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Abstract—The number of lung-cancer-related death is highest
among all cancers in the world, and it is increasing in Japan
where population aging in progressing. The main reason for
the lung cancer of non-smokers is regarded to be environmental
pollution or exposure of the lung to radon in the nature. The risk
of lung cancer was estimated to increase by 8 to 13% per every
100 Bq m−3 concentration of radon in the air. We observed
beta rays with maximum energy of 3.27 MeV emitted from
214Bi as one of the progenies based on a detection of Cherenkov
radiation. The surface radioactivity concentration of 214Bi on
the sample was measured; the relation between the concentration
and exposure time for the sample at the room air is researched.
The behavior of the radon progenies in the air is discussed by
a research for the progenies attaching on the sample after the
radon decay. The inhalation of the radon progenies is not clear.
Thus, to understand the behavior of progenies in the air make
to clear the causal relation between the radon concentration and
lung cancers.

Index Terms—Radon Progenies, Bismuth-214, Cherenkov Ra-
diation

I. INTRODUCTION

THE number of lung-cancer-related death is highest among
all cancers in the world, and it is increasing in Japan

where population aging in progressing [1]. Although the
primal cause of lung cancer is considered to be smoking,
non-smokers also suffer. The main reason for the lung cancer
of non-smokers is regarded to be environmental pollution or
exposure of the lung to radon in the nature [3], [4]. The risk of
lung cancer was estimated to increase by 8 to 13% per every
100 Bq m−3 concentration in the air, thus showing the strong
possibility of decease causing due to inhalation. This result
was extracted from the relation between the patient rate and
the radon concentration in the North American, European, and
Chinese [5]. Thus, the inhalation of radon is a strong candidate
for the occurring of the lung cancer in the nature.

The average of annual radioactive dose is estimated as
1.15 mSv from the 222Rn inhalation at the mean concentration
of 45 Bq m−3 in the air [6]. This value depends on the
equilibrium factor after the radon is inhaled [7], which in
assumed to be 0.4, for radon progenies of 218Po, 214Pb,
214Bi, and 214Po in radon decaying. However, it is not clear
in the papers [6], [8] how the inhalation of theses progenies
was treated if they are in the air and inhaled. The inhalation
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radiative dose can be estimated more in precise if the behavior
and concentration of these progenies in the air become to
known.

The radionuclides of 214Bi, which emit beta rays (max.
kinetic energy of 3.27 MeV) are focused in this study. The
detection of beta rays in environment has an advantage because
a concentration of radioactivity of the radon progenies can
be measure mainly, i.e., the behavior of the progenies can be
discussed after radon decaying. In this present study, a gamma
ray energy spectroscopy in the air and a surface contamination
inspection for a sample based on scintillation detection were
performed.

II. EXPERIMENT

The experimental setup is shown in Fig. 1. The sample
(polyethlene) is set under the scintillating fibers after it was
exposed in the room air with windless. The scintillating fiber
(Kuraray, SCSF-78MJ, ϕ 0.2 mm) is emitted photons when
the charged particles deposit energies there. The fibers are
assembled to a sheet with an effective area of 10 × 10 cm2.
The photons propagating by a total reflection in the fibers are
observed by photomultiplier tubes (PMT): PMT1 and PMT2
(Hamamatsu, R9880U-210), which connect to both ends of
the fibers. A Cherenkov detector using silica aerogel was set
over the scintillating fibers. The aerogel (a refractive index of
1.041±0.001, the size of 9.6×9.6×1 cm3) emits Cherenkov
photons by a beta ray with kinetic energy over 1.31 MeV.
The photons are lead to PMT3 or 4 (Hamamatsu, R1250-
03 and H6528) by a reflector with aluminised Mylar and
are observed. The black paper sets under the silica aerogel
because the Cherenkov light originated from cosmic muons
must not be reflect. The scintillation detector was set over
the Cherenkov detector. It consists of a plastic scintillator
(the size of 10×10×0.5 cm3), acrylic light guide, and PMT
(Hamamatsu, H1161). To suppress events related to cosmic
muon, the cosmic-ray-veto counter was set over aluminium
plate with thick of 1 cm. The veto counter consists of a plastic
scintillator (the size of 10×20×0.5 cm3), acrylic light guides,
and PMT6, 7 (Hamamtsu, H1161). The PMTs connected to
both ends of the scintillator via the light guides.

Therefore, the beta rays originated from 214Bi can be ob-
served as events when the coincidence is satisfied followings:
hit the scintillating fibers, emitted Cherenkov radiation, hit the
scintillator detector, and not hit the veto counter.
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Fig. 1. A schematic of experimental setup.

III. RESULTS AND DISCUSSIONS

The sample was exposed for 6 h in the room air with
windless. As a result, the spectra of count rate with 10 min is
shown in Fig. 2. The black dot is data. The red solid line is
fitting exponential function. The green dashed line represents
the background rate. The half-life time constant of the simple
exponential function is 39.5±2.2 min. The count rate related
to 214Bi becomes to reduce to un-observation amounts after
late 4 h 40 min.

0 2 4 6 8 10 12 140

1

2

3

4

5

Fig. 2. The time spectrum of count rates for the polyethylene sample.

The integral blue shaded area responds to radioactivity
concentration on the sample. This radioactivity is estimated
by using corrected efficiency for 214Bi, where the efficiency
is calculated from the experimental efficiency for 90Sr and a
ratio of efficiency for 214Bi to that for 90Sr by a Monte Carlo
simulation, GEANT4. As a result, this radioactivity (4 h 40
min exposes) is 18.0±0.5 Bq/m2.

The relation between the radioactivity concentration
and exposure time is shown in Fig. 3. The black
dot is data and the red solid line is fitting function:
(17.9± 0.5){1− exp(−(t/(1.68± 0.06)))}. This result sug-

gests that 214Bi of 17.9± 0.5 Bq/m2 attaches on our sur-
roundings and the concentration becomes to be saturated just
after the radon decay in the air. Furthermore, it also suggests
the radon progenies (218Po, 214Pb, 214Bi, 214Po, etc.) do not
fall down to ground, and some components behavior in the
air. Therefore, the potential by inhaling the progenies should
be considered for natural exposure dose.
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Fig. 3. The relation between the radioactivity concentration and exposure
time.

IV. SUMMARY

The radon progenies in the air is focused by the recent
study. The behavior of radon progenies is discussed indirectly
by measuring the radioactivity concentration of 214Bi on the
sample based on Cherenkov detection. The results suggest the
potential of inhaling radon progenies. In future, the radioac-
tivity of radon progenies in air will be measured directly.
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