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ABSTRACT

In present investigation, Solid State Nuclear Track Detectors (SSNTDs) based twin chamber dosimeter with LR-115
track detector were used for estimating Radon (*Rn) and Thoron (*’Rn) gas concentration levels in the dwellings
of Jaipur city. Radon and thoron concentration levels in the studied dwellings were found to vary from 4.6 to 27.4
Bg m* and thoron concentrations is found to vary from 3.8 to 22.9 Bq m®. The annual effective dose due to the
exposure to radon and progeny was found to vary from 0.13 to 0.79 mSv whereas from thoron found to vary from
0.09 to 0.57 mSv.
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INTRODUCTION

Measurements of Radon, thoron and their progenysxe due to their detrimental effects on the healtthe
inhabitants because, precisely, out of 98% of ayeradiation dose received by man from natural Gesjrabout
52% is due to breathing of radon, thoron and thegeny present in the dwellings[1]. [2], reporssimate that the
contribution of thoron and its decay products t® #mnual effective dose from radon is about 8%. filesence of
thoron might cause problems for radon measuremsintse radon and thoron are isotopes of same ete!tneir
separation can only be based on the large differeficdecay rates of the two isotopes [3]. The raidotopes,
222Rn, #Rn, and?*Rn are gaseous and they may be released from thendyr rocks and also from building
materials and are accumulated with their shortdidaughters in closed spaces and in particular lindian
dwellings. Exposure to RadofffRn) and its progeny in indoor atmosphere can résigtsignificant inhalation risk
to population particularly to those living in homadth much higher levels of radon. Natural radiatiehich
originates from the Earth crust, cosmic radiatietts are the major contributors to the total backgd exposures to
human population. All radiations give a world awavalue of 2.4 mSv for the annual effective dogeivalent
from natural back ground radiation of which 1.4 nc®wnes from the radon, thoron and their daughtedysts [4].
Radon is estimated to cause thousands of deathdwide each year. As the radon progeny contribatesjor part
of natural radiation dose to general populatiorierdton has been given to the large scale and terg-
measurement of radon and its progeny [5]. It imeex that the inhalation dose to the human beiraga thoron
and its progeny is negligible although recent stsdh many countries have revealed that this maypeantirely
correct [6]. Thoron and its progeny contributdditfor the radiation dose in normal back groundaeglue to its
small half life. In homes the predominant sourceaafon in indoor air is the soil beneath structubeg building
materials and water used in the homes and in acés&s natural gas may also contribute [7]. Keefhiagadiation
risk of radon for general population in mind, itgeite important to make a systematic study ofitfimor radon
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concentration in Indian dwellings. For this purposedon measurements have been carried out in deruof
dwellings in Jaipur city, Rajasthan.

MATERIALSAND METHODS

Solid State Nuclear Track Detectors (SSNJ Based twin chamber dosimeter cups were usedémeasurement
of indoor Radon and Thoron concentration. It was dmed at the Bhabha Atomic Research Centre (BAR@)isin
reported elsewhere [8,9]. LR-115 type —Il detedilons are sensitive tar particles of energy range 0.1 to 4 MeV
[10] and are unaffected by electrons, X-rays gdys [11]. The pieces of pelicullable, cellulos&ate based
SSNTDs, LR-115 type —II detector films of size 3.0 cm, were fixed in twin chamber dosimeter cbhaging
different mode holders. The exposure of detectibediinside the cup is termed as filter and memdbranode.
Membrane mode measures radon only and filter mdesaboth radon and thoron gases to diffuse andtéehe
tracks on the detector film placed in this chamdser due to the concentrations of both the gases €hamber
dosimeter cups fitted with LR-115 type-ll film wesaispended on the wall inside the houses at a bight5 m
from the floor [12] in different dwellings of Jaipwity, Rajasthan state of India, for a period 601days. The
detector films were retrieved and chemically etche@.5N NaOH solution at G for 70 minutes in a constant
temperature water bath. The detector films aresperked using spark counter [3] at a voltage &f 90to fully
developed etched track holes. The tracks are thented at the voltage corresponding to the plategion of the
counter (450V). The calibration factors have bektained by using the setup described by [9]. Fnaokt density,
concentration of radon (€ and thoron (¢ were calculated using the sensitivity factor deteed from the
controlled experiments [8,5]:

) T
Cx(Bgm™) :W 1)
_ (Tf_dxCRxSrf)
3\ —
Cr(Bam) = & @

Where, G is radon concentration;;Gs thoron concentration;lis track density in membrane compartmentjsT
track density in filter compartment and d - Expestime.

Sensitivity factor for membrane compartment)(8/as taken 0.019 + 0.003 Tr &d™ (Bq nT)™* and sensitivity
factor ($) and ($) for radon and thoron as 0.020 + 0.004 and 0.00®8&5 Tr crif d*(Bq m°)™ respectively.

Twin cup for radon, thoron & daughter
products measurement

Bare mode: Radon.,
Thoron & Prozeny

MMembrane mode:
Hadon only

Filter Mode:
Radon & Thoron

Figure 1 Twin chamber double dosimeter cup
RESULTSAND DISCUSSION
The measured values of indoor radon concentratiche dwellings of Jaipur city were found to vargm 4.6 to

27.4 Bq n? with a mean value of 13.0 Bghwhereas thoron concentration were found to vanfrto 3.8 to 22.9
Bg m* with an average value of 10.6 B¢m
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The annual effective dose due to the exposuredifirand its progeny in the houses of study area waiculated
by the formula [2]:

Annual effective dose =¢GBq mi®) x 0.46x 7000 hx 9 nSv (Bq h i)™ ()

Where & is the average of measured radon concentratigheirhouses of study area and 0.46 is the average of
equilibrium factor for radon and progeny measured Ihdian dwellings[12]. The annual effective dahae to
exposure to radon and progeny in the houses ofysitel were found to vary from 0.13 to 0.79 mSvhvah
average value of 0.37 mSv.

The annual effective dose due to the exposureaimithand progeny in the houses of study area wadoalated by
the formula [2]:

Annual effective dose =GBgm®) x 0.09x 7000 hx 40 nSv (Bq h r)™* (4)

Where G is the average of measured thoron concentratidheérhouses of study area and 0.09 is the average o
equilibrium factor for Thoron and progeny measufedindian dwellings [12]. The annual effective dodue to
exposure to thoron and progeny in the houses dfystvea vary from 0.09 to 0.57 mSv with an averagjee of
0.26 mSv. The annual effective dose, radon anathooncentrations are lower than the permissibiédi

Radon and Thoron concentration and annual effedidge in dwellings of Jaipur city of Rajasthanesitindia

L ocation Indoor concentration (Bq m®) | Annual effective dose (mSv)
Radon (Cr) Thoron(Cy) Radon Thoron
H.No-1 11.3 11.1 0.32 0.27
H.No-2 11.6 18 0.33 0.45
H.No-3 23.9 9.3 0.69 0.23
H.No-4 27.4 10 0.79 0.25
H.No-5 4.6 3.8 0.13 0.09
H.No-6 8.7 12.6 0.25 0.31
H.No-7 15.7 10.1 0.45 0.25
H.No-8 5.9 7.7 0.17 0.19
H.No-9 16.6 22.9 0.48 0.57
H.No-10 11.1 6.5 0.32 0.16
H.No-11 12.8 9.6 0.37 0.24
H.No-12 6.3 6.6 0.18 0.16
H.No-13 15.2 11.5 0.44 0.28
H.No-14 13.6 9.9 0.39 0.24
H.No-15 10.5 10.1 0.30 0.25
Average Value 13.0 10.6 0.37 0.26
Maximum 27.4 22.9 0.79 0.57
Minimum 4.6 3.8 0.13 0.09

Scholars Research Library



Anil Sharmaet al Arch. Appl. Sci. Res,, 2015, 7 (2):1-4

30

M Concentration of radon

M Concentration of tharon

Annual effect dose due to
racaonr

M Annual effective dose cue
to thoron

A A e el o U T B S s
o o oo 5 oo o ¢ A A
zZzzz=zz=zzzZz=z2395%5889¢5 22
ITIZTIEZIITIITZ=Z==Z==Z

ITTT I

Figure 2 Variation of indoor radon, thoron concentrations and annual effective dose in the some Houses of Jaipur, Rajasthan
state of India

CONCLUSSION

The indoor radon and thoron concentration levelevieund lower than the permissible level. The galof annual
effective dose due to the exposure to radon antbithare below the recommended limit by[13]. Prestatly
concludes that the houses are safe without pognifisant radiological threat to the human beings.
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