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Radon is a naturally emitted gas that is observed in soils, subsoils, air, and all types of water. Because there is a statistically
significant association observed between seismic activity and active concentration levels of radon readings, a dissolved form of
radon in water near-fault locations such as wells or springs, has significant observational value. Furthermore, as the temperature of
the water rises, the dissolved radon in the water might transfer to the air, a process known as degassing. Thus, radon measurements
in all types of water such as groundwater, tap waters, and bottled drinking waters have been investigated by covering several
aspects of the degassing process, namely, health issues, monitoring volcanic activities, and predicting seismic activities by
employing various methods. In this paper, radon measurements of sampled waters removed from the well located at Yishui
Seismic Station in China are utilized to monitor the degassing temperature and predict earthquakes. For this purpose, an
experiment is devised to collect water samples manually. Then, the amount of radon dissolved in the water samples is examined to
find a stable degassing temperature range at Yishui Seismic Station. An experimental setup is constructed to collect data for 20
days. The most important findings found regarding this research can be expressed as follows. (1) When the degassing temperature
is observed to be higher than 5°C, the influence on radon value changes greatly. (2) The observations of the radon degassing

temperatures in the Yishui well are found to be stable between 18°C and 23°C.

1. Introduction

Radon (Rn-222) is a naturally occurring radioactive gas
found in all kinds of water. While the largest concentrations
of radon are found in underground waters, wells, and
springs, where granites and phosphates with high uranium
content are found in fragmented porous rocks, the lowest
concentrations are found in surface waters, lakes, rivers, and
seas. Radon, whose concentration amounts carry a great
value, providing cheap, solid, and precise measurement, is
also used as one of the radioactive tracers that display
solitary features and uses. Even though radon is generally
observed in soils, subsoils, air, and all types of water, radon
in all types of water is paid more attention to by researchers
since alterations of radon concentration amounts have a
practical significance to monitor some events especially
seismic activities along fault zones.

Besides, when drinking water could have a high con-
centration amount of radon, it may pose health issues for
drinkers [1]. Moreover, the transportation of underground
water can be surveilled per radon and radium concentration
amounts to observe how the aquifer behaves. Since radon is
dissolved and degassed quickly in all types of water, there
exist several measurement methods to pinpoint radon
concentration activity levels, namely, alpha scintillation, an
ionization chamber, or a silicon detector. Therefore, the
alterations of radon concentration levels have been inves-
tigated for almost three decades to be utilized in the pre-
diction of earthquakes or volcanic blowups, detect active
faults or geothermal belts, or research water masses de-
posited underground [2-4].

Radon is a naturally produced radioactive gas that is the
daughter output of Ra-226 and its half-life is approximately
3.8days, which is short-lived gas. Before decaying
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completely, it travels quite long distances within the soil or
subsoil. Its easily detectable properties help radon be
measured with high precision. Besides, radon is interacted
with a large quantity of water, resulting in the dissolved form
of radon [5-7]. On the contrary, the degassing phase can be
realized easily too due to alterations in the pressure or the
availability of the other gases in water, namely, CO,, air, or
H,S. Thus, as expressed previously, the relationship between
alterations of radon concentration levels and earthquakes
near seismically active regions is a key indicator that has
been recorded and analyzed so far by researchers [8]. Despite
the fact that monitoring changes in radon concentration
levels has not been found to be a significant attribute for
accurately predicting earthquakes, researchers have dis-
covered a substantial link between earthquake activity and
radon emission [9]. Since radon was assessed as a significant
indicator that has been utilized across the globe, water radon
observation has been officially carried out in China since
1969. For example, the observations of radon concentrations
are important items of precursor observation in earthquake
monitoring and prediction and have a crucial tool in
earthquake prediction, especially in short-term and immi-
nent forecasts [10].

Two different ways of observing radon concentration
level activities in all types of water have been realized. While
the first type is called a sampling procedure that automat-
ically and continuously collects measurement, which is titled
the digitized measurement of radon gas, the second one is
called the manual sampling procedure that simulates
measurements of water radon observations. For the sam-
pling based on the digitized measurement, the combined
form of water and gas is sampled from a well. Then, this
mixture is moved into a degasser and a device in charge of
collecting gas; finally, the measurement of the radon con-
centration level is assessed by a ZnS (Ag) detector system.
Measurement precision is defined by 0.1 Bq/L by the SD-3A
emanometer.

On the contrary, the sampled water from a well is
degassed by utilizing a bubbling process and then trans-
ferred into an ion chamber or ZnS (Ag) detector, where the
radon concentration level is gauged by an ionization or
scintillation approach utilizing a radon-thorium analyzer
or electrometer, called FD-125 or FD-105K (105), re-
spectively. The same precision is also reached, which is 0.1
Bq/L. A device, called emanometry, is based on transferring
dissolved radon from water to air by bubbling or circu-
lating air to degas, which transfers Rn-222 to a system that
realizes measurements.

Several factors, such as the method of taking samples, the
container types used to keep samples, and the distance
travelled to bring samples to the laboratory, have been found
to be sensitive to measurement outcomes in a laboratory
context [11]. The findings suggest that polylactic biopolymer
and polyethylene terephthalate are found to be better than
polyethylene. Moreover, glass or steel containers are prac-
tically usable when the experiments are conducted.

In the literature, the factors playing roles that lead to
variations of radon being emitted are called a crustal strain,
temperature, air pressure, and rainfall.
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Besides, the air temperature has been found to present a
significant impact on radon emanation. Garavaglia et al. [12]
suggested that there exists a statistically significant corre-
lation between the air temperature and the radon mea-
surements concerning the observations taken for a short
period, which was between 10 and 20 days. Moreover, while
this correlation is oppositely related in the summer, it is
positively correlated in the winter. Therefore, it was con-
cluded that when radon emanation is under consideration,
the temperature is determined as one of the factors.
Miklyaev et al. [13] found that altering air temperature
values is determined to be a more important attribute having
an impact on seasonal radon alterations than precipitations.
Seminsky and Seminsky recommended [14] that air tem-
peratures cause an indirect effect on radon measurements in
groundwater since the relatively cold weather decreases
water temperatures. Then, the solubility of radon increases.
Similar findings were presented in [15, 16]. Tayebi et al. [17]
projected that the amount of released radon out of water is
merely related to two conditions, which are called tem-
perature and contact with the area. Battino [18] discussed the
solvability coefficient of radon based on their interrelations
and limitations.

In daily observation, it is found that water radon samples
are degassed when the water temperature is relatively high,
and the measured value of water radon is also relatively high.

When degassing at different water temperatures is under
consideration, the influence on radon measurement is found
to be different. Hence, degassing of water samples is the
main link when radon observation is under a consideration.
To reduce the influence of water temperature on radon
value, a relatively suitable degassing temperature must be
found. Therefore, it is of great practical significance to study
the current degassing temperature of radon in the water.

Observing radon levels of water samples based on a
technological perspective usually refers to a complete set of
observational processes consisting of manual sampling,
automatic observation, automatic computations, and
manual submission of observational results.

The observations of water radon measurements in
seismic stations have been still conducted extensively by
manual operations, and investigating degassing processes of
water radon measurements grows significantly, which is
highly related to the whole process of observing radon
measurements of sampled waters.

For this purpose, the negative pressure sampling method
of the diffuser has been employed to observe radon mea-
surement levels in the sampled waters. We use a glass
container. The procedure entails vacuuming the glass dif-
fuser before sampling, connecting the diffuser’s water inlet
to the sampling pipe when sampling occurs, sucking a water
sample into the diffuser under negative pressure, and
connecting the diffuser’s air outlet to the vacuum scintil-
lation chamber to obtain measurements, connecting the
water inlet to the glass-air inlet control valve, slowly opening
the air inlet valve, and bringing the radon emanation and its
components into the vacuum scintillation chamber. This
process is usually called degassing process [10], which is
depicted in Figure 1.
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FIGURE 1: The schematic diagram of the degassing process of water radon observations.

The core motivation of the lead experiment is to observe
radon values of sampled waters at different degassing
temperatures by employing the temperature regulator de-
vice, so the influence of the degassing temperatures on the
measurements of radon value is determined.

The rest of the manuscript is structured as follows:
Section 2 describes the stages of the experiment such as the
collection of data and analysis of data. Section 3 is allocated
to discuss the results of the conducted experiment. Finally,
Section 4 concludes the research.

2. Conducting the Experiment

To utilize the radon measurements of the daily water samples
collected from the Yishui well to extract insights related to
seismic activities, a device is employed to take measurements
of dissolved radon values in the daily sampled waters. The
concentration levels of the radon measurements in the
samples of groundwater are gauged automatically. Those
measurements are denoted by Rnl. Then, a temperature
control treatment is implemented by increasing 2.0°C on the
first day starting at 20°C and continues to increase the
temperature up to 58°C on the 20™ day since the average
degassing temperature from the daily observational data is
found to be around 18°C. Thus, the radon measurements of
the collected samples after conducting the temperature
control treatment at different degassing temperatures are
recorded. Those measurements are denoted by Rn2. By
doing so, the influence of degassing temperatures on the
measurements of radon concentrations is attained. The
experiment was conducted in the hydrochemistry laboratory
at the Yishui Seismic Station. The experimenters of the
Yishui Seismic Station were listed as follows: Cheng Shuqi,
Wang Xibao, and Liu Haigang.

2.1. Temperature Control Device. Figure 2 depicts a water
bath thermostat. A water sample of 100 ml is taken, and the
treatments of the temperature controls for the sampled water
are conducted five minutes before the degassing occurs. In

FiGuRre 2: The control device of the water temperatures to observe
the degassing processes of radon measurements.

the experiment, a heater is placed horizontally in the
thermostatic device, and an aluminum plate with holes is
placed inside the water tank. The upper cover is equipped
with combined ferrules with different diameters, which can
adapt to the installation of diffusers with different diameters.
The temperature control range of the device is set the room
temperature to 100°C. The temperature control accuracy is
set to 0.5°C. The temperature control system of the device
adopts electronic components, and the device can uniformly
control the temperature of the water samples.

2.2. Measurement of the Sampled Water Temperature.
Because the diffuser is in a sealed state, the ordinary ther-
mometer cannot be utilized to measure the temperature of
the sampled water. Instead, a digital infrared thermometer is
utilized to gauge the temperature present in Figure 3. The
model of this equipment is called TA8201 whose mea-
surement range is between —-50°C and +380°C, and the
resolution is assigned to 0.1°C, which meets the specific
requirements of this research project.

2.3. Process of the Experiment. The constraints of the ex-
periment are expressed as follows:

(1) The experimental data were chosen based on the
following criteria: to reduce the temperature
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FIGURE 3: A digital infrared thermometer.

differential between room and water, the trial period
was determined between September 1 and Septem-
ber 20 in 2017. As a result, there are 20 observations.

(2) The selection criteria of the temperature gradient
are as follows: the degassing temperature is about
18°C when the daily observation temperatures are
composed. Hence, the experimenters chose to in-
crease the temperature by 2°C every day by utilizing
the temperature control device set to 20°C. Then, a
comparison is conducted between the observations
taken daily and the controlled observations gen-
erated by increasing the temperature by 2°C. The
gradient span of the temperature is set to 2°C, and
the total span is set to 40°C for the whole
experiment.

(3) The data are collected on a regular basis and are kept
at room temperature. Rnl signifies a corresponding
daily observed radon value, whereas T1 denotes the
degassing temperature of the reported daily data.
According to the outcomes present in Table 1, the
average value of the Rnl1 is found to be 30.1 Bq/L for
20days of the observations. Figure 4 depicts the
trends of both T1 and Rnl for 20 days of the ob-
servations. The formula to measure the radon
amount in sampled water is expressed by equation
(1) as follows:

_ CAIR ((VSYSTEM - VSAMPLE/VSYSTEM) + k) - C0 ((VSYSTEM B VSAMPLE/VSYSTEM) + k) (1)

CWATER -

where Cyargr denotes radon concentration in water sample
(Bg/L), Car denotes radon concentration (Bq/m?) in the
measuring setup after expelling radon, C, denotes radon
concentration in the measuring setup before sampling,
Vsystem denotes the interior volume of the measurement
setup (ml), Vappre denotes the volume of the water sample
(ml), and k denotes the radon distribution coefficient of
water/air.

When the graph in Figure 4 is investigated, the trends of
both T1 and Rnl have almost parallel and steadily similar
patterns except for measurements no. 3 and no. 14, which
implies that an increase and a decrease randomly occur at
the 3™ and 14™ daily observations, respectively, in tem-
perature values.

2.4. Observational Data Assessed by the Temperature Control
Devise. The temperature control treatment of the daily
observed samples using the diffuser is used to obtain this
collection of data. While T2 represents the daily recorded
degassing temperatures, Rn2 represents the corresponding
radon values when the temperature control treatment is

1000

used. The temperatures of the sampled waters are increased
by 2°C on the first day starting from 20°C, and the corre-
sponding radon measurements are recorded. Then, the mean
value of the Rn2 present in Table 2 is found to be 35.9 Bq/L.

Figure 5 depicts the relationships between water samples
and the temperatures and between radon measurements and
temperature values. It can be seen that while the temperature
steadily increases, the corresponding radon measurements
fluctuate between 31.4 and 42. Therefore, there is no clear
implication to comprehend the relationship.

2.5. Data Analysis. Table 3 presents the differences between
temperatures of daily observations and the control treatment
observations and the radon measurements of daily obser-
vations and the radon measurements of the control treat-
ment observations. The findings imply that when the
temperature difference increases from 1.52°C to 39.22°C, the
difference between radon measurements increases. How-
ever, the maximum difference between radon measurements
is observed in the 19™ sample water, which is 11.2 Bq/L. On
the contrary, the difference between radon measurements
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TaBLE 1: The daily observed measurements for both T1 and Rnl.
Date 1 2 3 4 5 6 7 8 9 10
T1 (°C) 18.5 18.6 18.7 18.6 18.5 18.5 18.5 18.5 18.5 18.6
Rnl (Bg/L) 33.6 32.8 27.7 31.1 28.5 29.3 29.7 30.6 30.3 28.6
Date 11 12 13 14 15 16 17 18 19 20
T1 (°C) 18.5 18.5 18.5 18.0 18.5 18.6 18.7 18.8 18.8 18.8
Rnl (Bg/L) 27.3 28.9 30.0 29.5 30.8 29.7 31.8 31.6 30.8 30.0
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FIGURE 4: The relationship between the daily degassing temperature and radon measurements.
TaBLE 2: The data set of running temperature control treatment.
Date 1 2 3 4 5 6 7 8 9 10
T2 (°C) 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0
Rn2 (Bq/L) 35.2 34.5 31.4 35.0 34.2 36.0 34.5 36.8 36.0 37.2
Date 11 12 13 14 15 16 17 18 19 20
T2 (°C) 40.0 42.0 44.0 46.0 48.0 50.0 52.0 54.0 56.0 58.0
Rn2 (Bg/L) 34.2 34.5 36.0 35.2 37.8 34.0 38.9 40.2 42.0 39.5

Radon value (Bq/L)

Temperature (°C)

FIGURE 5: The relationship between radon values and temperature values in the temperature control treatment.
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TaBLE 3: The comparative analysis of the data.

Date 1 2 3 4 5 6 7 8 9 10
At (°C) 1.5 34 5.3 7.4 9.5 11.5 13.5 15.5 17.5 19.4
ARn (Bq/L) 1.6 1.7 3.7 3.9 5.7 6.7 4.8 6.2 5.7 8.6
Date 11 12 13 14 15 16 17 18 19 20
At (°C) 21.5 23.5 25.5 28.0 29.5 31.4 33.3 35.2 37.2 39.2
ARn (Bq/L) 6.9 5.6 6.0 5.7 7.0 4.3 7.1 8.6 11.2 9.5
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FIGURE 6: The comparison of the radon values between temperature control values and the daily observations.
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FIGURE 7: The relationship between the differences in the radon values and the difference in the temperatures.

follows a steady increment trend with fewer fluctuations.
Figure 6 suggests that when a steady increase in the tem-
perature occurs, an increase could be subsequently observed
in the measurements of radon concentrations. Besides, when
the difference in radon measurements is plotted, an upward
trend can be seen in Figure 7.

It can be concluded that the degassing temperature is
found to be around 18.5°C and the radon value is also found
to be stable. Figure 4 shows that the radon value increases
with the increment in the temperature. The difference
formulas regarding the temperature and the measurements
of radon levels are expressed in (2) and (3):

At =t,—t,, (2)

ARn = Rn2 - Rnl' (3)

Table 3 summarizes the difference values of temperatures
and radon measurements for 20 days. Hence, the average
value of the differences in radon measurements denoted by
ARn, is found to be 5.7Bq/L. After conducting the treatment
of the temperature control, the radon value of the water
samples is found to be 5.7 Bq/L, which is higher than that of
the untreated water samples. In other terms, 18.9% higher
than that of the untreated water samples is found. Thus, this
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result is rendered as 20.4°C higher than that of the untreated
water samples, which indicates that the degassing temper-
ature has an obvious influence on radon levels in the water
samples.

3. Discussion

The radon measurements of the sampled waters in the Yishui
well are affected by the degassing temperature. This outcome
is reached by running a temperature control treatment. The
radon value is found to be relatively high when the degassing
temperature is set to high, while the radon value is found to
be relatively low when the degassing temperature is set to
low. The mechanism of this phenomenon can be elucidated
as follows: the different degassing temperatures of the
sampled water samples change the dissolution coeflicient of
the radon gas in the sampled waters increasing the degassing
efficiency. Thus, affecting the final results of the radon
measurements is observed.

The radon value increases when the degassing temper-
ature increases, which indicates that the higher the degassing
temperature, the higher the radon value. When the
degassing temperature is constantly rising, as is realized in
the temperature control treatment presented in this man-
uscript, the radon value is found to be higher than that
without conducting the temperature control treatment. The
relationship between the temperature differences of the
degassing and the differences between radon values is
constructed. The greater the temperature difference, the
greater the difference between radon values will be. It is
further confirmed that the influence of the temperature on
radon measurement value is observed.

On the contrary, when the temperature difference is kept
within 5°C, the influence on the water radon observation is
found to be less than 2.0 Bq/L, and the relative error is found
to be 6.6% and is lower than 8%, which is the required
specification. The influence is found to be small and meets
the observation specification.

4. Conclusion

Temperature has been found to be a key factor in deter-
mining the solvability of radon amounts in groundwater,
particularly in wells near seismic zones, in the literature.
Furthermore, statistically strong relationships between
temperature measures and radon readings are provided in
several researches, confirming this major result. As a result,
the primary goal of the experiment is to detect radon levels
in collected waters at various degassing temperatures using a
temperature control device, in order to determine the effect
of degassing temperatures on radon measurements. For this
purpose, the daily sampled water is collected at Yishui well
for 20days, and the degassing temperatures and radon
measurements are recorded.

Similarly, it is found that the degassing temperature has
an obvious influence on water radon observations and in-
creases with the increment of a degassing temperature. If the
degassing temperature changes are kept within 5°C, it has
little influence on radon observation. When the degassing

temperature exceeds 5°C, the effect on radon value changes
dramatically. Therefore, the bubbling temperature should be
controlled by 5°C throughout the year to reduce the influ-
ence on water radon observations. The observations of the
radon degassing temperatures in the Yishui well are found to
be stable between 18°C and 23°C. Therefore, the degassing
temperature should be controlled within this range in the
daily observations.

The limitations of this research can be expressed as
follows: due to the reason of having just one observation
device in the station, the experiment adopts the method of
regular observation in the morning and conducting ex-
periments in the afternoon of the same day to ensure more
reliability. However, a current disadvantage with this
method is that the instrument observation base is high,
which affects the stability of the experimental data, so there
are some sudden jumps in the measurements of the ex-
perimental data.
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