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ABSTRACT

The activities of 25Ra, 2?Th and K in soil samplesand building materials
have been carried out using Hyper Pure Germanium gammaray detector. It
is observed that the 2°Ra and its progeny concentrations are higher in the
houses having granite flooring. Activity concentration of ?Rais measured
by collection chamber method and the exhalation rate is done using solid
state nuclear track detectors. A good correlation is observed for 2°Ra and
22T h activity in soil with indoor 22Rn, 2°Rn and its progeny in dwellings.
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1.INTRODUCTION

Radon and itsdaughters areidentified asacause of
lung cancer among the miners. It has not been clear
wesather radon posesasimilar risk of causing lung can-
cer inhumansexposed a generdly lower levelsfound
in homes, number of indoor radon survey have been
carried out in recent years around the world reveal s
thistruth. The assessment of radiologicd risk rlated to
inhaation of radon andits progeny isbased mainly on
integrated measurementsof radon. Generally thethoron
concentrationindwellingsisconsidered negligible be-
causeof theshort haf lifeof thethoron (55.6 s) and the
worldwideaverage estimatedis3 Bg m3U. Whilecal-
culating therisk, the contribution of thoron anditsprog-
eny can not be ignored. As such the radon measure-
ments should be accompanied by thethoron measure-
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ment for the assessment of the correct level of dose
duetoradionuclides present in theenvironment. Sev-
eral researcherd?® have studied the effect of radon/
thoron on human beings. Radon exposuresarelargely
determined by thegeol ogical underlying thebuildings,
its construction and ventilation conditions”. Thecon-
centration of radon and itsdecay products show large
temporal and local fluctuationsin theindoor and out-
door atmospheredueto variation of temperature, pres-
sure, building materials, ventilation condition, wind
speed®9 etc.

M easurement of indoor radon areimportant be-
cause of theradiation doseto human popul ation dueto
inhalation of radon and its daughters contributesmore
than 50% of thetotal dosefrom natural sourcesy. The
three isotopes (*2Rn, *Rn, ?°Rn) are gaseous and
they may berel eased from the ground, rocksand also
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from building materiad sand accumulatewith their short
lived daughtersin closed spaces, and particularly in
dwellings. 2°Rnand 2°Rn are not asimportant as*?Rn,
mainly because of their short half-life. Thelater may
reach higher levelsof concentrationintheair that are
ggnificant intermsof radiologicd protection. Thedose
derived from the presenceof radonintheairislinked
totheinhaation of itsshort-lived daughters, which are
deposited intherespiratory organs, if deeply inhaed;
emit a pha-particlesin direct contact with the bronchia
and pulmonary epithelium. For thesereasons, the doses
deriving from the exposuresto radon in closed spaces
have been placed indirect relation to therisk of lung
cancer.

M easurementswere madefor the environment of
Mysore city (12N, 76E) where the sand appears as
red sandy |loam. The soil being sufficiently porousand
permitsfreeinternal and downward movement of wa-
ter and dso diffusion of radoninto theatmosphere de-
pending onwater content. In the present investigation
an attempt hasbeen madeto find the activities of ?°Ra,
22Thand K in soil samplesand building materials,
whichareusedfor the construction of houses. Alsomade
an attempt to study the correlation of 2°Raand 2?Th
activitiesinsoil withindoor 22Rn,2°Rnand itsprogeny
indwdlings.

2.EXPERIMENTAL

2.1. Solid statenuclear track detectors(SSNTD’s)

The concentrationsof radon, thoron and their prog-
eny aremeasuredin dwellingsusing Solid State Nudl ear
Track Detectors (SSNTD), which are thin sheets of
dielectric materid ssuch ascellulose nitrate (CN) and
polycarbonate. SSNTDsare sensitiveto d phabut not
to betaand gammaradiation. Ana phaparticle passing
through such aninsulating mediawill leave narrow (3-
10 nm) trail of damage. Thisdamage producesbroken
molecular chains, freeradical etc. Thesedamaged re-
gions can dissolveat amuch higher ratethan the un-
damaged materid in certain chemica agentscalled en-
chants. Thedissolved portion appearsasatrack inthe
film. The number of such tracks givesthe number of
alphaparticles. Thedosimetersare constructed using
SSNTDs. Thedosimeter used isacylindrical plastic
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cup divided into two components having aprovision
for holding the SSNTD filmsin specific concentration.
The SSNTD isacup with asuitablemembranelikethin
latex rubber sheet that determinesthe?2Rn concentra-
tion aone since ?°Rn gasistrapped to lessthan 1%
and SSNTD insidethe cup with afilter paper deter-
mines the both ?22Rn and 2°Rn concentrationsin air.
Thesystem used for thesemeasurementsiscaled double
chamber dosmeter. Thebaremode exposurefilm can
befixed conveniently on the surface of the chamber.
For indoor measurementsnormally LR-115TYPEII
(Kodak Pathe, France) plastic track detectorsare pre-
ferred>19,

The schemati ¢ representation of the double cham-
ber dosimeter cup usedin the study for monitoring ra-
don, thoron andtheir progeny isshowninfigurel. The
chamber has cylindrical in shapewith 45 mm and 62
mm of length and diameter, respectivey. Thefilmsused
inthedosmeter are of gpproximately 12 um thickness.
TheSSNTD-1 placedin compartment-A measuresonly
radon, whichdiffusesintoit fromtheambient air through
asemi-permeable membranesuch aslatex, cellulose,
nitrate etc. Thesemembranes have good permesbility
of theorder of 10*2-10** m2 s and allow more than
95% of radon gasto diffuse, and reduce thoron con-
centration to the extent of 1% or evenless'®. Onthe
oppositeside, theglassfiber filter paper in the com-
partment-B allows both radon and thoron gasto dif-
fusein and hencethetackson SSNTD-2 aremeasure
of concentration of both the gases. The SSNTD-3 ex-
posed inthe bare modethat is placed on the outer sur-
face of thedos meter registersaphatracksattributable
to the airborne concentrations of both the gases and
their progeny*”). These dosimetersare suspended from

Figure1: Embedded view of twin cup dosmeter
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Figure2: Block diagram of HPGe gamma spectr ometer

themidpoint of thehouseat aheight of approximately 2
mfromthefloor of thedwd ling. At theend of thestipu-
lated period of exposure, usualy 90 days, thedosim-
etersareretrieved and dl thethree SSNTD’s are etched
with 10% NaOH solution for one hour wherethetem-
perature of the bathismaintained at 60°C*8. Thetrack
dengty of aphasinthefilmisdetermined usngaspark
counter. Thisexposure cycle has been extendedina
timeintegrated four quarterly cyclesto cover al the
four seasons of acalendar year to evaluatetheannua
radon/thoron and their progeny levels.
Theradon/thoronlevelsand their progeny working
level concentrationsare estimated by thefollowingre-
lationg'™.
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 thefilmin filter 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 #Rn, respectively.

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

F,=0.91f _+0.09f _

wheref_,,f_ andf__aretheactivity fractionswithre-
spect to parent gas. But, F, and F, representsthe equi-
librium factorsfor 22Rn and 2°Rn progeny correspond-
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ing to theextracted ventilation rate™”. Equilibrium fac-
tor isdetermined using theworking level concentra-
tions, and theinha ation dosg'¥ (m Sv y!) isestimated
by using:

D = 7x[(0.17+ 9F_) C, + (0.11 + 32F ) C ] x10°

2.2. Estimation of activity of 2°Ra, 2?Th and “K

Theactivitiesof ?°Ra, 2*Thand “K inthesoil and
building materid saremeasured using gammaray spec-
trometer. The schematic representation of Hyper Pure
Germanium gammaray detector (HPGe) sst upisshown
infigure2. Thesoil sampleswerecollected at severa
locations near the houses of different typesof construc-
tionin Mysorecity. The placesthat arefreefrom sur-
facerun-off during heavy rain were carefully selected.
Anareaof about 0.5 m? was chosen and the vegetation
and rootswereremoved, if any. Then about 2 kg of soil
sampleswere collected from these places at adepth of
approximately 0.2 mfromtheearth’s surface. After the
collection, thesampleswere mixed thoroughly and ex-
traneous materid ssuch asplants, debris, big pieces of
stones, pebblesetc. wereremoved. Composite samples
of about 2 kg was taken and sealed in a polythene
bag?°24, Thesesamplesweredried inoven maintained
at atemperature of 110°C for about 10-12 hours. Then
the sampleswere powdered and sieved through 150
micron sieves, weighed and sealed ina300 ml plastic
container, and kept for amonth before counting for
gammaspectrometry, in order to ensurethat radioac-
tive equilibrium wasreached between 2Ra, 2?Rn and
itsprogeny. The spectrometer cons sted of n-typeHPGe
coaxid detector havingaresolutionof 1.75keV a 1.33
MeV and 641 eV at 5.9 keV and coupled to a 4096
channd Multi Channdl Andyzer. Thedetector ishoused
inalead shield to ceasethe background radiation en-
tering fromoutside. Thistype soil samplingwasamed
at evauatingthedistribution of radionulidesin thesur-
face soil to correlate the samewith radiation exposure
level and theavailability of radionuclidesthat can be
picked up by vegetation growing onthe soil.

The gamma spectrometric procedureisfollowed
to estimatetheactivity of radium. The gammapeak of
energy 609.51 keV (whichisemitted by %“Bi, adecay
product of 2Ra) with intensity of 46.1% is used as
proxy for the quantitative determination of 2°Raby
gammaspectrometry’?, The activity (Bqkg?) of ra-
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Figure 3: Schematic of the emanation of radon from
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Figure4: Variation of 2°Ra, 2?Th, “K in buildingmaterials

dionuclideiscdculated usng therdation:
Activity = (Sto) 107/(EW A)
where Sisthe net counts/s under the photo peak of interest, ¢

isthe standard deviation of S, E isthe counting efficiency (%),
A isthe gammaabundance (%) for the radionuclideand W is

the mass of the sample (g).
2.3Indoor ??Rn exhalation rateand concentration

The collection chamber method hasbeen used for
themeasurement of %2?Rn fromindoor floor of different
surfaces. Measurementsweremadeusing Low Level
Radon Detection System (LLRDS). The procedurefor
the measurement of 222Rn exhalation rateinvolves of
thefollowing steps. Firgt, collecting the??Rn exhaled
from aknown areaof theindoor floor for aknowntime
inacollection chamber. Transfer of aspecificfraction
of theair from the collection chamber to LLRDS%,
The 22Rn concentration is estimated using LLRDS
chamber and hence ??Rn exha ation rateis measured
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by the concentration of radon.

The schematic representation of collection cham-
ber setup, for themeasurement of 2?Rnexhdationrate
inindoor floor isshowninfigure3. Theaccumulation
chamber isadome shaped stainless stedl vessel with
the rim diameter of 440 mm and aheight of 100 mm
having an effectivevolumeof 15 liters. On thetop of
the chamber, two openingsare provided onefor con-
necting ahard rubber bulb whichisused for mixingthe
ar uniformly intothecollection chamber and the other
for transferring theair from collection chamber to the
LLRDS. Any leakage of air through the sides at the
bottom of the chamber isavoided by proper sedling by
sealant. ??Rn exhded from thefloor getscollectedin
the chamber. Thetimeof collection of 2?Rnfor trans-
ferring it to LLRDS has been optimized for one hour.
Theexhdation ratefrom thesoil isca culated by know-
ing the concentration of radon and using thefollowing
expresson:

_ (V+Vv)Cgr

~ All-exp(-At)]
where Jis the exhalation rate (Bq m?2 s?), A is the exhalation
area(m?), V refersto the volume of the accumulation chamber
(m?®), visthevolume of the LLRDS chamber (m®), A standsfor

the decay constant of radon (s?), C,, is the concentration of
22Rninthe collection chamber (Bq nr®) and tisthe duration of

accumulation of radon gas in the chamber.
3. RESULTSAND DISCUSSION

Thefigure4 showsthe mean vaues of *Ra, 2’Th
and “K indifferent building materias. Theresultsre-
ved sthat theactivity concentrationsarere aively more
in granitethan the other materia sused for the construc-
tion of the housesand may |ead for the higher concen-
trationsof radon/thoronin dwellings. Theradium con-
tent isfound maximumin graniteand minimumin sand
compared to cement, concreteand brick. Theactivity
of thoriumismoreingraniteand sand and in other ma-
terialssuch ascement, concreteand brick it appearsto
bemore or less same. Theresultsobtained are of the
sameorder as observed by otherd?+28, Thevariation
of “K isalso observed to seethe activity contribution.
The potassium activity isfound morein granite com-
pared to the other material s used for the construction.
The sampleswerecarefully selected for “K insucha
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Figure6: Comparison of radon exhalation from collection
chamber and SSNTD methods

way that thelocationsare purely vegetation land, where
theradiumvthorium contentisnegligible. Extensveworks
on concrete building blocks were carried out by
Ademolaand Ogunéd etu?” for Ibadanin Nigeria. They
have used the same methodol ogy asdescribed inthis
paper for the estimation of activity concentration of ra-
dium, thorium and potassium using gammaray spec-
trometry. Theradioactivity concentrationswerefound
tovary from6.2t057.5 Bq kg?, 12.4t064.9 Bq kg*
and 95.3t0 766.1 Bq kg*. El Bahi!?® hasreported the
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averageva uesof 28U, 22Th, and °K activity concen-
trationsfor different types of cement that arelower than
thecorresponding global values. Theeffectiveradium
content and theexha ation rate arefound to vary from
12.75t0 38.52 Bq kg' and 61.19 to 181.39 Bq m™
d?, respectively. Rohit et a.* have measured the ac-
tivity concentrationsof soil samplesof thirty different
locations of Mawaregion of Punjab by using HPGe
detector. Therangeof activity concentrationsmentioned
for 2°Ra, 2’Thand “K inthesoil variesfrom 18.37 Bq
kg! (Sangrur) to 53.11 Bq kg (Sitoguno), 57.28 Bq
kg! (Dhanola) to 148.28 Bq kg* (Sitoguno) and
211.13 Bq kg* (Sunam) to 413.27 Bq kg™ (Virk
Khera) with overall mean vauesof 35 Bq kg?, 80 Bq
kgtand 317 Bq kg?, respectively.

Thefigure5 showstheactivity of 2°Raand #2Thin
different locations. Theradium content insoil rangefrom
7.85 10 19.2 Bq kg with a mean of 13.51+3.4 Bq
kg* and for thorium it variesfrom 13.25t0 29.0 Bq
kgtwith amean of 20.29+4.9 Bq kg?, excluding the
area JC Nagar, in both the cases. The highest activity
of 2’Raand #2Thin JC Nagar may beattributed tothe
graniterockssurrounding the area. Activity concentra-
tion of Z2Thishigher than ?*Raat dl location because
the soil and rocks of Mysoreregionissurrounded by
pegmatite and granite rocks?Y. Relatively JC Nagar
shows highest compared to the other locations. The
ratio of 2*Th and *Racan be used as an indicator of
the relative abundance of 2?Th and #8U. The ratio
ranges from 1.04 to 2.33 with a geometric mean of
1.6. Theratioisawaysgreater than unity and envis-
agesthemore abundance of thorium compared to ura-
niuminthese areas. The average values of Raand
232Th reported for normal background areas of Indian
soilsare15and 18.36 Bq kg, respectively=. Kant et
a BY reportsthe concentration of Radium, Thoriumand
Potassuminthemixed soil samplefrom cropfieldsas
16.2+0.22, 68.1+1.44 and 875.0+9.68 Bq kg, for
barren soil sample 9.1+0.13, 59.4+1.45 and
668.4+8.01 Bq kg respectively. Theradium equiva
lent activity inthe soil samplefrom cropfieldsis225.9
Bgkg!andinbarren soil sampleitwas193.1 Bgkg™.

Theactivity of ?°Raiscompared with the radon
exhalation rate by different techniquessuch ascollec-
tion chamber and solid state nuclear track detector
method. Thisvariationisdepictedinbar diagram shown
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TABLE 1: Annual averageradon, thoron and their progeny
concentrationsand equilibrium factor

Concentration Progeny
L ocations (Bq m?) concentration
(mWL)

222R n 220R n 222R n 220R n
Lashkar Mohdlla(LM) 129 188 0.610 0.278
Siddiquenagar (SN) 101 9.0 0.254 0.041
Naidunagar (NN) 174 283 0.246 0.131
Mandimohalla (MM) 126 207 0400 0.094
Tilaknagar (TN) 93 212 0013 0.001
Badamakkan (BM) 92 331 0706 0.391
NR Mohalla (NM) 125 189 0.360 0.196
Agrahara (AG) 40.7 455 0013 0.001
Saraswathi puram (SP) 444 386 0.014 0.001
KG Koppa (KG) 545 421 0.013 0.001
Jayanagar (JN) 302 203 0.017 0.001
Kuvempu nagar (KN) 26.7 221 0062 0.005
Sriramapura (SR) 300 192 0.014 0.001
R K Nagar (RK) 340 193 0.026 0.002
Vivekanandanagar (VN) 37.0 276 0.016 0.001
JC Nagara (JN) 58.0 402 0.025 0.002

Radaon progany (mWL)

c :
% ™ Radan (Bq m™)
@)
F Radium {Bq k')

L ocations .'
Figure7: Concentr ation of radium, radon and itsprogeny
in different locations

infigure6. Theexhaaionrateisrdatively highin ce-
ment and concrete compared to the other materials.
Thismay beattributed to thelarge usage of cementin
the construction of buildings and hencethe buildings
may contain several tons of concretecompared to the
other materias. Theradon exhaation raterangesfrom
1to 10.2u Bg kgts*! with amean of 5.5u Bg kg?*s?
for collection chamber method. Whileinthe solid sate
nuclear track detector method, theexhaationratevar-
iesfrom 1.3t0 12.0u Bqkg's! withamean of 5.4u
Bqkg!s?. Inboth the methods the minimum concen-
tration wasobserved for marbleand maximumisfound
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in cement. Theresults show apositive correlation be-
tween thetwo methodswith acorrelation of 95%. The
annual average of indoor radon, thoron and their prog-
eny concentrationsfor sixteen locationsareshownin
TABLE 1. Theradon and thoron variesfrom 9.2 to 58
Bgm2withameanof 27.4Bgm=,and9.0t045.5Bq
m3 with amean of 26.5 Bg m3, whereastheir prog-
eniesvaries between 0.013t0 0.7 mWL withamean
of 0.17mWL, and 0.001 to 0.4 mWL with amean of
0.07mWL. Theaveragevauesof radon concentration
invillagesviz. Aghar, Chakmoh, Gallot, Khian and
Rachaon of Himacha Pradesh, Indiaisfoundtobe0.73,
0.66, 1.06, 0.88 and 0.71 kg Bg m3[3, Sanada et
al >3 havefound the mean annual mean indoor radon
concentration of 15.5 Bq mr2 for Japan. Virk and
Sharma*¥ have reported the average radon concen-
tration theenvironment of Himacha Pradesh. Theob-
served radon concentration rangesfrom 19.7to0 146.3
Bgnmr2whilefor thoronitis9.1to 70.7 Bqgm=. Singh
et al.® have reported the valuesradon concentrations
of 156.11 and 635.42 Bqmfor thedwellings of Kasol
and Balsari villagesin India, respectively. Thevaues
obtai ned from our measurements are comparableto
the observation made el sewhere. The concentrations
and distribution of natural and anthropogenicradio nu-
clidesin soilsfrom around theK estanbol (Canakkale),
Turkey were investigated by Merdanoglu and
Altinsoy!® to assessthe environmenta radioactivity and
radiol ogical health hazards. They also found that the
concentration of 2Thin soil washigher than that of the
28 and theactivitiesof 2?Thand 28U inthisareaare
higher than theworld average. Theresultsshow that the
mean radium equivalent activity is498 Bq kg™.
Thevertica bar graphinfigure 7 showsthevaria
tion of radium, radon and radon progeny concentra-
tionsat different locations. Theactivity of radiumvaries
between 12.8 and 19.2 Bq kg* with a mean of
15.4+2.3 Bq kg™. In theselocationstheindoor radon
rangesfrom 21.8t049.2 Bqmwith amean of 32.8+
8.0Bgm2anditsprogeny rangesfrom0.4to 1.3mWL
withameanof 0.72+ 0.3 mWL. The maximum activity
of radiumisfound in Vivekanandanagar, Agraharaand
KG Koppa . The higher amount of 22Rain soil de-
pendsto alarge extent onthe mineral composition of
thehost rocks. Therocksinthisbet areof richingran-
ite, and usually granite haslargeamount of radium than
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Figure8: Concentration of thorium, thoron and itsprog-
eny in different locations

other rocks. The?*Raactivity doesnot vary signifi-
cantly in other partsof thecity.

Figure 8 istherepresentation of the activity con-
centration of thorium. The concentration of thorium var-
ies between 13.3 and 29.0 Bq kg! with a mean of
20.4+5.7 Bq kg. Thefigurea so showsthevariation
of indoor thoron anditsprogeny. Intheselocationsthe
thoron rangesfrom 14.0to0 26.1 Bg m with amean of
18.9+ 3.7 Bq m= and its progeny rangesfrom 0.1 to
0.6 MWL withamean of 0.344+0.2 mWL. The maxi-
mum activity of thorium isobserved at KG Koppal,
Vivekanandanagar and Saraswathi puram. Activity con-
centration of 22Thishigher compared to ?°Raat all
locations.

4. CONCLUSIONS

Theradiumisfound to bemaximumingraniteand
minimum in sand compared to cement, concrete and
brick. Theactivity of thoriumismorein graniteand
sand and in other materials such as cement, concrete
and brick it appearsto bemoreor less same. Theac-
tivity of 2°Raand 2?Thin JC Nagar isrelatively high
compared to other place and may be dueto the pres-
ence of granite rocks surrounding the area. Activity
concentration of Z22Thishigher than ?*Raat al loca-
tion because the soil and rocks of Mysoreregion is

Activity of radium, thorium and potassium
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surrounded by pegmatiteand graniterocks. Thehigher
amount of 2*Rain soil dependsto alargeextent onthe
mineral composition of thehost rocks. Therocksinthis
belt areof richin granite, and usudly granite haslarge
amount of radium than other rocks. The?**Raactivity
does not vary significantly in other parts of the city.
Activity concentration of Z2Thishigher compared to
2Raat al locations. The activity of 2’Raand 2Th
arebelow the global averagevaue. A good correlation
between ?Ra and ??Rn and #°Th and ?°Rn isaso
observed.
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