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ABSTRACT

Radon gas is found in the environment, indoor and outdoor and its parent element being traced
back to U3, Study of indoor radon inhalation dose have been carried out in Aizawl City, Mizoram,
India in 24 dwellings, which were specifically selected according to the site location of the dwell-
ings. Solid-state nuclear track detectors (SSNTD) have been used to obtain the time integrated
concentration levels of indoor radon. DRPS (direct radon progeny sensor), which se]ective]y regis-
ter the tracks due to alpha emissions from *#Po from the deposited atoms of *’Rn progeny species
is used for estimating the equilibrium equivalent radon concentration (EERC). The equilibrium
factor (F-Factor) for radon is then calculated using the measured EERC and concentrations of ra-
don. The equﬂibrium factor may be defined as ratio of the amount of progeny nucleus to that of a
parent nucleus. Inhalation dose has been obtained from the measured F-factor and concentrations
of indoor radon. The data obtained in the present work has been analyzed to obtain the significant
inhalation dose of indoor radon. From these observations it has been found that the annual inhala-

tion dose of indoor radon in the study area is 624.89 USv/y, which is low in comparison to the
global average.
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INTRODUCTION eral populations. This fact draws a considerable
attention and hence, large scale and long-term
Radon and their progeny concentrations con- ~ measurement of radon concentrations has been

tribute most of the natural radiation dose to gen- ~ going on. Radon present in indoor as well as
outdoor air as they had been exhaled from soil
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places have been realized as a concern of public
health in many countries and even in India.
Consequently, studies related to monitoring of
radon and the inhalation dose to the public liv-
ing in that environment has been a keen inter-
est.! Measurement of radon concentrations was
done over the past fifty years in many countries,
but with the improvement of experimental appa-
ratus and technical formulation, the same is go-
ing on till today.

Radon is continually formed in soil and is
released to air. Subsequent decay products are
formed in the air. It is well-known that in radon
problem, the progeny species and not the radon
are primarily responsible for lung doses. Among
the progenies, short lived nuclei viz. **Po is fo-
cused due to its high contribution in deposition
and emission of alpha particles inside the lung.?

Annual inhalation dose rate is the amount of
radon inhaled per annum (uSv/yr) by individu-
als living in dwellings. Inhalation dose can be
calculated using the obtained concentrations of
the parent nuclei and the progenies. For this cal-
culation, the equilibrium factor (F-factor) of ra-
don is required. The equilibrium factor for radon
was a globally assumed value and even the cal-
culation of radon progenies were inferred using
this value. With the advent of passive detection
techniques using solid state nuclear track detec-
tors (SSN'TDs), direct progeny sensor (DPS) has
been developed. Using DPS, direct experimental
determination of F-factor of radon is possible.

In this report, we present the works on in-
door radon concentration and inhalation dose of
the same in the dwellings in Aizawl City, the
state capital of Mizoram. As there is no man
made sources of radiation present in these areas,
like refinery, thermal power plant, geothermal
springs, slate mines, industrial zones, etc., the
main sources of radiation obtained from these
studies is mainly due to natural radiation.

MATERIALS AND METHODS
The concentrations of the parent nuclei and

progenies are required to obtain the equilibrium
factor as well as the inhalation dose. In measur-

ing indoor radon concentrations, solid state nu-
clear track detector (SSNTD) based pin-hole
dosimeters have been used. The dosimeter sys-
tem is a cylindrical plastic chamber in which LR
-115 (Type-II) films are used as detectors. Radon
gases are allowed to enter through a pin-hole,
which is designed in size and thickness of cap so
as to allow the entry of only radon gases and
block other nuclei.’ The concentrations of prog-
eny were determined through EERC by using
DRPS. DRPS detector system is based on selec-
tively registering alpha tracks originating from
the deposited progeny activity on LR-115 type
solid-state nuclear track detectors. The radon
progeny sensor has an absorber thickness of 37
mm to detect mainly the alpha particles emitted
from *"*Po (7.69 MeV) formed from the eventual
decay of *"*Po, *"*Pb and *"*Bi atoms deposited
on it. This thickness mainly ensures that lower
energy alpha emissions (from the gases and
other airborne alpha emitters) do not pass
through the absorber.* In order to avoid uncon-
trolled static charges from affecting the deposi-
tion rates, aluminized side of the mylar was cho-
sen to act as the deposition surface.’

For measuring indoor radon concentrations
the detectors were exposed for a minimum of 90
days using dosimeter, which was hanged over-
head on the ceiling at the height of minimum 1.5
m from the floor and at least 10 cm away from
any surface. Dosimeters and DRPS were ex-
posed simultaneously adjacent to each other for
the same duration. The exposed films were then
etched using 2.5N NaOH solution at 60°C for
90 mins for clear visibility of tracks for counting.
The tracks recorded in this SSNTD films were
then counted using a spark counter. The track
densities were converted into concentrations
using a significant calibration factors. The radon
and progenies concentrations were related to
find the equilibrium factor as well as inhalation
dose of indoor radon.

Formulae used in calculations were:

Radon concentration

Cr (Bq/m®) =
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Calibration factorxExposure period (days)
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where Cy is the radon concentration in Bg/m’
and Ty is the track density of films (Tracks/cm?)
in pin hole compartment.

Equilibrium Factor for radon

_ EERC (Bq/m?)
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where Cy is the concentration of radon calcu-
lated using track density from pinhole compart-
ment and EERC is the Equivalent Equilibrium
Radon Concentration.

Inbalation dose of radon

D =[(0.17 + 9 Fr) Cg] (3)

where numerical numbers are the dose conver-
sion factors for gas and progeny concentrations.'
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Figure 1. Equivalent equilibrium radon concentration in the study area.
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Figure 2. Equilibrium factor of radon in the study area.
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Figure 3. Annual inhalation dose of indoor radon in the

Fr represents the equilibrium factor of radon and
Cg, the radon concentration respectively.

RESULTS AND DISCUSSION

Due to limited source, a total of 24 DRPS
were exposed in Aizawl City for a period of one
year. Among the 24 exposed detectors, 18 detec-
tors were retrieved undamaged or undisturbed.
The concentrations of radon varied from 17.70
Bq/m?® to 74.53 Bg/m® with a geometric mean
of 40.17 Bg/m*and 1.39 GSD. The radon con-
centrations obtained in this work lies in the
range covered by nationwide survey result® as
well as the ICRP regulations.’

Figure 2 is the average EERC values which
were obtained from the DRPS. The experimen-
tally determined annual average value of EERC
ranges from a minimum of 4.43 Bg/m’ to a
maximum of 36.18 Bq/m® with a geometric
mean of 9.01 Bq/m?® and GSD 1.71.

In the present work, using dosimeters and
direct progeny sensors, direct calculation of
equilibrium factor becomes possible from the
experimentally determined values of the progeny
concentrations along with the concentrations of
the parent nuclides. The calculated annual aver-
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study area.

age value of equilibrium factor of radon ranges
from a minimum of 0.10 to a maximum of 0.86
with a geometric mean of 0.32 and GSD 1.66.
This experimentally obtained result is slightly
lower as compared to the globally assumed
value of 0.4 for indoor environment, specified by
UNSCEAR.' The annual average value of equi-
librium factors of radon in the study area is
shown in Figure 3.

The obtained annual average of inhalation
dose of indoor radon range from 317.48 uSv/y
to 2379.17 uSv/y with a geometric mean of
624.89 uSv/y with 1.67 GSD. Figure 4 shows
the annual inhalation dose of radon in the study
area. As in the case of F-factor, annual indoor
radon inhalation dose is found to be lower than
the global average value which is 1009 uSv/y."

ACKNOWLEDGEMENT

The authors are thankful to the residents of
dwellings in Aizawl City for allowing the detec-
tors to be placed in their bed rooms. The authors
would also like to acknowledge research funding
from Board of Research in Nuclear Sciences
(BRNS), Department of Atomic Energy (DAE),
Government of India.

19



Annual inhalation dose of indoor radon in dwellings in Aizawl

REFERENCES

20

UNSCEAR (2000). Sources, effects and risks of ionizing radia-
tion. United Nations Scientific Committee on the Effects
of Atomic Radiation. Report to the General Assembly,
United Nations, New York.

Beir V (1990). Health effects of exposure to low levels of ionising
radiation. Report of the Commiittee on the Biological effects of loniz-
ing Radiation. National Academy Press, Washington, DC.

Eappen KP (2005). Develgpment of a Passive Dosimeter for the
Estimation of Inhalation Dose due to Radon and Thoron. A The-
sis submitted to the University of Mumbai for the Degree
of Doctor of Philosophy (Physics).

Mishra R, Mayya YS & Kushwaha HS (2009). Measure-
ment of 220Rn/222Rn progeny deposition velocities on
surfaces and their comparison with theoretical models.
Aerosol Sci, 40, 1-15

Mishra R (2008). Deposition velocity monitors: Tech-
nique for direct progeny measurement. Proceedings of Radon
— 2008, 25-28, DAE — BRNS Theme Meeting, March 11-13,
2008.

Ramu Subba MC, Shaikh AN, Muraleedharan TS & Ram-
chandran TV (1992). Measurements of indoor radon lev-
cls in India using solid state nuclear track detector: need
for standardization. Def S¢ Jr, 42, 219-225

10.

11.

12.

13.

ICRP (1993). Protection against 222Rn at Home and at
Work. ICRP Publication 65, Annals of ICRP 23.

Nazarof William W & Nero Anthony V Jr (1988). Radon
and its Decay Products in Indoor Air. A Wiley-Interscience
Publication.

Porstendorfer J (1994). Behaviour of radon daughter
products in indoor air. Rad Prot Dosim, 7, 107-113.

UNSCEAR (20006). United Nations scientific committee
on the effects of atomic radiation. Report A/AC.82/-644,
Exposures of workers and the public from various
sources of radiation, United Nations, New York.

Ramachandran TV, Eappen KP, Nair RN, Mayya YS &
Sadashivan S (2003). Radon-Thoron Levels and Inhalation Dose
Distribution Patterns in Indian Dwellings. BARC Report.

Mayya YS, Eappen KP & Nambi KSV (1988). Methodol-
ogy for mixed field inhalation dosimetry in Monazite areas
using a twin-cup dosimeter with three track detectors. Rad
Prot Dosim, 77, 177-184.

Vanchhawng L, Rohmingliana PC, Thapa RK, Sahoo BK,
Mishra R, Zoliana B & Mayya YS (2011). Study of Popu-
lation Dosimetry in Middle Part of Mizoram, India. Pro-
ceedings of International Conference on Advances in Envir tal
Chemistry (AEC 2017) during November 16-18, 2011,
Mizoram University, Aizawl.




