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Heavy metals elements are not only related to the functions of ecosystems but also
affect human health. To understand the characteristics of heavy metals in the topsoil
of the Zoige alpine basin, a total of 252 grass and topsoil samples were collected in May
and September 2014. The results showed that only Cd and Pb highly exceeded their
background values (BV); in May and September, Cd was 2.02- and 1.55-fold higher
than its BV, respectively, and Pb was 2.35- and 2.17-fold above its BV, respectively. The
sources of Cd and Pb were homologous. In addition, the comprehensive potential
ecological risk index was less than 150, indicating that heavy metal pollution in the
study area is currently low. The spatial interpolation indicated that Cd and Pb pollution
might be related to tourism and transportation, but the low biological absorption
coefficient for all heavy metals showed that heavy metal absorption ability of forage
was low and would not impact yak breeding. Finally, the soil was lightly contaminated
by Cd and Pb due to the rapid development of the animal husbandry and tourism.
The spatial variation of heavy metal in the basin is dominated by structural factors,
and the random factors also have an effect on spatial distribution of As, Cd, Cu and Ni.
The random factors such as overgrazing can exert an influence on physical structure
and the circulation of nutrient substances of meadow soil through livestock grazing
and trampling, ultimately affecting the content and distribution of soil heavy metals.
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Introduction

Heavy metal can be stored in the soil which can be transferred into groundwater or plants and
ultimately harm human health by passing through the food chain (Sheng et al., 2012). The content
and distribution of soil heavy metals are mainly affected by the soil parent material as well as
human activities during the process of soil development. In addition, the contents and distribution
of soil heavy metals are also influenced by factors such as soil physicochemical properties, the crop
cultivation environment, atmospheric deposition and the interactions between different heavy
metal elements (Intawongse and Dean, 2006). Because the characteristics of soil heavy metal
pollution are concealment, hysteresis, accumulation, irreversibility, poisonousness and persistence,
soil heavy metals are popular research objects and play an important role in the quantitative
evaluation of the soil environment (Andersen et al., 2002; Li et al., 2008; Sun et al., 2010; Olawoyin
et al., 2012; Oluseye and Fatoba, 2013; Li et al., 2015; Jin et al., 2017).
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Grassland has more than a third of earths terrestrial surface,
supporting a large number of wild and domesticated ungulates (Frank
et al,, 2018). The Qinghai-Tibetan Plateau (QTP) covers an area of
approximately 2.5 million km? has an average elevation of 4,000 m, and
also has the world’s largest pastoral alpine grassland (Mipam et al.,
2019), which provides many of animal husbandry products for the
people living in and adjacent this area. This area is well-known and only
slightly affected by human activities, such as exploration and use of its
natural resources, transportation, tourism, urban construction and
increasing human population, due to its unique geographic location and
for historical reasons, the exploitation of natural resources in this area
has remained at a very low level (Xie et al., 2014; Yang et al., 2017).
However, with the rapid development of the economy and tourism in
recent years, the ecological environment of this area is increasingly
threatened by human activities leading to its vulnerable to the global
pollutants (Huang et al., 2012).

The Zoige alpine basin, the world’s largest alpine wetland and
peatland, is located on the northeast edge of the QTP. The economy of
this area mainly depends on animal husbandry in which yak breeding
dominates. Nomadism is the main grazing practice in the warm season,
while in the cold season grazing is around the settlements. The nomadic
areas are located in the vicinity of the road or highways in order to
facilitate the management and trade of animal by-products. To date,
there are several studies on the geology, vegetation, climate and soil
environment in the Zoige basin. However, all the studies about soil in
this area have mainly focused on the distribution of soil organic carbon
(Tian et al.,, 2003; Luan et al., 2014; Ma et al., 2016), the characteristics
of wetland soil moisture and nutrients (Tian et al., 2005; Gao et al.,
2011), wetland degradation (Li et al., 2011; Huo et al., 2013; Hu et al.,
2015), and soil microbial community (Niu et al., 2011; Tian et al., 2012;
Yun et al,, 2012; Wu et al,, 2016). Till now, only a little research has
concentrated on the heavy metals in soils from the Zoige alpine basin
(Chen et al., 2021). For example, the heavy metal contents of the Zoige
basin were determined by hyperspectral remote sensing technology
(Yuan et al., 2016). According to statistics, from 1989 to 2009, when the
Zoige meadow grazing overloading rate reached 99%, and is still rising
(Wang et al.,, 2015). The animal manure has greatly increased following
the development of animal husbandry. As a result, it will influence the
content and distribution of top soil heavy metals in the meadow (Wang
etal., 2013).

Therefore, in order to explore the content and spatial distribution of
soil heavy metal in the warm season, and to understand the level of
pollution and the concentration of heavy metals in this area, we collected
surface soil and grass samples in two sampling months from the Zoige
alpine basin to determine the concentration of seven heavy metal
elements to explore the possible source, assess the potential ecological risk
of the metals, and analyze the spatial heterogeneity and distribution of
heavy metals. This work will provide a deep insight into the mechanisms
of ecological risks of heavy metals and grassland managements.

Materials and methods
Study area

The Zoige alpine basin lies at 32°56’-34°19’N and 102°08"-103°39'E
at an altitude of 3,400-3,900 m, and it has an area of 22,716km?. The

average annual precipitation is approximately 648.5 mm; the annual
evaporation is 943-1,031 mm; and the annual average relative humidity
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is 70.4%. The climate is semi-humid continental monsoon, and the mean
annual temperature is 1.1-1.5°C, the extreme minimum temperature is
—33.7°C, the warm season lasts from April to September each year, the
cold season lasts from October each year to March of the following year,
and the annual permafrost lasts for 6 months (Hou et al., 2020).

The area is covered by two different types of vegetation, marsh and
meadow. The dominant species in the marsh vegetation are Carex
muliensis, Carex lasiocarpa, Carex meyeriana and Kobresia tibetica, while
the meadow vegetation is dominated by Kobresia spp., Polygonum spp.,
and Gramineae (Huo et al., 2013). The soil is mainly composed of
subalpine meadow soil, swamp soil, brown soil, and plateau cinnamon soil
(Chai, 1965). The study area was located in Zoige National Nature Reserve
and did not have any large-scale industry. The China national highway
G213 runs through the basin from the east to the north and around a
wetland reserve, which is near the route of the S209 provincial highway.

Sample collection and preparation

In May and September 2014, a total of 63 sample points were set up
within the study area that was divided into 21 grid cells (approx. 20 km?
each), and each grid cell includes 3 sample points (Figure 1). Two grass
and topsoil samples (0-5 cm) were collected from each sample point and
a total of 126 grass samples and 126 topsoil samples were collected.
We collected aboveground grass samples from a 1 x 1 m quadrat at each
sampling point, and we collected topsoil samples using a plastic soil
auger after the grass removed. Soil samples were air dried at room
temperature about two weeks and then remove the impurities. After that
the samples were sieved with a 0.15 mm mesh sieve for further analysis.
The impurities, like litter, dead biomass and small stones, were removed
by hand from grass samples, and dried to constant weight in an oven at
65°C, crushed with a stainless steel pulverizer, sieved with a 0.15 mm
mesh sieve and stored at room temperature for subsequent analysis.

Chemical analysis

Soil samples (0.2 g) were digested with a mixture of ultrapure 2 ml
HCI 37% and 6 ml HNO; 68% in microwave digestors (CEM MARS6,
United States PyNN Inc.). The digestion solution was then analyzed by
inductively coupled plasma optical emission spectroscopy (ICP-OES)
using an iCAP6000 series instrument (United States Thermo Fisher
Scientific Inc.). Grass samples were pre-digested at room temperature
for half an hour with a mixture of 4ml HNO; 68% and 2 ml H,0, 30%,
then were added 4ml HNO; 68% in the digestor and digested at 180°C
in a microwave digestion instrument (CEM MARS6). The concentrations
of seven elements of heavy metals (As, Cd, Cr, Cu, Co, Ni and Pb) in
grass samples were also determined by ICP-OES. Each sample was
repeatedly determined three times. The standard reference materials
were included for quality assurance and control. The percentage
recovery of the seven elements ranged from 80 to 110%.

Data analysis

Statistical analysis

Normal distribution for each collective was tested using the
Kolmogorov-Smirnov test. A t-test was employed to compare the
differences in the means of two parameters. Pearson correlation analysis
was performed in SPSS 21.0 software (IBM Inc., United States) to
analyze the relationships among the concentrations of heavy metals.
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FIGURE 1
Distribution of the sampling points.

Assessment of potential ecological risk

The potential ecological risk index (RI) is commonly used to
evaluate the degree of heavy metal contamination. According to
Hakanson (1980), the calculation formulas for RI of heavy metal
elements are as follows:

. i

C, =Q (1)
G

E. =T xC, @)
n .

RI=YE! (3)

where C' is the concentration of heavy metal element 7 in the soil;
Cﬁ is the background value (BV) of element i; E; is the potential
ecological risk factor of element 7 ; and 7, ,’ is the toxic factor of element
i . The BV of the seven elements of heavy metals are 0.097 mgkg™" for
Cd, 11.20mgkg™" for As; 22.60mgkg™ for Cu; 12.70mgkg™" for Co;
26.00mgkg™" for Pb; 26.90 mgkg™' for Ni; and 61.00mgkg™ for Cr, all
of which were determined in a soil investigation in China (Wei et al.,
1991). The toxic factors of Cd, As, Cu, Co, Pb, Ni, and Cr are 30, 10, 5,
5,5, 5 and 2, respectively (Hakanson, 1980; Jin et al., 2017). The grading
evaluation criteria for E; was low (<40), moderate (40-80),
considerable (80-160), high (160-320), very high (>320) and for RI was
low (<150), moderate (150-300), considerable (300-600), high (>600).

Calculation of biological absorption coefficient

The biological absorption coeflicient (BAC) is employed to evaluate
the ability of a plant to transport and enrich heavy metals from its
belowground to aboveground parts, and a high value of BAC indicates
that the plant has a strong ability of transporting heavy metals.
According to Fuente et al. (2010), BAC is calculated as follows:

cr
S

BAC = (4)

where Cp is the content of a metal in the aboveground parts of plants,
and Cg is the content of this metal in the soil (Kabata-Pendias, 2001).
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Elements are enriched in the organisms when BAC> 1, and plants can
transport most of the heavy metals from belowground to the aboveground
parts if BAC>0.5.

Geostatistical analysis

Geostatistical analysis is a powerful tool for distinguishing the
sources of observed contamination, and geostatistical methods, i.e.,
Semi-variogram and Ordinary Kriging, were applied to estimate the
spatial distribution of seven heavy metals in topsoil. To understand the
spatial autocorrelations, several theoretical models, such as linear,
exponential, Gaussian and spherical models, were fitted to the semi-
variance functions. The composition and variation in the characteristics
of soil heavy metal elements directly reflect the consequences of soil
development and effects of human activities (Munoz-Barbosa et al.,
2004). To understand the spatial correlation and variability of the seven
heavy metals, a semi-variance analysis was employed, which reflects the
differences between two observed values at different distances (Kelly
et al., 1996). Before spatial analysis and the calculation of variation
function, the normality distribution of the spatial data was tested (Rossi
and Franz, 1992). The semi-variance analysis software GS+ version 9.0
was used to calculate the semi-variance parameters, and the spatial
distribution map of heavy metals was constructed with Surfer software
version 8.0 (Golden software, Inc., United States).

Results and discussion

Concentrations of heavy metals in soil and
grass

The concentrations of As, Cd, Cr, Cu, Co, Ni and Pb in the soil at
different sampling sites and in May and September, as well as their BV,
are shown in Table 1. The mean contents of Cd and Pb in May and
September and the mean contents of As and Cu in May were higher
than their BVs. In particular, the concentrations of Cd and Pb greatly
exceeded their BVs. In May and September, the mean concentrations
of Cd were 0.17mg-kg™" and 0.13 mg-kg™", respectively; and the mean
concentrations of Pb were 52.58 mg-kg™" and 48.51 mg-kg ™', respectively.
The results indicate a serious contamination of Cd and Pb in Zoige
basin. The pollution of soil Pb is mainly produced by emissions of
vehicle exhaust and domestic waste (McClintock, 2012) due to the fact
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that the main anti-knocking agent in Chinese motor fuels was
tetraethyl-lead before 2000. Thus, the pollution of Cd may be related to
road dust (Wang et al., 2007).

In addition, the contents of most heavy metals in May were
generally higher than September, which may be related to the
eluviation and plants absorption in summer (Panichayapichet et al.,
2007). Specifically, the concentrations of As, Cd, Cr, Cu and Pb in
May were 1.46, 1.31, 1.43, 1.56, and 1.08 times the values measured
in September, respectively. On the contrary, the contents of Co and
Ni in May were lower than those in September, which may be related
to the poor absorption of these two elements by meadow plants (Cai
etal., 2010).

The grass concentrations of As, Cd, Cr, Cu, Co, Ni and Pb were
also measured in different sampling months (Table 2), and the heavy
metal contents of grass in May were higher than those in September.
In the Zoige basin, the vegetation is covered by accumulated snow
lasting from October to the coming April. To avoid frost damage,
physiological activities of plants become dormant in the winter.
Probably because of few photosynthetic products and increased
consuming of organic matters in winter, heavy metals were enriched
in the grass and had a relatively higher concentration in May than
September. In addition, the concentration of each heavy metal in
grass was far lower than its content in the soil in two sampling
months, which may be connected with the low enrichment capacity
of vegetation for heavy metals in soil.

10.3389/fevo.2023.1093823

Correlation analysis of heavy metals

A correlation analysis can detect the source similarities between
heavy metal elements (Zou et al., 2015). As displayed in Table 3,
there were significant correlations among the contents of Cd, Cr, Cu,
Co, Ni and Pb in both May and September, with correlation
coefficients between 0.275 and 0.931. In particular, the correlation
coefficients among Cd, Co and Pb were greater than 0.850 and
highly significant, suggesting that the sources of Cd, Co and Pb were
homologous and closely related. However, the concentration of
topsoil As was not significantly correlated with the other heavy
metals, indicating unique sources of As that require further studies.

Risk assessment of heavy metals

We used the Hakanson RI method to evaluate the potentially
ecological risk of seven heavy metals in the topsoil (Table 4).
The RI and E. values for May and September were listed
in the following order: Cd>As>Pb>Cu>Ni>Co>Cr and
Cd>Pb>As>Ni>Cu>Co > Cr, respectively. Further, the E,’ values
for Cd in both months were higher than those of the other metals.
The ecological risk of Cd contamination was moderate, while the risk
levels of other heavy metals contamination were low. In addition,
both RI values for the 2 months were less than 150 (86.604 for May

TABLE 1 Concentrations of heavy metals (mg-kg™) in the topsoil of Zoige basin in May and September.

Metal Month Minimum Maximum Mean+SD Skewness Kurtosis BV

As May 7.18 28.51 11.44+4.208* 2.01 4.60 11.20
September 2.12 38.84 7.82+7.499° 2.46 6.25

Cd May 0.04 0.35 0.17+0.073* 0.38 —0.65 0.097
September 0.03 0.23 0.13+0.045° 0.24 —0.14

Cr May 6.07 85.24 31.21+18.789* 1.02 0.63 61.00
September 3.26 55.53 21.86+10.564% 0.13 0.19

Cu May 11.83 42.70 24.13+7.4674 0.41 —0.58 22.60
September 3.00 37.72 15.44+8.462° 0.73 0.21

Co May 2.53 12.97 7.28 +£2.804* 0.19 -1.07 12.70
September 1.77 12.62 8.57+2.186" —0.14 0.61

Ni May 11.52 38.27 24.03+6.037 0.17 —0.54 26.90
September 5.82 36.20 24.69+5.425 —0.84 1.72

Pb May 6.98 118.75 52.58+31.542 0.35 —0.94 26.00
September 3.99 111.05 48.51£25.072 0.38 —0.28

Different capital letters denote statistically significant differences at the 0.01 level of probability.
TABLE 2 Summary of heavy metal concentrations in grass in May and September (mg-kg™).

Month As Cd Cr Cu Co Ni Pb

Minimum May 0.52 0.00 1.13 1.46 0.02 0.34 0.25
September 0.53 0.00 1.87 2.17 0.08 0.71 0.21

Maximum May 7.91 0.08 11.24 8.17 1.02 5.60 4.25
September 4.24 0.05 8.12 7.58 0.57 6.17 3.94

Mean May 1.75+0.174 0.02+0.00* 5.58+0.344 4.21+0.17 0.35+0.02* 2.07+0.16 2.67+0.04*
September 0.97+0.15% 0.01+0.00" 4.87 +£0.59° 4.02+1.19 0.23+0.02" 1.82+0.18 1.78+0.05"

Different lowercase and capital letters denote statistically significant differences at the 0.05 and 0.01 levels of probability, respectively.
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and 68.606 for September), demonstrating a low ecological risk of
heavy metals in general. However, the level of Cd contamination in
the topsoil deserves attention.

Considering the relatively higher ecological risk of Cd
contamination, we further analyzed the spatial distribution of
topsoil Cd by conducting an ordinary kriging interpolation using
the Cd E! values (Figure 2). The areas with low potential Cd
pollution levels in May and September were mainly located in the
middle and at the mouth of the basin. It is worth noting that the
areas with high EI values were in the Zoige County which is adjacent
to the G213 national highway in the northeast and the S209
provincial highway in the southeast. Thus, we speculate that the
source of Cd pollution may come from human waste and vehicle
emissions on the highway.

Biological absorption of heavy metals

We applied BAC to indicate the ability of grass accumulating heavy
metal from soil (ID’Souza et al., 2013). Higher values of BAC indicate
that the mobility ability of elements from soil to grass is greater. In our
study, the BAC values (%) decreased in the sequence of

TABLE 3 Analysis of the correlation coefficients of heavy metals in topsoil
in May and September.

Metal As Cd Cr Cu Co Ni Pb
May

As 1

Cd 0.168 1

Cr —0.180 | 0.810%* 1

Cu 0.176 0.854%** | 0.772%* 1

Co 0.143 0.924%* | 0.753%* | 0.859%* 1

Ni 0.230 0.708** | 0.452%* | 0.738** | 0.814%** 1

Pb 0.052 0.901%* | 0.900%* | 0.811*%* | 0.888** = 0.569%* 1
September

As 1

Cd 0.142 1

Cr —0.130 | 0.622%%* 1

Cu 0.022 0.452%* 0.275% 1

Co —0.200 | 0.931%*% | 0.600%* | 0.459%%* 1

Ni —0.246 | 0.473%*% | 0.430%%* 0.289* 0.671%* 1

Pb 0.119 0.887*%* | 0.465%* | 0.566** | 0.850%* 0.299* 1

Symbols * and ** denote statistically significant correlations at the 0.05 and 0.01 levels of
probability, respectively.

TABLE 4 The mean E, and Rl values of heavy metals in topsoil samples.

10.3389/fevo.2023.1093823

Cr(0.179) > Cu(0.174) > As(0.153) > Cd(0.118) > Ni(0.086) > Pb(0.051) >
Co(0.048) in May, and sequence of Cu(0.260)>Cr(0.223)>
As(0.124) > Cd(0.077) >Ni(0.074) > Pb(0.037) > Co(0.027) in September.
Overall, the mean BAC values of Cr and Cu were higher than those of
other heavy metals, but all values were lower than 0.5. Therefore, the
heavy metal absorption ability of forages in Zoige basin was low. Besides,
the biological absorption coefficient of heavy metals in May was greater
than September, except for Cr and Cu, and may because May and
September are the beginning and last month of the warm season.

Spatial distribution of heavy metals

Theoretically, different Co/(Co+C) values can represent the
variability in the spatial correlation, in which higher values indicate
that stronger spatial correlation (Bernardi et al., 2016). The Co/
(Co+C) values of Cr, Co, and Pb in May and all of the heavy metals
in September were less than 25%, indicating strong spatial correlation
of heavy metals distributions in topsoil (Table 5). Therefore, the
spatial variation in these heavy metals was mainly affected by
structural factors but not that nomadic overgrazing has a significant
impact on the spatial pattern of heavy metal in meadow soil. In
particular, the Co/(Co + C) values of As, Cd, Cu and Ni in May were
between 25 and 75%, suggesting a moderate spatial correlation and
random factor such as grazing also contribute to the spatial variation
of heavy metals.

The kriging interpolation maps of the seven heavy metal
concentrations are presented in Figure 3. The figure shows that the areas
with high concentrations of As, Cd and Pb (above BV) were larger than
other heavy metals, which verified the above results and indicated that
a potential pollution from these metals may exist. Moreover, it is similar
to the results of the potential ecological risk interpolation (see Figure 2),
the areas with high Pb and Cd concentrations in the topsoil were also
distributed near the G213 and S209 highways.

According to the results of variogram analysis, the spatial
variation of soil As, Cd, Cu and Ni were influenced by random and
structural factors. Therefore, we can confirm that the Cd
contamination partly originates from human activities such as
transportation and livestock farming. The spatial pattern variation
of heavy metal in Zoige basin is related to the overgrazing area in
the warm season. More specifically, livestock mainly affect the
physical structure of meadow soil through grazing and trampling
(Dakhah and Gifford, 1980). At the same time, it affects the
circulation of nutrient substances of the grassland and finally causes
changes in the chemical composition of grassland soil (Haynes and
Williams, 1993). Heavy grazing can lead to a relative increase of soil
organic matter content (Haynes and Williams, 1993). Studies have
shown that plants can transfer more C to the belowground in

g [CEWY As Cd

metal

Toxic factor 10 30 2 5 5 5 5 -
May E, 10.21 52.59 1.024 5.34 2.865 4.465 10.11 86.604

Risk level Low Moderate Low Low Low Low Low Low
September E. 6.98 40.20 0.716 3.415 3.375 4.59 9.33 68.606

Risk level Low Moderate Low Low Low Low Low Low
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FIGURE 2
Spatial distribution of the potential ecological risk of Cd in May (A) and September (B) in the topsoil. (The blue areas indicate lower potential ecological risk;
the yellow area denotes a moderate risk level; and the red area represents considerable risk).

TABLE 5 Results of semi-variance analyses of heavy metal concentrations in topsoil.

Element Nugget (Co) Still (Co+C) Range (R) /km  Co/(Co+C) %
May
As Spherical 5.44 18.04 15.6 30.16 0.129
cd Spherical 0.0022 0.0070 114.6 33.10 0.779
Cr Spherical 3420 337.20 68.1 10.14 0.866
Cu Gaussian 31.60 80.59 125.4 39.21 0.851
Co Spherical 2.50 14.25 178.1 17.54 0.798
Ni Gaussian 24.10 63.76 151.55 37.80 0.818
Pb Spherical 183.00 1143.00 87.4 16.01 0.802
September
As Spherical 6.20 59.30 3.60 10.46 0.000
cd Spherical 0.0002 0.0019 3.60 10.53 0.000
Cr Spherical 9.10 112.00 3.60 8.13 0.000
Cu Spherical 0.10 64.66 8.70 0.15 0.238
Co Spherical 0.30 472 3.60 6.36 0.000
Ni Spherical 1.66 28.85 3.60 5.75 0.000
Pb Spherical 1.00 589.40 3.60 0.17 0.670
response to the reduced forage yields under heavy grazing Conclusion

disturbance (Derner et al., 1997). In addition, livestock trampling
benefits the breakup of litters and mix of litter with soil particles,
contributing to the litter decomposition and transfer of C and
mineral elements into the soil (Naeth et al., 1991). Besides, the
contents of most mineral elements in soil are positively correlated
with soil organic carbon and total nitrogen (Stevenson, 1984;
Rahman et al.,, 1996), suggesting that heavy metal deposition in soil
may be related to the accumulation of soil organic matters.
Therefore, heavy grazing can affect the spatial pattern of heavy
metals via under

the changes of soil organic matters

grazing disturbance.

Frontiers in Ecology and Evolution

In summary, this study showed that there is only a very slightly
heavy metal pollution in the Zoige alpine basin by Cd and Pb
contamination. The potential ecological risk assessment indicated
that the evaluation criteria grade of Cd is moderate which should
be highlighted in further investigation. Furthermore, there is almost
no heavy metals enrichment in the grass, which can provide
evidences that no heavy metal pollution exists in animal husbandry
of this area. The spatial variation in these heavy metals is mainly
affected by structural factors but not by nomadic heavy grazing
by animals.
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FIGURE 3

Spatial distribution of the topsoil heavy metals of As (A,B), Cd (C,D), Cr (E,F), Cu (G,H), Co (1,J), Ni (K,L) and Pb (M,N). (The blue and yellow areas indicate
that the metal concentrations were lower than the background values (BV); the red area denotes concentrations between 1BV and 2BV; the purple areas
indicate concentrations between 2BV and 3BV; and the black area represents concentrations equal to or greater than 38V).
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