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: Radon in nature mainly originates from the decay of uranium

and thorium natural radioactive materials (NORM) found in
the Earth’s crust, soil, and water. It is a radioactive
noble gas, with the isotope 222Rn being the most important
due to its longest half-life. It can emit high-LET alpha
particles with an energy of 5.49 MeV. Following its decay,
the remaining nucleus is a metal, with 214Po and 218Po
contributing over 90% of the radiation dose. Indoor radon
contributes to approximately half of the natural radiation
dose received by the global population and is the second
leading environmental factor for lung cancer, following
smoking. In non-smoking populations, radon is the primary
cause of lung cancer. Uranium and thorium elements from
underground can also enter hot spring water through cracks
in the Earth’s crust and decay to produce radon gas. This
study investigates the radon concentration in the air of
famous hot spring areas with different geological
characteristics in the country. In locations with indoor
hot springs, the radon concentration in the indoor bathing
environment will also be measured. The geological hot
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spring areas sampled in this study include: (1) Igneous
rock hot spring areas, sampling sites will include Beitou
(Geothermal Valley) hot spring (an acidic sulfate-chloride
spring), Lengshuikeng hot spring (a bicarbonate spring),
Qianshan-Park hot spring (a sulfate spring), and Asahi hot
spring (an acidic sulfate-chloride spring); (2) Metamorphic
rock hot spring areas, sampling sites will include Wulai
hot spring (a bicarbonate spring), Dongpu hot spring (a
weakly alkaline bicarbonate spring), and Jiuzi Zai hot
spring (a weakly alkaline bicarbonate spring); (3)
Sedimentary rock hot spring areas, sampling sites will
include Zhonglun hot spring (a weakly alkaline bicarbonate
spring) and Shizhong Creek hot spring (a weakly alkaline
bicarbonate spring), to further evaluate the potential
contribution of radon in the air to the internal radiation
dose received by individuals visiting these hot springs.
The results was show that the radon concentrations measured
in different geothermal hot spring areas in Taiwan were all
below the WHO recommended limit of 100 Bg/m®, posing
minimal health risks. All calculated dose assessments were
lower than Taiwan’ s national radiation dose limit of 0.9
mSv, indicating that hot spring radiation remains within
background levels. The study utilized NIST standard sources
and the accumulation method for calibration, ensuring data
accuracy. Results also showed that radon concentrations in
hot springs are influenced by environmental factors,
requiring further investigation. Overall, Taiwan’ s hot
springs are safe, and future research should optimize
monitoring techniques to enhance assessment accuracy.

radon, hot spring, Naturally Occurring Radioactive
Materials, lung cancer
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Abstract

Radon in nature mainly originates from the decay of uranium and thorium natural radioactive materials
(NORM) found in the Earth's crust, soil, and water. It is a radioactive noble gas, with the isotope **’Rn being
the most important due to its longest half-life. It can emit high-LET alpha particles with an energy of 5.49
MeV. Following its decay, the remaining nucleus is a metal, with >!*Po and ?!8Po contributing over 90% of the
radiation dose. Indoor radon contributes to approximately half of the natural radiation dose received by the
global population and is the second leading environmental factor for lung cancer, following smoking. In
non-smoking populations, radon is the primary cause of lung cancer. Uranium and thorium elements from
underground can also enter hot spring water through cracks in the Earth's crust and decay to produce radon
gas. This study investigates the radon concentration in the air of famous hot spring areas with different
geological characteristics in the country. In locations with indoor hot springs, the radon concentration in the
indoor bathing environment will also be measured. The geological hot spring areas sampled in this study
include: (1) Igneous rock hot spring areas, sampling sites will include Beitou (Geothermal Valley) hot spring
(an acidic sulfate-chloride spring), Lengshuikeng hot spring (a bicarbonate spring), Qianshan-Park hot spring
(a sulfate spring), and Asahi hot spring (an acidic sulfate-chloride spring); (2) Metamorphic rock hot spring
areas, sampling sites will include Wulai hot spring (a bicarbonate spring), Dongpu hot spring (a weakly
alkaline bicarbonate spring), and Jiuzi Zai hot spring (a weakly alkaline bicarbonate spring); (3) Sedimentary
rock hot spring areas, sampling sites will include Zhonglun hot spring (a weakly alkaline bicarbonate spring)
and Shizhong Creek hot spring (a weakly alkaline bicarbonate spring), to further evaluate the potential
contribution of radon in the air to the internal radiation dose received by individuals visiting these hot springs.

The results show that the radon concentrations measured in different geothermal hot spring areas in Taiwan
were all below the WHO recommended limit of 100 Bg/m?, posing minimal health risks. All calculated dose
assessments were lower than Taiwan’s national radiation dose limit of 0.9 mSv, indicating that hot spring
radiation remains within background levels. The study utilized NIST standard sources and the accumulation
method for calibration, ensuring data accuracy. Results also showed that radon concentrations in hot springs
are influenced by environmental factors, requiring further investigation. Overall, Taiwan’s hot springs are safe,

and future research should optimize monitoring techniques to enhance assessment accuracy.

Keywords: radon, hot spring, Naturally Occurring Radioactive Materials, lung cancer
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