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Abstract
After decades of development, the indoor environment in China has changed. A sys-
tematic review was conducted from peer- reviewed scientific papers with field test 
data of indoor radon in China from 2000 to 2020 for three types of buildings. The 
mean concentrations of indoor radon for dwellings, school buildings, and office build-
ings are 54.6, 56.1, and 54.9 Bq/m3. The indoor radon concentration was related to 
seasons, climate regions, ventilation, decoration, and other factors such as soil and 
outdoor air. Colder seasons, especially in severe colder areas of China, newer deco-
rated buildings, closed windows, and doors were all associated with higher indoor 
radon concentrations. Variables like climate region and ventilation showed statistical 
significance in the correlation analysis. Regarding the increasing trend of indoor radon 
concentration in China during the last two decades, further study of indoor radon is 
necessary especially for school buildings and office buildings, and will help access its 
environmental burden of disease in China more accurately.
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1  |  INTRODUC TION

Radon (Rn222) is a chemically stable inert gas commonly found in in-
door environments. It is produced by the decay of Uranium (U238). In 
recent years, radon has been recognized as one of the main causes of 
the adverse health problems of occupants caused by its accumula-
tion in indoor environments.1- 3 A high level of indoor radon exposure 
could significantly increase the risk of lung cancer for occupants4- 6 
Human beings stay indoors for a long time. There is currently no 
safe level of radon exposure. It is recognized as the second leading 
cause of lung cancer and the leading cause of non- smokers.7 Low 
concentrations of radon can still increase the risk of lung cancer for 
the exposed people.8

To guide the prevention and control of indoor radon, many coun-
tries have carried out nationwide indoor radon surveys.9- 11 There 
are also many studies on indoor radon in a variety of indoor envi-
ronments in China. The indoor radon level was 22.5 Bq/m3 during 
the 1980s based on field tests from 26 provinces in China.12 In the 
1990s, Shang et al.13 studied the indoor radon concentration levels 
and the distribution of various buildings in 18 Chinese cities with 
the mean indoor radon concentration at 44.1 Bq/m3. Case- control 
studies focusing on lung cancer had reported the mean concentra-
tions of radon in the tested dwellings as 122.4 Bq/m3 at Shenyang 
and 227.8 Bq/m3 at Gansu province.14,15 From 2007 to 2010, the 
Ministry of Housing and Urban- Rural Development of China has 
conducted the most recent large- scale field tests of indoor radon at 
more than 300 buildings in 10 cities.16 The measured indoor radon 
exposures were between 10 and 203 Bq/m3, and the mean indoor 
radon concentration was 36 Bq/m3, which was higher than that of 
70s during the twentieth century in China.

The indoor radon concentration level is related to indoor and 
outdoor environments.17 The surrounding geogenic radon poten-
tial was closely associated with the local average indoor radon 
concentration.18,19 Climate is another important geological factor 
that affects indoor radon.20- 22 Seasons were considered relating 
to the indoor radon levels with the observation of significantly 
higher during winter than summer.23 A similar seasonal trend of 
indoor radon was also found in multiple studies.24- 26 Ventilation 
and building materials are the most reported factors affecting the 
indoor radon in indoor environments.27- 31 In addition to the above 
factors, building characteristics, such as building type, building 
structure, and building age, were also considered to have an impact 
on indoor radon.17

With the rapid development of society and economy in China, 
the indoor environment of buildings has changed greatly in recent 
years compared with that before 2000. To guide the current and 
future work on indoor radon reduction and prevention, we need to 
comprehensively know the level and distribution of indoor radon 
exposure in China in recent decades. The present study aims to as-
sess and analyze the indoor radon exposure level and distribution in 
China in the recent 20 years based on the existing data from pub-
lished papers on field measurement.

2  |  METHODOLOGY

2.1  |  Data collection

The first stage of this systematic review is to search in major data-
bases including ScienceDirect, Web of Science, WanFang, CNKI, for 
published papers on peer- reviewed scientific journals. Independent 
reports and papers during the proceeding of conferences were ex-
cluded. Those reported the results of indoor measurement in China 
and fulfilled the keyword pool are included. The period of the study 
is set from 2000 to the present. This step is mainly based on titles 
and abstracts. These papers were screening according to the pro-
cedure as shown in Figure 1. This study includes data collection of 
indoor radon field measurements in China, statistics, and analysis.

Practical Implications

• First, with the rapid development during the past two 
decades, a most recent review of the indoor radon ex-
posure level in China is necessary to catch the dramatic 
changes in the indoor environment.

• The result of this study would help draw a blueprint of 
the indoor radon exposure levels at the province level. 
Second, the analysis of factors on indoor radon expo-
sure including climate region, seasons, ventilation, and 
building characteristics would indicate potential direc-
tions to the related further studies.

• Most importantly, a systematic review of indoor radon 
exposure provides a necessary step to quantify the 
health effect of radon and estimate the environmental 
burden of disease by indoor radon exposure.

F I G U R E  1  Literature screening process
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There were 1479 papers on indoor radon in China from 4 online da-
tabases and they were published between 2000 and 2020. The data of 
indoor radon concentrations, building types, test condition, location, 
and the sample size were extracted from the remaining 114 references. 
In addition to the above data, we also obtained soil background radon 
concentration data of 144 cities in China from a study on soil radon 
concentrations which were converted from soil Uranium concentra-
tion.32 Outdoor air radon concentration was collected from a nation-
wide survey conducted in 2014 in 33 provincial cities across China.33

2.2  |  Data preparation

In this study, we mainly focused on field- measured data from dwell-
ings, office buildings, and school buildings, since the exposure time of 
occupants is most in these three types of buildings. Different studies 
defined the sample size differently, particularly in each type of build-
ings. Thus, we define a sample as follows: for dwellings, each house-
hold was regarded as a sample; for office buildings, an entire office 
building was regarded as a sample; for school buildings, each campus 
was regarded as a sample. If there are multiple test points from one 
building, the mean of all samples was calculated to represent.

The data of the indoor radon test were obtained from 114 papers 
with a total of 21 387 samples, which covered 32 provinces in China. 
The sample sizes for each type of buildings are 20 450 for dwellings, 
209 for school buildings, and 722 for office buildings. The results of 
these tests are usually presented as the mean radon level and related 
descriptions of a set of samples in published papers. Each sample 
can be regarded as a data point and each point contains data includ-
ing the indoor radon level and test environment. It is not realistic 
to separate the specific data of each point from what is presented 
in papers. Therefore, in the subsequent analysis, these points were 
recorded as 288 regrouped samples according to the information in 
the papers. Each regrouped sample represents a group of data points 
that cannot be further grouped based on the published information.

In addition to the data of indoor radon, we also collected the data 
of the test environment from the papers. Based on the sampling in-
formation from the selected papers, we selected seven factors that 
potentially influence indoor radon levels and can be categorized or 
counted clearly. There are five categorical variables and two con-
tinuous variables, which are the type of buildings, climate regions, 
seasons, ventilation, decoration, outdoor air radon, and soil radon.

2.3  |  Data processing

The mean indoor exposure level in each province was calculated as 
equation 1 with the weight of the sample size. The nation's mean 
level was obtained by equation 2 with the weight of the population 
of each province.

where Cprovince, k is the mean of indoor radon concentration in province 
k; Ci,mean is the mean of indoor radon concentration in the study i which 
was conducted in province k; wi is the sample size of study i; CChina,m is 
the mean of indoor radon concentration in China; pk is the population 
in province k.

2.4  |  Statistics analysis

Variables including types of buildings, seasons, climate regions, ven-
tilation, decoration, soil radon, and outdoor air radon were analyzed 
as independent variables. The normality test and homogeneity test 
of variance were conducted for the corresponding indoor radon 
concentration in each group according to the grouping of variables. 
Natural logarithmic transformation of indoor radon concentration 
data would be performed, and tests are repeated if the variance is 
inconsistent or a group does not conform to the normal distribution. 
Categorical variables and continuous variables were analyzed sepa-
rately with different processes.

The Spearman correlation analysis was conducted on categorical 
variables and corresponding indoor radon concentrations with the 
formula as shown in equation 3,34 where x and y are the deviations 
of any pair of characteristics from their respective medians, xy is the 
product of the above two values for any single individual, Sxy is the 
sum of such products for all the individuals, Sx2 is the sum of the 
squares of all the various values of x, Sy2 is similarly for y, and r is the 
required correlation.

One- way analysis of variance (ANOVA) was performed for cate-
gorical variables satisfying normal distribution and homogeneity of 
variance followed by the Least- Significant Difference (LSD) method 
for post hoc multiple comparisons with the formula as shown in 
equation 4.35

where k is the number of levels of categorical variables, ni is the total 
number of samples at the level i,xi is the mean of samples at the level 
i, x is the mean of all samples, xij, is the jth sample at the level i, and n is 
the total number of all samples.

For the categorical variables not satisfying homogeneity of vari-
ance, Kruskal- Wallis ANOVA was used with the formula as shown in 
equation 5.36
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∑

iwiCi,mean
∑

iwi
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where k is the number of levels of categorical variables, ni is the total 
number of samples at level i, Ri is the sum of ranks of samples at the level 
i, and n is the total number of all samples. For those whose variances 
are consistent but some groups do not satisfy the normal distribution, 
the above two methods were used for the single- factor analysis.

For continuous variables, the normality test was conducted. 
Since the overall indoor radon concentration of collected data is not 
a normal distribution, the Spearman correlation analysis was also 
used for the correlation analysis of continuous variables. Also, under 
the condition of eliminating extreme value, each continuous variable 
was taken as an independent variable and indoor radon concentra-
tion was taken as a dependent variable for unary linear regression 
analysis. The statistical analysis was performed using the software 
IBM SPSS Statistics (25.0 package, IBM Corporation).

3  |  RESULT AND DISCUSSION

3.1  |  Types of building

Heat maps of indoor radon exposure in three types of buildings are 
created as shown in Figure 2. The sample sizes for dwellings, schools, 
and offices are 20 450, 209, and 722. The national population- 
weighted mean concentrations of indoor radon in office, school, and 
dwelling from 2000 to 2020 are 56.18, 54.9, and 54.61 Bq/m3.

Table 1 presents the indoor radon concentrations by types of 
buildings in China. For the average indoor radon concentrations in 
dwellings at the provincial level, Gansu and Qinghai are at the top 
levels in the nation, 191.24, and 166.14 Bq/m3, which are close to 
the upper limit, 200 Bq/m3, required by the national standard of 
GB50325- 2013.37 Liaoning and Chongqing also hold relatively high 
level of indoor radon concentrations at 119.83 and 120.01 Bq/m3. 
The lowest mean concentration appears in Hainan as 15.9 Bq/m3. 
The indoor radon concentration in the remaining provinces ranges 
from 30.10 to 93.12 Bq/m3.

The sample sizes of schools and offices, especially school build-
ings, were significantly smaller compared with dwellings. The in-
door radon of schools in Liaoning, Hubei, and Jiangsu is higher than 
in other provinces. The mean concentrations of indoor radon in 

schools for these three provinces are 148.16, 90.60, and 75.15 Bq/
m3. The province with the lowest concentration is Shandong, which 
is 23.5 Bq/m3. The indoor radon of other provinces ranges from 
32.42 to 65.65 Bq/m3.

For the indoor radon in offices, the provinces with the highest lev-
els are Inner Mongolia and Jilin, with 170 and 128.2 Bq/m3, respec-
tively. The lower indoor radon concentration of the office is 8.36 Bq/
m3 in Yunnan. The indoor radon concentration in the remaining prov-
inces ranges from 18.69 to 88.54 Bq/m3. For each type of buildings, 
the percentage of the samples that exceeded the 200 Bq/m3 required 
by the national standard GB50325- 2013 is 5.4%, 4.0%, and 2.9% for 
dwellings, school buildings, and office buildings.

The Spearman correlation coefficient in Table 1 shows that indoor 
radon concentration is weakly negatively correlated with building 
type but the significance is not significant. This result is consistent 
with the test result of ANOVA, and there is no significant difference 
between each subgroup. According to the heatmaps and the above 
analysis, the unbalanced sample size of the three types of buildings 
and the uneven sample size of provinces may lead to bias. As a result 
of the relatively small sample size of offices and schools, the indoor 
radon concentration at the national level may not well reflect the na-
tional level exactly. The uneven distribution of samples in each prov-
ince may be due to the study specificities with a small sample size.

The indoor radon exposures of dwellings, school buildings, and 
office buildings based on regrouped samples in China from 2000 
to 2020 are shown in the following Figure 3. The concentrations 
of indoor radon were 22.5 Bq/m3 during 1984– 1990 in china and 
44.1 Bq/m3 during 1991– 2002.12,13 There is a trend of increasing 
indoor radon exposure when comparing to the data after 2000. 
Compared with other countries, the mean concentration of Radon 
during 2000– 2020 is higher than the worldwide average, 39 Bq/m3.7 
Although the indoor radon concentration in China is higher than the 
worldwide average, it is still in the mid- range as shown in Figure 4.

3.2  |  Climate regions

This group includes all samples in five subgroups though they are un-
even. The mean of indoor radon in different climate regions shows 

F I G U R E  2  Indoor radon of China in 2000~2020 (Bq/m3). A, Dwellings, (B) School buildings, (C) Office buildings. Sample detail are shown 
as the table in supplement document [55- 167]

(A) (B) (C)
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that there is a higher concentration of indoor radon in SCA than that in 
other climate regions. Moreover, the concentrations of indoor radon 
in HWA and MA are slightly higher than those in CA and HCA. The 
results of ANOVA showed that there are significant differences be-
tween the concentrations of indoor radon in different climate regions.

After post hoc multiple comparison, there are significant differ-
ences among HCA- HWA, HCA- SCA, and SCA- CA. The results are 
consistent with what is shown in Figure 5. However, the result of 
Spearman correlation analysis in Table 2 showed that the correlation 

between climate regions and indoor radon concentration was not 
significant. This is contrary to the trend shown in Figure 5. We con-
sider that the trend change starting from HWA may lead to insig-
nificant correlation analysis results. When only SCA- CA- HCA or 
HCA- HWA- MA was used for correlation analysis, the results were 
significant and the correlation coefficients were consistent with the 
trend shown in Figure 5.

The difference in climate is well connected with the geographical 
locations and soil radon in each study site. The distribution of soil 
radon in each climate region is shown in Figure 6. As we can see, 
the concentrations of soil radon in SCA and CA are close. They are 
slightly higher than those in HCA. Besides, the concentrations of soil 
radon in HWA and MA are higher than those in other regions and 
the distribution in HWA was relatively dispersed. In addition to the 
difference in soil radon mentioned above, climate differences also 
affect the ventilation habits of occupants.38 The ventilation and the 
soil radon could be among the causes to the difference of indoor 
radon exposures between climate regions.19,20

3.3  |  Seasons

There are 110 samples in this group and distributed relatively even in 
four subgroups as shown in Table 3. Figure 7 shows the distribution of 
the indoor radon concentration in each season. The concentrations of 
indoor radon in autumn and winter are higher than those in spring and 

Categories

Concentrationa 
Sample size
n (%)

Spearman 
correlationc 

ANOVA
F(p)d x ± s

b  Median

Office 50.29 ± 30.73 49.10 50 (17.4) −0.025 0.515 (0.598)

School 54.16 ± 50.80 39.02 34 (11.8)

Dwelling 59.32 ± 64.78 40.60 204 (70.8)

aThe unit of radon is Bq/m3.
bMean ± SD.
cSpearman correlation coefficient in Table.
dF is the statistic of ANOVA.
*Significance at the level of 0.05; **Significance at the level of 0.01.

TA B L E  1  The descriptive statistical 
results of the indoor radon test in China 
by types of building

F I G U R E  3  Indoor radon level in three types of buildings

F I G U R E  4  Mean Indoor radon 
concentrations by country
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summer. In contrast to the mean, the distribution shows that the 25% 
quantile, median, and 75% quantile in autumn are slightly higher than 
those in winter. The result of correlation analysis and one- way ANOVA 
shows that indoor radon is related to seasons but without a statisti-
cally significant difference among subgroups. According to Figure 7, it 
may be because the differences between spring and summer are not 
significant. However, according to the results of Spearman correlation 
analysis, indoor radon concentration is weakly positively correlated 
with the season and it is significant at the level of 0.05.

A survey of indoor radon in Saudi Arabia reported that the high-
est radon levels were measured during the winter when ventila-
tion of most houses was reduced because windows were closed.24 
Contrary to our result, this study in Saudi Arabia shows that the con-
centration of indoor radon was lower in autumn than in summer and 
winter, which may be due to the local climate that differs from that 
in most parts of China.

We found the difference in indoor radon in each season is related 
to the climate regions. The samples of indoor radon in each season 
were further subdivided according to climate regions. As shown in 

Figure 8, there is a significant difference in each climate region in sum-
mer and winter. Especially in winter, concentrations of indoor radon 
in SCA and CA are higher than those in other regions. However, the 
difference is relatively little in autumn for each climate region.

Similar conclusions had been drawn in earlier studies. In an in-
door radon survey in Austria, the results showed that regional cli-
mate could influence the amplitude of variation of indoor radon 
concentration in the region with seasonal variation.22 One study in 
Zhuhai concludes that the seasonal variation of indoor radon in dif-
ferent climate regions is mainly reflected in the influence of ventila-
tion habits.25 In Figure 8a, the indoor radon concentration in SCA is 
higher in spring than that in the other regions, which may be caused 
by the fact that the natural ventilation is still not satisfied in part of 
the spring in SCA and most buildings are still less ventilation.

3.4  |  Ventilation

This group includes 102 samples and most are from the rooms 
with closed doors and windows which is required by regulation.36 
As shown in Table 4, the mean concentration of indoor radon in 

TA B L E  2  The descriptive statistical results of the indoor radon test in China by climate regions

Categories

Concentrationa 
Sample size
n (%)

Spearman 
correlationc 

ANOVA
F(p)d x ± s

b  Median

Severe cold area (SCA) 91.76 ± 68.88 70.80 39 (13.5) −0.038 7.502 (0.00)

Cold area (CA) 49.21 ± 36.86 44.20 79 (27.4)

Hot- summer and cold- winter area (HCA) 42.42 ± 31.58 31.20 113 (39.2)

Hot- summer and warm- winter area (HWA) 56.24 ± 29.63 54.33 48 (16.7)

Mild area
(MA)

59.79 ± 37.41 48.00 9 (03.1)

aThe unit of radon is Bq/m3.
bMean ± SD.
cSpearman correlation coefficient in Table.
dF is the statistic of ANOVA.
*Significance at the level of 0.05; **Significance at the level of 0.01.

F I G U R E  6  Soil radon distribution in different climate regions
F I G U R E  5  Indoor radon level in different climate regions
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buildings with closed doors and windows is much higher than that in 
buildings with poor and normal ventilation. As shown in Figure 9, the 
indoor radon in poor ventilation is close to that in rooms with closed 
doors and windows while the concentration of indoor radon in nor-
mal ventilation is significantly lower than the former two.

The results of ANOVA show that there are significant differences 
between the concentration of indoor radon in normal ventilation 
and that in rooms with closed doors and windows. The difference 
between indoor radon in poor ventilation and the other two was not 
statistically significant. The results of Spearman correlation analy-
sis indicated that ventilation was significantly negatively correlated 
with indoor radon concentration.

As the concentration of outdoor air radon is usually lower than that 
of indoor air,13 ventilation has a direct effect on reducing the concen-
tration of indoor radon. Janssen reported his study of indoor radon and 
ventilation model in dwellings.39 According to the simulation results, 
ventilation can significantly reduce the concentration of indoor radon 
under the condition of controlling other variables. In China, Wang 
et al.40 reported a study on ventilation and indoor radon in dwellings. 
The measured results show that the concentration of indoor radon is 
close to the outdoor level when the room has doors and windows open.

Comparing the ventilation conditions of different types of build-
ings, we found that the percentage of doors and windows closing 

in dwellings is highest. But there is a similar percentage of doors 
and windows closing for school and office buildings. The average 
radon concentration of dwellings could be slightly higher than that 
of schools in the study in the northern part of Turkey.41 They also 
attributed the difference to the ventilation factor. A study from 
Japan found the higher level of indoor radon in the schools and win-
ter times than other types of buildings and seasons was presumably 
caused by the increased ventilation.42

3.5  |  Decoration

A total of 65 samples are available with clear descriptions of decora-
tion condition, as 6 for never decorated, 22 for decorated more than 
1 year, and 37 for new decorated as shown in Table 5. Correlation 
analysis shows that decoration is associated with indoor radon. The 
indoor exposure level is highest in the newly decorated buildings as 
shown in Figure 10. The never decorated group has the lowest in-
door exposure level. The ANOVA indicates the opposite conclusion 
to the correlation analysis, with no significant difference between 
the three subgroups. This may be due to the gap between subgroups 
of never decorated and decorated more than 1 year was too small. 
Their difference in mean radon concentration is only 0.5 Bq/m3. The 
small sample size of the never decorated subgroup may also be the 
other reason for the insignificant differences between subgroups in 
the ANOVA.

Decoration and building materials are one of the indoor sources 
of radon,31,43,44 especially granite for decoration and building ma-
terials with mineral matter and industrial waste.45,46 The radium in 
these materials is one of the main sources of indoor radon.47 An in-
vestigation of the radon concentration in the decorated dwellings 
and rough dwellings in Jiujiang, Jiangxi province, shows that the 
radon concentration in rough dwellings is lower than that in the 
decorated dwellings.48 With the increase of decoration comple-
tion years, indoor radon concentration tends to decrease, as the 
results of one study in university classrooms and another survey 
in offices have shown.49,50 This may be because of the exhalation 
of radon, the concentration of radium in the material decreases 
continuously, which leads to a decrease in the exhalation rate of 
radon.

Categories

Concentrationa  Sample 
size
n (%)

Spearman 
correlationc 

ANOVA
F(p)d x ± s

b  Median

Spring 47.10 ± 32.32 41.80 29 (28.7) 0.228* 1.084 (0.369)

Summer 49.92 ± 37.36 36.66 39 (29.7)

Autumn 63.80 ± 32.38 58.76 18 (17.8)

Winter 65.75 ± 44.82 52.86 24 (23.8)

aThe unit of radon is Bq/m3.
bMean ± SD.
cSpearman correlation coefficient in Table.
dF is the statistic of ANOVA.
*Significance at the level of 0.05; **Significance at the level of 0.01.

TA B L E  3  The descriptive statistical 
results of the indoor radon test in China 
by seasons

F I G U R E  7  Indoor radon level in different seasons
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3.6  |  Other factors (Soil and outdoor air)

Soil is an important source of radon in most buildings.31,51 The con-
centrations of soil radon of China range from 3.7 to 50.5 kBq/m3 
and the mean is 7.3 kBq/m3. The unary linear regression with soil 
radon concentration as an independent variable and indoor radon 

concentration as the dependent variable is shown in the following 
Figure 11. The trend of the fitted line is the same as that of the cor-
relation analysis.

The result indicates that soil radon is positively but weakly cor-
related with indoor radon. The result of a measurement in North 
Indian shows a weak correlation between the indoor radon and soil 

F I G U R E  8  Indoor radon distribution in different climate regions in each season

(A) (B)

(C) (D)

TA B L E  4  The descriptive statistical results of the indoor radon in China by ventilation conditions

Categories

Concentrationa 
Sample size
n (%)

Spearman 
correlationc 

ANOVA
F(p)d x ± s

b  Median

Doors and windows closed 77.93 ± 91.63 50.72 78 (76.5) −0.274** 4.933 (0.002)

Poor ventilation 51.06 ± 35.17 46.71 16 (15.7)

Normal ventilation 40.09 ± 49.32 29.41 8 (07.8)

aThe unit of radon is Bq/m3.
bMean ± SD.
cSpearman correlation coefficient in Table.
dF is the statistic of ANOVA.
*Significance at the level of 0.05; **Significance at the level of 0.01.
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gas radon too.52 Another study in Canada reported a strong positive 
correlation between soil radon potential and the percentage of in-
door radon concentrations above 200 Bq/m3.53

The outdoor air radon concentration in China ranges from 3 
to 29.7 Bq/m3 and the mean is 14.32 Bq/m3, which is much lower 
than that in the indoor environment.13 The unary linear regression 
with outdoor radon concentration as an independent variable and 
indoor radon concentration as the dependent variable is shown in 
the following Figure 12. The trend of the fitted line indicated that 
there is a positive correlation between outdoor air radon and in-
door radon.

The results of the correlation test show a positive correla-
tion between the outdoor and indoor radon concentrations. The 
Spearman correlation coefficient between outdoor radon and in-
door radon is 0.23 at the 0.01 level (2- tailed). Mullerova and Holý 
reported continuous year- long monitoring of indoor and outdoor 
air shows a good correlation between the indoor and outdoor 
radon concentrations.54 Another field study of dwelling in Brazil 
indicated that the indoor radon and the outdoor radon shared the 
same trend of changing.21

3.7  |  Limitations

There are some limitations to this study. First, as the different re-
search quality of each sample source, the control of the remaining 
variables is not sufficient when discussing one of the variables in this 
study. Due to some samples that do not contain information on all 
variables, we can only use single- factor analysis which implies that 
when analyzing the impact of a certain factor on indoor radon, we 
cannot exclude the interference of other potential factors. This also 
leads to the lack of descriptive data sufficiently at the province level.

Second, the distribution of samples is uneven. Most of the 
samples are from dwellings, accounting for 70.83% of all samples. 
Therefore, the subsequent analysis has bias and the conclusions 
of the analysis are not well applicable to the other two types of 
buildings.

Finally, due to the insufficient quantity and details for each data 
point, we have assumed that all samples are equally important. 
However, the available data may have indicated the data. Taking the 
dwelling radon level at Gansu and Liaoning for example, the sam-
ples in our systematic review of two provinces are mostly from the 
pooled case- control studies mentioned in the introduction. The data 
for Liaoning were mostly from the capital city Shenyang which may 
cause the underestimation of the indoor radon exposure for the rest 
of the population of that province. The dwellings tested in Gansu 
included a substantial proportion of the population living under-
ground. The rapid urbanization in China has changed this propor-
tion of the population dramatically after 2000. These may all lead to 
some deviations in the analysis results of our study, but also provide 
a hint for the requirement of more detailed data and considering the 
urbanization in the future estimation of indoor radon exposure.

4  |  CONCLUSION

In this study, we systematically reviewed the indoor radon exposure 
of China in three main types of buildings from 2000 to the present 
and made a statistical analysis in combination with other housing 
and climate characteristic. From this study, we can draw the follow-
ing conclusions.F I G U R E  9  Indoor radon level in rooms with different ventilation

TA B L E  5  The descriptive statistical results of the indoor radon test in China by decoration

Categories

Concentrationa 
Sample size
n (%)

Spearman 
correlationc 

ANOVA
F(p)d x ± s

b  Median

New decorated 59.33 ± 51.90 38.96 37 (56.9) −0.312* 1.110 (0.345)

Decorated more than 1 year 38.45 ± 28.37 28.65 22 (33.8)

Never decorated 37.91 ± 35.52 24.50 6 (09.2)

aThe unit of radon is Bq/m3.
bMean ± SD.
cSpearman correlation coefficient in Table.
dF is the statistic of ANOVA.
*Significance at the level of 0.05; **Significance at the level of 0.01.
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1. The population- weighted mean concentrations of indoor radon 
are 54.6, 56.1, and 54.9 Bq/m3 for dwellings, school buildings, 
and office buildings. There is an increasing trend of indoor 
radon concentration in China last decades.

2. Indoor radon concentration is related to seasons, building climate 
regions, ventilation, decoration, soil radon, and outdoor air radon. 
Indoor radon concentration fluctuates with the seasons. The con-
centration of indoor radon in autumn and winter is significantly 
higher than that in spring and summer. The climate of buildings 
affects the concentration of indoor radon together with the sea-
sons. Buildings with better ventilation have lower indoor radon 
concentrations which will decrease as the decoration finishing 
time becomes longer. Soil radon and outdoor air radon are posi-
tively related to indoor radon concentrations.

3. The indoor radon concentration test studies included in the analy-
sis in this study were distributed unevenly, both in terms of space 
and building type. In future studies, we hope to make up for this 
limitation by a forecast model which combining building charac-
teristics with indoor and outdoor environmental parameters. In 
addition, we also hope to further calculate the disease burden of 
radon exposure by using the assessment of indoor radon exposure 

levels in China in this study, to provide some help to reduce the 
harm of radon exposure in China.
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