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and its application in vertical profile observation
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aState Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing, China; bSolid Dosimetric Detector 
and Method Laboratory, State Key Laboratory of NBC Protection for Civilian, Beijing, China; cSchool of Nuclear Science and Technology, 
University of South China, Hengyang, Hunan, China

ABSTRACT
Radon in soil is a valuable radioactive tracer in earth science, especially for earthquake 
and volcanic precursors. For the purpose of continuous measurement of radon-in-soil 
concentration in-situ, a new-designed measurement system was developed. Calibration 
and experiments for humidity response correction were carried out in details, and field 
measurement of vertical profile with 7 radon probes at different depths was performed. 
Calibration results show that the sensitivity of the radon probes is 16.1 ± 1.0 cph (kBq 
m−3)−1, and the lower level detection limit is 231 ± 15 Bq m−3 for 1-hour measurement 
cycle under the absolute humidity of 32.8 g m−3. Field measurement results show that 
radon concentrations at different depths change with time and increase with depth in the 
soil. The vertical profile presents a negative exponential distribution with different diffu-
sion length in sunny days, while rainfall can disturb the vertical distribution and lead to 
increase of radon concentration in the near ground surface. Radon concentration in 
underground deeper than 80 cm appears quite stable and hardly affected by rainfall in 
our observation.
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1. Introduction

Radon is a naturally occurring radioactive gas gener-
ated by the decay of 226Ra-bearing mineral in soils and 
rocks. Since radon is an inert gas, it can move freely 
from the soil or building materials, and escape into the 
atmosphere or seep into the indoor environment. The 
natural radiation caused by radon and its short-lived 
decay products is a major source of the exposure dose 
received by residents [1]. The radon in the soil sub-
jacent to a house is usually the main source of indoor 
radon [2]. Thus, measurement of radon-in-soil con-
centration is essential to reduce radon exposure for the 
Public. In addition, radon-in-soil is also an important 
tracer for geological, geophysical, and geochemical 
studies [3]. Especially for seismology, radon-in-soil is 
considered as a notable precursor and is used to trace 
the chemical and physical changes during earthquakes 
and volcanic events [4,5]. However, the radon activity 
concentration in soil exhibits significant spatial varia-
tions and temporal variations, and continuous mea-
surement of radon-in-soil concentration in situ is 
required consequently [6,7].

Traditional active measurement methods use pump 
for sampling and adopt scintillation cell, ionization 
chamber, or electrostatic chamber for radioactive 
detection. Their high power consumption and inevi-
table disturbing on radon-in-soil distribution limit 

their application for long-period continuous field 
measurement. However, for the passive integrating 
measurement such as CR-39 and LR-115 detectors, 
which cannot catch short-term temporal variation in 
radon-in-soil [8–10]. In-situ continuous measurement 
technique based on passive sampling and active mea-
surement with low power consumption was also 
developed and used to monitor the radon-in-soil con-
centration in the field, such as Clipperton probe [11], 
Barasol detector [12,13], and RTM1688-2 probe 
(Sarad, GmbH, Germany) [14]. However, higher sen-
sitivity and more detailed correction of humidity 
influence are required.

In China, earthquake disaster is one of the most 
severe natural disaster. Some soil gases including 
radon have been used as effective tracers for fault 
activity and earthquake for many years [15,16]. Field 
investigation and short-term measurement at nearly 
1-m or 3-m depth have been being carried out in 
seismic stations monthly [17–19], using pump for 
sampling and active measurement device, such as 
RAD7 and AlphaGUARD, which have high power 
consumption (several watts) that can only work for a 
few hours in the field and are expensive. Recently, 
following the idea of possible seismic precursor [20], 
a denser and more intelligent detection system is plan-
ning to set up in China, which could realize the real- 
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time recording of radon-in-soil concentration in situ 
and the automatic data transmission.

For this purpose, a new-designed in situ measure-
ment system of radon-in-soil with low power con-
sumption and automatic data transmission function 
was developed in this study, calibration, and humid-
ity response correction experiments were carried out 
in detail. Furthermore, not like those instantaneous 
or integrating measurements which could only give 
short-term or average radon-in-soil concentration 
distribution profile [21–24], a long-term continuous 
measurement was performed in situ with seven 
detectors at different depths in soil at the same loca-
tion. Vertical profile of radon-in-soil concentration 
and its temporal variation were observed and ana-
lyzed in this paper.

2. Materials and Methods

2.1. Radon-in-soil measurement system

The new-designed radon-in-soil measurement system 
constituted a radon probe, a rain sensor, a GPRS 
(General Packet Radio Service) module, and a solar 
power supply module, as shown in Figure 1(a). The 

detection principle of radon probe was based on a 
combination of passive sampling with gas diffusion, 
electrostatic collection of radon decay products onto 
the detector, and alpha spectrometry.

In general, the radon probe was installed inside a 
PVC cylindrical tube with 1 m length and 75 mm 
diameter, and it was hung up nearly 5 cm above the 
bottom. Radon-in-soil concentration and rainfall data 
were recorded and uploaded to the data center auto-
matically through the GPRS module. The power con-
sumption has been reduced to as low as 33.3 mW after 
optimization. The power supply system consisted of a 
12 V lead-acid battery could keep the probe running 
for more than three months. Besides, as an option, a 
solar power supply module was used for long-term 
field measurement.

The radon probe consisted of a wire screen, a 
waterproofing membrane, four PTFE filters, a mea-
surement chamber, and an electronic unit, as shown in 
Figure 1(b). Water vapor can pass the membrane 
while aqueous water is blocked. Four thickness of 
1-μm PTFE filters were used to filter out radon pro-
geny and thoron. The response time of the measure-
ment system (refers to the time it required for the 

Figure 1. (a) Schematic graph of the radon-in-soil measurement system. (b) Structure chart of the radon probe. (c) Schematic map 
of the electrostatic collection chamber.
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inner radon concentration rising up to as high as out-
side radon concentration in soil air) was less than 
30 min. Multichannel analyzer (MCA) with 256 chan-
nels, analog-to-digital converter (ADC), pre- and 
main-amplifier were integrated in the electronic unit. 
The structure has been specially designed for the 
application in water deeper than 3 m.

It is known that thoron (220Rn) exists together with 
radon in the soil medium. It might be an interference 
on the accurate radon measurement. Some anti- 
thoron barriers based on polymer membranes have 
been developed [25,26]. However, the temperature 
dependence of radon penetration through the mem-
brane is a notable problem [27]. For our measurement 
chamber with four 24 mm2 holes and covered with 
four specially designed 1 μm × 28 mm2 PTFE filters, 
the penetration ratio (the ratio of the concentration 
inside to outside chamber) of 222Rn was nearly 100% 
[28,29]. Thus, the temperature influence on the per-
meability of 222Rn through PTFE was negligible. 
Although a small amount of 220Rn could penetrate 
into the chamber, it will be distinguished by the α 
spectrum detector completely.

The measuring chamber had a volume of 46.4 ml 
with a 10 mm × 10 mm Si-PIN detector (S3209, 
Hamamatsu Co, Japan) [30] and a temperature- 
humidity sensor (SHT31, Sensirion AG, Switzerland) 
[31] inside. A high voltage of −180 V was loaded on 
the detector, and the positive 218Po particles originat-
ing from radon decay could be collected on the surface 
of detector due to electrostatic field. The subsequent α 
decays of 218Po and 214Po could be detected and ana-
lyzed by a multi-channel analyzer. According to the 
principle of electrostatic collection method [32,33] 
and considering the influence of absolute humidity 
(i.e. water vapour concentration) on the sensitivity 
[34], radon concentration was calculated by the fol-
lowing equation: 

CRn¼CF AH0ð Þ:
N1þN2 � 0:56N3

T
� B

� �

�η AHð Þ (1) 
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ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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σ N1þN2 � 0:56 �N3ð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N1þN2 � 0:56 �N3
p

(3) 

where CRn is radon activity concentration (Bq m−3), N1 
is the total counts in the region of interest of 218Po and 
212Bi (5.5 ~ 6.2 MeV); N2, and N3 are the counts in the 
region of interest of 214Po (7.0 ~ 7.8 MeV) and 212Po 
(8.2 ~ 9.0 MeV), respectively. N3 is used to eliminate the 
influence of the thoron daughter 212Bi on the measure-
ment of 218Po according to the α decay branch ratio of 
212Bi to 212Po, which is 0.56. B is the background 
counting rate in the region of interest of 218Po and 
214Po (cph). T is the measurement cycle (T=1 h). 

CF AH0ð Þ is the calibration factor (Bq m−3 cph−1) at 
the reference absolute humidity AH0. η AHð Þ is the 
humidity correction coefficient, which is the ratio of 
sensitivity at absolute humidity AH to that at reference 
absolute humidity AH0. σCRn is the uncertainty of CRn, 
note here that σCF ¼ 0 as CF AH0ð Þ is a constant. The 
uncertainty of the net counts of α particle emitted by 
214Po and 218Po (N1 þ N2 � 0:56 � N3) is calculated by 
Equation(3).

The lower level detection limit (LLD) of radon 
concentration of the device in 1-hour cycle is calcu-
lated by the following equation as defined by Currie 
(1968) [35] and ISO11929 [36]: 

CDT ¼ k � σðCRn¼0Þ ¼ k �
ffiffiffiffiffiffiffiffiffi
2MB
p

� η � CF ¼ k �
ffiffiffiffiffiffiffiffiffi
2MB
p

=ε (4) 

LLD ¼ CDT þ k � σðCRn¼LLDÞ ¼
2CDT þ k2=ε

1 � k2 � σε2=ε2

� 2:71þ 4:65
ffiffiffiffiffiffiffi
MB
p� �

=ε (5) 

where is ε the sensitivity at the reference absolute 
humidity AH0, which is equal to 1=CF AH0ð Þ with a 
dimension of cph (Bq m−3)−1, and MB is the total 
background counts in the region of interest of 218Po 
and 214Po for 1-hour cycle. CDT is the decision thresh-
old, k ¼ 1:65 for the confidence level of 95%.

2.2. Calibration and field measurement

Calibration of 10 radon probes was conducted in a 
temperature-and-humidity-controlled box with an 
effective volume of 150 L (KOWINTEST, KW-TH, 
China) [37]. The relative humidity could be adjusted 
from 10% to 95% with an uncertainty of 2%, and the 
temperature control range is from −10 °C to 40 °C with 
an uncertainty of 0.3 °C. The soil gas pumped from 1 m 
depth in the soil at a flow rate of 2.5 lpm was used as 
radon source. The radon concentration in the tempera-
ture-and-humidity-controlled box was measured by an 
AlphaGUARD PQ2000 monitor (Saphymo, France) 
[38], which can be traced back to the National Radon 
Standard of Metrological Institute of China.

Due to the significant effect of absolute humidity on 
the sensitivity of the electrostatic collection method 
[39], calibration was performed at seven different 
absolute humidity, from 2.01 to 32.8 g m−3. At each 
absolute humidity, the temperature and relative 
humidity were kept stable for more than 24 hours. 
The background of the radon probe, which is mainly 
from the electronic noise and residual radon attached 
to the inner wall of the chamber, was determined by 
putting the devices into a 30-L stainless steel barrel 
with activated charcoal inside, and the barrel had been 
flushed with high-purity N2 for more than 48 hours.

For continuous observing the vertical profile of 
radon concentration in soil, a long-term field 
measurement was carried out in a grove in Beijing 
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(40.24 °N, 116.71 °E). 7 radon probes, a rain sensor, a 
GPRS module, and one power supply module were 
used for field measurement. For the measurement, a 
hole was dug and then seven radon probes successively 
mounted on a straight iron rod were embedded verti-
cally, from 20 cm to 140 cm in depth with 20 cm 
spacing. Original soil was backfilled to prevent radon 
leakage and disturbance. The field measurement was 
carried out from 11 July to 26 August 2020, with 
radon-in-soil concentration and rainfall data recorded 
hourly.

3. Results and Discussion

3.1. The sensitivity and low-level detection limit

Soil temperature and humidity vary in a large range in 
field environment. Considering the fact that the radon 
electrostatic detector is influenced by humidity, the 
sensitivity of radon probes was calibrated in a rather 
large range of absolute humidity in this paper. The 
sensitivity calibration results of 10 probes at different 
absolute humidity are shown in Table 1.

Results show that the sensitivity of almost all radon 
probes went down with the increasing of absolute 
humidity. The sensitivity of the 10 radon probes was 
slightly different at the same humidity. At 32.8 g/m3, 
the maximum and minimum values of the sensitivity 
of all probes were 14.7 cph (kBq m−3)−1 and 17.9 cph 
(kBq m−3)−1, with a relative deviation of nearly 20%. 
Took 32.8 g/m3 as reference absolute humidity AH0, 
the average sensitivity of all radon probes was 
16.1 ± 1.0 cph (kBq m−3)−1. The average background 
was 0.044 ± 0.016 cph, and the low-level detection 
limit was 231 ± 15 Bq m−3 for 1-hour cycle.

The formulae for calculating the uncertainty of 
average sensitivity used in our paper are as follows: 

σ�ε ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P10

i¼1 εi � �εð Þ
2

10� 10 � 1ð Þ

s

(6) 

σs ¼

P10
i¼1 σεi

10
(7) 

σ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ�ε2 þ σs2

p
(8) 

where σ�ε is standard deviation of the averages, σs is 
systematical error of the device, σ is the uncertainty of 
the averages.

As the radon activity concentration in soil 
usually ranges from several kBq m−3 to tens of 
kBq m−3, the counts registered per hour were 
usually higher than 100 even in extremely high 
absolute humidity. Therefore, for radon-in-soil 
measurement, the uncertainty caused by the statis-
tical fluctuation is low.

3.2. The humidity correction coefficient

In an attempt to obtain the correction coefficient 
η AHð Þ at different humidity, the relationship 
between sensitivity and absolute humidity should 
be established. Considering that the correlation of 
different radon probes is a little different, calcula-
tion should be performed for each probe, respec-
tively. Taking NO.3 and NO.8 radon probes as 
examples, the sensitivity declined with the increas-
ing of absolute humidity. It exhibited a noticeable 
negative exponent relationship. So, it could be fitted 
by a negative exponential function Y ¼ Aþ Be� CX , 
just as other researchers did [34,40]. The fitting 
results are shown in Figure 2, with a correlation 
coefficient R2 of 0.967 for No.3 and 0.996 for No.8 
radon probes, respectively. We assumed that the 
uncertainty of η(AH) should be smaller than that 
of sensitivity, which was less than 6%, as η AHð Þ was 
obtained by fitting 7 points in Figure 2.

It should be noted that even though the measure-
ment chamber was as small as 46.4 ml, a remarkable 
decrease of sensitivity along with absolute humidity 
increase was observed. When soil temperature chan-
ged from 30 °C to −10 °C while the relative humidity 
keeping at nearly 100%, the sensitivity of the radon 
probe increased by nearly 260%. This effect is worthy 
to pay close attention.

Table 1. Calibration results of sensitivity at different absolute humidity.
AH(g m−3) 2.01 3.53 12.6 14.7 18.5 25.2 32.8

(T(°C), RH(%)) (19.9, 11.7) (24.5, 15.8) (25.4, 53.8) (28.7, 52.3) (25.1, 80.1) (30.2, 82.3) (33.2, 91.3)

Probe number Sensitivity(cph (kBq m−3)−1)

1 64.5 ± 3.4 63.4 ± 3.4 39.6 ± 2.1 35.2 ± 1.9 23.8 ± 1.3 18.2 ± 1.0 15.9 ± 0.9
2 46.3 ± 2.4 43.1 ± 2.4 22.8 ± 1.2 21.8 ± 1.2 21.8 ± 1.2 18.5 ± 1.0 17.9 ± 1.0
3 64.1 ± 3.4 62.9 ± 3.4 39.5 ± 2.1 35.4 ± 1.9 24.2 ± 1.3 19.6 ± 1.0 17.7 ± 0.9
4 67.8 ± 3.5 68.9 ± 3.7 48.9 ± 2.6 42.6 ± 2.3 29.9 ± 1.6 20.8 ± 1.1 16.9 ± 0.9
5 60.3 ± 3.2 61.1 ± 3.3 29.0 ± 1.5 29.5 ± 1.6 20.3 ± 1.1 16.7 ± 0.9 14.7 ± 0.8
6 66.5 ± 3.5 64.2 ± 3.5 40.0 ± 2.1 36.1 ± 1.9 24.9 ± 1.3 18.1 ± 1.0 15.3 ± 0.8
7 62.2 ± 3.3 60.9 ± 3.3 35.6 ± 1.9 30.9 ± 1.7 22.2 ± 1.2 17.2 ± 0.9 15.4 ± 0.8
8 59.2 ± 3.1 56.6 ± 3.1 29.1 ± 1.5 27.1 ± 1.5 21.8 ± 1.2 18.0 ± 1.0 14.9 ± 0.8
9 56.9 ± 3.0 53.3 ± 2.9 30.1 ± 1.6 28.5 ± 1.5 23.2 ± 1.2 19.4 ± 1.0 15.5 ± 0.8
10 56.1 ± 2.9 57.8 ± 3.1 28.6 ± 1.5 26.7 ± 1.4 21.4 ± 1.1 18.1 ± 1.0 16.6 ± 0.9
Average 60.4 ± 3.9 59.2 ± 4.0 34.3 ± 3.1 31.4 ± 2.6 23.3 ± 1.5 18.5 ± 1.1 16.1 ± 1.0
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3.3. Intercomparison

After the humidity response correction, radon-in-soil 
concentration measurement could be realized in a 
wide range environment. To verify the feasibility of 
humidity response correction and validate the accu-
racy of the continuous measurement results of the 
system, an intercomparison of 7 detectors and 
AlphaGUARD were carried out at three different 
absolute humidity, the intercomparison results of 
NO.3 and NO.8 radon probes are shown in Figure 3.

Intercomparison results show that, under three dif-
ferent absolute humidity, the average relative devia-
tion ( CRn � CRn;AG

� �
=CRn;AG) of measurement results 

between NO.3 radon probe and AlphaGUARD were 
2.7%, 0.4%, and −3.0% with uncertainty of 7.1%, 7.4%, 
and 8.1%, respectively; for NO.8 radon probe, the 
average relative deviation were −0.2%, −0.7%, and 
−3.8% with uncertainty of 7.3%, 7.8%, and 8.3%, 
respectively. For the rest five probes, whose results 

were omitted here for conciseness, their average rela-
tive deviation under three different absolute humidity 
were all within ±5% with uncertainty <less than 9%. 
<These results indicate the reliability and practicabil-
ity of the humidity response correction.

3.4. The temporal variation of vertical profile

The field measurement result from 11 July to 26 
August 2020 is shown in Figure 4. The radon concen-
trations at different depths and rainfall data are pre-
sented in upper half of Figure 4. Since the relative 
humidity at all depths was nearly 100%, only the 
temperature variations at different depths are shown 
inlower half of Figure 4.

Results show that the temperature and its variation 
were quite different at different depths. Soil tempera-
ture decreased slightly with the increasing of soil depth 
in the season of summer and autumn in Beijing. The 
temperature of near surface in soil showed a distinct 
diurnal pattern variation, especially at the depth of 20 
cm. The temperature fluctuation range in one day 
could be 2.0 °C to 5.5 °C.

The soil radon concentrations at different depths 
also changed with time, it increased with the depth 
on the whole. The soil radon concentration was 
strikingly affected by the rainfall. After rainfall, 
the radon concentration in the near surface, such 
as 20 cm and 40 cm, increased steeply. But no 
significant change was observed in the deeper soil 
(120 cm and 140 cm). Taking the data from 31 July 
to 3 August and from 12 August to 14 August as 
examples, the radon concentration at 20 cm depth 
increased 2.9 times and 2.3 times within one day 
after rainfall, respectively. While the radon concen-
tration at 140 cm only increased 1.22 times and 
1.18 times, respectively. In days without rainfall, for 
instance between 21 July and 26 July, the diurnal 
variation of radon concentration was observed at 

Figure 2. The sensitivity of No.3 and No.8 radon probe at 
different absolute humidity.

Figure 3. Intercomparison results of AlphaGuard, No.3 and No.8 radon probe at three different absolute humidity.

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY 5



20 cm depth. But this phenomenon was not so 
obvious in deeper soil.

From Figure 5, it is recognized that the radon-in 
-soil concentration at each depth had a tendency of 
slight increase and it rose up considerably and 
rapidly after sustained rainfall, which might result 
from the emanation fraction increase caused by the 
increasing of soil moisture as well as the decreasing 
of diffusion coefficient [21,41, 42]. Comparing the 
increasing of soil radon concentration at 20 cm 
with the rainfall intensity, there seems to be no 
strong relationship between them. The main reason 
is that rainfall affects not only the emanation 

process but also the diffusion process in soil espe-
cially near surface [43,44].

It also could be found that the vertical distribution 
of radon-in-soil is not invariable. To further analyze 
the vertical distribution, the average radon concentra-
tions at different depths on three sunny (at least 2 days 
after the end of rainfall) days and three rainy (within 
24 h after the rainfall) days are displayed in Figure 5. 
The selected sunny days were 29 July, 7 August, and 20 
August. The selected rainy days were 31 July, 12 
August, and 18 August.

In sunny days, radon-in-soil concentration grew up 
with the increasing of depth, from 5.2 ~ 10.2 kBq m−3 

Figure 4. Field measurement result of radon-in-soil concentration and temperature at different depths in 2020.

Figure 5. Vertical profiles of radon-in-soil concentration of three periods of sunny days(a) and rainy days(b).

6 H. WANG ET AL.



at 20 cm to 15.9 ~ 19.9 kBq m−3 at 140 cm. While on 
rainy days, the radon-in-soil concentrations near the 
soil surface increased dramatically, which may be due 
to the sharp reduction in diffusion coefficient. As a 
consequence, the radon concentration discrepancy at 
different soil depth shrank immensely. Besides, the 
difference of radon concentration at >80 cm depth 
between sunny and rainy day was imperceptible, 
which might be useful for radon-in-soil survey tech-
nical planning.

The experimental points on the three sunny days 
were fitted using a saturation exponential form of 
function: 

C zð Þ ¼ C1 1 � e�
z

LD

� �
(9) 

Which has been performed in former papers [23,45]. 
C zð Þ is the radon concentration at depth z, and the 
saturation concentration C1 as well as diffusion 
length LD could be obtained through fitting.

C1 was 19.3 kBq m−3, 17.4 kBq m−3 and 17.1 kBq 
m−3, and the corresponding diffusion length LD was 
0.94 m, 0.53 m and 0.43 m, for 29 July, 7 August, and 
20 August, respectively. C1 has changed slightly while 
LD fluctuated dramatically in different days, which 
means the diffusion length varies in a large range. It 
is noteworthy that, the diffusion length LD in July 29th 
was 0.94 m, which is larger than the recommended 
sampling depth of 0.6 ~ 0.8 m by Chinese Standard 
GB50325-2020 and is close to the sampling depth of 1 
m by ISO 11,665–11 [8] for field measurement.

4. Conclusions

For the purpose of continuous monitoring on radon- 
in-soil activity concentration in field, a new-designed 
measurement system was developed, and calibration 
for absolute humidity, intercomparison with 
alphaGUARD radon monitor as well as a long term 
field measurement were conducted. Calibration results 
show that the sensitivity of radon probe changed from 
60.4 cph (kBq m−3)−1 to 16.1 cph (kBq m−3)−1 as 
absolute humidity grew up from 2.01 g m−3 to 32.8 g 
m−3, and it appeared an obvious negative exponent 
relationship. The average sensitivity of the radon 
probes was 16.1 cph (kBq m−3)−1 and the lower level 
detection limit was 231 ± 15 Bq m−3 for 1-hour cycle 
under the reference absolute humidity 32.8 g m−3. 
Compared with traditional instruments, the measure-
ment system has completely eliminated the influence 
of humidity. Intercomparison in a large range of abso-
lute humidity was carried out. The relative deviation 
was within ±5% with uncertainty <less than 9%, Field 
measurement results show that the radon-in-soil con-
centrations at different depths changed with time and 
increased with depth. The vertical profile was not 
invariable and showed a different distribution in 

sunny and rainy days, as the radon concentration 
rose up rapidly in near surface after rain. During 
sunny days, the vertical profile might also be different 
with a large variety of the diffusion length.

Long-term online monitoring of radon-in-soil con-
centration has already been realized in some seismic 
stations in China. More interesting results will be 
obtained in the future. In addition, faster response 
and more accurate measurement on radon-in-soil 
concentration is still required in the future.
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