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ABSTRACT

Study of indoor radon/thoron has been carried outsome dwellings of Firozabad, Uttar
Pradesh, India using LR-115 type Il plastic tragkettors. Radon is an invisible radioactive gas
that occurs naturally in the environs. It comesirthe natural breakdown of uranium in soils and
rocks. Lung cancer risk depends upon the conceatratf radon and their decay products in air
above recommendation level. In the present stuelyatue of concentration of radon ranges from
31.5 to 141.4 Bgifwhereas the value of thoron concentration rangemf®.3 to 75.2 Bqth The
value of radon progeny ranges from 3.4 to 15.3 Bavhile the value of thoron progeny ranges
from 3.3 to 27.3 Bgih The inhalation dose varies from 0.15 to 0.71 §iSVhe annual exposure
(Rn + Tn) in terms of WLM ranges from 0.24 to lwd6le annual exposure (Rn + Tn) in terms of
mjhmi® ranges from 0.85 to 5.17 with an average of 2t [ife time fatality risk of the residents
of the study area ranges from 0.72 x*1® 4.38 x 10" with an average value of 2.5 x 10The
annual effective dose ranges from 0.93 - 5.66 ith an average value of 3.2.

[Keywords: Indoor radon, Thoron, Solid state nuclear traclectetr, Effective dose]

INTRODUCTION

Radon, thoron and ite{emitting) decay products is naturally occurringhie environment in the
form of ionizing radiation. It can affect radiatidrazard although sources are concentrated in
covered areas like caves, mines and poorly veedildtouses. These factors can give rise to
radiation exposure in the environment if their camtcation is very high either due to natural
causes (high background radiation area (Keralajk nohosphate deposit, uranium deposit,
industrial radiation, uranium and coal thermal poplant etc) [1]. These are unstable radioactive
nuclei coming from the &2 and TH*? radioactive decay series. Indoor radon, thoronisndecay
products is assumed to be health hazardous for luAsathese are inert gases therefore it can
easily disperse into the environment as sooniagéleased. About 90% of average radiation dose
received by human from natural sources and about iSQdue to inhalation of radon, thoron and
their progeny present in the dwellings [2]. In divgJs radon and thoron level enter through the
cracks, sump, and joints. In poorly ventilated gsathe radon concentration may reach levels of
great concern [3]. Radon, thoron and its decay yrsdf*®Po and®**Po) attach to aerosols and
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gets traped in the tracia bronchial system durimgglation thereby irradiating the bronchial
tissues. It constitutes a significant radiationdrdzo human lungs and occurrence of lungs cancer
[4, 3].

Assumed exceptionally high uranium and thoriunoratin cause of increased radon and thoron
[6]. The radon and thoron concentration is highlyamogeneous and is strongly dependent on
the distance from the source [7, 8].

It is dependent on the ventilation rate becauselétay constant (64 is much higher than
normal ventilation rate (1} and the behavior of the radon progeny is sintdathoron progeny
according to its half life [9]. Radon and thoronemvironment comes from two sources terrestrial
and extraterrestrial radiation [10]. Such type adiiation exposure effects internal and external
part of human body [2]. Internal exposure occursugh the inhalation of radon gas and external
exposure occurs through the emission of penetrgi@mgma radiation [11]. It is supposed that the
health effect of inhabitants is negligible duehe tnhalation of thoron and its progeny but recent
studies in many countries have shown that this nmybe completely correct [12]. People spend
about 80% of their time in homes or offices. Therefprecaution is needed; several scientist and
research workers are engaged in the measuremeatiaf thoron and its progeny by using LR-
115 type Il plastic track detectors in the enviremin[1, 14-19]. Firozabad city suffers from
pollution because about four hundreds glass ingstre registered in Firozabad and these
industries produces different kind of glass matefierefore the motivation of our study is the
possible health risk assessment, due to the radomn and its short lived decay products in
inhalation.

MATERIALSAND METHODS

Experimental Details

Study of indoor radon, thoron and its progeny hbeen carried out in some dwellings from
March 2009 to June 2009 of Firozabad district, tJReadesh, India using LR-115 type Il plastic
track detectors in the “Bare” mode [3,17-19,27]eTdetectors are sensitivedeparticles and are
widely used for radon and its short-lived decaydpicis measurement. The size of detectors was
taken 1.5x 1.5 cm for recording the tracks afparticles emitted by radon and its short-lived
decay products present in the ambient air, typicBtf*® and P6** which generally attach
themselves to the aerosols. The detectors werd fixecards and mounted on the walls for 91
days inside the room at a height of about 7 femhfthe ground. Tha-particles originating from
radon and its short-lived decay products has beeistered as tracks in the detectorsqif
particles from radon and its short lived daughtedpcts have their energies in the range of about
1.7-4.1 MeV [20, 21]. Once the exposure periodverpthe detectors were etched in 2.5 N NaoH
solution at 60C for 90 min in a constant temperature water batbur laboratory. The counting
of alpha tracks has been done using a binoculacadpesearch microscope with a magnification
of 100x. The details of standard calibration methods asridbed [22] and the concentration of
radon and thoron gases were calculated in terrfBapfi°) using the following expression [22].

CR =t/ TKim——— (1)
Cr = ttotal — KitCrnT / TKyf - - - (2)

Where twota is the total tracks recorded in the SSNTD film
T is exposure time in days
tm is the track register on detector
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K, = 0023+ 0004rackscm™d™/Bgm™
K, = 0019+ 0002rackscm“d ™*/Bgm™
K., = 0021+ 0003rackscm?d*/Bgm™

The inhalation dose was calculated (in m§wysing the relation
D, (mSvy )= C(0.11 + 40 x 0.03)x 24 x 0.8x 365 x10° ... (3)

Where C is radon or thoron concentration [2], thdon and thoron progeny working levels
(PAEC) were calculated using the following relat[@8].

Cry(Bam®) = 22 - (g
R

¢ (am?)= TZWL ___ g
I:T

where ik = 0.4 and IF= 0.1 are the equilibrium factor of radon and tmof24].The calculations
have been made using the conversion factors gilgemwbere [25, 26]. The annual exposure have
been calculated through radon progeny by using (WAK6 x WL) while an exposure of an
individual to radon progeny of 1WLM is equivalent3.54 mJhii. The life time fatality risk and
the annual effective dose received by the bronamal pulmonary regions of human lungs have
been calculated by using the conversion factordf® WLM ™ and 3.88 mSvWLM.

RESULTSAND DISCUSSION

The table 1 - shows the values of radon conceatratihoron concentration, radon progeny,
thoron progeny, and inhalation dose while Table shews the values of annual exposure, life
time fatality risk and effective dose in urban dmgjs of Firozabad district of Uttar Pradesh
(India). The values of radon concentration varyrfr81.5 to 141.4 Bqmwith an average of 89.5
and a standard deviation 31.8 whereas the valuéisoobn concentration vary from 9.3 to 75.2
Bgm™with an average of 36.7 and a standard deviatio®. Zhe values of radon progeny ranges
from 3.4 to 15.3 Bgm with an average value of 9.6 Bgnand a standard deviation of 3.4 while
the values of thoron progeny ranges from 3.3 t8 Bgni° with an average of 13.3 Bghand a
standard deviation 7.6. All values are found tddweer than the recommended action level 200
Bgm™ ICRP?. The values of inhalation dose vary from 0.15 f610mSv.y* with an average of
1.08 and standard deviation is 0.45. The annualsxe (Rn + Tn) in terms of WLM ranges from
0.24 to 1.46 with an average value of 0.83 anchdstad deviation 0.37, while annual exposure
(Rn+ Tn) in terms of mjhm ranges from 0.85 to 5.17 with an average of 2@ arstandard
deviation 1.3. The life time fatality risk of thesidents of the study area ranges from 81" to
4.38x10* with an average value of %80* and a standard deviation ¥10“ The annual
effective dose ranges from 0.93 to 5.66 with arraye value of 3.2 and a standard deviation 1.4.
The detectors were fitted inside rooms and few alete were inside glass factory. All values
obtained under the limit [25], depending on theetgh house construction, ventilation conditions
and location. It is observed that in all the plattess annual inhalation dose and annual effective
dose is below the action level 3-10 mS\has been recommended by ICRP [25].
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Table 1- Radon concentration, thoron concentration, radon progeny, thoron progeny and
inhalation dose in some dwellings

or  Location Con Cop Fadon Thoron Inhalation
Mo (B qm’3} B qm'3) Progeny FProgeny Cioge
(Ent+Tm)
WLy (WL Dy,
(mSvy
1 room Bl.8 254 5.8 8.3 0.9%
2 workshaop 111.8 AE.8 120 250 166
3 room 315 83 34 33 0.37
4 workshaop 1223 308 13.0 15.4 144
5  room 429 138 4.6 5.0 052
f  room 83.1 524 ) 19.1 1.26
7 room 954 30.1 10.6 0.9 1.18
g workshaop 1233 751 13.3 73 1.82
9  room 59.1 a9 8] 9.3 1.06
10 room 487 145 51 53 0.58
11 worleshop 141.4 41.1 15.3 14.9 168
12 worleshop 1137 AE3 123 243 0.67
13 room 3.1 203 6.8 7.4 0.7a
14 room 1003 307 108 11.2 1.20
Avearage value 895 367 9.6 13.3 1.08
Standard Dewiation 318 209 34 7.8 045

Table 2- Annual exposure (Rn + Th), Lifetimefatality risk factor and annual effective

Dose
Br Anrual Annual Anral Lifetime Annual
Mo Exposure Exposute Esxposure Fatality Effective
En(WLL Th({WLLI En+ Th FiskFactor Drose
(WLM)  mjhem ®10%  (mSvyh

1 0.3z 0.33 0.65 2.30 1.95 251

2 043 0.90 1.33 471 3.99 516

3 01z 0.1z 0.24 0.85 0.72 0.93

4 047 0.48 0.95 3.368 2.85 3.69

5 0.17 0.18 0.33 1.24 1.05 1.34

i 0.33 0.69 1.02 j.al 3.06 396

7 0.38 0.39 0.77 273 2.31 299

8 048 0.98 1.44 517 4.38 5.66

a 0.35 0.35 0.70 2.48 2.10 271

10 0.1y 0.1%9 0.38 1.35 1.14 1.47

11 0.55 0.54 1.09 386 3.27 4.23

124 0.44 0.9 1.33 471 3.99 514

13 0.25 0.27 0.52 1.54 1.56 2.0%

14 0.39 0.40 0.79 2.80 2.37 3.06
A WValue 035 045 0.53 2.9 25 3.2
5.0 0.1z 0.27 0.37 1.3 11 1.4
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CONCLUSIONS

The values of radon concentration, thoron concgatrainhalation dose and annual effective
dose do not show major concern. Our results hage fsind lower when compared to the other
authors [3, 19]. From the present work it has beamcluded that the radon levels in running
factory having maximum and minimum in room. Theues are found to be lower than the
action levels (3-10 mSvY recommended by ICRP [25].
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