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Abstract

Given the importance of exploration on current toxic element contamination in dryland soils and its 
health risks for preventing toxic element pollution, this paper studied the Weigan and Kuqa rivers oasis 
in the Xinjiang Uygur autonomous region, China, and investigated 98 plow soil samples of different 
land-use types, to explore the accumulation characteristics of risk element (As) and five heavy metals 
(Cr, Cd, Zn, Pb, Cu) in soils. Specifically, pollution index (Pi), Nemerow composite pollution index 
(Pn), and geo-accumulation index (Igeo) were used to understand the spatial distribution of six elements; 
while correlation, principal component, and cluster analysis to evaluate the health risk. Results show the 
average concentrations (mg·kg-1) of six elements in the cultivated layer: Zn (71.09), Cr (52.24), Cu (24.74), 
Pb (15.57), As (11.67), and Cd (0.15), among which As, Cr, Cd, and Zn were higher than the background 
value of Xinjiang soils by 1.04, 1.06, 1.25, and 1.03 times, respectively. Such pollution mainly troubles 
the eastern and northeastern parts, i.e., around the city of Kuqa, and the pollution indices from large to 
small were Cd, Cr, As, Zn, Cu, and Pb. Besides, despite the absence of non-carcinogenic risk, cancer 
risk is above the acceptable level, with children being the more vulnerable group. The non-carcinogenic 
risk can be largely explained by Zn and the carcinogenic risk by Cr, so the toxic element pollution 
mostly results from the petroleum processing industry and vehicular traffic, followed by input from 
other anthropogenic sources and natural soil formation.
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Introduction

Toxic elements in soils have become an 
environmental concern [1] with the increasingly severe 
pollution caused by booming industrialization and 
excessive anthropogenic activities, such as nonferrous 
metal mining and smelting, industrial activities, 
fertilizer and herbicide applications, wastewater 
irrigation, and vehicular traffic [2]. These persistent 
and complex, metals are difficult to mitigate, and can 
evolve into a global concern for ecosystem and human 
life when accumulating [3, 4]. Besides, those adsorbed 
on the surface of airborne particles and enriched in 
surface soils threaten ecological and human health 
through exposure routes such as oral ingestion, dermal 
absorption, and inhalation [5, 6]. The extensive studies 
in the past 2 decades on the characteristics of soil toxic 
element pollution, spatial and temporal differentiation, 
pollution traceability and risk transmission, ecological 
risk, toxicology, and health effect [7] contribute much 
to the in-depth identification of their risks to human 
and environment, and facilitate the creation and 
maintenance of a greener, safer, and healthier living 
surroundings and natural environment. Such studies 
usually use enrichment factor (EF), pollution index 
(PI), pollution load index (PLI), and geo-accumulation 
index (Igeo) [8-10], and models including chemical 
mass balance (CMB) [11], principal component  
analysis/cluster analysis-multiple linear regression (PCA/
FA-MLR) [12], positive definite matrix factorization 
(PMF), UNMIX [13] isotope ratio, etc. [14]. Besides, 
the health risk assessment, which has been developed 
since the 1980s, quantitatively describes the harm of 
environmental pollution to human health [15]. 

Weigan and Kuqa rivers oasis, the study area, which 
has long engaged in cotton and agricultural production 
using early artificial irrigation, is home to copper, 
medium-and-small coal mines, and several other mining 
sites [16]. It’s proved that industrial activities can release 
toxic elements into the surrounding environment, which, 
in turn, produces certain amount of toxic elements [17-
19]. Accordingly, risk element (As) and heavy metal 
elements (Cr, Cd, Zn, Pb, and Cu) are widely found in 
the cultivated layer of soil in South of Xinjiang because 
of its thriving petrochemical industry and unreasonable 
use of pesticides and fertilizers [20]. What' s worse, such 
elements are highly toxic, car cinogenic and difficult to 
degrade. Once inside human body, the toxic elements in 
high concentration undermine physiological functions, 
biochemical reactions,and human health. To be specific, 
pesticides, insecticides, herbicides, veterinary drugs, 
and human medications contain As, higher exposure to 
which cripples the immune system and cause organ and 
skin diseases [21]; Cr accumulated in the body causes 
skin ulcers and eczema, Liver damage, respiratory 
tract cancer, glomerular necrosis, and pneumonia [22]; 
high exposure to Cd caused by inhaled dustand fumes 
leads to obstructive lung disease and Cd pneumonia 
[23]; Zn is a trace element in the body, both high and 

low level of which incur related diseases [24], because 
the lack of Zn results in skin damage, nervous system 
disorders, and decreased immunity, while too much 
Zn brings about zinc poisoning and symptoms such as 
vomiting and diarrhea [25]. High concentration of Pb 
disrupts normal physiological process and neurological 
development [26]. And Cu explains the chronic toxicit in 
the form of neurological wakness, metabolic disorders, 
cellular carcinogenesis, and brain tissue damage [22]. 
The above demonstrates the practical significance of 
researches on the spatial distribution of toxic elements 
and the health risk assessment in the oasis area of South 
Xinjiang. In reality, the toxic element contamination 
of the soil in this oasis caused by the petrochemical 
industry, transportation, and agricultural activities, and 
the derived health risks, remain unknown. Therefore, 
this paper studies the geological accumulation of the 
risk element (As) and five heavy metals (Cr, Cd, Zn, Pb, 
Cu) there through soil samples collection to clarify the 
status quo of soil toxic element pollution, elucidates the 
contamination degree and the health risk using pollution 
index (Pi), Nemerow Composite Pollution Index (Pn), 
geo-accumulation index (Igeo), and human health risk 
assessment. Meanwhile, the sources of the six elements 
are analyzed based on correlation analysis, principal 
component analysis, and cluster analysis to unveil the 
causes of toxic element pollution in cultivated soils, 
which will provide a scientific basis for the prevention 
and control of toxic element pollution in dryland soil, 
and clarify its importance for ecological cities and 
human health.

Materials and Methods

Study Area

The Weigan and Kuqa rivers oasis in Xinjiang, 
China, located at 39°30′-42°40′N, 81°27′-84°07′E, is 
a fan-shaped plain oasis that consists of Kuqa, Shaya, 
and Xinhe counties in the Aksu region of Xinjiang (Fig. 
1). It is endowed with unique geomorphology featuring 
frequent occurrence of yellow sand; while the elevation 
is from high to low in the order of northern, inner plains, 
and southern desert areas [27]. In terms of climate, an 
arid continental climate dominates, which means a huge 
difference in daily temperature, hot and dry summers, 
cold and dry winters, and lower temperature in the 
north and higher temperature in the south caused by 
topography. Besides, its long distance from the sea 
blocks water vapor, leading to low precipitation and 
rapid evaporation. 

Sample Collection and Prepaparation

In mid to late July 2019, 98 points evenly distributed 
among the Weigan and Kuqa rivers oasis were selected 
according to land-use type. Soil samples were taken 
at the center of each 50 m×50 m sample square in the 
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top soil layer of 0-20 cm, with a soil weight of 500 g 
per sample point. To minimize heterogeneity and 
uncertainty, a plume-shaped sampling method was 
employed, during which gravel and plant roots were 
removed. The samples were sealed in polyethylene 
self-sealing bags, labeled, and transported back to the 
laboratory, which were then dried naturally at room 
temperature, ground with a ball mill, passed through a 
100-mesh- nylon sieve, and stored in a grinding brown 
bottle for later use. All samples were sent to Xinjiang 
Uygur Autonomous Region Institute of Analysis 
and Testing for tests as per relevant specifications. 
Specifically, As was determined by atomic fluorescence 
photometry, Cr, Cd, Zn, and Pb by flame atomic 
absorption spectrophotometry, while Cu by an 
inductively coupled plasma emission spectrometer.  
The element content was determined based on the 
National Soil Standard Reference Material GBW07426 
(GSS-12) and the quality control of duplicate samples, 
which revealed the recoveries of the six elements to be 
within 90%~105% and acceptable.

Assessment Methods

The Pollution Index (Pi) and Nemerow Composite 
Pollution Index (Pn)

This paper takes the background value for Xinjiang 
soil [28] as reference. With one-factor index and 
Nemerow composite pollution index [29], the toxic 

element pollution of a single element and a combination 
of multiple pollutants were evaluated, respectively.  
The formulae are as follows:

iii SCP /=                           (1)

2

22
max iavei

n
PP

P
+

=
                     (2)

In Formula (1), Pi, Ci, and Si respectively refers to 
the single factor pollution index, content value, and 
reference ratio of heavy metal I. In Formula (2), Pn 
stands for the comprehensive pollution index, while 
Pimax and Piave the maximum value of the single factor 
pollution index and the arithmetic mean value of 
multiple single factor pollution indices, respectively. 
Besides, Pi and Pn were graded into 5 levels: <0.7 
suggests non-polluting, 0.7~1.0 alert value, 1.0~2.0 light 
pollution, 2.0~3.0 moderate pollution, while >3.0 heavy 
pollution.

Index of geo-accumulation, Igeo

The Index of Geo-accumulation (Igeo), first 
proposed by Müller (1969) [30], is a frequently adopted 
quantitative approach for studies concerning heavy 
metal accumulation in soil. The formula is:

Fig. 1. Location of the study area and sample collecting points.
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                     (3)

where
 

Igeo represents the ground accumulation 
index for heavy metals; while Ci and  the measured 
content and the reference background value for heavy 
metal I, respectively. In this paper, the Xinjiang soil 
environmental background values were taken as 
reference background values [31]. To eliminate possible 
differences among background values caused by local 
geology (K is generally constant to be 1.5), Igeo pollution 
scale is categorized into 7 levels: ≤0, no pollution;  
0< Igeo ≤1, light pollution; 1< Igeo ≤2, moderate pollution; 
2< Igeo <3, moderate to heavy pollution; 3≤ Igeo <4, heavy 
pollution; 4≤ Igeo <5, heavy to extreme pollution; and Igeo 
≥5, serious pollution.

Health Risk Assessment

The US EPA’s Integrated Risk Information System 
(IRIS) and International Agency for Research on 
Cancer (IARC) validate the harm of trace amounts of 
heavy metals and other carcinogenic risk factors in the 
soil for human health [32]. Among which, US EPA only 
mentions oncogenes slope (SF) values for As, Cr, and 
Cd. Therefore, this paper explores the carcinogenic risk 
of As, Cr, and Cd, which are more toxic, to clarify the 
health risk characterization of children and adults near 
or in contact with the area. Soil toxic elements can enter 
the human body through multiple routes, including 
ingestion, dermal, and inhalation, and humans with 
chemical exposure may suffer from non-carcinogenic or 
carcinogenic risks [33]. The average daily exposure of 
adults and children to the six soil toxic elements under 
the three routes are calculated according to the specific 
formulae below:    

             (4)

                 (5)

    (6)

Where ADDing, ADDinh, and
 

ADDderm
 

refer to 
the average daily exposure to ingestion, inhalation, 
and dermal, respectively (unit: mg·(kg·d)-1); while c 
is the concentration of heavy metals in the sample. 
The parameters like average weight and exposure 
duration are not fixed considering the physiological 
characteristics and behaviors of adults and children. 
Table 1 demonstrates all parameters.

All six elements present chronic non-carcinogenic 
health risks, while As, Cr, and Cd bring carcinogenic 
risks. Non-carcinogenic Risk Quotient (HQ) and Total 
Non-carcinogenic Risk Index (HI) for heavy metals 
were calculated as follows:

                         (7)

   (8)

where ADD denotes the average
 
daily

 
exposure to non-

carcinogenic heavy metal, while RfD (reference dose 
value) the reference dose for exposure pathways to 
non-carcinogenic heavy metals. HQ or HI<1 indicates 
negligible non-carcinogenic health risk from heavy soil 
metals, and HQ or HI>1 supports the presence of such 
risk [37].

Table 1 Health Risk Assessment Parameters.

Parameters Physical Significance Unit
Reference value

References
Adults Children

ED Exposure duration a 24 6 [33]

EF Exposure frequency d/a 350 350 [34]

BW Body weight kg 55.9 15 [35]

AT (Non carcinogenic) Average time d 8760 2190 [34]

AT (Carcinogenic) Average time d 27740 27740 [34]

AF Adherence factor to skin mg/(cm2·d) 0.07 0.20 [33]

REG Daily intake of soil particles mg/d 100 200 [33]

IRH Daily air-breathing volume m3/d 14.5 7.5 [34]

SA Skin surface area exposed cm2/d 4350 1600 [36]

ABS Dermal absorption factor non-dimensional 0.001 0.001 [33]

CF  Internal conversion coefficient kg/mg 1×10-6 1×10-6 [33]

PEF Particle emission factor m3/kg 1.36×109 1.36×109 [33]
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by correlation analysis, principal component analysis, 
and cluster analysis, and the causes of  heavy metal 
pollution there were explored.

Analysis and Spatial Distribution 
of Toxic Elements in the Soil

Table 3, which demonstrates the characteristics 
of the six elements in the cultivated soil, shows their 
average contents (mg·kg-1), that is, As (11.67), Cr 
(52.24), Cd (0.15), Zn (71.09), Pb (15.57), and Cu (24.74), 
among which Zn and Cr account for above 70% of the 
total, while Cd the lowest. Besides, deviation coefficient 
is an index that reveals the distribution pattern of the 
data, and the larger its absolute value, the greater the 
skewness of the distribution pattern [20]. As can be 
seen, the deviation coefficients of these elements were 
1.08 (As), 0.34 (Cr), -0.19 (Cd), -0.41 (Zn), -0.09 (Pb), 
and 0.12 (Cu), with As being the largest. As for Kurtosis 
coefficient, an index that reveals the distribution 
steepness of all values, the larger its absolute value, 
the greater the distribution steepness, and the greater 
the difference between the steepness of the distribution 
and the normal distribution [41]. As shown in Table 3, 
As exhibited the largest Kurtosis coefficient, while Pb 

Potential Carcinogenic Risk Value (CR) and Total 
Carcinogenic Risk Value (TCR) for heavy metals [38]
were determined as follows:

                        (9)

  (10)

where CR represents the carcinogenic risk value of 
a single heavy metal, and SF the carcinogenic risk 
reference slope factor. CR/TCR<10-6 indicates an 
acceptable risk of cancer, 10-6<CR/TCR<10-4 certain 
risk, while 10-4<CR/TCR carcinogenic risk. Table 2 
describes the SF and RfD of the heavy metals.

Results and Analysis

This paper investigated the toxic elements in the 
cultivated soils of the Weigan and Kuqa rivers oasis 
using the single-factor index, Nemero comprehensive 
pollution index, and ground accumulation index, and 
introduced the human health risk evaluation method 
to evaluate the pollution and risk of the heavy metals. 
Besides, the sources of such elements were analyzed 

Table 2. Toxic elements Risk Reference Slope coefficient (SF) and Reference Dose Value (RfD).

Elements
RfD (mg·kg-1·d-1) SF respiratory 

intake Reference
Diet intake Skin intake Respiratory intake

As 3×10-4 1.23×10-4 3.01×10-4 1.50 [39]

Cr 3×10-3 6×10-5 2.86×10-5 42.00 [40]

Cd 1×10-3 1×10-5 1×10-3 7.05 [40]

Zn 0.3 0.06 0.3 — [40]

Pb 3.50×10-3 5.25×10-3 3.52×10-3 — [40]

Cu 4×10-2 1.20×10-2 4×10-2 — [39]

Table 3. Statistical analysis of soil toxic elements in the study area.

Items As Cr Cd Zn Pb Cu

Minimum (mg· kg-1) 4.35 15 0.06 21 9.20 8

Maximum (mg· kg-1) 22.80 86 0.25 105 23.30 42

Average (mg· kg-1) 11.67 52.24 0.15 71.09 15.57 24.74

Standard deviation (mg·kg-1) 2.99 13.31 0.04 15.58 3.10 7.03

Coefficient of variation/% 25.70 25.49 29.69 21.91 19.91 28.41

Skewness 1.08 0.34 -0.19 -0.41 -0.09 0.12

Kurtosis 3.44 0.33 -0.79 0.77 -0.15 0.25

Agricultural land screening value (mg·kg-1) 25 250 0.6 300 170 100

Background value of Xinjiang soil (mg·kg-1) 11.20 49.30 0.12 68.80 19.40 26.70

The agricultural land control value (mg·kg-1) 100 1300 4 — 1000 —
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the smallest. Accordingly, As performed high deviation 
coefficient and Kurtosis coefficient, indicating its high 
content and accumulation in the samples. Meanwhile, 
the deviation coefficient and Kurtosis coefficient of Pb 
are both small, proving its near-normal distribution in 
topsoil, and so do the other four heavy metals. In terms 
of the coefficient of variation (CV), which reflects the 
average variation degree in the heavy metal content at 
various points, a CV value greater than 50% suggests 
the uneven spatial distribution of heavy metal content, 
and the possible existence of point source pollution 
caused by exogenous substances [28]. The CV of these 
elements  from large to small is Cd (29.69), Cu (28.41), 
As (25.70), Cr (25.49), Zn (21.91), and Pb (19.91), ranging 
from 20% to 50%, which validates the relative uniform 
spatial distribution of their contents and their certain 
immunity to external environment.

To elaborate the geospatial distribution of toxic 
elements, the Kriging interpolation method was 
employed to analyze the spatial interpolation of 
toxic elements in the soil, thus obtaining their spatial 
distribution (Fig. 2). According to the results, Cr, Zn, Pb, 
and Cu are found in small amounts in the western and 
southern regions, and in large amounts in the eastern 
and northeastern regions, which can be explained by 
the thriving urbanization in the latter parts, including 
oil processing plants and pollutants discharged by 
related industries, such as waste gas and sewage. As 
and Cd, whose spatial distribution patterns are swayed 
by natural factors including soil parent materials, 
topographic conditions, and hydrology, abound in the 
central and southern regions. Cr and Zn present similar 
spatial distribution patterns, bringing slight pollution 
to most sectors. Specifically, Cr containing pollutants 

Fig. 2. Spatial distribution map of toxic soil elements in the study area.
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from motor vehicles in urban areas undermine the 
soil and shape the spatial distribution [42]. Despite 
the minor accumulation and light contamination of Cr 
and Zn, their average contents are 1.06 and 1.03 times 
the background value of soil in Xinjiang, respectively, 
proving the influence of exogenous pollutants. Cu, 
which is rich in the northeastern and central parts and 
absent in other areas, serves as the least contaminating 
heavy metal in terms of area and level. Therefore, taking 
the soil pollution risk screening value in China as a 
reference, the level of  six element is smaller than their 
respective reference values at all sample sites and exert 
low impact on the ecological environment and human 
health. Instead, some elements outrank compared with 

the soil background value, demonstrating ecological and 
health risks, which highlights the necessity to further 
clarify their pollution characteristics and sources.

Characteristics of Soil Toxic Element pollution

(Fig. 3a) displays the statistical results of Pi and Pn 
in the study area, and (Table 4) depicts the results of 
Pi and Pn with the Xinjiang soil background value as 
a reference. To be specific, the mean values of Pi for 
six elements in descending order of magnitude are Cd 
(1.26), Cr (1.06), As (1.04), Zn (1.03), Cu (0.93), and 
Pb (0.80), which validates the light pollution of As, Cr, 
Cd, and Zn, accounting for 58.16%, 56.12%, 75.51%,  

Fig. 3. The pollution index (Pi) and the geo-accumulation index (Igeo) histograms.

Table 4. Toxic elements single factor index and Nairobi index pollution levels in the study area (n = 98).

Table 5. Pollution level of toxic elements geological accumulation index in the study area (n = 98).

Items
Pi PnAs Cr Cd Zn Pb Cu

Maximum (mg· kg-1) 2.04 1.74 2.08 1.53 1.20 1.57 1.72

Minimum (mg ·kg-1) 0.39 0.30 0.52 0.31 0.47 0.30 1.02

Average (mg· kg-1) 1.04 1.06 1.26 1.03 0.80 0.93 1.40

Pollution degree Light 
pollution 

Light 
pollution

Light 
pollution

Light 
pollution Alert value Alert value Light 

pollution

Items
Igeo

As Cr Cd Zn Pb Cu

Maximum (mg ·kg-1) 0.44 0.22 0.47 0.02 -0.32 0.07

Minimum (mg· kg-1) -1.95 -2.3 -1.54 -2.30 -1.66 -2.32

Average (mg ·kg-1) -0.57 -0.55 -0.33 -0.58 -0.93 -0.76

Pollution degree Unpolluted Unpolluted Unpolluted Unpolluted Unpolluted Unpolluted
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and 59.18% of the total, respectively. (Fig. 3) reveals 
the relatively low pollution of Pb and Cu (accounting 
for 69.39% and 48.98%) compared with the background 
value, which lies in the range of “alert”. Besides, the 
evaluation of Pn supports the light pollution of all 
samples.

According to Fig. 3b) and Table 5, the Igeo indices 
are, in descending order of magnitude, Cd (-0.33),  
Cr (-0.55), As (-0.57), Zn (-0.58), Cu (-0.76), and 
Pb (-0.93), among which the last three preform low 
contamination with 97.96%, 100%, and 97.96% of no 
contamination, respectively. When it comes to Cd, 
Igeo illustrates that 74.49% of sample sites display no 
pollution, while 25.51% light pollution.

Human Health Risk Assessment

(Table 6, 7) elucidate the non-carcinogenic and 
carcinogenic risks for adults and children through health 
risk assessment model. The pathways (HQ) connecting 
soil toxic elements and sufferers are dominated by 
ingestion, followed by dermal and inhalation. Children 
are generally more prone to non-carcinogenic risk than 
adults, which can be attributed to their developing 
organs (consistent with earlier studies) [43, 44], their 
more exposure to soil particles contaminated with toxic 
elements caused by their play areas, unhealthy eating 
habits, and more sensitive reaction to environmental 
pollution [45]. HI shows that the non-carcinogenic 
risks to adults from six elements are in the descending 
order of Zn, Cu, Cr, Pb, As, and Cd, and the same is 
true for children, which exposes the huge threat of 
Zn, Cu, and Cr, calling for more attention and human 
protection measures. On the other hand, HI of the six 
elements are less than 1 for both adults and children, 

which is acceptable. The CR of the six elements for 
adults and children in the descending order is Cr, 
As, and Cd. Among them, As and Cd are within the 
acceptable range, while Cr has some carcinogenic risk, 
which shares the results of [37]. The TCR of adults and 
children deserves more attention and measures from 
relevant departments.

Source Analysis of Toxic Elements in Soil

The Spearman correlation coefficient is adopted 
to analyze the relation between source and migration 
for toxic elements in soil (Fig. 4), which visually 
reflects the closeness between the elements. The 
high correlation (P<0.001) between As, Cr, Zn, and 
Cu indicates a possible homology, which means 
their common anthropogenic and natural sources of 
pollution. In addition, the low correlation between 
As and Cd, combined with no significant correlation 
between Cr and Cd, Zn and Cd, Cu and Cd,  
and Pb and Cr (P>0.05), proves the different sources 
of these heavy metals and Cd. Furthermore, the toxic 
elements are elaborated through principal component 
analysis and cluster analysis to accurately identify their 
sources.

The toxic elements in soil mainly source from 
natural and anthropogenic activities, the former of 
which involves soil-forming parent material, while 
the latter is the mode and intensity of anthropogenic 
disturbance. This paper carried out the principal 
component analysis and cluster analysis for the one 
risk element and five heavy metals, obtaining the KMO  
and Bartlett’s spherical results of 0.781 and 655.490  
(df = 15, p<0.01). In view of the cumulative contribution 
of variance of toxic elements based on maximum 
variance rotation (Table 8), the eigenvalues of the three 

Table 6. Health Risk Assessment of toxic elements in Weigan and Kuqa Rivers Oasis

Elements
Adult

HQing HQinh HQdermal HI CR

Zn 3.59E-04 3.82E-08 2.18E-07 3.59E-04

Pb 9.16E-07 9.83E-11 4.19E-09 9.20E-07

Cu 1.66E-05 1.77E-09 1.52E-08 1.66E-05

As-Non carcinogenic risk 5.88E-08 6.29E-12 7.35E-11 5.89E-08

As-Carcinogenic risk 9.91E-08 9.91E-08

Cr-Non carcinogenic risk 2.63E-06 2.68E-12 1.60E-10 2.63E-06

Cr-Carcinogenic risk 1.24E-05 1.24E-05

Cd-Non carcinogenic risk 2.54E-09 2.71E-13 7.73E-14 2.54E-09

Cd-Carcinogenic risk 6.03E-09 6.03E-09

Total HQing HQinh HQdermal HI TCR

Non carcinogenic risk 3.79E-04 4.01E-08 2.38E-07 3.79E-04

Carcinogenic risk 1.25E-05
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common factors recorded 3.505, 1.135, and 1.053 in 
order, with a cumulative contribution of 94.881%, which 
clarifies most information concerning these metals. The 
variance contribution of the first principal factor (PC1) 
was 58.417%, the highest among the three. Specifically, 
metals such as As, Cr, Zn, and Cu displayed larger 
positive loads of 0.850, 0.957, 0.926, and 0.945, 
respectively, and their significant positive correlation 
(P<0.001) was observed, which confirmed their similar 
spatial patterns. The variance contribution of the second 
principal factor (PC2) was 18.911%, and Pb exhibited 

a positive load of 0.928, indicating its unique spatial 
pattern (Table 9), which supports the findings in Fig. 2. 
The variance contribution of the third principal factor 
(PC3) was 17.554%, and Cd displayed a positive load 
of 0.990 (Table 9). The cluster analysis was performed 
based on the Pearson correlation coefficient of toxic 
elements to decide whether their sources were similar 
to other heavy metals. The six elements are categorized 
into 3 clusters in Fig. 5. As can be seen, cluster 1 
includes Zn, Cu, Cr, and As, cluster 2 contains Pb, and 
cluster 3 contains Cd, which consolidates the findings 
of principal component analysis, and validates the 
common pollution source among metals in the same 
cluster.

Relevant studies show that Zn, Cu, Cr, and As 
mainly come from industrial plants, enter into soil by 
atmospheric deposition, and accumulate gradually [46]. 
In the paper, the small CV of As in the cultivated soil 
exhibits a more even spatial distribution, suggesting 
the limited role of anthropogenic activities. In this way, 
As is concluded to be a natural source element, which 
is largely affected by parent soil-forming material. Zn 
is generally employed in automobile tire lubricant, 
detergents, additives, and antioxidant, which brings Zn-
containing dust into the soil [46]. The northern part of 
the study area is home to oil processing plants, mining, 
and coal resources around Kuqa, which requires toxic 
elements as catalysts for petroleum processing [47]. 
Accordingly, the toxic element pollution in the northeast 
region worsens, and the dust and waste gas from 
activities such as mining, smelting, and electroplating 
accumulate through atmospheric deposition and rain 
leaching, increasing the amount of Zn in the soil [48]. 
According to previous studies, Cr mainly derives 
from metal corrosion and deceleration activities of 
automobiles [40], and accumulates in the surrounding 

Table 7. Health Risk Assessment of toxic elements in Weigan and Kuqa Rivers Oasis.

Elements
Children

HQing HQinh HQdermal HI CR

Zn 2.67E-03 7.37E-08 8.55E-07 2.67E-03

Pb 6.83E-06 1.89E-10 1.64E-08 6.85E-06

Cu 1.24E-04 3.42E-09 5.95E-08 1.24E-04

As-Non carcinogenic risk 4.39E-07 1.21E-11 2.88E-10 4.39E-07

As-Carcinogenic risk 4.77E-08 4.77E-08

Cr-Non carcinogenic risk 1.96E-05 5.16E-12 6.28E-10 1.96E-05

Cr-Carcinogenic risk 5.98E-06 5.98E-06

Cd-Non carcinogenic risk 1.89E-08 5.22E-13 3.03E-13 1.89E-08

Cd-Carcinogenic risk 2.90E-09 2.90E-09

Total HQing HQinh HQdermal HI TCR

Non-carcinogenic risk 2.82E-03 7.73E-08 9.32E-07 2.82E-03

Carcinogenic risk 6.03E-06

Fig. 4. Pearson correlation analysis between elements. 
Note:* indicates statistical signifcance with P≤0.05, **indicates 
statistical signifcance with P≤0.01, ***indicates statistical 
signifcance with P≤0.001
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environment of roads with high traffic density [49]. 
This paper takes mining, smelting, and processing as 
essential sources of Cr in the study area based on its 
load of (PC1). Fig. 2 demonstrates the similar spatial 
distribution of Zn, Cu, and Cr in the study area, with 

a high value in the northeastern part. Therefore, the 
PC1 may be a mixture of industrial and transportation 
sources. The load of (PC2) Pb is 0.928, as previously 
mentioned. Tuerhong et al. [50] considered vehicle 
emissions to be a vital source of Pb in soil, and heavy 

Table 8. Characteristic values and cumulative contribution rates of toxic elements in soil.

Table 9. Principal component factor load of toxic elements in soil.

Element
Initial eigenvalue Extract the sum of the squares of load 

and load Rotational load sum of squares loaded

Eigenvalue Variance
/%

Cumulative 
Variance/%

Characteristic 
value

Variance
/%

Cumulative 
Variance/% Eigenvalue Variance

/%
Cumulative 
Variance/%

1 4.062 67.706 67.706 4.062 67.706 67.706 3.505 58.417 58.417

2 1.086 18.108 85.814 1.086 18.108 85.814 1.135 18.911 77.327

3 0.544 9.067 94.881 0.544 9.067 94.881 1.053 17.554 94.881

4 0.207 3.454 98.335 — — — — — —

5 0.074 1.237 99.572 — — — — — —

6 0.026 0.428 100.000 — — — — — —

Elements 
Component matrix Rotational component matrix

PC1 PC2 PC3 PC1 PC2 PC3

As 0.914 0.047 0.087 0.850 0.297 0.188

Cr 0.910 -0.287 0.165 0.957 0.125 -0.089

Cd 0.202 0.934 0.287 0.039 0.116 0.990

Zn 0.962 -0.063 0.102 0.926 0.269 0.098

Pb 0.691 0.327 -0.642 0.340 0.928 0.141

Cu 0.977 -0.138 0.060 0.945 0.289 0.016

Fig. 5. Analysis of six elements content in the soil.
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vehicles, in particular, give rise to enormous Pb 
emissions into the soil. What’s worth mentioning is that 
most sample sites are in proximity to highways, which 
consolidates the view that the (PC2) Pb mainly derives 
from traffic pollution. The (PC3) Cd also presents a 
larger load despite its high variability. The Pi and Igeo 
are evaluated at light pollution levels and no pollution, 
respectively. The spatial distribution pattern of Cd, 
which is shaped by natural factors covering regional 
soil-forming parent material, topographic conditions, 
and hydrology, reveals high value concentrated in the 
central and southern parts, validating the commanding 
role of soil substrate and anthropogenic activities in its 
sources.

Discussion

Heavy metals in soil enter into the human body 
through diverse pathways and accumulate to the extent 
of excess, posing huge threat to health. In this study, the 
Analysis of six elements content reveals higher average 
value of As, Cr, Cd, and Zn in the cultivated soil than 
the background value of Xinjiang soil (Table 3), as well 
as the lower average value of Pb and Cu, which calls for 
more attention to the first four elements. Oral ingestion 
is the most direct route connecting heavy metals in soil 
and human body, as reported by previous studies [51]. 
Besides, this paper demonstrates That children are more 
vulnerable to health risk and metal exposure than adults, 
which shares the results of related studies [52-54]. It’s 
also confirmed that such higher No-ncarcinogenic risks 
in children can be explained by their lower body weight, 
more outdoor activities, direct dust exposure, high dust 
intake, and lower pollutant tolerance [5].

The Weigan and Kuqa Rivers Oasis, situated in an 
area with industrial system consisting of coal mining, 
petrochemical industry, and oil and gas chemical 
industry, generates plenty of gas waste that enters the 
soil through atmospheric dry and wet deposition, and 
solid waste during landfill and accumulation, owing to 
natural and human factors. The high value of Cr, Zn, 
Pb, and Cu in the cultivated soils is mostly observed in 
the northeastern part of the study area, which mainly 
comes down to the high traffic flow in the center of 
Kuqa, the national and rural roads passing through, 
and industrial emissions. Besides, the high value of Pb, 
Cr, Zn, and Cu in the northwestern part is attributed to 
frequent human activities and transportation. Guo et 
al. have argued that the concentration of Pb, Cu, and 
Zn is influenced by anthropogenic behavior, While that 
of As is almost related to natural sources [56]. Han et 
al. [57]showed that Pb, Zn, and Cu are heavy metal 
pollutants originating from transportation, Pb mainly 
sources from fuel combustion in transportation, vehicle 
engines, and tire friction, while Zn is indispensable in 
automobiles manufacturing. Adimalla et al. [1] reported 
that copper and zinc originate directly or indirectly 
from industrial activities, such as metal processing, 

smelting, and waste incineration. Xiao et al. [58]
demonstrated that Cd is an enriched element in different 
soil-forming parent materials, which is consistent with 
the results of this study. Despite their higher average 
contents than the background values, As, Cr, Cd, and 
Zn lies in light pollution range based on their individual 
ecological risk index calculated by combining the 
ecological and environmental effects of heavy metals. 
Cd is the only one among the six with higher ecological 
risk. In addition, 25.51% soil sample sites are lightly 
contaminated in the paper, which is consistent with 
Zheng et al. [59], who evaluated the heavy metal 
contamination in the soil of polluted irrigation area of 
Linfen section of the Fen River.

Accurate analysis of soil toxic element sources and 
their hazards to human health is of great significance 
for the prevention and control of toxic element pollution 
in dryland soils. In future research, more detailed 
collection and analysis of soil toxic element samples 
under industrial and agricultural production activities 
will be added, and more scientific soil toxic element 
risk evaluation and its source analysis will be applied, 
so as to provide a reference for soil green development 
and human health.

Conclusions

The pollution degree, health risk, and sources of 
six elements in the soil, that is, As, Cr, Cd, Zn, Pb, and 
Cu, are identified in the paper by exploring their spatial 
distribution among 98 soil samples in the Weigan and 
Kuqa Rivers Oasis, Xinjiang. The following conclusions 
are drawn: six elements covering As, Cr, Cd, and Zn, 
whose average values surpassed the background values 
of Xinjiang soil, were lightly polluted, while Cu and 
Pb presented alert pollution with lower average values. 
Among the six elements, chromium should be mostly 
blamed for carcinogenic risk faced by both adults and 
children, followed by Cu and Cr. HI for the six elements 
is less than 1 for both adults and children. In addition, 
the toxic elements that cause the most pollution do not 
necessarily pose the greatest health risk. According to 
health risk assessment, the carcinogenic risks of As 
and Cd are within the acceptable range, while that of 
Cr for children deserves further research. Children are 
more prone to carcinogenic and non-carcinogenic risks 
caused by soil toxic elements, and relevant departments 
with more corresponding measures should notice the 
TCR of adults and children. Among the heavy metals, 
Zn contributes most to non-carcinogenic risk, while 
Cr carcinogenic risk, and the contamination is mainly 
concentrated in the northeast region and associated with 
Cr, Zn, Pb and Cu. Furthermore, through correlation 
analysis, principal component analysis, and cluster 
analysis, the main sources of As, Cr, Zn, Pb and Cu 
in the cultivated soils are identified to be a mixture of 
local industry, traffic, and anthropogenic activities, the 
main source of Pb is traffic pollution, while that of Cd is 
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natural soil-forming parent material and anthropogenic 
activities.
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