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Abstract

:

Due to the unique geographical location and rapid development in the agricultural industry, heavy metals’ risk of soil contamination in the Qaidam Basin is gradually increasing. The following study was conducted to determine the soil heavy metal contents under different types of land use, contamination levels, and the physicochemical properties of soil. Soil samples were collected from facility lands, orchards, farmlands, and grasslands at 0–10 and 10–20 cm soil layers. Heavy metals including copper (Cu), chromium (Cr), nickel (Ni), zinc (Zn), lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg) were analyzed using inductively coupled plasma mass spectrometry and the soil was evaluated with different methods. Overall, the average Cu (25.07 mg/kg), Cr (45.67 mg/kg), Ni (25.56 mg/kg), Zn (71.24 mg/kg), Pb (14.19 mg/kg), Cd (0.17 mg/kg), As (12.54 mg/kg), and Hg (0.05 mg/kg) were lower than the environmental quality standard. However, the Cu, Cr, Ni, and As were highest in farmland, and Zn and Hg were highest in the facility land. The Pb content was highest in orchards, and the Cd content was the same in facility land, orchards, and farmland. Among the different land-use types, the soil heavy metal concentrations decreased in the order of facility land > farmland > grassland > orchards. The pH was alkaline, the content of SOC (soil organic carbon) 15.76 g/kg in grassland, TN (total nitrogen) 1.43 g/kg, and TP (total phosphorus) 0.97 g/kg in facility land showed the highest result. The soil BD (bulk density) had a significant positive correlation with Cu, Cr, Ni, Zn, Pb, Cd, and the TP positively correlated with Cu, Zn, Cd, and Hg. The soil evaluation results of the comprehensive pollution index indicated that the soil was in a clean condition. The index of potential environmental risk indicates that heavy metals are slightly harmful to the soil.






Keywords:


heavy metals; land-use types; physicochemical properties; soil contamination; Qaidam Basin












1. Introduction


As a significant part of the earth, the soil is an essential sink for nutrients and pollutants [1,2]. Soil pollution by heavy metals is a global problem that has recently received a great deal of attention [3,4]. Globally, more than 10 million soil sites are polluted, and more than 50% of these soil sites are contaminated with heavy metals [5]. Heavy metal pollution in soils may result from multiple sources, such as atmospheric deposition, waste disposal, waste incineration, urban effluents, traffic emission, fertilizer application, and the long-term application of wastewater in agriculture [6,7].



Half of the Earth’s surface is occupied by agricultural lands, such as cultivated lands, managed pastures, and permanent crops. The land-use type affects the migration and accumulation of heavy metals in the soil [8,9]. Heavy metals are not naturally degradable and therefore tend to accumulate and turn into more toxic metal compounds that severely affect crop yields and quality [10,11,12,13]. Among the heavy metals, Cd and Pb are notable for their high persistence and toxicity, which are the most significant concerns [14]. In addition, crops such as wheat and corn can contribute to the migration and transformation of heavy metals in the soil due to their enrichment capacity [15,16]. As for grasslands, orchards, enriching plants such as tall fescue, alfalfa, and camphor tree significantly reduce the concentration of Mn, Zn, and Cu in the soil [15]. Thus, land use can directly modify the types of heavy metals and their concentrations in the soil through waste rock or fertilizers containing different elements of heavy metals [17]. Land use has a significant impact on both the chemical and physical properties of soils. By causing physical and chemical changes in soil properties, changes in land use can indirectly make the soil environment more or less favorable for certain types of accumulation and migration. Therefore, if soils are contaminated with heavy metals, it is necessary to find out the relationship between the distribution of heavy metals in soils and different types of land use and to decide the physicochemical properties of soil to mitigate the effects of heavy metal pollution [18,19,20].



The Qaidam Basin is one of the four significant basins in China, located in the northeastern part of Qinghai–Tibetan Plateau, is the highest geographical unit in the world [21]. The Qaidam Basin is also famous for the Chinese wolfberry, called the “goji berry” because the nutrient content of the goji berry in the Qaidam region is higher than that of other regions [22]. Goji berry is a new product (since 2015) that is developing very quickly, has a very high reputation in the industry, and is popular in the international market [23]. The wolfberry production in Qaidam is extensive; with the constant expansion of cultivated areas and the development of science and technology, the brand recognition of the goji berry in Qaidam is moving towards industrialization, integrating seedling breeding, cultivation, harvesting, and sale. However, with the gradual progress of industrialization and human activities, the risk of land-use pollution is constantly expanding, leading to excessive concentrations of heavy metals. The content of heavy metals in soil under different types of land use in the Qaidam Basin has not yet been studied. Analyzing and evaluating the quality of the soil environment of land use types in this province is an urgent problem that needs to be solved now.



Therefore, the objectives of this study were (1) to determine the soil heavy metal contents and assess soil contamination levels in the Qaidam Basin; (2) to clarify the distribution of heavy metals in soil under different types of land use; (3) to study the effect of soil physicochemical properties on heavy metal concentrations.




2. Materials and Methods


2.1. Study Area


The central part of the Qaidam Basin is located in the Qinghai province, in the Tibetan autonomous prefecture of Haixi, which is in relatively low terrain and surrounded by mountains. The basin covers about 120,000 km2, one-fourth of which are salt lakes and playas [21]. The altitude is about 3000 m above sea level, and the average annual temperature is 2–4 °C. Average annual precipitation gradually decreases from southeast to northwest and is generally less than 300 mm [24]. The cities of Delingha, Golmud, and Dulan are the main centers of the agricultural industry in the Qaidam Basin. According to statistics (2017), arable land in these three cities contributed 85.87% of the total arable land area of Haixi prefecture [25]. The Qaidam Basin is a typical arid and semi-arid area with the primary vegetation as grassland [26]. The main soil type of the basin is saline soil, and most areas have a saline phenomenon, making it only suitable for growing shrubs and grasses with high drought tolerance. The soil samples were collected from the facility land, orchard, farmland, and grassland. The facility land is a greenhouse plot with soil samples of various vegetables and berries such as tomatoes, cabbage, strawberries, watermelon, etc. The orchard includes the goji berry (Lycium herbarium L.), a shrub up to 3 m high with pink berries, capable of withstanding large temperature variations. Farmland is used for agriculture with vegetation of green barley, rapeseed, buckwheat, etc. Furthermore, grasslands cover most of the basin area with drought-tolerant meadow vegetation: mostly grasses, sometimes trees and shrubs.




2.2. Soil Sampling and Analysis


Soil collection was conducted in July 2019. Seventy-two soil samples were collected from the three counties of Delingha, Golmud, and Doolan in the Qaidam Basin, three replications each in two soil layers (0–10 and 10–20 cm) under four land use types (facility land, orchards, farmland, and grassland). Soil samples collection adopts the “five-point method”, wherein each plot, ground litter and fine roots were removed, and then soils sampled at the five points were mixed according to soil layers to form one soil sample. The small aluminum cans (31.4 cm3) and a cutting ring were used to collect undisturbed soil to find water content (WC) of the soil and bulk density (BD). Soil drilling was used to take soil samples for soil organic carbon (SOC), total nitrogen (TN) and total phosphorus (TP). The soil sample was put in a plastic bag to determine the content of heavy metals. After that, the fresh soil samples were sent to the laboratory, air-dried at room temperature, and prepared for analysis.



Soil pH was determined by a pH electrode. Soil WC was measured by a drying method [27]. The BD was determined by the cutting ring method [28]. SOC was determined by potassium dichromate volumetric method-external heating method [29]. TN was digested with sulfuric acid-mixed catalyst Kjeldahl [30]. TP was calorimetrically determined by molybdenum blue calorimetry after HClO4-H2SO4 digestion determination [31].



The heavy metal contents including copper (Cu), chromium (Cr), nickel (Ni), zinc (Zn), lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg) in the soil were analyzed using inductively coupled plasma mass spectrometry (ICP-MS). Cu, Cr, Ni, Zn, and Pb were determined by flame atomic absorption spectrophotometry (HJ 491-2019); the detection limits were 1, 4, 3, 1, and 10 mg/kg, respectively. The cadmium was determined by the graphite furnace atomic absorption spectrophotometry method (GB/T 17141-1997), the detection limits were 0.01 mg/kg. The arsenic and mercury were determined with Atomic Fluorescence Photometer (GB/T 22105-2008); the detection limits for As and Hg were 0.01 and 0.002 mg/kg, respectively.




2.3. Pollution Index Methods


In this study, the Single Pollution Index method and the Nemero Comprehensive Pollution Index methods were used to evaluate the level of soil contamination with heavy metals [32]. The “Quality of the soil environment Standard for Monitoring the Risk of Soil Contamination for Agricultural Land” (GB15618-2018) was used as the assessment standard [33].



The Single Pollution Index method evaluates a particular element of heavy metal in the soil. Calculation method:


   P i  =    C i     S i     



(1)




where Pi is the single heavy metal pollution index; Ci is the measured value of heavy metal content, in mg/kg; Si is the soil environmental quality standard. Based on the criteria of the Single Pollution Index method, the pollution level was classified into five levels: Pi ≤ 1 (clean), 1 < Pi ≤ 2 (relatively clean), 2 < Pi ≤ 3 (lightly polluted), 3 < Pi ≤ 4 (moderately polluted), Pi > 5 (heavily polluted).



The Nemero Comprehensive Pollution Index method is a widely used method for assessing the quality of the soil environment and is calculated as follows:


   P N  =    (     P  m e a n       2  +  P  m a x     2   2   )     



(2)




where PN is the comprehensive pollution index; Pmean is the mean value of the single pollution index, and Pmax is the maximum value of single pollution indicators. Based on the criteria of the Nemero Comprehensive Pollution Index method, the pollution level was classified into five levels: I—safe PN ≤ 0.7 (clean); II—warning line 0.7 < PN ≤ 1.0 (relatively clean); III—lightly polluted 1.0 < PN ≤ 2.0 (pollution exceeds the standard); IV—moderate pollution 2.0 < PN ≤ 3.0 (soil and crops are polluted); V—heavy pollution PN > 3.0 (soil and crops are seriously polluted) [34].




2.4. Potential Ecological Risk Index


The Potential Ecological Index Method is a method created by Swedish scientist Hakanson to evaluate heavy metals and their ecological risk [35,36]. This method is a relatively comprehensive synthesis of the content of heavy metals in soil, ecological effects, is also linked to the knowledge related to toxicology, and is able to accurately express the state of the ecological environment contaminated by heavy metals. The calculation formula is as follows:


   E i  =  T i  ×  C i    ÷  C o   



(3)




where Ei is the potential risk factor of a certain heavy metal; Ti is the toxicity factor, generally Zn = 1, Cr = 2, Ni = Pb = Cu = 5, As = 10, Cd = 30, Hg = 40 [34]; Co—standard value for evaluation.


  R I =  ∑   E i   



(4)




where RI is the combined potential ecological risk index of each heavy metal. The potential risk Ei factor of a specific heavy metal was classified into five pollution levels: E < 40 (slight), 40 ≤ E < 80 (medium), 80 ≤ E < 160 (strong), 160 ≤ E < 320 (very strong), and E ≥ 320 (extremely strong). The potential ecological risk index (RI) of each heavy metal was classified into four pollution levels: RI < 150 (slight), 150 ≤ E < 300 (medium), 300 ≤ E < 600 (strong), E ≥ 600 (very strong) [34].




2.5. Statistical Analysis


The results were calculated using Excel and SPSS version 25.0, and Origin 9.0 was used for their analysis. Statistical analysis was performed using SPSS (IBM SPSS Statistics 25.0). Analysis of variance (ANOVA) was performed to determine the effect of treatments on physical and chemical properties at different land use types and soil depths. It was used to evaluate the interaction between heavy metal content in different land-use types and depths. Statistical analysis was performed using Origin 9.0 graphical plotting at different soil depths. Correlation analysis between heavy metal concentrations and physicochemical properties was performed using Origin Pro 2021.





3. Results


3.1. The Characteristics of Soil Heavy Metal Concentrations in the Qaidam Basin


The characteristics of soil heavy metal concentrations in the Qaidam Basin are described in Table 1. The coefficient of variation (CV) shows the degree of relative variability of heavy metal concentrations in all soil samples. If the CV is 0–20%, it indicates low variability; CV 20–50% is considered moderate variability; CV 50–100% is observed as high variability; a CV above 100% is considered exceptionally high variability [37]. The Hg (61%) had a high CV value, which indicated a high variability of the mercury content between all sampling sites in the Qaidam Basin. The degree of variability of the remaining elements Cu, Cr, Ni, Zn, Pb, Cd, As the CV value showed less than 20%, which means low variability. The average concentrations of all heavy metals in the Qaidam Basin were less than the national environmental quality standards for agricultural soils (see: GB15618-2018 of China) [33].




3.2. Heavy Metal Concentrations of Soil under Different Land-Use Types


The heavy metal concentrations of soil under facility land, orchard, farmland, and grassland at depths 0–10 and 10–20 cm soil layers are shown in Figure 1. For different land-use types, the mean concentrations ranged for Cu 21.89–24.89 and 23.67–28.78, for Cr 41.56–56.11 and 37.89–49.33, for Ni 22.89–28.56 and 23.11–28.11, for Zn 60.67–76.22 and 60.44–75.44, for Pb 12.78–15.56 and 12.67–15.22, for Cd 0.15–0.19 and 0.14–0.18, for As 11.06–13.29 and 12.03–13.61, for Hg 0.03–0.09 and 0.02–0.09 mg/kg in two soil layers 0–10 and 10–20 cm, respectively. The average content of many heavy metals has no significant differences between the different types of land use in the two soil layers, with a low level of soil contamination with heavy metals in general. However, the concentration of Hg in facility land was significantly higher than in the other three types of land use by almost two to three times. Among the contents of other heavy metals, Cu, Zn, and Cd concentrations were slightly higher in the facility land compared to the other three types of land use in the 0–10 cm soil layer. The content of Cr and Ni showed slightly higher results, and As in farmland and the content of Pb in the orchard in the soil layer of 0–10 cm. The concentrations of Cu, Cr, Ni, and As were slightly higher in farmland than in the other three types of land use in the lower soil layer of 10–20 cm. A slightly higher result was shown by the content of Zn and Hg in the facility land and the content of Pb in the orchard in the 10–20 cm soil layer. The lowest concentrations of all heavy metals are observed in grassland in two soil layers, 0–10 and 10–20 cm. In general, among the four land-use types, the content of heavy metals is ordered farmland > facility land > orchard > grassland. The concentration of many heavy metals in the top layer of 0–10 cm is higher than in the soil layer of 10–20 cm.




3.3. The Physicochemical Properties of Soils in Different Land-Use Types


Soil physicochemical properties including BD, WC, pH, SOC content, TN, and TP in different land-use types are shown in Table 2. According to Table 1, the BD of the grassland was lower than that of other land-use types at two soil layers of 0–10 and 10–20 cm. Furthermore, the BD of the farmland was the highest at the 10–20 cm soil layer, but there are no significant differences between land-use types at the 0–10 cm soil layers. Soil WC with a mean of 0.2, among the four types of land uses at 0–10 and 10–20 cm soil layers had no significant difference. The pH in all four land-use types was alkaline, with a mean of eight and standard deviation with a mean of 0.32.



According to Table 2, the SOC in the facility land, orchard, farmland, and grassland with a mean content of 11.65, 8.16, 9.38, and 14.18, respectively. Therefore, the SOC in land use decreased in grassland > facility land > farmland > orchard at 0–10 and 10–20 cm soil layers. The TN content of grassland and facility land was higher than the orchard and farmland at two layers. Moreover, TP with a mean content of land use ordered of facility land > farmland and orchard > grassland. As the soil depth increases, the SOC, TN, and TP contents gradually decrease.




3.4. Assessment of Soil Heavy Metals under Different Land-Use Types


The results of the evaluation of the soil Single Pollution Index are shown in Table 3. The maximum value of the Single Pollution Index was 0.502 for arsenic, and the minimum was 0.015 for mercury; hence the values of all eight heavy metals were less than one. The soil samples did not exceed the standard based on the national standard, so the soil in the Qaidam Basin under the four land uses was clean. The results of the assessment of the Comprehensive Pollution Index Nemero are shown in Table 3. Based on the national standard for soil, the value of the Comprehensive Pollution Index is 0.385, which is less than 0.7. Thus, the results show that the soil is at the level of clean condition.



Evaluation of potential ecological risk index results is shown in Table 3. Based on the national standard, the potential ecological risk coefficients Ei of the eight heavy metals are far less than 40, and the potential ecological risk index values RI are far less than 150, indicating that the heavy metals are slightly harmful to the soil.




3.5. Correlation Analysis between Heavy Metal Concentrations and Physicochemical Properties under Different Land-Use Types


To describe the relationship between the concentrations of soil heavy metals and physicochemical properties, the Pearson correlation coefficients were analyzed (Figure 2). According to Figure 2, the various indicators of physicochemical properties, BD had a significantly strong positive correlation with Cd (p < 0.05), Zn (p < 0.01), and TP with Zn (p < 0.05). However, the soil WC with Zn (p < 0.05), Cd (p < 0.05), and TN with Pb (p < 0.05) had a negative correlation. Among the heavy metals, the strong correlation was Zn–Cd (p < 0.01), Cr–Ni (p < 0.05) and Ni–Pb (p < 0.05). Overall, many heavy metals were positively correlated with each other, with the exception of Hg–As.





4. Discussion


4.1. Heavy Metal Concentrations and Soil Contamination in the Qaidam Basin


The concentrations of Cu, Cr, Ni, Zn, Pb, Cd, As, and Hg in soil under different land uses were measured for Qaidam Basin. All eight elements did not exceed the environmental quality standard (see: GB15618-2018 of China) [33]. The content of Cd and As was higher than the other five elements compared to the environmental quality standard. The reason for this is that heavy metal levels can be influenced by fertilizers and pesticides. The widely used pesticides chlorpyrifos, pyridaben, amitraz, hexaconazole, acetamiprid, imidacloprid, and ciromazole contain Cd and As, which can cause excessive levels of these elements. The prevention of excessive Cd and As is the primary concern to ensure the safety of soil environmental quality. In general, the soil environment in the Qaidam Basin is not greatly influenced by humans, and the soil quality is still healthy and safe.



The sources of heavy metal contamination would be different in different land-use types. According to the results of ANOVA of heavy metal concentrations in soil under different land uses, significant differences in Hg, Ni, Cr, and As were observed between different land uses, and there were no significant differences in Cu, Zn, Cd, and Pb. Previous studies have shown that the element content of Cu, Cd, and Zn results from long-term fertilizer and pesticide use [38], which is observed in all land uses in the Qaidam Basin. The Cd enters the environment through uncontrolled burning of coal and garbage and the food chain directly or indirectly from plants or animals [39]. Fertilizer and pesticide use, biological contaminants (sewage sludge), and industrial waste disposal, and atmospheric pollutant depositions increase Cd in the environment. In the research of Jiang Yu, it was shown that long-term use of fertilizers and pesticides can increase the content of heavy metals in agricultural land [38]. Pollution of Zn happens naturally in the soil because it occurs in the atmosphere in a free and joint state and the air, water, and all food products, but anthropogenic additives increase concentrations. These include industrial activities such as mining, coal burning, waste incineration, steel recycling, and the use of liquid manure, composted materials, fertilizers, and pesticides in agriculture [40]. Additionally, mining and metallurgical processes lead to an increase in Pb [41]. Elements that have different contents between land uses are observed. Hg content is the highest in facility land and Ni, Cr, and As content in farmland. The other land use, such as the orchard, grassland is generally less influenced by human inputs, and its heavy metal concentration is relatively low [42]. The reason for this may be the acceleration of people’s demand for heavy metals. The acceleration of industrial behavior harms the cultivation of crops and seriously affects the quality and safety of agricultural products. Although low doses of heavy metals are not a severe threat, crop yields will decrease once the maximum stable dose is exceeded, seriously affecting economic efficiency. Therefore, assessing the quality of the soil environment of land use is an urgent problem that needs to be solved at present.




4.2. Distribution of Heavy Metal Concentrations in Different Land-Use Types


Heavy metal concentrations under facility land, orchard, farmland, and grassland were determined for the Qaidam Basin area. They can have different effects on heavy metal content, so it is extremely important to study the effects of different land use types on heavy metal contamination of soils [17].



According to the study results, the Cu, Cr, Ni, and As concentrations in farmland and the Zn and Hg concentrations in the facility land were the highest. The Pb content was highest in orchards, and the Cd content was the same in facility land, orchards, and farmland. Among the different land-use types, the concentration of heavy metals increased in order: farmland > facility land > orchard > grassland. Anthropogenic disturbances most frequently cause the highest content of heavy metals on facility land and farmlands; also, the use of fertilizers and pesticides is possible in plant growth. Furthermore, in the grasslands, the ecological environment is less exposed to anthropogenic disturbances, which may be an actual reason for the low content of elements of heavy metals. Therefore, changes in land use have a significant effect on the distribution of heavy metals in soils [43].




4.3. Relationship between the Soil Heavy Metal Concentrations and Physicochemical Properties


The correlation of physicochemical properties with each other and with heavy metals is shown in Figure 2. The results of the study indicate that there is a strong relationship between the physicochemical properties and heavy metals. Among soil physicochemical properties, the soil BD is positively correlated with Cd and Zn, meaning they both have the same source of contamination. Zn was also positively correlated with TP, indicating that it was probably derived from phosphate fertilizers. At the same time, Zn and Cd also have strong positive correlation with each other, indicating a similar source, while the soil WC with Zn and Cd has negative correlation. The reason for this may be that climate change with increased temperature and extreme weather events will exacerbate the environmental risk of heavy metals entering soil water due to the enhanced leaching effect [44]. Visser et al. (2012) reported that decreased precipitation and increased temperature caused by climate change will result in reduced leaching of the heavy metals Cd and Zn [45].



Soil pH plays an important role for heavy metals, which is recognized as a key factor regulating the behavior of heavy metals in soil [46]. Harter [47] and many other scientists have reported that soil pH is the main cause affecting heavy metals in soil [48,49,50,51]. Soil pH controls metal availability and affects toxicity, cation mobility, and regulates the solubility of heavy metals in soil [52]. The solubility of metal complexes increases with decreasing soil pH, which shows a negative correlation between Cu, Pb, Cd, and Ni with pH [53]. In the present study, soil pH was negatively correlated with most of the heavy metals studied (Figure 2). This result may be largely due to the fact that the pH value of the soils studied varies within a relatively narrow range 7.99–8.55, similar results are shown by Ganpat L. et al. (2020) [54].



Heavy metal content is also affected by soil nutrients in the soil [53]. Soil nutrients interact with heavy metals through plants and tree roots. For example, relatively high soil nutrient content can contribute to the bioavailability of heavy metals [53]. Therefore, while pH has a significant effect on the adsorption and solubility of heavy metals in soils [55], SOC has a significant effect on the sorption and migration of heavy metals in soils [56]. This suggests that pH and SOC have a relationship and significant negative correlation with heavy metals. Previous studies have also shown that soil properties such as pH, SOC and TN, TP are correlated with heavy metal concentrations in soil [57].



Many of the heavy metals analyzed showed significantly positive correlations with each other, such as Cu–Cr, Ni, Zn, Pb, Cd; Cr–Ni, Pb, As, and Ni–Pb, Zn–Cd, Pb–Cd [58]. The positive correlation between many of the metals indicated that there was a relationship or interaction between these metals in the study area with each other and, on the other hand, they may have similar input sources. In contrast, the negative correlation between Hg and As could be the occurrence of a different causal factor, or a different source of the soil contamination [59].




4.4. Soil Enzymology and Methods to Reduce Heavy Metals in Soil


Soil contamination by heavy metals not only has adverse effects on various parameters related to soil quality and crop yield, but also causes changes in the activity of the microbial community [60], an important role in the vital activity of microorganisms and stabilization of soil structure and quality, organic matter formation and nutrient cycling play enzymes [61]. Soil enzymology is based on the group of enzymes that are contained in the soil [62]. Heavy metals affect the enzymatic activity of the soil and have a toxic effect on the soil biota, changing the microbial community, and reducing the number and activity of soil microorganisms [63]. Enzyme activity can be determined by soil type, structure, amount of organic matter, pH, as well as with the types of crops grown [64].



Thus, based on the results of a study and Pearson correlation analysis, we have identified possible sources of heavy metals. Fertilizer application, especially in agriculture application of phosphorus fertilizers, accompanying nitrogen fertilizers, and pesticides are the main sources, as well as various factors such as climate change, soil erosion, as well as the influence of anthropogenic factors. To reduce the concentration of heavy metals in soil, we can use the following methods: (1) reduce the use of chemical fertilizers by using bio-fertilizers and manure; (2) use biological methods of pest control to reduce the use of pesticides and minimize soil pollution; (3) reduce waste pollution by recycling and reusing materials such as glass, plastic, paper, and cloth; (4) monitor climate factors, plan ahead for environmental risk in the face of future climate change; (5) apply measures to prevent soil and water erosion. In this way, we can reduce the waste and thereby reduce soil contamination with heavy metals.





5. Conclusions


Due to the determination of the Cu, Cr, Ni, Zn, Pb, Cd, As, and Hg content in soils under the different types of land use shown, it was found that the content of heavy metals does not exceed the environmental quality standard for crops. The results of assessing soil contamination by heavy metals and potential environmental risk based on national standards showed that soils in the Qaidam Basin are in a clean condition and heavy metals cause little harm to the soil. According to the study, we argue that more attention should be paid to heavy metal pollution of agricultural land in the Qaidam Basin. The content of Cd, Hg, and As should be monitored to prevent an increase in these elements, especially in facility land and farmland.
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Figure 1. The heavy metal concentrations in soil samples of the different land-use types. Lowercase letters (a–c) indicate significant differences between land-use types at 0–10 and 10–20 cm soil layers. 
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Figure 2. Correlation plot of the soil heavy metal contents with physicochemical properties. * Correlation is significant at the 0.05 level, ** correlation is significant at the 0.01 level. BD—bulk density, WC—water content, SOC—soil organic carbon, TN—total nitrogen, TP—total phosphorus. 
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Table 1. Characteristics of soil heavy metal contents in the Qaidam Basin.
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	Heavy

Metals
	Mean

(mg/kg)
	SD
	Max.

(mg/kg)
	Min.

(mg/kg)
	CV

(%)
	EQS

(mg/kg)





	Cu
	25.07
	1.68
	26.83
	22.78
	7
	100



	Cr
	45.67
	5.53
	52.72
	40.56
	12
	250



	Ni
	25.56
	2.42
	28.33
	23.00
	9
	190



	Zn
	71.24
	7.17
	75.83
	60.56
	10
	300



	Pb
	14.19
	1.37
	15.39
	12.72
	10
	170



	Cd
	0.17
	0.02
	0.18
	0.14
	10
	0.6



	As
	12.54
	0.78
	13.45
	11.55
	6
	25



	Hg
	0.05
	0.03
	0.09
	0.02
	61
	3.4







SD: standard deviation; Max.: maximum value; Min.: minimum value; CV: coefficient of variation; EQS: Environmental quality standard for soils of the Agricultural land (GB 15618-2018).
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Table 2. The soil physicochemical properties in different land-use types.
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	Land-Use Types
	Soil Depth (cm)
	BD

(g/cm3)
	WC

(%)
	pH
	SOC

(g/kg)
	TN

(g/kg)
	TP

(g/kg)





	Facility land
	0–10
	1.35 ± 0.04b
	0.17 ± 0.04a
	7.99 ± 0.31a
	13.52 ± 4.87a
	1.43 ± 0.35a
	0.97 ± 0.10a



	
	10–20
	1.36 ± 0.05b
	0.18 ± 0.02a
	8.09 ± 0.30a
	9.78 ± 1.47ab
	0.95 ± 0.14b
	0.78 ± 0.09a



	Orchard
	0–10
	1.33 ± 0.03b
	0.16 ± 0.04a
	8.43 ± 0.17a
	8.39 ± 1.84a
	0.95 ± 0.13a
	0.75 ± 0.14a



	
	10–20
	1.34 ± 0.06b
	0.16 ± 0.04a
	8.48 ± 0.17a
	7.94 ± 1.80a
	0.86 ± 0.13a
	0.74 ± 0.17a



	Farmland
	0–10
	1.32 ± 0.05b
	0.18 ± 0.04a
	8.35 ± 0.26a
	9.64 ± 2.83a
	0.98 ± 0.23a
	0.79 ± 0.23a



	
	10–20
	1.41 ± 0.03a
	0.18 ± 0.04a
	8.45 ± 0.24a
	9.13 ± 2.76a
	0.93 ± 0.21a
	0.80 ± 0.26a



	Grassland
	0–10
	1.11 ± 0.20b
	0.29 ± 0.21a
	8.64 ± 0.04a
	15.76 ± 2.04a
	1.35 ± 0.68a
	0.32 ± 0.03a



	
	10–20
	1.25 ± 0.10b
	0.28 ± 0.15a
	8.55 ± 0.18a
	12.60 ± 5.13a
	0.97 ± 0.35a
	0.31 ± 0.06a







BD: bulk density; WC: water content; SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorus; mean value ± SD; a,b: significant differences between land-use types at 0–10 and 10–20 cm soil layers.
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Table 3. Evaluation of Pollution Indexes and Potential Ecological Risk Index.
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	Heavy

Metals
	Average

(mg/kg)
	Single Pollution Index (Pi)
	Pi Mean
	Pi Max.
	Comprehensive Pollution Index

(PN)
	Ei
	RI





	Cu
	25.070
	0.251
	
	
	
	1.254
	



	Cr
	45.670
	0.183
	
	
	
	0.365
	



	Ni
	25.560
	0.135
	
	
	
	0.673
	



	Zn
	71.240
	0.237
	0.211
	0.502
	0.385
	0.237
	17.050



	Pb
	14.190
	0.083
	
	
	
	0.417
	



	Cd
	0.170
	0.283
	
	
	
	8.500
	



	As
	12.540
	0.502
	
	
	
	5.016
	



	Hg
	0.050
	0.015
	
	
	
	0.588
	







Pi—Single Pollution Index; max—maximum value; PN—Nemero Comprehensive Pollution Index; Ei—Potential Risk factor of a certain heavy metal; RI—combined Potential Ecological Risk Index.
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