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Article 
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Abstract: Urumqi City, located in the northwest of China, is a city with high indoor radon 
concentration in nationwide indoor radon survey in China. This study focuses on the assessment of 
indoor radon level and its potential sources in this city. Indoor radon measure using RAD7 and 
solid nuclear track detector (SSNTD), soil gas radon by RAD7 and determining specific activity of 
uranium and radium in soil samples by a high pure germanium spectrometer were performed from 
2021 to 2023. The results reveal a wide range of indoor radon concentrations in Urumqi, with 
anomalies above 400 Bq/m3 in some dwellings. The arithmetical and geometric mean values of 
indoor radon concentration in Urumqi are 90.24 ± 83.04 Bq/m3 and 66.25 Bq/m3, respectively. The 
geometric mean values of radon and thoron by SSNTD is 110 Bq/m3 and 109 Bq/m3. The analysis 
suggest that the activity of faults and fault structures are the main factors influencing indoor radon 
levels, with frequent earthquakes contributing to higher average radon concentrations. 
Additionally, investigations into indoor radon and building material radioactivity in detailed are 
recommended for buildings with radon anomalies and the source of indoor radon anomalies. 

Keywords: indoor radon; soil radon; radon potential; thoron; Urumqi 
 

1. Introduction 

Radon (222Rn) and thoron (220Rn) are radioactive gases generated from the decay of uranium and 
thorium radioactive series, respectively. Inhaling these radioactive gases and their short-lived decay 
progenies can damage the respiratory system and increase the incidence of lung cancer. The excess 
relative risk (ERR) and lung cancer risk due to continuous exposure to high radon concentration in 
home are comparable to those of miners, indicating a correlation between lung cancer risk and 
residential radon exposure [1–3]. Global cancer statistics and cancer research reports in China have 
shown that lung cancer has the highest incidence and mortality rate among malignant tumors [4,5]. 

Since the late 1970s, extensive research has been conducted worldwide on indoor radon and 
radon geological potential. It has been found that houses with high radon concentrations are mostly 
located in areas with high radon geological potential. The indoor radon concentration in a region is 
related to factors such as near-surface lithology, soil permeability, and geological structures [6–10]. 

Due to the large land area and budget constraints, China has not yet conducted a detailed 
national indoor radon assessment project, and research on radon potential mapping in China is 
generally insufficient. Since the late of 1980s, studies have been conducted on radon and lung cancer, 
radon potential, and indoor radon levels in areas with high radon geological potential in southern 
China, such as Yangjiang, Shenzhen, Zhuhai in Guangdong Province, and Gejiu in Yunnan Province 
[11–15]. In Guangdong, the high indoor radon levels are mainly due to the widespread occurrence of 
Yanshanian period biotite granite with high uranium, radium, and thorium contents, while in Gejiu, 
it is mainly caused by the fragmentation of tin ore rocks and tin mining, resulting in high indoor 
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radon and thoron concentrations [16,17]. In addition, studies have been conducted on radon and 
thoron concentrations in cave dwellings in Qingyang and Pingliang in Gansu Province [18–20]. 

Until now four nationwide indoor radon surveys have been conducted in China. From the mid-
1980s to 1994, the indoor radon survey was carried out in more than 9,000 dwellings nationwide, and 
the arithmetic mean of indoor radon concentration was 23.7 Bq/m³ [21,22], mainly using grab 
sampling with a scintillation chamber. From 2001 to 2004, long-term cumulative measurements of 
indoor radon were conducted in 20 cities and 6 counties using solid-state nuclear track detector 
(SSNTD), with a sampling numberof 3,098 homes. The survey results showed that indoor radon 
concentration in urban areas of China had increased. The arithmetic mean and geometric mean of 
indoor radon concentration were 43.8 ± 37.7 Bq/m³ and 37.4 Bq/m³, respectively. The number of rooms 
exceeding 100, 200, and 400 Bq/m³ accounted for 6.4%, 0.7%, and 0.06% of the total surveyed rooms, 
respectively [23,24]. High indoor radon concentrations were also detected in areas such as Shangrao 
City in Jiangxi Province and Urumqi City in Xinjiang Autonomous Region [25]. The fourth national 
indoor radon survey was conducted from 2006 to 2010 using the SSNTD method, covering 2,029 
households. The weighted mean concentration was 32.6 ± 5.2 Bq/m³, and the percentage of rooms 
with radon concentration exceeding 100 Bq/m³ (36 rooms) accounted for 1.8% of the total surveyed 
rooms [26,27]. The annual average indoor radon concentration in Urumqi was 57 Bq/m³, indicating a 
relatively high level compared to the national average [26,28,29]. 

However, in terms of geological background, Urumqi should not be a high radon potential area. 
in Urumqi, apart from faults and earthquakes, lithology and uranium-radium content in soil should 
not be the main influencing factors for high indoor radon concentrations. 

According to the data from a 1:250,000-scale multi-target regional geochemical survey in the 
Urumqi-Changji area, uranium and thorium were evenly distributed in surface soil samples in 
Urumqi, with concentrations of 2.53 ± 0.13 × 10-6 and 9.21 ± 0.08 × 10-6, respectively. The differences in 
uranium and thorium concentrations among different geological layers are not significant [30]. 
Moreover, the soil radon concentration in Urumqi was relatively low, with an average value of 3288 
Bq/m³ and a range of 45 - 41164 Bq/m³, much lower than the nationwide average of 9614 Bq/m³ in 18 
cities [31]. 

Since both soil uranium content and soil radon concentration are lower than the national 
average, what makes Urumqi one of the few cities in China with a high indoor radon concentration? 
Therefore, in order to understand the distribution and characteristics of indoor radon concentration 
in Urumqi, we conducted indoor radon and soil radon measurements, as well as uranium and radium 
radioactivity concentration of soil samples, in typical geological structures and densely populated 
areas of Urumqi from 2020 to 2023, aiming to identify the causes of high radon potential in Urumqi. 

2. Materials and Methods 

2.1. Radon and Thoron Measurement 

2.1.1. Instantaneous Radon and Thoron Measurement 

In the instantaneous measurement of indoor radon and soil gas, the RAD7 devise with silicon 
semiconductor made in the United States was adopted. The RAD7 was set with normal mode with 1 
h sampling time placed on the table in the living room or the desk in the bedroom at the height of 60 
- 80 cm above the ground and a distance more than 30 cm from the wall. In the investigation of radon 
in soil gas, the RAD7 was set to the sniff mode with a sampling time of 3 min. The soil gas sampling 
depth was at 80 cm below that ground, and the hole was sealed with soil [32,33]. 

An Alpha GUARD (PQ2000) served as a reference for comparison measurements and quality 
control at some indoor radon measuring sites. The instrument was set to flow mode with 10 min. 
sampling time.  

All of the instruments were calibrated annually in the Radon Chamber National Institute of 
Metrology, China. 
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2.1.2. Long-term Radon and Thoron Measurement 

The long-term measurements using passive integrated radon–thoron discriminative detectors 
were carried out by an LD-P detectors, a kind of solid-state nuclear track detector (SSNTD). The 
detector consisted of two diffusion cups for both 222Rn and 220Rn, with built-in two CR-39 films 
produced by Japan's FUKUVI Chemical Company [34]. Prior to use, the detector was calibrated at 
the University of South China.  

During the investigation, the LD-P detectors, fixed to the edge of a writing desk or a closet in the 
bedroom at the distances of 5 cm from the wall and 80 - 90 cm above the ground, were deployed for 
90 days from January to April in winter. 

2.2. Soil Sample Collection 

Soil samples were collected at the location where soil radon measurements were made. After 
removing surface weeds and rocks, soil samples were collected using a ring knife, a cylindrical 
aluminum box (φ5.5×5cm). A minimum of 1000 g of soil was collected. The soil samples were then 
sealed in plastic sealing bags, and information such as the sampling site number, soil types, and 
vegetation on the surface were recorded. 

2.3. Determination of Specific Activity of Radionuclides in Soil 

The specific activity of radionuclides, including uranium, radium, thorium, and cesium, present 
in soil samples was determined using the HPGe digital wide-energy gamma-ray spectrum 
measurement system made by CANBERRA. The detector model is BE3830, and its energy resolution 
for 60Co is 1.68 keV (for 1332.5 keV energy peak). The extended uncertainties for uranium (63.3 and 
92.4 keV), radium (351.9 and 609.3 keV), thorium (583.2 and 911.2 keV), and cesium (661.7 keV) were 
5.6%, 5.0%, 5.4% and 4.1%, respectively. calibrated using a volume reference source (φ75×70mm) 
provided by National Institute of Metrology, China. 

After transported to the laboratory, the sample was pretreated and analyzed following the 
guidance of ‘Gamma-ray spectrometry method for the determination of radionuclides in 
environmental and biological samples’ [35].  

2.4. Geological Overview of the Study Area and Sampling Site Selection 

2.4.1. Geographic and Climatic Features 

Urumqi City is located between 86°37'33" - 88°58'24" east longitude and 42°45'32" - 45°00'00" 
north latitude in the northwest of China. Urumqi is situated at the northern foot of the Tianshan 
Mountains, on the southern edge of the Junggar Basin, surrounded by mountains on three sides, with 
more than 50% of its total area being mountainous terrain. The northern part consists of a small 
alluvial plain, which accounts for less than one-tenth of the total area. The city has a permanent 
population of 4.0824 million people [36]  

Urumqi City has a temperate continental climate with semi-arid characteristics. The hottest 
months are July and August, with an average temperature of 25.7 ℃. The coldest month is January, 
with an average temperature of -15.2 ℃. The summer is hot and dry, while the winter is cold and long 
[37]. 

2.4.2. Geological Overview 

The main exposed strata in Urumqi are Upper Carboniferous, Permian, Triassic, Jurassic, 
Cretaceous, Tertiary and Quaternary, and their lithology mainly includes sandstone, siltstone, 
conglomerate and mudstone, while the Quaternary sediments are mainly alluvial gravel, silty sand 
and sandy soil.  

Due to its location at the junction of the Bogda Arcuate Uplift Belt and the Urumqi Mountain 
Front Depression at the southern edge of the Junggar Basin, Urumqi City is characterized by the 
convergence of multiple tectonic belts, resulting in complex geological structures and intense tectonic 
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activity. The region is prone to frequent moderate to strong earthquakes. Major fault systems in the 
area include near-east-west trending faults (the Fukang South Fault and the Xishan Fault), north-east 
faults (theYamalike-Shuimogou Fault, the Wanyao Gou Fault, and the Bagang-Shihua Concealed 
Fault), as well as near-north-south trending concealed faults related to the Urumqi River [38–41]. A 
simplified geological map of Urumqi City (1:10000) with location of radon measurements is shown 
in Figure 1. 

 
Figure 1. A simplified geological map of Urumqi City (1:10000) with location of radon measurements: 
1—Qh: sandy fine-medium gravel layer interbedded with fine sand and silty clay; 2—Qp: Gravel, sand, 
silt, clay; 3—T1 Liucaiyuan Formation: purplish red, brick red, a small amount of gray green 
mudstone, glutenite, lithic sandstone; 4—J3 Toutunhe Formation: purple iron argillaceous siltstone, 
gray-green fine-grained lithic sandstone mixed with mudstone; 5—J2 Xishanyao Formation: gray 
green, light gray brown mudstone, argillaceous siltstone with coal line; 6—J1 Sangonghe Formation: 
dark gray silty feldspar lithic sandstone; 7—J1 Badaowan Formation: gray-green calcareous 
feldspathic lithic sandstone, a small amount of mudstone, siltstone coal line; 8—P3 Hongyanchi 
Formation: gray black, dark gray argillaceous siltstone; 9—T1 Shaofanggou Formation: purplish red 
glutenite, mudstone, lithic sandstone; 10—T2 Member first of Karamay Formation: gray-green 
feldspar lithic sandstone and mudstone; 11—T3 Huangshanjie Formation: yellow-green fine-grained 
lithic sandstone, greywacke, punctate mudstone; 12—J3 Kalazha Formation: reddish brown pebbly 
lithic sandstone; 13—P3 Lucaogou Formation: light gray, dark gray chlorite calcareous siltstone; 14—
Zhizhu Hill; 15—Yamalik mountain; 16—Red Hill; 17—Railway; 18—Heping channel; 19—Measured 
main active faults; 20—Speculate active faults; 21—Indoor Radon survey location; 22—Soil Radon 
sampling site; 23—Long-term radon monitoring location . 
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2.4.3. Radon Sampling Site Selection 

Based on the comprehensive study of the geological, tectonic, and surface sediment 
characteristics in Urumqi, we did not employ a grid sampling approach. Instead, we focused on 
selecting radon survey sites in the areas where geological faults are active, including the Yamalike-
Shuimogou Fault, the concealed fault in Wanyao Gou, the southern Hongshan Fault, as well as the 
vicinity of Yamalike Mountain and Zhizhu Hill located in geochemical uranium anomalies belt. 
Indoor radon and soil radon surveys should be carried out in areas where the soil is not disturbed as 
far as possible. The measured locations are shown in Figure 1. 

3. Results 

3.1. Indoor Radon and Thoron Characteristics 

From 2020 to 2023, a total of 151 instantaneous radon measurements using RAD7 and 32 
cumulative radon measurements using SSNTD were conducted. The sampling sites were primarily 
located in residential buildings and offices in densely populated areas of Xinshi District, Economic 
Development Zone, Tianshan District, Shuimogou District, and Shayibake District. When conducting 
measurements in residential or office buildings, radon concentrations in the basements were 
measured simultaneously whenever possible. 

3.1.1. Instantaneous Radon Concentrations 

The statistics from a total of 151 measurements (excluding anomalous points) are listed in Table 
1 and shown in Figure 2. Table 1 demonstrates a significant variation in 222Rn concentrations in both 
indoor and basement sites, with the arithmetic mean (AM) of 222Rn concentrations in the basement 
being 2.1 times higher than that of indoor 222Rn concentrations. 

Table 1. Indoor radon concentration measurement by RAD7 (Bq/m3). 

Location N Ave SD Min Max Med Geo* 

Indoor 106 90.24 83.04 11.73 485.58 69.24 66.25 
Basement 34 189.50 175.1 18.67 632.60 157.61 115.27 

* Denotes geometric mean values, the same below. 

Excluding anomalous points and duplicate measurements, the arithmetic mean (AM) of indoor 
222Rn concentrations from 106 sites is 90.24 ± 83.04 Bq/m3, ranging from 11.7 to 486 Bq/m3, with the 
median and geometric mean (GM) being 69.24 and 66.25 Bq/m3, respectively. The AM in the basement 
is 2.1 times that in the dwellings. Both 222Rn concentrations indoor and in the basements present a 
lognormal distribution pattern, shown in Figure 2b,c. The highest 222Rn concentration of 486 Bq/m3 
was measured in the area of Yamalik Mountain. The 222Rn concentration in the three houses above 
1000 Bq/m3 were observed there, not included in Table 1. 
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Figure 2. Measured Indoor radon concentration (a) and its statistical histogram (b,c). 

In April 2021, 222Rn concentrations above 1000 Bq/m3 were also observed in two basements of 
two buildings located near the intersection of the east-west and north-south fractures in Zhizhu Hill. 
This is an unconformity contact area of Qizigou Formation under Karaza Formation in the Lower 
Jurassic, where uranium is locally enriched in Qingshuihe Formation. 

3.1.2. Long-term Cumulative Radon Measurements 

To assess the reliability of the instantaneous radon measurement results in Urumqi, long-term 
cumulative radon measurements (using SSNTD) were conducted for a three- month period in the 
winters in 2022 and 2023. Out of the 32 measurement points, 50% of them were subjected to 
instantaneous measurements using RAD7. The comparison results are shown in Figure 3. Except for 
Site 4, the results by SSNTD are consistent with the values by RAD7 in Figure 3a, but the median and 
GM of SSNTD are higher than those of RAD7, shown in Figure 3b. 

 
(a) (b) 

Figure 3. Compassion of radon concentration by SSNTD and RAD7: (a) Bar charts; (b) Box diagram. 

Table 2 presents the statistical data for indoor 222Rn and 220Rn concentrations determined using 
SSNTD. The arithmetic means (excluding anomalous points) for 222Rn and 220Rn concentrations are 
166 ± 179 Bq/m3 and 169 ± 155 Bq/m3, respectively, with geometric means of 110 Bq/m3 and 109 Bq/m3, 
respectively. Indoor 222Rn concentrations greater than 1000 Bq/m3 were observed in two hoses and 
one basement. 
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Table 2. Indoor radon and thoron concentration measurement by SSNTD (Bq/m3). 

Location Isotope N Ave SD Min Max Med Geo 

Basement 222Rn 9 307 337 33 1080 185 174 
others 222Rn 22 205 311 31 1353 83 113 
Total 222Rn 29 166 179 31 685 79 110 
Total 220Rn 20 169 155 10 527 124 109 

The 222Rn and 220Rn concentrations of whole measurements by SSNTD are shown in Figure 4. 
The indoor thoron concentration at Site 31 reaches as high as 1600 Bq/m3, but the reason for this 
anomaly is not yet clear. There is a possibility that it may be attributed to building materials, as no 
similar indoor thoron anomalies were observed in other dwellings within the same residential area. 

 

Figure 4. Radon and thoron concentration measured by SSNTD. 

3.2. Specific Activities of Uranium, Radium, and Cesium in Soil 

Table 3 presents the statistical results of the specific activities of uranium (238U), radium (226Ra), 
thorium (232Th), and potassium-40 (40K) and Cesium (137Cs) in 45 soil samples from Urumqi. 

Table 3. Uranium, radium, thorium, potassium-40, and Cesium radioactivity concentration (Bq/kg). 

 238U 226Ra 232Th 40K 137Cs k/(U/Ra) * 

N 45 45 45 45 30 44 
Ave 41 45 41 855 4.42 1.01 
SD 9 14 5 49 5.83 0.15 

Min 22 27 26 757 0.14 0.81 
Max 72 104 48 967 26.74 1.45 

* k is the radioactive equilibrium coefficient of uranium and radium. 

From Table 3, the following observations can be made: 

1. The distribution of 238U, 226Ra, 232Th, and 40K in the soil samples is generally uniform. The 
distribution trends of 238U and 226Ra are consistent, shown as Figure 5. However, there are two 
higher values of 238U and 226Ra around Yamlik Mountain, where uranium mineralization was 
found during geological exploration of uranium deposits. 

2. 137Cs radionuclides were detected in 30 out of 45 soil samples, but their specific activity varied 
widely. The average specific activity of 137Cs is 4.42 ± 5.83 Bq/kg, with the maximum of 26.74 
Bq/kg. This suggests that 80% of the soil sampling points are located in relatively undisturbed 
natural soil layers. 
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Figure 5. Specific activities of radon, thoron, uranium, radium, and cesium in soil. 

3.3. Distribution and Characteristics of Radon and Thoron in soil gas 

Soil radon measurements in Urumqi City were conducted in seven key research areas, including 
Yamalike Mountain, Zhizhu Hill, and other areas with well-developed geological structures and coal-
bearing strata. The measured results of 222Rn and 220Rn of 45 out of 67 sites are shown in Figure 5, 
where soil samples were collected simultaneously. 

The distribution of 222Rn and 220Rn in soil gas in Urumqi is uneven, and there are significant 
differences in different geological backgrounds. With the exception of R13 and R16, 222Rn 
concentrations at other regions were lower than 20 kBq/m3. The AM of 65 measurements is 21.9 ± 20.5 
kBq/m3 after removing the 222Rn concentrations above 100 kBq/m3. The maximum values observed of 
soil 222Rn and 220Rn are 137 kBq/m3 and 27.8 kBq/m3, respectively. This anomaly is located near zhizhu 
Hill, which is the unconformity contact between the Lower Jurassic Karaza Formation and the 
overlying Upper Cretaceous Qingshuihe Formation, where uranium mineralization was found. 

4. Discussion 

4.1. The Specific Activities of Uranium and Radium in Soil Not Contributing to High Radon Potential 

Research data from both domestic and international studies indicate that areas with enriched 
uranium in surface soil are generally associated with high indoor radon potential, such as uranium 
deposit regions in Utah and Colorado in the United States, Czech Republic, and China [42–44]. Areas 
characterized by extensive outcrops of acidic granite and enrichment of heavy sand minerals, such 
as in Portugal, Yangjiang, and Zhuhai in China, also exhibit elevated uranium content [11,45,46]. 
Regions with higher uranium content also tend to have relatively higher radium specific activities. 
Radon, which is a decay product of radium, continuously emanates from rocks and soils and enters 
into soil pores. Radon migrates towards the surface under the influence of underground temperature 
and pressure and can enter indoor spaces through floor cracks and fissures. In areas with soil 
uranium content similar to Urumqi, such as Beijing and Shijiazhuang, the average indoor radon 
concentration is approximately 30 Bq/m3 [47]. In Zhuhai, the average specific activity of uranium in 
soil is 63.6 ± 16.0 Bq/kg, with an average indoor radon concentration of 60 Bq/m3, ranging from 1.23 
to 154.2 Bq/m3 [48,49]. In this survey, the average specific activities of uranium and radium in the 45 
soil samples were 41 Bq/kg and 45 Bq/kg, respectively. Therefore, it can be concluded that the specific 
activities of uranium and radium in soil in Urumqi are not the primary factors contributing to 
elevated indoor radon levels in the area. 

4.2. Activity of Faults and Fault Structures as the Main Control Factor for Indoor Radon 

Compared with other inland cities, Urumqi shows significant differences in terms of 
topography, landform and climate. Within a range of 100 kilometers, there is a difference of 4954.4 m 
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between the highest and lowest altitude in Urumqi [36]. The region of Urumqi and its vicinity is 
known for numerous active faults, complex fault interactions, and intense tectonic activity, making 
it a frequent occurrence area for moderate to strong earthquakes [38]. The Tianshan Mountains are 
one of the youngest intracontinental mountain belts in the world and exhibit frequent and intense 
earthquake activity in Central Asia. From January 1 to October 31, 2020, Xinjiang experienced a total 
of 189 earthquakes of M3.0 and above, including two earthquakes of magnitude 6.0 to 6.9 [50,51]. The 
focal mechanism solutions provided by the United States Geological Survey (USGS) and the China 
Earthquake Networks Center (CENC) for the M6.0 earthquake in Kashi, Xinjiang, indicate that the 
earthquake was caused by thrust fault activity [52]. Strong earthquakes not only induce variations in 
local underground radon concentrations but also cause fluctuations in radon concentrations in 
groundwater over long distances. The 2008 Wenchuan earthquake, for example, resulted in 
anomalous radon concentrations in the groundwater of the Panzhihua Earthquake Observation 
Station [53,54]. The Tangshan Earthquake in 1976 and the earthquakes around Beijing from 1992 to 
1996 also caused an increase in soil radon concentrations in Beijing [55,56]. In the investigation of 
concealed faults in Urumqi City, abnormal radon concentrations were observed in the soil above the 
fault in 9 out of 11 profiles [57]. The Yamalike-Shuimogou Fault, approximately 50 km in length, has 
a northeast trend and a southward dip with an inclination angle of 60-80 degrees. It is an active thrust 
fault zone [39]. In this study, the anomalous indoor radon and soil radon identified are located on the 
north and south flanks of the Yamalike anticline, influenced by the Yamalike Fault. Significant 
variations in indoor radon concentrations were also observed in basements near the Zhizhu Hill area. 
Radon from the deep subsurface enters the soil layer along the fault and fractured rocks under the 
influence of earthquake waves and then migrates into indoor spaces through cracks in basement 
walls and floors. Our data show that in the same building, the radon concentration in the undecorated 
basement is significantly higher than that in the decorated basement. Therefore, the activity of faults 
and fault structures are the main controlling factors for the elevated indoor radon levels in Urumqi, 
and the frequent occurrence of earthquake has led to an increase in average indoor radon 
concentrations. 

4.3. Radon Escapes in Soil Gas 

The concentration of radon in soil is directly proportional to the radium activity in soil and is 
influenced by soil particle size, grain size, porosity, and soil moisture content [58–61]. During the 
weathering process, rock or mineral particles gradually decrease in size, leading to an increase in the 
specific surface area of the medium, which enhances radon emanation [62]. In areas with weathered 
granite, the soil radon concentration is significantly higher than in areas covered by Quaternary 
sediments [17]. 

Due to the large temperature difference between winter and summer in Urumqi, extensive 
weathering and erosion of the bedrock occur due to snow and ice meltwater. The soil has a low 
proportion of fine clay components, with an average content of coarse silt particles (particle size 0.01-
0.05 mm) being the highest, followed by medium silt particles and fine silt particles. The content of 
coarse sand particles and fine clay particles is relatively low (less than 0.001 mm) [63]. Additionally, 
the presence of gravel in the soil and good connectivity between pores make it difficult to store free 
radon in the soil pores, leading to its easy emanation into the atmosphere. Furthermore, in 
mountainous or sloping areas, soil dryness and increased soil porosity make it challenging to achieve 
proper sealing of gas sampling holes during soil radon measurements. Improper field operations 
may result in underestimated soil radon measurements. This is the main reason for the low radon 
concentration in soil gas in Urumqi. 

5. Conclusions and suggestions 

In conclusion, based on our indoor instantaneous and long-term radon measurements, soil 
radon measurements, and radioactive activity analysis of uranium, radium, thorium, and potassium-
40 in soil samples in representative areas of Urumqi, we have drawn the following conclusions: 
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1. The indoor radon concentration AM and GM in Urumqi are 90.24 ± 83.04 Bq/m3 and 66.25 Bq/m3, 
respectively, and the AM in basements is 2.1 times higher than that in dwellings. The mean radon 
value indoor in Urumqi is relatively high compared to the national average. 

2. The results measured by SSNTD are consistent with the results of instantaneous radon 
measurements, but the AM by SSNTD is higher than that of instantaneous measurements, which 
may be related to the sampling conducted during winter. 

3. The specific activities of uranium and radium in soil, as well as soil radon concentrations, are 
not the key factors contributing to elevated indoor radon levels. The activity of faults and 
tectonic structures is the main controlling factor affecting indoor radon concentration in Urumqi. 
Frequent earthquake has led to an increase in the average indoor radon concentration. 

4. Some abnormal indoor radon values were observed in some buildings in Urumqi, but the source 
has not been identified. It is recommended to conduct more detailed investigations of indoor 
radon and the radioactivity of building materials in these regions. 
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