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Abstract. In this study, 1165 surface soil samples for heavy metal
analysis were collected in the Yutian County, Xinjiang, China. The factors
that influence the spatial distribution of heavy metal elements in soils in
the study area were analyzed by means of multivariate statistical analysis,
geostatistics, spatial autocorrelation, spatial analysis and GIS technology.
Results show that among 1165 soil samples, three of which had As
contents greater than the risk screening values. The theoretical models for
variation function of Cd and Pb were exponential model, while the
theoretical models for variation function of Hg, As, Cr, Cu, Ni and Zn
were spherical model. Nugget value of Cd was less than 25%, indicated a
relatively strong spatial correlation. Nugget value of other elements ranged
between 25% and 50%, indicated significant spatial correlations. The
spatial autocorrelation Moran's | index of soil heavy metal contents in the
Yutian County was greater than 0. There was a positive spatial correlation
distribution in the county scale. The spatial distribution of soil heavy metal
contents in the Yutian County showed a general decreasing trend from the
center of the study area to surrounding areas. Distribution of soil heavy
metal contents in the Yutian County varied in different parent materials,
soil types and land use patterns. Hg, As, Pb, Cr, Cu, Ni and Zn in soil
derived from the same source, contents of which were affected by soil
texture.

1 Introduction

Heavy metal pollution of soil is one of the major forms of soil pollution, which is also a
hot issue in the environmental science field [1, 2]. Previous studies on soil heavy metal
pollution were mainly focus on source analysis, pollution assessment methods, spatial
distribution and pollution remediation, etc. [3-6] As the classical methods applied to soil
heavy metals spatial distribution, geostatistics and multivariate statistical methods coupled
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with GIS technique have been widely used in spatial distribution, influencing factors and
sources of heavy metals in soils [7-9]. Yutian County in Hotan District in Xinjiang Uygur
Autonomous Region (hereinafter referred to as "Xinjiang") had cultivated area of 335.8
km? and cultivated area per capita of 0.116 hm?, which is one of the key counties of the
national poverty alleviation plan. The county is dominated by couples with animal
husbandry. Many researches on status and spatial distribution of soil heavy metal pollution
in Bosten Lake Basin, Erzis River Basin, Weigan River-Kuqga River Oasis, Boltala River
Lake Basin, farmland in Ebinur Lake River Basin, Ruoqiang County, Wusu City, Kuitun
City, Dushanzi District of Karamay City and farmlands of various regions (prefectures) in
Xinjiang have been carried out at basin scale, county scale and farm scale [10-17].
However, few studies on soil heavy metals in Yutian County, Xinjiang were conducted.
The purpose of this paper is to study spatial distribution and influencing factors of soil
heavy metals in an oasis area in Yutian County, Xinjiang using the geostatistics,
multivariate statistics, and other geochemical tools.

2 Study Area

Yutian County is located in the southern margin of the Taklimakan Desert in the southern
part of Tarim Basin and the north foot of the central Kunlun Mountains (Fig. 1). The study
area, located in the oasis plain in the central part of Yutian County, belongs to the warm
temperate continental arid climate. The study area has an area of 2.42x10% km?, accounting
for 6% of the total area of Yutian County. Soil types are mainly shrubby meadow soil,
brown desert soil and anthropogenic-alluvial soil. Major Quaternary sediments are alluvial
deposits, aeolian deposits and residual deposits. Land utilization types in the study area are
dominated by agricultural planting. Major crops in the study area include wheat, rice,
maize, walnut, red dates, rose, greenhouse vegetables and cistanche.
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Fig. 1. Study area and locations of sampling points.
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3 Material and Method

3.1 Soil Samples Collection and Analysis

In this study, 1165 soil samples were collected in total, 716 of which were collected from
agricultural land and 449 of which were collected from non-agricultural land (Fig.1). The
contents of Cd, Cu, Ni, Zn and Pb were determined by inductively coupled plasma mass
spectroscopy (ICP-MS, X-serise2, Thermo Scientific). The contents of Cr, As and Hg were
measured using atomic fluorescence spectrometry (AFS, AFS-9230, Beijing Jitian). The
detection limits of ICP-MS for Cd, Cu, Ni, Zn and Pb were 0.0034 mg/kg, 0.54mg/kg,
1.24mg/kg, 0.93mg/kg, 0.84mg/kg, respectively. The detection limits of AFS for Cr, As
and Hg were 3.06mg/kg, 0.3mg/kg, 0.0005mg/kg, respectively.

3.2 Data processing

Descriptive statistics and correlation analysis were carried out using SPSS software. Semi-
variation function [18] was calculated using GS+9.0 software. Spatial autocorrelation
analysis [19] of soil heavy metal contents was carried out using GeoDA software. Related
maps and figures were plotted using the ArcGIS 10.4 software.

4 Result and Discussion

4.1 Characteristics of soil heavy metal contents

According to the risk screening values (pH>7.5) in National Soil Environmental Quality -
Risk Control Standards for Soil Contamination in Agricultural Land (GB15618-2018),
average contents of eight soil heavy metals in Yutian County were generally low. Contents
of other elements except for As were lower than the risk screening value. Compared with
local soil background values in Xinjiang, the average contents of the other six soil heavy
metals except Cd and Hg were lower than local soil background values. Average content of
eight soil heavy metals in non-agricultural land were lower than local soil background
values. In agricultural land, average contents of Cd, Hg and Cr were higher than local soil
background values, while the average contents of other heavy metals were lower than local
soil background values [20]. Average contents of soil heavy metals in non-agricultural land
were lower than that in agricultural land. In term of variation coefficient (CV), the contents
of other seven heavy metals showed moderate variability (10%<CV<100%) while Pb
content showed a weak variability (CV<10%).

4.2 Spatial variability of soil heavy metals

Theoretical model used for Cd and Pb variation function was the exponential model, while
that for Hg, As, Cr, Cu, Ni and Zn was the spherical model. Nugget value which can reflect
variability and measurement error of variate on the minimum sampling scale was used to
indicate the spatial variability of soil heavy metals. Nugget value of soil Cd in Yutian
County is less than 25%, indicating a strong spatial correlation and less human disturbance,
which was mainly affected by natural factors [7, 19]. Nugget value of other seven elements
ranged between 25% and 50%, indicating the effect of human activities coupled with
natural factors. The R? of all heavy metal elements in soil were above 0.605 and RSS were
small. The fitting results of theoretical model of variation function of eight soil heavy
metals were reasonable [16] with fitting results of R2>0.605 and RSS>6.24x10°,
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4.3 Spatial autocorrelation analysis of soil heavy metals

Moran's | values of soil heavy metal contents in Yutian County were greater than 0. Soil
heavy metal contents had an overall positive spatial correlation distribution on county scale
in Yutian County. In general, the soils around high heavy metal contents soils had greater
heavy metal contents and vice versa [19]. Local Moran’s I index was used as an indicator
for local spatial autocorrelation[21]. There were two major spatial clusters of soil heavy
metal elements, including high-high pattern and low-low pattern[22]. The high-high spatial
clusters of the soil heavy metal contents (including Cr, Hg, As, Pb, Cr, Cu, Ni and Zn) were
distributed in the central agricultural land in the study area.

4.4 Spatial distribution of soil heavy metals

The spatial distribution of soil heavy metal contents in Yutian County gradually decreased
from the centre to the surrounding areas in the study area. An obvious zonation of soil
heavy metal contents between agricultural land and non-agricultural land was observed.
Taken Hg as an example (Fig. 2), spatial distribution of soil heavy metal contents predicted
by ordinary Kriging interpolation method was basically consistent with local spatial
correlation distribution, indicated that soil heavy metal contents had significant spatial
heterogeneity and spatial correlation at county scale in Yutian County.
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Fig. 2. Spatial distribution of soil Hg contents.

5 Conclusions

In general, soil heavy metal pollution level was relatively low with low soil heavy metal
contents in the central oasis area of Yutian county in Xinjiang. The spatial distribution of
soil heavy metals had showed a positive correlations on the county scale. Overall, it showed
a gradual decrease from the center of the study area to the surrounding area.

The study was funded by the Central Government's fund project of returning two-right payment
""1:250,000 Land Quality Geochemical Survey (S15-1-LQ) in Hotan-Ruogiang Oasis Zone, Xinjiang".
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