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Abstract— In the present study, concentration of radon- thoron
and their progeny levels inside the kasimpur thermal power
plant, Ukhalana and Sunamai villages were measured using the
twin chamber solid state nuclear track detector (SSNTD) based
dosimeters using 12 um thick celluslose nitrate based pelliculable
LR-115 type Il detectors. Twin chamber dosimeter cups fitted
with LR-115 type Il films were placed at 10 places inside the
Kasimpur thermal power plant, 10 places in the dwellings of
ukhalana village and 8 places in the dwellings of sunamai village.
Radon concentration inside Kasimpur Thermal Power Plant vary
from 16 + 2.9 Bg m? to 61+ 56 Bg m® whereas thoron
concentration varies from 6 + 0.7 Bq m™ to 56 + 5.1 Bq m=.
Radon and thoron PAEC values are found to vary from 1.73
+0.31 mWL to 6.59 £0.61 mWL and 0.16 + 0.02 mWL to 1.51 +
0.4 mWL. The annual effective dose from radon, and thoron is
found to vary from 0.05 mSv y* to 0.95 mSv y1. The life time
fatality risk factor was also estimated and it varies from 0.01x10*
to 0.24 x 10-*. Radon concentration in the dwellings of Ukhalana
village is found to vary from 13 + 2.54 Bq m™ to 42+ 4.66 Bq m
whereas thoron concentration varies from 11 + 1.27 Bgm- to 39
+ 4.08 Bq m? . Radon and thoron PAEC values vary from 1.41
+0 .27 mWL to 4.54 £0 .5 mWL and 0.29 £0 .03 mWL to 1.05 £
0.11 mWL. The annual effective dose from radon, and thoron is
found to vary from 0.063 mSv y! to 0.183 mSv y%. Estimated life
time fatality risk factor varies from 0.19x10** to 0.55x10* . The
inhalation dose is found to vary from 0.64 mSv y! to 1.57 mSv y-
1. The Radon concentration in the dwellings of Sunamai village
is found to vary from 14 + 2.67 Bq m? to 58t 551 Bgq m
whereas thoron concentrations varies from 3 £ 0.27 Bq m™ to 57
+ 4.97 Bg m?. Radon and thoron PAEC values vary from 1.51 +
0.29 mWL to 6.27 £ 0.59 mWL and  0.08 £ 0.007 mWL to 1.54
+ 0.13 mWL. The annual effective dose from radon, and thoron is
found to vary from 0.066 mSv y* to 0.229 mSv y. The life time
fatality risk factor was also estimated and varies from 0.19x10*
to .69 x 10*.These values are below the recommended action
levels.

Index terms- LR-115 type Il dector, Twin chamber dosimeter
cups, Effective Dose, Kasimpur thermal power plant, Ukhalana
and Sunamai villages.,

|. INTRODUCTION

About 90% of radiation exposure to human arises from
natural sources such as cosmic radiation, terrestrial radiation
and exposure to radon, thoron and their progeny [1]. Radon,
thoron and its (alpha- emitting) decay products is naturally
occurring in the environment in the form of ionizing radiation.
Indoor radon, thoron and its decay products is assumed to be
health hazardous for human [2]. Radon pollution is an
important global problem of radiation hygiene. Radon and its
progeny are the major contributors in the radiation dose
received by general population of the world [3]. Short-lived
radon and its decay products are the most important sources of
radiation from natural sources which effect human beings [4].
Short-lived radon and its decay products are the most important
sources of radiation from natural sources which effect human
beings [5]. Radon is a radioactive gas which makes the primary
contribution to the natural radiation to which people are
exposed [6].There are over 30 known isotopic forms of radon.
Most of these have very short half-lives in comparison to
radon-222. due to their very short half-lives they cannot
migrate far from their origins and consequently are of no
radiological health significance. One of them, however, is
radon-220 (usually called thoron) and despite its short half —
life (55.6sec) may be present in indoor air at a sufficiently high
concentration to be of some radiological significance [7].
Radon and thoron are invisible, odorless, heavy and radioactive
gases which are obiquitously present in dwellings and in the
environment [8].

Radon, thoron and their progenies as a natural radiation
hazards to human health is well known [9].

The behavior of ubiquitous radon and its progeny in the
indoor atmosphere generally reflects a complex interplay
between a number of processes, the most important of which
are radioactive a- decay, ventilation, attachment to aerosols
and deposition on the surfaces. Indoor Rn exposure depends in
a complex way on the characteristics of the soil, the type and
details of the building structure, meteorology, ventilation
conditions and occupant behavior. The measurements of time
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integrated concentration of indoor radon and its daughters are
important since indoor radon and its progeny is responsible for
more than half of the total yearly radiation dose to human
beings. Study of radon and its progeny in air is indispensable,
as these deliver the highest radiation dose to human beings
among all natural radioactive sources. It has been estimated
that inhalation of short-lived radon progeny accounts for more
than half of the effective dose from natural sources [10].
Airborne concentrations of radon and its progeny vary from
time to time, depending upon the meteorological conditions,
such as temperature, relative humidity, wind speed, rainfall etc.
Among all sources of background radiation that deliver
significant doses to the tissues or cells of respiratory tract, The
inhaled radon progeny are dominant and is about 55% of the
total doses. There is increasing concern about exposure to
radon and its progeny due to their detrimental effects on the
health of inhabitants [11]. For an individual person exposed to
radon gas for a long time, there is, from medical point of view,
an increase in the risk for growth of a lung cancer [12,13],
although low dose radiation lower the risk of cancer [14]. The
seventh generation decay product of Uranium, radon, in indoor
environment, contributes some what more than one half of the
collective dose received by human population from all sources
of exposure. Precisely, out of 98% of average radiation dose
received by man from natural sources, about 52% is due to
breathing of radon, thoron and their progeny present in the
dwellings [15]. . The main contributions of indoor radon are:
(i) diffusion from building elements, 21%,; (ii) diffusion from
subjacent earth, 15%; (iii) advection from subjacent earth,
41%; (iv) infiltration by outdoor air, 20% (v) de-emanation
from water supply, 2% (vi) consumption of natural gas, 1%
[16-18]. There has been increasing interest in indoor
radioactivity measurements motivated by the concern about the
possible consequences of long time exposure to higher
concentrations of ??Rn and ??®Rn and their progeny [19].
While indoor radon exposure has received wide public
attention vis-a-vis lung cancer risk due to inhalation, not much
information is known about the levels and risk associated with
thoron (*®°Rn) in indoor air because of its short half life.
However, half-lives of its daughter products 2*?Pb (10.6h) and
212Bj (60. 6 min.) are comparable with biological elimination
rate. The inhalation lung dose is relatively smaller than that
from radon progeny. Radiation exposure due to inhalation of
thoron progeny is estimated to be of the order of 10-20%
compared with short-lived radon progeny [20]. Radon
contributes to a large part of the radiation exposure to the
general public [21] and it might produce lung cancer if inhaled
in high concentration for long period [22-24]. This high
exposure level may be harmful for people residing in the
region.

Measurement of radon, thoron and their progeny is
important because of the radiation dose to human population
due to inhalation of radon, thoron and their progeny. As the
radon progeny contributes a major part of natural radiation
dose to general population, attention has been given to the
large scale and long term measurement of radon and its
progeny. Thoron and its progeny contribute little for the
radiation dose in normal background region due to its small
half life. Thoron, ?°Rn, is a natural decay product of thoron
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series. It has a half life of 55.6 seconds and decays through
alpha particles. It is assumed that the inhalation dose to the
human beings from thoron and its progeny is negligible
although some studies in many countries have revealed that
this may not be entirely correct [25].

1. EXPERIMENTAL DETAILS

Concentration of radon- thoron and their progeny were
measured using the twin chamber solid state nuclear track
detector (SSNTD) based dosimeters using 12 um thick, LR-
115 type Il pelliculable, celluslose nitrate based SSNTDs,
manufactured by Kodak Pathe, France. The dosimeter has been
developed at Bhabha Atomic Research Centre (BARC) [26]
and is shown in Fig. 1. Each cylindrical chamber has a height
of 4.1 cm and a radius of 3.1 cm. one piece of the detector film
(SSNTD) of size 3cm x 3cm, placed in compartment M
measures radon only which diffuses into it from the ambient air
through a semipermeable membrane of 25 um thickness having
diffusion coefficient in the range of 10 to 107 cm? s [27]. It
allows the build up of about 90% of radon gas in the
compartment and suppresses thoron gas concentration by more
than 99%. The mean time for radon to reach the steady-state
concentration inside the cup is about 4.5 hours. Glass fiber
filter paper and thickness of 0.56 mm in the compartment R
allows both radon and thoron gases to diffuse into it and hence
the tracks on second piece of the detector film placed in this
chamber are related to the concentration of both the gases.
Third piece of the detector film exposed in bare mode (placed
on the outer surface of the dosimeter) registers alpha tracks
attributed to both the gases and their alpha emitting progeny,
namely 2'8Po, 2®Pg and 2'?Po. LR-115 detectors do not develop
tracks originating from the progeny alphas, deposited on them
[28-31] and, therefore, are ideally suited for radioactive gas
concentration study. The exposed films were etched in 2.5
NaoH solution at 60% °C for 90mins. in a constant temperature
water bath. The etching processes removes a bulk thickness of
4 um, leaving a residual detector for thickness of 8 um. The
detectors are pre-sparked using spark counter [32] at a voltage
of 900V to fully develop the partially etched track holes. The
tracks are then counted at the voltage corresponding to the
plateau region of the counter (450V). The concentrations of
radon, thoron and progeny are computed from the observed
track densities using appropriate calibration factors. The
calibration factors depend upon various parameters such as
membrane and filter characteristics as well as the energy of the
alpha particles for the cup mode exposure, the parameters of
the etching process and spark counting characteristics.

From the track density, concentration of
radon (Cr) and thoron (Ct) were calculated using the
sensitivity factor determined from the controlled experiment
[33].

Cr (Bqgm?d) = TmldxSm (1)
Cr (Bq m'3) = Ti—dx Cx Se/d xSy (2)
where
Ck = Radon concentration
Cr = Thoron concentration
Tm = Track density in membrane compartment
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T = Track density in filter compartment

d = Exposure time

Sensitivity factor for membrane compartment is

(Sm) = 0.019 + 0.003 trc m2d “¥/Bq m™®

Sensitivity factor for radon in filter compartment is

(Sr) = 0.020 +0.004 trc m?d YBg m?

Sensitivity factor for thoron in filter compartment is

(Sw) = 0.016 +0.005 trc m2 d*Y/Bq m™®

The inhalation dose (D) in mSv y! is estimated using the
relation:

D = [(0.17 + 9 Fr ) Cr+ (0.11+32F7) Cr] x 7000 x 10°5---
————————————— (3) where Fgr and Fr are equilibrium factor for radon
and thoron respectively. The values are taken as 0.4 and 0.1 for
radon and thoron [34].

The life time fatality risks were also calculated from the
values obtained for radon and thoron and their daughters
concentrations in terms of potential alpha energy concentration
(PAEC) in mWL extracted from bare detector exposure.
Measured radon/thoron concentrations were converted into
equilibrium equivalent concentration (EEC) which was further
converted into potential alpha energy concentration (PAEC)
using the relation:

Cror Cr=PAEC (WL) x 3700/F 4)
where, F is the equilibrium factor and its value is 0.4 and
0.1 for radon and thoron respectively . PAEC is converted into
annual effective dose by using dose conversion factors. Radon
daughter dose conversion factor for the population is given as
3.9 mSv per WLM whereas the effective dose equivalent for
thoron is 3.4 mSv per WLM . The life time risk associated
with the exposure due to indoor radon and its progeny was
computed by using 1 WLM = 10x10° casefyear. If the risk
persists for 30 years, life time fatality risk is 3x10* case/WLM

"
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Fig 1
dosimeter system

Radon-Thoron mixed field

I1l. RESULTS AND DISCUSSION

The values of radon and thoron concentration and
inhalation dose obtained are presented in Table 1,2 and 3. The
results of the life time fatality risks are given in Table 4,5 and
6. Radon concentration inside Kasimpur Thermal Power Plant
vary from 16 + 2.9 Bq m™ to 61+ 5.6 Bq m® whereas thoron
concentration varies from 6 + 0.7 Bq m™ to 56 + 5.1 Bq m™.
Radon and thoron PAEC values are found to vary from 1.73
+0.31 mWL to 6.59 +0.61 mWL and 0.16 £ 0.02 mWL to 1.51
+ 0.4 mWL. The annual effective dose from radon, and thoron
is found to vary from 0.05 mSv y* to 0.95 mSv y*. The life
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time fatality risk factor was also estimated and it varies from
0.01x10* to 0.24 x 10-%. Radon concentration in the dwellings
of Ukhalana village is found to vary from 13 + 2.54 Bg m™ to
42+ 4,66 Bq m* whereas thoron concentration varies from 11
+ 1.27 Bgm™ to 39 + 4.08 Bqg m? . Radon and thoron PAEC
values vary from 1.41 +0 .27 mWL to 4.54 +0 .5 mWL and
0.29 £0 .03 mWL to 1.05 + 0.11 mWL. The annual effective
dose from radon, and thoron is found to vary from 0.063 mSv
y?! to 0.183 mSv y!. Estimated life time fatality risk factor
varies from 0.19x10% to 0.55x10* . The inhalation dose is
found to vary from 0.64 mSv y*to 1.57 mSvy?’. The Radon
concentration in the dwellings of Sunamai village is found to
vary from 14 + 2.67 Bq m™ to 58+ 5.51 Bq m whereas thoron
concentrations varies from 3 + 0.27 Bq m= to 57 + 4.97 Bq m
3. Radon and thoron PAEC values vary from 1.51 +0.29 mWL
t0 6.27 + 0.59 mWL and  0.08 + 0.007 mWL to 1.54 + 0.13
mWL. The annual effective dose from radon, and thoron is
found to vary from 0.066 mSv y* to 0.229 mSv y*. The life
time fatality risk factor was also estimated and varies from
0.19x10* to .69 x 10 The wide variation in the concentration
of both radon and thoron and their daughters may be attributed
to theVariation in radioactivity in the region, the soil beneath
the house, the ventilation, construction material and the type of
construction etc.. Thoron may contribute a little towards the
radiation dose. The inhalation dose and radon and thorn
concentration are within the permissible limits.
Tahlel

Radon and Thoron Concentration and Inhalation dose inside Kasimpur Thermal
Power Plant

Location Tn Ti Cn Cr b {inhalation
(Trem® | (Trem?) | (Bgm®) {Bym?) dose) {mSv yY)

Cil coofer 73.00 110.00 Br44 12210 148

Water 54.35 118.73 28138 39136 1.64

treatment

plant

Control room | 62.25 132.56 32141 LEE 1] 1.82

Office 5731 123.63 EIEER] 39435 1.69

Near LP| 44.466 57.00 23+34 6407 0.7

heater

Turbine hall 4 | 62.00 135.00 3241 46439 1.91

BMD  store| 35.00 108.73 ilt40 29123 1.52

room

Near stair case | 31.33 13217 f+2. 5651 L7

WMechanical 116.3 135.25 G156 507 179

wotkshop

Near tnduced | 112.6 1325 S9t5.6 9103 177

draft fan

Minimum 333 57.00 1629 f0.7 0.75

Mazimum 163 138.00 12546 HEER 1.91

Average 6738 11736 35418 9.5 2.67 L6l

value

5.D. 17733 23.66 144385 17.69¢ 1.55 0.33
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Table 2
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Table 4
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Radon and Thoron daughters, annual exposure (WLM), life time fatality risk factor

inside Kasimpur Thermal Power Plant

Location T I¢ Cg Cy D {inhalation
(Trem®) | (Trem®) | BgmS) (Bq m?) dose) (mSvyl) Location Radon Thoron Annual Life  time | Effective
Drawing 2513 82.21 130£258 | 3504386 115 daughters Daughters | Exposure | fatality risk | dose (mSv y!)
(mWL) (mWL) (radon  + | factor x104
reom Thoron)
WLM
Courtyard | 30.83 BT 16.0£288 | 330£3.58 118 Oil cooler | 41020 48 0572005 |0.149 043 0.58
Storeoom | 5133 5767 T0E378 | ZI0£273 139 Water s2x04l 1osk0es ) 047 o4 0.5
treatment
plant
Bedroom | 8125 1600 42024686 | 20,0186 157 Control room | 3.45 30 44 T1t009 | 0165 043 062
- Office 3241043 1054000 | 0.154 046 0.58
Eitchen 28.00 9133 140+265 300+408 1.27 o T RG] 704 00
heater
Drawing | 26.12 833 Bozzx 130218706 Tutbine hall | 345 %044 124401 | 0.168 051 06
Toom 4
EMD  stere | 33540 44 0784008 |0.149 0.44 0.57
Eitchen 2835 72.00 140+263 27T0+3138 0.99 room
Mear  star | 1.73£0.31 1514014 | 0117 035 043
Bed room 5550 7367 290 £389 11.0£1.27 1.02 case
Mechanical 65591061 022+ .02 0.238 on 0.95
Shop storz | 31.28 75.00 T60+286 | 2602300 10z wotkshop
Near nduced | 628 +0.60 D244+002 |0.238 072 093
draft fan
Varandeh | 20.00 833 150278 | 170223 | 078 BMinimum | 173031 016%002 |0.014 004 005
Maximum £.5910.61 15140 .14 | 0.238 07z 0.95
Minimum 25,13 4833 1302254 | 1102127 0.64 Average 3782045 075407 0.154 046 0.59
walue
Weazimum B1.23 116.00 4202466 | 3901408 157 2D. 15640 .93 484004 0.083 013 0.25
Average 3868 B0.17 1991313 481271 1.09 Table 5
Radon and Thoron daughters, annual exposure (WL, life titne fatality risk factor
in Ukhalana Village
value
aD. 1834 19.29 074072 0 440 04 0.27 Location Radon Thoron Annual Life time | Effective
daughters Daughters Exposure fatality risk | dose (mSv v 1)
(mWL) (mWL) (radon  + | factor x10-¢
Thoron)
WLM
D 14140 .28 0951010 0.085 025 0.31
Table3 e
rootm
Radon and Thoron Concentration and Inhalation dose in Sunamai Village Countymd [ 1732031 TEIE000 0053 g s
T ocation T Tf CR CT D (i.nhalﬂﬁﬂn Storercom | 2.92+£0.41 0731007 0.131 0.39 0.49
m
Trom?) | (Trom?) |Bym?) | Bywm?d) dose) (mSv y') Eedroom | 4542050 0542005 [0153 i B770
Bathroom | 285 44.00 151281 gt12l 0.58
Kitch 1511029 1.05x£0.11 0.5z 028 0.34
Bathroom | 64.2 2400 [33x412  [364323 170 e
Courtyard 15 £74 14+567 24 47 92 043 Drawing 1414027 0.33+0.05 0.063 0.1% 0.24
Storeroom | 8233 1133 431474 17+158 153 room
Stait case | 3865 VLEL 202322 | STH97 183 Hitchen | 1.5120 28 0732005 | 0081 0z 730
Varandah 407 12533 21£329 521465 176
Bedroom | 110.67 12145 581551 31077 160 Eedroom | 314 %042 0.29%003 |0.124 037 0.4%
Kltc.hen 9187 .00 30 43593 132165 114 Shop store | 173£031 070008 0.088 0.26 0.33
Mintmum 275 44.00 141267 340 27 0.58
Mazimum | 11067 5 91551 571497 1% Varandah | 162 % 0.30 046£006 | 0075 0oz 028
Average 56,28 101.57 2925379 | 2652256 139 Miniaum | 141+027 0204003 | 0.063 0.19 0.24
velue Maxi 454 £05 1.05+£011 0183 0.55 07
AT U . U
D 2892 3223 15.21£% 19981167 045
' Average 2151034 0.67 X007 0.102 0.30 038
walue
5D 1.05£0.08 0.26 X003 0.035 011 014

121|Page




International Journal of Technical Research and Applications e-ISSN: 2320-8163,

Table 6

Radon and Thoron daughters, annual exposure (WLL), life time fatality risk factor
in Sunamai Village

Location Radon Thoron Annual Life  time | Effective
daughters | Daughters |Exposure | fatality risk | dose (mSvy1)
{mWL) (mWL) (Radon  + | factor x10
Thoron)
WLM
Bath room 1621030 | 022£003 | 0.066 019 0.25
Bath room 3574045 | 0971009 | 0.163 0.49 0.62
Courtyard 1511028 | 0632008 |0.078 0.23 0.29
Store rootn 4652051 046004 | 0.134 0.55 0.71
Stair case 2162035 | 154+013 | 0133 0.39 0.49
Varandah 2274036 | 141£013 [0.132 0.39 0.49
Bed room 627105% | 0.0810.007 |0.229 0.69 0.89
Kitchen 324043 | 041£004 |0.131 0.39 0.50
Minimum 151£0.28 | 0.08£0.007 | 0.066 019 0.25
Maximum 6274059 | 154+£013 |0.228 0.69 0.89
Averagevalue | 31640 41 [ 0720 068 | 0.139 042 0.53
3D. 1652010 | 0.54£0.046 | 0.053 016 0.21

The percentage frequency distribution of radon in 10
dwellings is shown in Fig. 2. The percentage frequency
distribution of thoron and the percentage frequency distribution
for dose rates in these dwellings are shown in Figs. 3 and 4
respectively.
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Fig 2 frequency distribution of radon in 10 dwellings
inside of Kasimpur thermal power plant.
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Fig 3 Frequency distribution of thoron in 10 dwellings
inside of Kasimpur thermal Power plant

F regiuency (%)

o5 15 1.0 12 1.4 16
Inhalation doselmSw™)

Fig 4 Frequency distribution of inhalation dose in 10
dwellings inside of Kasimpur thermal power plant.

As can be seen the maximum frequency of radon
concentrations of radon, thoron and inhalation dose lie between
25 Bg m® to 35 Bgq m? and 35 Bg m* to 45 Bq m® and 1.5
mSv y1to 1.8 mSvy? respectively.

The percentage frequency distribution of radon in the
dwellings of Ukhalana village is shown in Fig.5. It is clear
from the figure that majority of dwellings monitored, have
radon values lying between 10 Bgq m™ to 15 Bq m=. For thoron
the percentage frequency distribution is shown in Fig. 6.
Majority of dwellings monitored, have thoron values lying
between 27.5 Bg m to 35 Bq m. Frequency distribution for
dose rates as shown in Fig. 7 indicates that majority of
dwellings have dose rate values lying between 1 mSv yto 1.2
mSv yt,
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The percentage frequency distribution of radon, thoron and
inhalation dose in the dwellings of Sunamai village are shown
Coun
in Figs. 8,9 and 10.

.0

Freguency(¥a)

Freguency(%)

T T T T T T T T
10 15 20 25 30 a5 1] [

Fadaon concentration(Byg ma) an 0 50

. . . . . . Rad tr ati B )
Fig 5 Frequency distribution of radon in dwellings of adon concentration(Bs m )

Ukhalana village Fig 8 frequency distribution of radon in 8 dwellings of
Sunamai village.
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Fig 6 frequency distribution of thoron in dwellings of

Ukhalana village

Tharon concentration(Bog m 3)

Fig 9 frequency distribution of thoron in 8 dwellings of
Sunamai village
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Fig 7 Frequency distribution of inhalation dose in
dwellings of Ukhalana village
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Fig 10 frequency distribution of inhalation dose in 8
dwellings of sunamai village.

It is clear from the Figures that majority of dwellings
monitored, have radon values lying between 10 Bq m= to 25
Bg m? and Majority of dwellings monitored, have thoron
values lying between 15 Bg m=to 30 Bq m and majority of
dwellings have dose rate values lying between 1.6 mSv y* o
2.0mSvy?t.

1V. CONCLUSION

In the measurement of Radon/Thoron and their progenies
by twin cup dosimeter Radon and Thoron concentrations in
Kasimpur power plant, Sunamai and Ukhalana village decrease
slightly with the distance from the power plant. The twin cup
dosimeters fitted with track detectors, filters and membranes
always give better representation Radon/Thoron and their
progeny concentrations. It can thus be concluded that twin cup
dosimeters should be used for getting reliable values of
Radon/Thoron and their progeny concentrations.
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