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Abstract
An analysis of natural radioactivity in soils collected around Chinese Nuclear Test site is presented. The radioactivities of 
238U, 226Ra, 232Th, 40K, and 137Cs were determined by HPGe gamma-ray spectrometry, and potential radiological hazards 
were evaluated. The depth profiles of radionuclides in three selected areas of Gansu were analyzed, and a new method for 
detection of 137Cs specific activities were measured using ultra-low background gamma spectrometer named GeTHU-II 
developed by Tsinghua University at China Jinping Underground Laboratory. The radioactivity concentrations of 137Cs were 
significantly different in these three areas and gradually decreased from surface to underground 15 cm.
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Introduction

The harm of radionuclides in soil should not be ignored. 
Natural radioactivity in the environment is the main source 
of radiation exposure in the human body. In general areas, 
67.7% of environmental radiation is related to soil. Radionu-
clides can enter the biological chain through the soil–plant 
system and eventually enter the human body to form a cumu-
lative dose, which adversely affects the health of humans 
and animals, and affects the quality of water and air through 
the ecological cycle. According to UNSCEAR [1], natural 
radiation is the largest contributor to the external dose of the 
world population. The contributions of natural radionuclides 
232Th, 226Ra, and 40K to the level of background radiation are 
approximately 14%, 55.8% and 13.8%, respectively [2, 3]. 
Many surveys have been carried out regarding to the natural 
radioactivity level in soil [4–6]. The soil samples were col-
lected from plateau tourism hotspots [7], tea garden [8], two 
sides of river, along the beach, two shipyards [9], area near a 

refinery area in Ras Tanura and around nuclear power plants 
[10, 11]. In addition to natural radionuclides, measurements 
of man-made radionuclides radioactivity in soil, especially 
137Cs, and assessment of the radiation doses are of great 
interest to the researchers. It is well known that the sources 
of soil nuclear pollution are nuclear tests, nuclear energy 
production, coal combustion and coal-fired power plants. 
From 1945 to 1980, a total of 543 atmospheric nuclear tests 
were carried out worldwide. And in China, 26 nuclear tests 
were conducted at Chinese Nuclear Test (CNT) site, 22 of 
which were atmospheric tests [12, 13]. 137Cs is regarded as 
the most important constituent of global radioactive fallout, 
and its application in soil erosion measurement can rap-
idly yield detailed information on soil erosion, deposition, 
and spatial redistribution [14, 15]. Thus, the investigation 
about the distribution of natural radionuclides and 137Cs 
in soil, especially around the nuclear test sites, is of great 
importance.

International investigations have been ongoing to esti-
mate the distribution of long-lived radionuclides in the 
environment and radiation doses for people living in the 
vicinity of the nuclear test sites [16]. Four hundred math-
ematical models have been developed to predict param-
eters of soil–plant-animals transfer of 137Cs and 90Sr in 
agroecosystems as well as current doses of humans liv-
ing in nearby settlements [17]. Although literature on 
regional radiation measurement in China is abundant [18, 
19], there are very few specific studies related to natural 
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and man-made radionuclides assessment from large scale 
surrounding area in recent years, especially around nuclear 
weapons test sites. Soil monitoring around nuclear test 
sites is, therefore, extremely useful for emergency pre-
paredness as well as for environmental protection and 
human health. This study was done to determine the natu-
ral radioactivity concentrations in soil around Chinese 
Nuclear Test (CNT) site from Xinjiang, Tibet and Gansu 
province. In addition, the absorbed dose (D) in air, the 
radium equivalent  (Raeq), the external hazard index (Hex) 
and the internal hazard index (Hin), the annual effective 
dose equivalent (AED), the life time cancer risk (LTCR), 
and the depth profiles of radionuclides were obtained. 
The obtained results were compared with national and 
international mean values. The study will help establish 
the natural radiation background levels in the research 
region, keep abreast of the latest changes in radiation lev-
els around nuclear weapon testing sites, assess the radia-
tion risk for residents, and provide a scientific basis for 
international comparisons.

Experimental

Samples

The surface soil samples were collected from 15 sampling 
locations in 6 areas of Xinjiang, Tibet and Gansu province. 
Sampling was carried out in relatively open uncultivated 
areas, and topsoil with a vertical depth of 10  cm were 
adopted, generally within a range of 10 m × 10 m, using 
plum shaped distribution points or serpentine distribution 
points (no less than 5 sampling points) according to the ter-
rain. Remove rocks, grass roots and other sundries from the 
soil collected at multiple points. After on-site mixing, take 
2–3 kg of samples, seal them in a double-layer plastic bag, 
and then store them in a cloth bag of the same size. In addi-
tion, soils with depths of 0-5 cm, 5-10 cm, and 10-15 cm 
were collected in parts of Gansu Province using the simi-
lar method to that of surface soil collection. The ambient 
gamma dose rate in situ were measured during sampling 
at a height of 1 m above ground level by a 3″ × 3″ NaI(Tl) 
scintillation spectrometer (FH40G + FHZ672E−10, Thermo 
FISHER, USA), ranged from 45 to 126 nGy  h−1. In the labo-
ratory, soil samples were dried in a drying oven at 105 °C 
for 24 h after removing stones and grass. The dried samples 
were then ground into fine powder and sieved with a 2 mm 
mesh screen. The sieved samples were sealed in a 300 mL 
cylindrical plastic container (75 mm diameter by 70 mm 
height) at least four weeks before analysis so as to attain a 
long-term radioactive equilibrium between 226Ra and 232Th 
with their daughters.

Radioactivity analysis

When these soil samples were analyzed, 226Ra activity of 
the samples was determined by its daughters (214Pb and 
214Bi) through the intensity of the 351.9 keV and 609.3 keV 
gamma lines. 232Th activity was obtained through the 208Tl 
and 228Ac emissions at 583.1 keV and 911.1 keV, respec-
tively. 40K and the artificial radionuclide 137Cs were meas-
ured directly using its 1460 keV and 661 keV gamma ray 
line, respectively. Samples were measured by HPGe detector 
and a multichannel analyzer with 8192 channels.

137Cs specific activities in part depth profiles samples 
were measured using an ultra-low background gamma spec-
trometer, named GeTHU-II. The spectrometer was equipped 
with a Broad Energy Germanium Detector (BEGe, Can-
berra) detector (91.10 mm, h31.60 mm) reaching minimum 
detectable activities (MDA) as low as 1.0 mBq kg−1. The 
GeTHU-II spectrometer was developed by Tsinghua Univer-
sity in the China Jinping Underground Laboratory (CJPL). 
CJPL is located in the middle of the 17.5 km Jinping tunnel, 
it is an underground research facility in Sichuan province 
with the deepest rock overburden in the world, covering 
about 2400 meters of rock. A shield containing 20 cm thick 
lead bricks, 20 cm thick plastic plates, and 5 cm thick cop-
per plates was used to reduce background radiation. In the 
CJPL laboratory the muon flux is (2.0 ± 0.4) × 10−10  cm−2 
 s−1 measured at the depth of 6720 m.w.e (water equiva-
lent meter) [20]. The integral background count rates (40-
2700 keV) varied from 3.76 to 74.1 cps, and the average 
count rate measured within the CJPL is 73.4 cps [21]. The 
detector has a relative efficiency of 67% (relative to a 3″ × 3″ 
NaI(Tl) crystal), has a resolution of 1.67 keV for 1332.5 keV 
gamma-ray transition of 60Co, with a peak to Compton ratio 
of 74.2 (30-2700 keV) and background continuum rate of 
0.2 cpm.

Gamma spectrometry analytical techniques were used 
to determine the natural and artificial radionuclides 238U, 
226Ra, 232Th, 40K and 137Cs. The spectrometer used for the 
soil analyses from Tibet was a GEM50195 type  (ORTEC®), 
with an efficiency of 51% and resolution of 1.9 keV. The 
software  GammaVision® was used to spectral analysis.

Geometric efficiency for soil matrices in the cylindrical 
plastic container was determined by a reference soil mate-
rial (National Institute of Metrology, Beijing, China), spiked 
with a series of radionuclides (241Am, 109Cd, 57Co, 139Ce, 
131I, 133Ba, 51Cr, 134Cs, 137Cs, 54Mn, 88Y, 65Zn, 60Co, 22Na, 
40K), its product code is 14NTR/70-080503. A broad-energy 
type High Purity Germanium (HPGe) gamma spectrometry 
consisting of detector named BE5030 were also used to 
analysis soil samples, with the relative efficiency of 50.5%, 
and a resolution of 1.88 keV for the 1332 keV 60Co peak. 
The program GENIE 2000 was used to analyze the spectra.
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The activity concentration in Bq kg−1 in the topsoil sam-
ples was calculated according to the following equation.

where A is the activity concentration in Bq kg−1 in a sam-
ple; ns and nb are the net count under the selected photope-
aks of the sample and background, respectively; Ts and Tb 
are the spectrum live time of the sample and background, 
respectively; ɛ is the absolute transition probability for 
the gamma line in the radionuclide; ƞ is the detection effi-
ciency for the selected gamma line for the sample or for the 
calibration source and m is the dry mass of the sample (in 
kilogrammes).

In order to determine the background distribution of 
the environment around the detector, a blank sample was 
counted in the same way and the geometry of the back-
ground spectra was used to correct the net peak areas of the 
gamma-rays of the isotopes. A counting time of 86,400 s was 
set for activity and background.

The Minimum Detectable Concentration (MDC) is the 
minimum detectable activity concentration of low-back-
ground high-purity germanium gamma spectroscopy. The 
MDC was calculated according to Eq. (2).

where MDC is minimum detectable activity concentration 
in Bq kg−1 in a sample, providing a level of confidence of 
approximately 95%; nb is the net count under the selected 
photopeaks of the background; Tb is the spectrum live time of 
the background. ɛ is the absolute transition probability for the 
gamma line in the radionuclide; ƞ is the detection efficiency 
for the selected gamma line for the sample or for the calibra-
tion source and m is the dry mass of the sample (in kg).

Potential radiological hazards

Potential radiological hazards were assessed by calculating 
the absorbed dose rate (D) [22], the annual effective dose 
equivalent (AED) [22], the radium equivalent activity  (Raeq) 
[23], the external hazard index (Hex) and the internal hazard 
index (Hin) [23], and the life time cancer risk (LTCR) [24].

(1)A =
(ns∕Ts − nb∕Tb)

� × � × m

(2)MDC =
4.66

� × � × m

√

nb∕Tb

Table 1  The sample information and radioactivity concentration of 
the soil samples from Gansu, Xinjiang and Tibet [26–30]

Site no. Activity concentration (Bq kg−1)
238U 226Ra 232Th 137Cs 40K

Jiuquan, Guazhou
 1 18.2 ± 1.3 17.0 ± 1.4 22.0 ± 1.6 1.3 ± 0.1 339 ± 25
 2 18.7 ± 1.4 18.3 ± 1.4 24.4 ± 1.8 3.2 ± 0.2 384 ± 28
 3 61 ± 5 24.8 ± 1.9 25.5 ± 1.9 ND(0.34) 409 ± 30
 4 37.0 ± 2.7 40.7 ± 3.2 67 ± 5 27 ± 2.0 645 ± 47

Jiuquan, Dunhuang
 5 12.1 ± 0.9 10.7 ± 0.8 22.7 ± 1.7 ND(0.38) 403 ± 29
 6 21.1 ± 1.5 13.2 ± 1.0 25.3 ± 1.8 ND(0.41) 513 ± 37
 7 16.8 ± 1.2 20.7 ± 1.6 26.6 ± 1.9 4.4 ± 0.3 453 ± 33
 8 19.2 ± 1.4 18.6 ± 1.4 24.4 ± 1.8 6.3 ± 0.5 602 ± 44
 9 17.7 ± 1.3 17.9 ± 1.4 25.3 ± 1.8 3.1 ± 0.2 547 ± 40
 10 23.3 ± 1.7 17.7 ± 1.4 36.9 ± 2.7 2.7 ± 0.2 644 ± 47
 11 21.9 ± 1.6 25.0 ± 1.9 32.5 ± 2.4 10.7 ± 0.8 473 ± 35
 12 19.4 ± 1.4 18.0 ± 1.4 23.8 ± 1.7 ND(0.32) 441 ± 32
 13 25.0 ± 1.8 16.5 ± 1.2 30.9 ± 2.2 1.0 ± 0.1 439 ± 32
 14 ND(16.45) 13.7 ± 1.1 31.2 ± 2.3 3.1 ± 0.2 523 ± 38

Bayingguole, Heshuo
 15 ND(30.2) 22.9 ± 1.7 30.8 ± 2.4 0.7 ± 0.1 564 ± 41
 16 ND(28.6) 16.4 ± 1.2 29.1 ± 2.2 2.3 ± 0.2 703 ± 51
 17 41.7 ± 3 35.3 ± 2.7 81 ± 6 18.9 ± 1.4 705 ± 51
 18 50 ± 4 38.5 ± 2.7 88 ± 7 13.9 ± 1 683 ± 50

Bayingguole, Yuli
 19 ND(30.1) 15.6 ± 1.1 28.1 ± 2.2 16.9 ± 1.2 560 ± 41

Bayingguole, Bohu
 20 ND(21.8) 4.76 ± 0.3 13.6 ± 1.1 0.8 ± 0.1 483 ± 35

Tibet, Lhasa
 21 47.0 ± 11.7 40.6 ± 2.8 73 ± 6 2.0 ± 0.4 685 ± 44
 22 57.8 ± 13.6 36.6 ± 2.4 72 ± 6 4.2 ± 0.6 685 ± 44
 23 41.6 ± 11.4 41.5 ± 2.8 80 ± 6 ND(0.52) 688 ± 43
 24 59.0 ± 11.3 41.5 ± 2.8 77 ± 6 5.4 ± 0.6 692 ± 45
 25 10.4 ± 10.5 35.1 ± 2.4 74 ± 6 0.2 ± 0.1 700 ± 46

Tibet, Linzhi
 26 46.7 ± 12.4 30.9 ± 2.0 83 ± 6 3.8 ± 0.4 528 ± 34
 27 54.7 ± 13.6 39.2 ± 2.6 75 ± 5 4.1 ± 0.6 537 ± 36
 28 52.6 ± 11.9 28.1 ± 1.8 71 ± 6 2.6 ± 0.4 650 ± 42
 29 49.7 ± 11.8 52.4 ± 3.4 82 ± 6 2.4 ± 0.4 625 ± 40
 30 40.0 ± 12.2 53.2 ± 3.6 82 ± 6 3.1 ± 0.4 666 ± 44
 31 43.0 ± 9.7 22.9 ± 1.6 58 ± 4 2.1 ± 0.4 531 ± 34
 32 53.3 ± 12.2 46.7 ± 3.0 77 ± 5 1.1 ± 0.4 727 ± 48
 33 41.3 ± 11.3 40.7 ± 2.8 70 ± 4 0.7 ± 0.2 680 ± 44
 34 37.7 ± 10.2 31.7 ± 2.2 57 ± 4 0.02 ± 0.1 544 ± 36
 35 40.2 ± 12.3 35.2 ± 2.4 70 ± 5 12.7 ± 1.0 651 ± 42

Range ND-61.0 4.8–53.2 13.6–88 ND-27.0 339–727
Median 37.0 25.0 57.0 2.6 564
Average 32.6 28.1 51.2 4.6 574
China 33 32 41 – 440
Iran – 24.3 25.8 – 457.7
Lima – 25.8 40.3 1.5 632
Karbala – 33.35 38.28 5.52 430.27

Table 1  (continued)

ND not detected, numbers inside parenthesis indicate the detection 
limit

Site no. Activity concentration (Bq kg−1)
238U 226Ra 232Th 137Cs 40K

Molise 31 – 41 – 468
Worldwide 37 34 33 – 419
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Table 2  Potential radiological hazards estimated by measuring the soil samples from Gansu, Xinjiang, Tibet

Location Code D (nGy/h) AED(μSv/y) Raeq Hex Hin LTCR 

Jiuquan, Guazhou 1 35.3 43.2 75 0.20 0.25 1.66E−04
2 39.2 48.1 83 0.22 0.27 1.85E−04
3 43.9 54 93 0.25 0.32 2.07E−04
4 86 106 186 0.50 0.61 4.07E−04

Jiuquan, Dunhuang 5 35.5 43.5 74 0.20 0.23 1.67E−04
6 42.8 52 89 0.24 0.28 2.02E−04
7 44.5 55 94 0.25 0.31 2.10E−04
8 48.4 59 100 0.27 0.32 2.29E−04
9 46.3 57 96 0.26 0.31 2.19E−04
10 57 70 120 0.32 0.37 2.71E−04
11 51 62 108 0.29 0.36 2.40E−04
12 41.1 50 86 0.23 0.28 1.94E−04
13 44.6 55 95 0.26 0.30 2.11E−04
14 47.0 58 99 0.27 0.30 2.22E−04

Mean ± SD 47.4 ± 12.1 58 ± 15 100 ± 27 0.27 ± 0.07 0.32 ± 0.09 2.24E−04 ± 5.74E−05
Median 44.6 55 94 0.26 0.31 2.11E−04
Range 35.3–86 43.2–106 74–186 0.20–0.50 0.23–0.61 1.66E−04–4.07E−04
Bayingguole, Heshuo 15 53 65 110 0.30 0.36 2.49E−04

16 47.5 58 99 0.27 0.31 2.24E−04
17 30.6 37.5 61 0.17 0.18 1.44E−04
18 54 67 112 0.30 0.35 2.57E−04

Bayingguole, Yuli 19 94 116 205 0.55 0.65 4.46E−04
Bayingguole, Bohu 20 100 122 218 0.59 0.69 4.71E−04
Mean ± SD 63 ± 25 78 ± 31 134 ± 57 0.36 ± 0.15 0.42 ± 0.18 2.99E−04 ± 1.19E−04
Median 54 66 111 0.30 0.36 2.53E−04
Range 30.6–100 37.5–122 61–218 0.17–0.59 0.18–0.69 1.44E−04 - 4.71E−04
Tibet, Lhasa 21 91 112 198 0.53 0.64 4.32E−04

22 89 109 192 0.52 0.62 4.20E−04
23 96 118 209 0.56 0.68 4.54E−04
24 94 116 204 0.55 0.66 4.45E−04
25 90 110 194 0.53 0.62 4.25E−04

Tibet, Linzhi 26 86 106 190 0.51 0.60 4.07E−04
27 86 106 188 0.51 0.61 4.06E−04
28 83 101 179 0.48 0.56 3.91E−04
29 100 122 217 0.59 0.73 4.70E−04
30 102 125 222 0.60 0.74 4.82E−04
31 68 83 146 0.40 0.46 3.19E−04
32 98 121 213 0.57 0.70 4.65E−04
33 89 110 193 0.52 0.63 4.22E−04
34 72 88 155 0.42 0.50 3.39E−04
35 85 105 185 0.50 0.59 4.03E−04

Mean ± SD 89 ± 9 109 ± 11 192 ± 20 0.52 ± 0.05 0.62 ± 0.07 4.19E−04 ± 4.36E−05
Median 89 110 193 0.52 0.62 4.22E−04
Range 68–102 83–125 146–222 0.40–0.60 0.46–0.74 3.19E−04–4.82E−04
Mean ± SD 67.77 ± 23.69 83.12 ± 29.05 145.34 ± 53.11 0.39 ± 0.14 0.47 ± 0.17 3.20E−04 ± 1.12E−04
Median 67.60 82.90 146.36 0.40 0.46 3.19E−04
Range 30.55–101.99 37.47–125.08 61.40–221.99 0.17–0.60 0.18–0.74 1.44E−04–4.82E−04
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The external dose rates due to radionuclides in soil were 
calculated from the measured activities of 226Ra, 232Th and 
40K in soil. Absorbed gamma dose rate in the air at 1 m 
above the ground level were calculated by Eq. (3) [22].

where D is the absorbed dose rate in air (nGy  h−1); the coef-
ficients 0.0417, 0.462 and 0.604 are the dose conversion fac-
tors (nGy  h−1 per Bq kg−1) for the 40K, 238U and 232Th series, 
respectively, and CK, CRa and CTh are obtained the activity 
concentrations of the mentioned isotopes in soil (Bq kg−1) 
for 40K, 238U and 232Th, respectively. It is assumed that all 
the decay products of 226Ra and 232Th are in radioactive 
equilibrium with their precursors, as well as a negligible 
contribution of the artificial radionuclide 137Cs and other 
isotopes (members of 235U chain, 87Rb, etc.) to the human 
exposure, and these were not included in the calculation.

The annual effective dose was calculated by the follow-
ing Eq. (4).

where AED is annual effective dose (μSv/y); D is the 
absorbed γ dose rate (nGy/h); T means the term of 1 year 
expressed in hours, 8760 h/year is equal to 365 days × 24 h 
per year; f is the fraction of time spent outdoors by inhabit-
ants of the considered area corresponds to 0.2; Cc is for the 

(3)D = 0.0417CK + 0.462CRa + 0.604CTh

(4)AED = D × T × f × CC × 10−3

conversion coefficient from absorbed dose in air to effective 
dose received by adults, amount to 0.7 Sv/Gy.

Owing to exploitation of the natural resources (soil, sand, 
etc.), it is important to assess radiological hazard connected 
with the use of studied samples as a source of building mate-
rials. Radium equivalent activity was calculated by Eq. (5). 
The  Raeq should not exceed 370 Bq kg−1 and the Hex should 
be less than unity [23].

The hazard risk due to external (Hex) from gamma rays 
was expressed by the following index of Eq. (6), internal 
hazard index (Hin) is introduced to describe the hazard of 
radon and its short-lived products in building material, 
given by the Eq. (7) and recommended to be less than 
unity [23].

The life time cancer risk (LTCR) was obtained by Eq. (8) 
[24]:

where DL is the duration of life time, 70 years; and RFSE is 
the risk factor for stochastic effects of the common popula-
tion, 0.055/Sv [25].

Results and discussion

Activity concentrations

Results of gamma spectrometry measurements for 238U, 
226Ra, 232Th, 137Cs and 40K are presented in Table 1. The 
activity concentrations of above-mentioned radionuclides in 
soil samples range from ND (Not Detected) to 61.0 Bq kg−1, 
4.8 to 53.2 Bq kg−1, 13.6 to 88 Bq kg−1, ND to 27.0 Bq kg−1 
and 339 to 727 Bq kg−1, respectively, with average values 
of 32.6, 28.1, 51.2, 4.6 and 574 Bq kg−1, respectively. The 
obtained results were also compared with data from Iran 
[26], Lima [27], Karbala [28], Molise [29], and UNSCEAR 
[30].

Exposure from radionuclides

The absorbed γ dose rate in air, annual effective dose, hazard 
indices and life time cancer risk calculated from radionu-
clides in soil samples are shown in Table 2. The calculated 
mean outdoor γ dose rates is 67.77 nGy·h−1, which is lower 

(5)Raeq = CRa + 1.43 × CTh + 0.077 × CK

(6)Hex = CRa∕370 + CTh∕259 + CK∕4810

(7)Hin = CRa∕185 + CTh∕259 + CK∕4810

(8)LTCR = AED × DL × RFSE

Fig. 1  Depth profiles of radionuclides 137Cs in soil at selected area of 
Gansu
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than Chinese average of 81.5 nGy/h, but higher than the 
worldwide mean value of 58 nGy/h [30]. The mean value 
of radium equivalent activity is 145.34 Bq kg−1, lower than 
the reference 370 Bq kg−1. The external and internal hazard 
indices doesn’t exceed unity, which indicates that the γ radia-
tion of soil is at a safe level. The life time cancer risk is 3.20 
E−04/Sv, which is also at a very low level.

Depth profiles of radionuclides

Depth profiles of radionuclides in selected area of Gansu 
are illustrated in Figs. 1, 2 and 3 for 137Cs, 40K and 238U, 
226Ra, 232Th. There is a significant difference about 137Cs 
activity concentration among these three areas (χ2 = 6.5, 
P = 0.039), and the 137Cs activity concentration decreases 
with the increase of soil depth from surface to underground 
15 cm. However, there is no correlation between the activity 
concentrations of other radionuclides and the depth of soil. 

The change rules in activity concentration of 40K, 238U, 226Ra 
and 232Th has not been observed.

Conclusions

For the purpose of this study, the surface soil samples 
were collected from 15 sampling locations in 6 areas of 
Xinjiang, Tibet and Gansu province. The gamma activity 
of natural radionuclides 238U, 226Ra, 232Th, 137Cs and 40K 
was estimated using gamma spectrometry system with 
NaI (Tl) detector. The results indicated that the range of 
natural radioactivity concentrations of 238U and 226Ra were 
consistent with data from other countries or regions. The 
232Th and 40K activity concentrations were higher than the 
worldwide and Chinese activity concentrations reported by 
UNSCEAR (2008), and the average of the 226Ra activity 
concentrations was relatively lower than the corresponding 

Fig. 2  Depth profiles of radio-
nuclides 40K in soil at selected 
area of Gansu
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Chinese and world activity values. Except for 137Cs activ-
ity concentration, there are significant differences among 
Gansu, Xinjiang and Tibet region about 238U, 226Ra, 232Th 
and 40K activity concentrations. The active concentrations 
of 238U, 226Ra, 232Th and 40K in Tibet soil are higher than 
those in Gansu and Xinjiang. The similarity of 137Cs activity 
values in Gansu, Xinjiang and Tibet suggests that the source 
of 137Cs in soil is due to the nuclear tests conducted in the 
northern hemisphere.

Potential radiological hazards data indicate that the 
potential radioactive risks caused by radioactivity are within 
acceptable limits in the survey area, which could alleviate 
public concerns about the effects of soil radioactivity.

Through the analysis of the depth profile of radionuclides 
in selected areas of Gansu, it was found that the vertical dis-
tribution of 137Cs in the topsoil is as follow: from the surface 
to the ground 15 cm, as the soil depth increases, the radioac-
tive concentration gradually decreases. Thorring et al. [31] 
found that the depth distribution of fallout 137Cs was not 
significantly affected by the chemical composition of pre-
cipitation, which also indicates that the source of 137Cs in the 
soil around the nuclear test region is only due to the nuclear 
tests performed in the northern hemisphere and not to any 
local nuclear source. Due to the depth of the soil sampling 

is not deep enough, the variation of radioactivity concentra-
tions of 40K, 238U, 226Ra and 232Th cannot be found.

The results can be used as reference data for radiation 
assessment in western China and provide baseline data for 
studies of natural radionuclides and artificial radionuclides 
in the region.
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