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ABSTRACT

As the radon progeny contribute a major part ofunat radiation dose to general population, attemtibas been
given to the large scale and long term measuremmémdon and its progeny. Recent epidemiologicatience
suggests that inhalation of low level radon andpitsgeny in dwellings may contribute towards thesmof lung
cancer. Thoron and its progeny contribute little floe radiation dose in normal back ground regiaredo its small
half life. In this comparative study Solid Sthbeclear Track Detectors (SSNTD’s) based twin chardbsimeters
were used for estimating radof”Rn), Thoron ¥°Rn) gases and Inhalation dose in some historicatgs at
Jaipur, Rajasthan, India using twin chamber doseneatups. The dosimeters employ two LR-115 typdabtip
track detector peliculable films, cellulose nitratetector films inside each of the two chambetsdiwith filter and
polymeric membrane for the discrimination of radmmd thoron. Soil samples were also collected semelbusly
from different geological formations of the sameaafor laboratory measurement of radon exhalatiis. Radon
concentrations are found to vary from (18.4 + 3Bk ni® to (62.1 +5.7) Bq m, whereas thoron concentrations
vary from (5.9 +0.6) Bq iito (22.0 +2.6) Bq M. Radon activity and radon exhalation rates in #odl samples
were also measured by using “Sealed can technigiséig LR 115-type Il nuclear track detectors. Radotivities
are found to vary from (294.2) to (868.4) Bmith an average value of (566.0) BnRadon exhalation rates in
these samples vary from (146.8) to (312.2) mBdfwith an average value of (203.4) mBg hi'.
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INTRODUCTION

The two significant isotopes of radon &f&Rn, the immediate decay product®iRa, derived from the uranium
decay series anf’Rn, the immediate decay prodiféfRa. Exposure to Rado’fRn) and its progeny in indoor
atmosphere can result significant inhalation riskbdpulation particularly to those living in homeih much higher
levels of radon. Natural radiation which originatiesm the Earth crust, cosmic radiations etc. dre major
contributors to the total background exposuresumadm population. All radiations gives a world aggravalue of
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2.4 mSy for the annual effective dose equivaleminfnatural back ground radiation of which 1.4 m&mes from
the radon, thoron and their daughter products[12%Rn is an inert radioactive gas with a half-life38 days and
belongs to the radioactive uranium series.In regeats,”?Rn has been used as tracer for the origin andctoaje
of air masses [4,5]. Thororf?{Rn) is a natural decay product of thorium seriefak a half-life of 55.6 seconds
and also emits alpha rays. Radon is a radiologioaon and a carcinogen. Some of the daughter ptedtom
radioactive decay of radon (such as polonium) &e toxic. Since radon is a gas, its decay prodimts a very
fine dust that is both toxic and radioactive. Ttés potentially stick in the lungs after inhalatiand do far more
damage than the radon itself [6]. Although theknents occur in virtually all types of rocks amulls their
concentrations vary with specific sites and geaalgmaterials. As an inert gas, radon can movéyftbeough the
soil from its source; the distances are determimefhctors such as rate of diffusion, effectiverpeability of the
soil and by its own half-life. The inhalation ofestlived daughter products of naturally occurriiaglon is a major
contributor to the total radiation dose to exposebdjects. Radon progenies might be inhaled andsiteplonore or
less deeply onto the bronchio-pulmonary tree, ddipenupon the granulometry of the particles on whikey
become attached. Under specific conditions, suchase prevailing in the uranium mining environmémhg dose
due to radon progenies may be sufficiently highdose an increase in the occurrence of lung cakleasurements
of indoor radon are of importance because the tiadiglose to human population due to inhalatioradfon and its
daughters contributes more than 50% of the totabdoom natural sources [3]. In the present worlefiart has
been made to make indoor radon/thoron estimatiospime historical places at Jaipur, Rajasthan, Ibgliaising
SSNTD,s in Plastic Twin Chamber Dosimeter cups. iffqgortant factors that have got influence up amittdoor
radon / thoron concentration are (1) Propertiethefbuilding construction materials and the grouteke the radon
exhalation rate from the building construction miats or the ground is dependent on the uraniumiliho content,
density and the porosity of the material (2) Indeadon / thoron concentrations are also influenbgdthe
ventilation rate and metrological parameter.

MATERIALS AND METHODS

2.1 Edtimation of radon, thoron and inhalation dose

The radon - thoron dosimeter employed for the mmemsents is made up of a twin cup cylindrical syst
developed at the Bhabha Atomic Research Centre (BARNd is reported else where [7,8]. Figure 1 shive
schematic diagram of the twin cup dosimeter. Edwdinber has a length of 4.1cm and a radius of 3.1drma.
SSNTD-1 placed in compartment M, measures radomealchich diffuses into it from the ambient air thgh a
semi-permeable membrane (Latex) ofi@6thickness having diffusion coefficient in the ganof 16°-10 ‘cnés®
[9,10]. It allows the build up of about  90% difetradon gas in the compartment and suppressesntlyas
concentration by more than 99% (The mean timeddon to reach the steady state concentration inls&leup is
about 4.5 h). On the other hand, the glass filber fpaper of 0.56mm thickness in the compartmeatidws both
radon and thoron gases to diffuse in and hencéréloks on SSNTD-2 placed in this compartment Frelaed to
the concentrations of both the gases. By subtmgdtia result of SSNTD-2 to SSNTD-1, thoron concaidn has
been determined. The choice of the detector LRid¢ hdade in view of the fact that detector doesdsyelop tracks
originating from the progeny alphas deposited drent [8] and therefore are ideally suited for ainaentration
measurements. These dosimeters with membrane andRHL15type Il plastic track detector film haveehe
suspended from the mid-point of the ceiling of lreises at a height of about 2.5m from the groumel.lét the
end of the 100 days the dosimeters are retrievddbtoThe exposed detectors have been etched ilNaQH at
60°C for a period of 1hour in a constant temperatuati bAfter etching, the detectors have been peafefiom the
plastic base and counted using a spark countem fEine counts the track density of the films hasbesdculated.
The calibration factors have been obtained by usiegsetup described by Eappen and Mayya (2004) [8]

Calibration factors have been calculated as=($.019 T.crifd'per Bq n®) for SSNTD-1 (compartment M) and (
S¢ = 0.016 T.crtd'per Bq nt’) for SSNTD-2 (compartment F) and used in the preseidy.

From track density concentration of radong@nd thoron (€ were calculated using the sensitivity factor
determined from the controlled experiments [7,1]1,12

_ T,
Cr(Bgm™) = dxs. T @

1086
Pelagia Research Library



A. K. Mahur et al Adv. Appl. Sci. Res,, 2012, 3(2): 1085-1091

_ (T, —dxC,xS;)
C, (Bgm?) = R_T 2
d xS
Where, G -Radon concentration;7GThoron concentration; ,J= Track density in membrane compartment;: T
track density in filter compartment and d -Expostimee

The inhalation dose (D) in mSv*yvas estimated using the relation:
D= {0.17+ 9R)Cr+ ( 0.11+32F)C; x7000 x 16 ...... 3

Where R and R are equilibrium factor for radon and thoron respety. The values are taken as 0.4 and 0.1 for
radon and thoron given by UNSCEAR, (2000) [13]. Ma¢ues of radon and thoron concentrations and atioal
dose obtained by using relations 1, 2 and 3.

2.2 Radon exhalation rate

For the measurement of radon exhalation rate ihssonples collected simultaneously from differeablggical

formations of the same area “Sealed can technigas”used. Equal amount of samples (100 gm) weceglia the

“Cans” (diameter 7.0 cm and height 7.5 cm as shimwiFig.-2) similar to those used in the calibrateExperiment

Singh et al.,( 1997) [14]. LR-115 Type Il solidtetauclear track detector (2 cm x 2cm) was fixedhentop inside
the cylindrical “Can”. The cans are sealed for #@9s and thus the sensitive lower surface of thectier is freely

exposed to the emergent radon so that it couldrdett® tracks of alpha particles resulting from deeay of radon
in the remaining volume of “Can”. Radon and its glaters reach an equilibrium concentration afterodri and

hence the equilibrium activity of emergent radom dse obtained from the geometry of can and the tihe
exposure. After the exposure for 95 days the deteatere taken out and etched in 2.5 N NaOH &tG6or a

period of 90 min in a constant temperature wateh.bghe resultant alpha-particle tracks were calintsing an

optical microscope at a magnification of 400 x.rfrthe track density the radon activity was cal&datising a
calibration factor of 0.056 track ¢hd™ (Bgm®)?, obtained from an earlier calibration experimentggiret al.,

(1997) [14]. Radon exhalation rate is obtained ftbmfollowing expression [15-17].

CVA
4
A{T +j{e‘kT —]}} *

where, Hs radon surface exhalation rate ( B&fhil) ; C is a integrated radon exposure as measurddRbyl15
solid state nuclear track detector ( Bg ) ;V is the effective volume of can §jni is the decay constant for radon
(hr™); T is the exposure time (hr); A is the area & ¢an () .

E =

2.3 Indoor internal exposure due to radon inhalation:

The risk of lung cancer from domestic exposureaafon and its daughters can be estimated diredain fihe
indoor inhalation exposure (radon) effective dddee contribution of indoor radon concentration freail samples
can be calculated from the following expression [ILH.

- E,xS )
Rn V x/]v

where Gisthe radon concentration ( Bgih; E, is radon exhalation rate  ( BG*m'); S is radon exhalation area
(m% ; V is room volume (ff) , and}, is air exchange rate th .The maximum radon concentration from the
building material was assessed by assuming the emancavity with S/V = 2.0 frand air exchange rate of 0.5.h
The annual exposure to potential alpha energfeftective dose equivalent) is then related to dlierage radon
concentration &, by following expression:
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8760<nx F xC,,
17Cx370( ®)

where, Gnis in Bqm?®, n is the fraction of time spent indoors; 876@& ttumber of hours per year; 170, the number
of hours per working month and F is the equilibridactor for radon and is taken as 0.4 as suggesyed
UNSCEAR, (2000) [13]. Radon progeny equilibriunmsst important quantity, where dose calculatiorstarbe
made on the basis of the measurement of radon stratien, it may have value 0<F<1. Thus, the valoes=0.8
and F=0.4 were used. From radon exposure the iridbatation exposure (radon) effective dose wetienased by
using a conversion factor of 3.88 mSv (WLM)y ICRP, (1993) [18].

EWLM.y?] =

RESULTS AND DISCUSSION

The measured concentration &Rn), Thoron £°Rn) gases and inhalation dose in some historiealgs! at Jaipur,
Rajasthan, India using twin chamber dosimeter aspsshown in Table-1. Radon concentrations aredaarvary

from 18.4 + 3.1 Bq nito 62.1 + 5.7 Bq m, whereas thoron concentrations vary from 5.9 +B36n° to 22.0 + 2.6

Bg m°.

Inhalation dose due to radon and thoron concéommts estimated to vary from 0.99 mSttg  1.67mSv y*. The
International Commission on Radiation ProtectiofRIRE65, (1993) [18] has recommended that remedidbrac
against radon and its progeny is justified abowertinued effective dose of 10 m Sv, while an actevel within
the range of 3-10 mSv'y has been proposed. The action level for radaramtration should be in the range
between 200 and 600 BgiriThe measured values are below the recommendiet detels.

It is worth mentioning that it is difficult to préxd the radon exhalation rate from the concentratiburanium or its
decay series products in the sample, since thenradbalation rate depends also on the texture aaith gize
composition [19]. As soil is frequently used asldinig material in different forms, it is importatt assess the
radiation risk to public. Although radon levels deto be very high in the con- fined spaces of ugdemd drifts,
elevated radon levels are also found in open pitemiand around U-mill tailings. From open pit mirike
radioactive emissions are radioactive fugitive dusd radon gas.

Soil samples collected from the same area, vabfigadon activity, radon exhalation rate and indodralation
exposure (radon)-effective dose are given the Fable

The measured values of radon activity and radoralaiibn rates in these soil samples were measuwadsing
“Sealed can technique” using LR 115-type Il nucleack detectors. Radon activities are found ty ¥eom 294.2
to 868.4 Bqnt with an average value of 566.0 BdnRadon exhalation rates in these samples vary fré&8 to
312.2 mBgnith™with an average value of 203.4 mBgniand the indoor inhalation exposure (radon)-effectiose
in these soil samples vary from 17.3x°16 36.8 x 16 mSv y* with an average value of 23.9x1nSv y".

Table-1 Indoor radon, thoron concentration and inhdation dose in some historical places at Jaipur Rathan, India

Name of Place G (Bqm?®) | Cr (Bgm?) (Dn(1lg\r/1z;lla)1tlon dose)
Hawa Mahal 184 +3.1 220+2.6 0.99
Albert Park 39.5+4.6 13.2+1.3 1.36
Amer Fort - 53.7 £5.3 7.9+0.7 1.59
Amer Fort-I| 50.3+5.2 6.8+ 0.6 1.49
Pratap Mandir 56.8+5.5 7.7+0.7 1.67
Nahargarh-| 43.4+ 4.6 158+1.5 1.51
Nahargarh-II 46.3+5.0 5.9+0.6 1.36
Jantar Mantar 62.1+5.7 11.1+0.9 1.66
Mahamandir Templd 32.6 +4.1 15.5+ 1.6 1.22
Garland fort 43.1+46 | 6.1+0.6 1.28
Minimum value 18.4+3.1 59+0.6 0.99
Maximum value 62.1+5.7 22.0+2.6 1.67
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Table-2 Radon activity, radon exhalation rate and hdoor inhalation exposure (radon)-effective dose isome
soil samples collected from historical places at Jaur Rajasthan, India

Name of Place Radon Activity | Radon Exhalation | Indoor inhalatjon exposure
(Bgm®) (mBg m?h?) (radon)-effective dose ( mSvY)
Hawa Mahal 409.2 147.0 17.3 x10
Albert Park 794.8 285.6 33.6 x40
Amer Fort -I 420.0 150.8 17.8 x 10
Amer Fort-Il 813.6 292.4 34.5x 0
Pratap Mandir 817.2 293.6 34.6 X210
Nahargarh-I 294.2 105.6 12.5x410
Nahargarh-I| 411.4 147.8 17.5x10
Jantar Mant: 868.4 312.c 36.8x 1C*
Mahamandir Temp | 422.¢ 152.( 17.¢x 1C3
Garland fort 408.4 146.8 17.3x40
Minimum value 294.2 146.8 17.3x 10°
Maximum value 868.4 312.2 36.8 x 1C°
Average Value 566.0 203.4 23.9x 10°
S. D. 213.8 76.9 9.04x 10°
Me;llbme M 1 . F Glass Fibre
ther Radon Compartment B Radon+ Theren Fulter
Compartment
1. Radon cup mode S5NTD Film

2. Radont Thoron Cup mode SSNTD Film

Fig.-1 Photograph and Schematic diagram of raderthoron twin chamber dosimeter cup
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Fig.-2 Experimental setup for the measurement of rdon exhalation rate using “Sealed Can Technique”
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