified theseresultsand reported theexhdation rate
of 22Rnfrom building materials. The reported values
for concrete and brick vary from 0.43-1.3 x 10°and
0.1 x 105 Bgkgs® for USA, 0.47 x 10°0.017x10°
Bgkg's! for Denmark and 0.32 and 0.16x10° Bq
kg'stfor USSR. Thereported valuesfor Hungary are
0.78x10°and 0.39x10°Bagkg’s?, respectively. Vinaya
Kumar et al.®% have seen that theradon/ thoron levels
aremoreinmudwallscompared to other type of walls.
They d soreported that the concentrationlevelsin dwel -
ingsof mud plastered walls can be expected moreand
isgenerdlytaken fromloca soil for constructions.

3.3. Different rooms

Thefigure4 showsthe annual average concentra-
tions of 2?Rn in different rooms of the same house.
Onecanclearly seeinthefigurethat thereishigh con-
centration inbathroom compared to the other roomsin
thehouses. Thedifferenceswereclearly present, bath-
room wasfound to have higher 2Rn concentration,
kitchen ranked second, next bed roomsand livingroom
theleast. Bed roomsmight be expected to beleast ven-
tilated, onthe average based upon limited use patterns
and bath rooms may receive some additiona ?Rndue
to 2?Rn dissolved in water®Y, 22Rn is shown to be
released in spray from faucets or shower fixture®23,
Airinliving roomson the other handismost readily
diluted dueto outdoor air blow. Thiscan be correlated
with concentrationsof 22Rninwater® andtheactivity
of 2?°Ra.

Yadagiri reddy et a.*¥ havereported that thera-
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don concentration varied from 17 to 311 Bgm=2and
progeny concentration varied between 0.1 to
20mWLwith an average of 62+45 Bq m= and
4.7+4.1mWL, respectively. In addition they have ob-
served that bed rooms haverel atively higher concen-
trationsof radon, thoron followed by kitchen, front room
and hall. Thismay be dueto lessatmospheric pressure
and lessventilation in the bed room.

4. SUMMARY

Theconcentrationleve of 22Rnand 2°Rnindwell-
ings depend on variousfactors such as soil beneath,
local geol ogy, the house construction materias, micro-
climatic parametersandlast but not theleast lifestylein
the dwelling since higher concentration inthe poor ven-
tilated rooms(bed room, kitchen, bath room) have been
observed. Thereforeit issuggested that theresidentia
roomsmust bewell ventilated and freefrom 22Rnrich
materials to reduce the health hazards due to 22Rn.
Indoor 222Rn and 2°Rn concentration depends also on
22Rn exha ationrate of theflooring and ventil ation con-
dition. Higher concentrations of both 2?2Rnand 2°Rn
have been observed wherethe exhaationrateismore.
Theactivity of ?®Rain the soilsof Mysoreregionis
lower than the global average value and indoor 22Rn
and ?°Rn concentrations are comparablewith theglo-
bal average.
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