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137Cs inventories in soil in the
Qaidam Basin, Tibetan Plateau

Kai Bian®, Cuiping Wang?* and Yulong Shen?

'Faculty of Geographical Science, Beijing Normal University, Beijing, China, ?Northwest China Research
and Planning Institute of State Administration of Forestry and Grassland, Xi'an, China, *School of
Geography and Environmental Sciences, Zhejiang Normal University, Jinhua, China

This paper presents measurements of cesium-137 (**Cs) in the Qaidam Basin
during 2019 with 39 soil samples across the landscape. The aim here is to use the
results of **’Cs inventories for the Qaidam Basin to subsequently estimate soil wind
erosion. The ¥’Cs inventories in the surface soil vary from lower limit detection
(LDD) to 1,072 Bg m™2, with a mean of 266 Bg m™2. Overall, the »*’Cs inventories in
the Qaidam Basin decreases from southeast to northwest. The highest **’Cs
inventories was found in farmland, and the lowest was found in Gobi. Wetlands
had higher »*’Cs inventories than their neighboring sites.
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1 Introduction

1¥7Cs with half-life of 30.17 yrs was produced by nuclear weapon tests from the 1950s to
the 1970s and nuclear accidents (e.g., Chernobyl in Ukraine, 1986; Fukushima in Japan,
2011) and was distributed globally as both wet and dry fallout (Ritchie and McHenry, 1990;
Hedvall et al., 1996). On Earth, '*’Cs is strongly and rapidly adsorbed by cation exchange
sites on clay and organic soil particles and it cannot significantly migrate or take part in the
chemical processes running in soil (Ritchie et al., 1974). Vertical diffusion of *’Cs limited
depth redistribution reaching usually less than 20 cm results from bioturbation such as
earthworms drilling up, physical chemical processes such as freezing-thawing or wetting-
drying of soils. Its redistribution is often accompanied by physical transformations in soil,
including through water, wind erosion and plowing (Ritchie et al., 1974; McHenry and
Ritchie, 1977). These properties make '*’Cs a valuable fingerprint for distinguishing surface
and subsurface sediment sources and surface sources influenced by mixing and disturbance
(Walling and He, 1999). However, the distribution of *’Cs across the planet is not uniform
and mainly depends on local rainfall distribution patterns and latitudes. Deposition in the
northern hemisphere is approximately three to four times that of all *’Cs in the southern
hemisphere because most tests and nuclear accidents have occurred in the northern
hemisphere (Zapata, 2002).

In China, studies related to the determination of '*’Cs in soil have been published for
most regions of the Qinghai-Tibetan Plateau but at a small scale because of the high altitudes
and harsh environments of the Qinghai-Tibetan Plateau (Yan P, et al., 2000; Yan et al., 2001;
Yan and Dong, 2003; Zhang, et al., 2007; Wang et al., 2017; Jiang et al., 2018; Li et al., 2019).
The spatial distribution of '’Cs in soils in the Qaidam Basin has not been previously
reported for this region. The objectives of this study are to determine the distribution of the
radionuclide under representative land covers and land uses in the region, compare patterns
of "7Cs gain and loss associated with different land uses in the Qaidam Basin, and analyze
the factors controlling the variation in *’Cs activities. The data can be used to identify the
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distribution of these artificial radionuclides in soils and to estimate
the total deposition (inventory) to assess any radiological impact.

2 Materials and methods

2.1 Study area

The Qaidam Basin is located on the northern edge of the Tibetan
Plateau between latitudes 25°55’49" and 39°47'43" and has an area
of approximately 256,000 km’. The Qaidam Basin has a typical
plateau continental climate, with cold conditions, drought, and rare
precipitation that varies from approximately 300 mm in the
southeast to <20 mm in the northwest. The westerlies are the
major mode of circulation over the basin; strong prevailing north
and northwest winds occur in winter and spring, and wind erosion
mainly occurs from March to May (Du et al., 2018). The vegetation
in the Qaidam Basin is sparse and simple and mainly consists of
shrubs and semishrubs with high drought resistance ability, which
exhibit a decreasing trend from the southeast to the northwest
regions (Zhang, et al., 2019).

2.2 Sampling

Bulk soil samples to quantify '*’Cs inventories were collected at
39 sampling points in 2019. Sampling points along roads were
located 20-40 km from each other. All samples were chosen at
locations approximately 100 m away from the road, which should
represent local conditions. The sampling sites were chosen to
represent most of the geographic regions of the Qaidam Basin, as

10.3389/fenvs.2023.1291707

well as the geology, soils and amount of precipitation. The sites were
grouped into six categories according to land use type: farmland,
abandoned land, desert, desert steppe, wetland and Gobi, with
numbers of sites of 5, 2, 11, 5, 3 and 13. At every site, three
replicate samples in a triangle with sides about 20m were
collected using a stainless steel soil probe (inner diameter:
4.4 cm). And three replicate cores close to each other was taken
at triangle’s every vertices down to a depth of 0.2 m and was bulked
to represent the individual sample (ca 800 g). (Figure 1).

2.3 Sample preparation and statistical
analysis

After drying at room temperature until weighing each soil
sample, pieces of vegetation and stones were removed; then, they
were milled and passed through a 2mm mesh sieve. After a
quartering mixing process, approximately 300 g of each sample
(€2 mm) was packed into a measuring box (with an internal
diameter of 7cm and a height of 6.5cm). Samples were
measured by gamma-ray spectrometry using a high-resolution,
low-background,  low-energy, hyperpure n-type  coaxial
germanium detector (GMX 50P4) coupled to an ORTEC
amplifier and multichannel analyzer. The spectrometer was
manufactured by the ORTEC Company, United States. Width for
the '*’Cs peak width was approximately 1.4 keV, giving a FWHM of
approximately 1.5 keV. The peak to Compton ratio (Co-60) was 58:
1 and the relative photo peak efficiency was 50%. The gamma
spectrometry was shielded by two 7.6 cm thick lead boxes, which
minimized outside effects. The minimum detectable activity (MDA)
was fixed at 0.5 Bq kg™". The counting time was more than 30,000 s
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FIGURE 1
Sample collection sites in the Qaidam Basin.
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FIGURE 2

Sample locations with measurable **’Cs inventories(Bq m™2).

to ensure that the measurement precision was less than +5% at the
90% confidence level. The 661.6 keV line was used for the *’Cs
analysis, and '*’Cs activity (Bq kg™') was calculated via the following
equation:

Ay = MI\;TPe 1000 1)
where Ay, is the concentration of *’Cs (Bq kg™), Ny, is the net
peak area of '*’Cs, W is the sample weight in the measuring box (g),
T is the counting time (s), and ¢ is the detection efficiency of *’Cs
(0.012265). P is gamma emission probability (0.85 for '*’Cs).

The '*’Cs inventories was calculated by the following equation:

Ay - My

As
N

(2)
where A, is the '¥Cs inventories (Bq m™, and Ay is '*’Cs activity
(Bqkg ™). Mr is the total sample weight (g), and S is the surface area
of sampling (m?).

3 Discussion and results

Figure 2 shows the **’Cs inventories in units of Bq m™. The Cs
inventories in the surface soil showed considerable variation, varying
from lower limit detection to 1,072 Bq m™?, with a mean value of 266 Bq
m™. Overall, the "’Cs inventories in the basin showed a decreasing
trend from northeast to southwest. The trend can be explained by two
reasons: the first is the variation in annual precipitation, whose
distribution is uneven and decreases from northeast to southwest,
and its effect on '*’Cs inventories; the second is wind erosion
intensity in the Qaidam Basin that increases continuously from
southeast to northwest due to a decrease in the soil moisture, as
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well as vegetation cover and increased surface wind speeds from
southeast to northwest over the Qaidam Basin (Teng et al, 2021).
In the process of wind erosion, suspended radionuclides adsorbed by
mineral particles (e.g,, clay, silt, and sand) were transported through the
Qaidam Basin in every dust event associated with wind erosion, and
such radionuclides were eventually discharged into downwind regions.
Funk et al.(2012) also observed erosion and deposition of **’Cs-rich
dust induced by wind erosion in the semiarid grasslands of northern
China.

Higher depletion in the *’Cs inventories and more deposition at
some locations were observed. In the western Qaidam Basin, '*’Cs
inventories was lower limit detection, indicating that there is not
sufficient '*’Cs content to conduct sediment tracing studies. This
finding may be related to the contributions of climatic conditions
and potential wind erosion to this radionuclide inventories in soils in
the study area. This region is characterized by dryer weather and
lower precipitation, which results in limited atmospheric particle
settlement. Aoyama et al. (2006) also demonstrated that desert and
arid areas in eastern Asia at the same latitude have relatively low
1¥7Cs fallout inputs during the same period. At the same time, rapid
aeolian processes are a likely explanation for the presence of low
levels of '*’Cs. Under the influence of the westerly circulation and
the plateau terrain, the annual average wind speed is generally
greater than 3ms™' in the northwestern Qaidam Basin, with
gales (i.e., a wind speed higher than 17 ms™') occurring more
than 50 days annually (Li et al, 2001). The '’Cs-containing
materials are gradually blown away under continuous aeolian
erosion of the loose and bare soil. These results demonstrate that
¥7Cs is no longer detectable in this type of environment exposed to
very high wind erosion levels. Previous studies of anthropogenic
radionuclide deposition revealed that '*’Cs deposition occurs via the
resuspension of '*’Cs-bearing soil particles from remote sources,
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such as continental soil dust, in the process of wind erosion
(Igarashi, et al., 2009; Igarashi et al., 2011; Kha, 2013). However,
at desert sites 10 and 29, higher '*’Cs inventories of 313 and 799 Bq
m > were found, respectively, where both sites were characterized by
nabkha, which can capture "’Cs dust. The difference between the
two sites indicates that the capacity of accumulating '*’Cs dust for
nabkha decreased when the vegetation degenerated.

The highest '¥’Cs inventories was found in farmland. Although
intense human activities on farmland aggravated wind erosion, which
led to more '¥’Cs loss, an interesting phenomenon occurred in which
farmland was the land use type with the highest *’Cs inventories. The
inventories at farmland sites 3, 9, 19, 34 and 35 reached values of
approximately 1,072, 872, 138, 319 and 469 Bq m >, respectively. Except
for site 34, where *’Cs inventories was lower than that at the wetlands at
site 33, the "’Cs inventories was higher than that at neighboring
sampling sites. The existence of such high 'Cs inventories may be
explained by the following two reasons. First, river-derived
Accordingly, the
radionuclides derived from rivers strongly depend on the amount of

radionuclides exert a substantial influence.
radioactive materials deposited in catchment areas by wind and water
erosion. Funk R et al. (2012) found that the highest '*’Cs inventory was
measured in river deposits due to fluvial and aeolian sediments. Reasons
for this finding can be partly explained by irrigation contributing to an
efficient "*’Cs input for farmland. Second, the trees reduce wind speed
by serving as a windbreak for farmland, thereby trapping '¥’Cs-bearing
dust and reducing the amount that can be carried away by wind.
Although the farmland at sites 34 and 35 were both irrigated, the *’Cs
inventories of farmland site 35 was higher than that of farmland site 34,
which could be explained by the farmland windbreak reducing
farmland soil erosion and even intercepting sandstorms that contain
radionuclides. In a similar environmental monitoring study, the closer
the farmland windbreak was, the higher the 'Cs inventories in
agricultural soil (Su et al, 2021). The study also confirmed that
farmland windbreaks induce farmland soil erosion by intercepting
sandstorms that contain radionuclides. Therefore, caution should be
taken when using *’Cs technology to study wind erosion on farmland.

Low '’’Cs inventories was found in the abandoned land at sites
2 and 36, with values of 401 Bq m~2 and lower limit detection,
land

difference between the two sites can be

respectively, indicating strong wind erosion before
abandonment. The
explained by the fact that site 2 has a longer duration of land
abandonment than site 36, which has lost less '*’Cs. Concurrently,
Rodrigo-Comino et al. (2018) also found that soil erosion rates
depend on the duration of land abandonment; soil losses decrease as
abandonment duration increases.

In wetlands at sites 8, 25 and 33, *’Cs inventoriesreached values of
approximately 690, 461 and 691 Bq m™, respectively, which were all
higher than those at neighboring sampling sites (except for farmland).
The plausible explanation is that their relatively high vegetation cover in
low-lying wetlands, which can reduce wind erosion and even capture
additional deposition of '¥Cs-rich dust, caused temporary flooding and
additional water erosion deposits in this area. At the same time, the
presence of sodium salts and calcium carbonates in the abiotic crust soils
on the tops of several centimeters of soil surfaces protects soils against
erosion by binding soil particles together, shielding surfaces against
abrasion induced by airborne particles, and reducing wind velocity at

the soil surface by increasing microtopography (Fattahi et al., 2021).

Frontiers in Environmental Science

10.3389/fenvs.2023.1291707

4 Conclusion

¥7Cs was studied in soil samples collected from 39 locations
in the Qaidam Basin in 2019 to provide information on the
distribution of artificial radionuclides. '*’Cs inventories vary
greatly from lower limit detection to 1,072 Bq m™, averaging
266 Bq m™2. Overall, *’Cs inventories shows a decreasing trend
from northeast to southwest, which can be attributed to a
decrease in rainfall and an increase in wind erosion from east-
south to west-north. Gobi has the lowest “’Cs inventories
because it has the lowest rainfall deposition and greatest wind
erosion. Farmland has the highest '*’Cs inventories, which is the
result of windbreaks intercepting '*’Cs-rich aeolian material, and
irrigation input wetlands have relatively high '*’Cs inventories
because of high vegetation cover, protection of the physical crusts
against wind erosion and sediment input.
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