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Abstract: The Qarhan Salt Lake has attracted increasing attention due to its significant national
economic status and increased human activity, especially mining. Therefore, a sediment core collected
from the confluence of the Golmud River to the Qarhan Salt Lake was chosen to investigate the
concentrations, pollution levels, and ecological assessment of nine targeted elements (Al, As, Cd,
Cr, Cu, Ni, P, Pb, and Zn). The excess 210Pb activities were calculated and a sedimentation rate of
approximately 0.041 cm/y was estimated. Elements sources were identified, and the results show that
Al, As, Cu, Ni, Pb, and Zn were mainly from natural sources, Cd and P were mainly from human
input, and Cr appeared to have both sources. For Cd and P there was an increasing trend from 1987
and 1975, respectively, coinciding with the Chinese economic reform, Qarhan Salt Lake development
and utilization, and also with the gross domestic product of Haixi State, Qinghai Province. Though
the pollution and ecological assessment showed that there was nil to very low contamination and
ecological risk, which is different from previous assumptions, the obviously increasing trend of Cd
and P in the surface is still a concern. More attention should be paid to Cd and P in the further
development of the Qarhan Salt Lake and the Golmud City.

Keywords: sedimentation rate; enrichment factor; ecological risk; degree of contamination; lead-210 dating

1. Introduction

Estuaries are usually complex environments, which mean that estuarine sediments are usually
from different sources. Both natural sources and anthropogenic sources (usually main contributors),
along with the development of industrialization processes, affect the enrichment of elements in
sediments [1,2]. Due to their accumulation over time, sediment cores are useful archives to reconstruct
environmental changes (e.g., by analyses of major and trace elements, organic contaminant profiles in
undisturbed sediment cores) [3–5] and provide valuable information regarding the impacts of human
activities [6]. Contaminant profiles in well-dated sediment cores represent extremely valuable natural
archives of environmental contamination, from which contaminant sources, history, and cycling may be
determined, and contaminant concentrations in surface sediments may be projected into the future [7].
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Much research in recent years has focused on elements concentrations and their distribution, sources,
and fate in the environment [8–10].

In undisturbed sediment cores, 210Pb dating has frequently been used to study ecosystem
changes during the last 100 years [11].The Constant Sedimentation model (CS) [12], Constant Initial
Concentration (CIC, or named Constant Activity model; CA) [13], Constant Flux (CF, or named Constant
Rate of Supply model; CRS) [12] and Constant Flux Constant Sedimentation model (CFCS) [14] are
commonly used to calculate accumulation rates.

A number of methods have been used to determine elements sources, pollution, and ecological
risk [15–18]. Multivariate statistical approaches (e.g., principal component analysis [PCA], factor analysis
[FA], cluster analysis [CA], and correlation coefficient analysis) have been commonly used [19–21] to
distinguish the natural or artificial origins and apportion natural and anthropogenic fractions. Among
these, PCA/FA and CA are the most common multivariate statistical methods used in environmental
studies [22]. Several methods such as the contamination factor (CF), geo-accumulation index (Igeo),
enrichment factor (EF), pollution load index (PLI), modified degree of contamination (mCd), and
potential ecological risk index (RI) are widely employed to evaluate contamination and ecological risks
of elements in soils and sediments [23,24]. The integrated use of these methods is more appropriate
than a single tool, which may not reflect the true degree of pollution.

Elements contamination in soils [25,26], sediments [27,28], dust [22,29,30], water [31,32], and
plants [33,34] have been widely studied. In addition to their distribution and pollution, attention has
increasingly been given to the ecological and human health risks [26].

The Qarhan Salt Lake in the eastern Qaidam Basin, Qinghai-Tibet Plateau, has an extremely arid
desert climate with mean annual precipitation and evaporation of approximately 24 mm and 3564 mm,
respectively [35]. It is the largest salt lake and largest potash and magnesium deposit production
base in China. The Golmud River is the major supply to the Dabuxun Lake, which is the largest
saline lake in the Qarhan Salt Lake. As the salt lake develops and industrial production increases, the
environment and ecosystems are attracting increased attention. A large amount of work on pollution
and ecological assessment in the Qinghai-Tibet Plateau has been conducted, mainly in the Qinghai
Lake area [5,36]. Previous studies near the Qarhan Salt Lake have mainly focused on soil pollution and
ecological and human health assessment. For example, Wu et al. [26] concluded that there was serious
pollution in soils from the northeastern Qinghai-Tibet Plateau which exerted high potential ecological
and health risks. Li et al. [37] found that the soils in the salt-lake area presented considerable ecological
risks in the northeastern Qinghai-Tibet Plateau. The environmental changes due to industrial mining
activities of the salt lake and urbanization of the Golmud are still not well understood. The objectives
of the present work are to: (i) Evaluate the sedimentation rates around the salt lake; (ii) identify
possible sources of nine targeted potentially toxic elements, and; (iii) evaluate the pollution statuses
and potential ecological risks of potentially toxic elements using the EF, mCd, and RI. The results of
this work are expected to provide necessary guidelines for the further development of environmental
policies and legislation.

2. Materials and Methods

2.1. Sample Collection

In August 2018, a sediment core (36◦54′16” N, 95◦4′41” E) was taken by pressing a 10 cm diameter
PVC pipe from the area in the confluence of the Golmud river and Qarhan Salt Lake, which is the
largest playa in the eastern Qaidam Basin and is mainly influenced by inputs from the Golmud River
(Figure 1). The site was chosen to reconstruct the environmental impact of human activities mainly
characterized by salt lake mining activities, as it was minimally affected by human disturbance.

The 10 cm sediment core was sliced at 0.5 cm intervals, and 20 samples were stored in re-sealable
plastic bags and transferred to the laboratory. Sediment samples were freeze-dried with lyophilizer
and mechanically homogenized. Samples were sieved through 20 mesh, sealed in test tubes, and sent
to the Key Laboratory of the Ministry of Education, Qinghai Normal University, Xining, China for
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measurement of 210Pb activities. Remaining samples were sieved to 200 mesh and sent to the ALS
Chemex (Guangzhou) Co. Ltd. for the concentration analysis of 9 targeted potentially toxic elements
(Al, As, Cd, Cr, Cu, Ni, P, Pb, and Zn).

Figure 1. Location of the sampling site (modified from Du et al. [35]).

2.2. Analyses

2.2.1. Elements and 210Pb

The samples for the analysis of the 9 targeted elemental concentration were digested by
HNO3–HClO4–HF, steamed until nearly dry, diluted by HCl to a constant volume, and analyzed
by inductively coupled plasma-atomic emission spectroscopy (ICP-AES; Agilent VISTA, California,
CA, USA) and inductively coupled plasma mass spectrometry (ICP-MS; Agilent 7700x, California,
CA, USA). The quality was controlled by inserting blank samples, standard samples (GBM908-10,
MRGeo08, OGGeo08, and OREAS-45e) and duplicate samples to maintain both the relative deviation
of precision control and the relative error of accuracy control below 10%.

The spectrum was obtained by a high-purity germanium gamma spectrometer (HPGe-γ; GCW3523,
CANBERRA, Connecticut, CT, USA) and was analyzed by Genie-2000 software. The detection efficiency
of the instrument was obtained by measuring a mixture of the standard mineral powder (RGU-N-3
and RGTh-N-3), seaweed powder with standard 137Cs (IAEA-2012-SAMPLE4), and natural sediments
(Site 14 of the Chongming Dongtan, 31◦30′36” N, 121◦58′12” E), which was made into standard sources
of different heights (5 mm, 10 mm, 20 mm, 30 mm, and 40 mm). The method was validated by
testing the comparison samples of the International Atomic Energy Agency (IAEA), and the results
agreed with the IAEA standard values [38]. Each sample was kept sealed for 22 days and was then
tested for 12-24 h to maintain the relative error below 5%. The total 210Pb was determined through the
peak energy of 46.5 kev, while the supported 210Pb (226Ra) was through the 351.92 kev line of 214Pb in
equilibrium [11]. The activities of excess 210Pb were then calculated by the total 210Pb activity minus the
supported 210Pb activities.

2.2.2. Multivariate Statistical Analysis

The natural occurrence and chemical speciation of the elements can complicate the evaluation
of potentially polluted aquatic sediments [39]. Hence, to identify pollution sources and distinguish
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natural and anthropic contributions, PCA/FA, CA and correlation coefficient analysis by Pearson
correlation coefficients were performed using IBM 25.0 statistical software for windows in this study.

The PCA/FA was widely used to extract a small number of latent factors (principal components,
PCs) when analyzing relationships among the observed variables [40]. Kaiser-Meyer-Olkin (KMO) and
Bartlett’s sphericity tests were performed to examine the suitability of the data for FA [41]. To make the
results more easily interpreted, the varimax normalized rotation of PCA was applied to maximize the
variances of the factor loadings across the variables for each factor [36]. When the varimax normalized
rotation of PCA was performed, each PC score contained information for all of the elements within a
single number, while the loadings showed the relative contribution of each element to that score. To
confirm results, CA is often coupled to PCA/FA to provide groupings of individual parameters and
variables [42] and further classify elements with different sources on the basis of the similarities of
their chemical properties. Therefore, CA was applied to the standardized data by factor scores, and the
Pearson correlation was used as the criterion for the forming of clusters of elements.

2.2.3. Methods for Estimating Pollutant Impact and Ecological Risks

A crucial first step in evaluating the impact of sediment pollution and the level of contamination
affecting a given area was to establish a reference background or baseline sample of known metal
composition [43]. Average crustal values, average continental shale [44], average continental crust [45],
or analyzing comparable local sediment unaffected by anthropogenic activity (e.g., samples from the
area or reach the depth with minimal human disturbance) can be used as reference concentrations.

Elements pollution and ecological assessments were conducted using 3 enrichment indexes:
Environmental factors (EF), modified the degree of contamination (mCd), and potential ecological risk
index (RI); EF is mainly used to quantify anthropogenic influences on elements pollution [46] and is
defined as follows:

EF = (
Ci

x
Rx

)/(
Ci

b
Rb

) (1)

where Ci
x and Ci

b are the measured concentration and background concentration of the element
i in sediments, respectively; Rx and Rb are the measured concentration of the reference element
and background concentration of the reference element in sediments, respectively. According to
Sakan et al. [47]., an EF < 1 indicates no enrichment; 1 ≤ EF < 3 means minor enrichment; 3 ≤ EF < 5 is
moderate enrichment; 5 ≤ EF < 10 is moderately severe enrichment; 10 ≤ EF < 25 is severe enrichment;
25 ≤ EF < 50 is very severe enrichment; and EF ≥ 50 is extremely severe enrichment.

Abrahim [48] presented a modified and generalized form of the Hakanson [16] equation:

mCd =

∑n
i=1

Ci
x

Ci
b

n
(2)

where n refers to the number of analyzed elements. Abrahim and Parker [43] proposed the gradations
as follows: mCd < 1.5 means a nil to very low degree of contamination; 1.5-2 refers to a low degree of
contamination; 2–4 represents a moderate degree of contamination; 4-8 is a high degree of contamination;
8-16 is a very high degree of contamination; 16-32 is an extremely high degree of contamination; and
≥32 shows an ultra-high degree of contamination. The RI [16] was calculated as follows:

RI =
n∑

i=1

Ti
x ×

Ci
x

Ci
b

(3)

where Ti
x is the toxic factor of the ith target element [16]. When RI ≤ 150, it means low potential

ecological risk; 150 < RI ≤ 300 refers to a moderate ecological risk; 300 < RI ≤ 600 represents a
considerable ecological risk, and RI > 600 indicates that there is a very high ecological risk.
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3. Results and Discussion

3.1. Sedimentation Rate

The 226Ra activity (Figure 2), with the mean value of 11.42 Bq/kg in the sediment core, can be
considered to be in a steady state due to its small variation. This means that the excess 210Pb (210Pbex)
activity (Figure 2; ranging from 10.79–30.38 Bq/kg with a median of 20.71 Bq/kg) is expected to decay
exponentially following the radioactive decay law. Therefore the CIC model [11,13] was used to
estimate the sedimentation rate. Unlike the constant rate of the 210Pb supply model, in the CIC model,
it is not necessary to have precise knowledge of the total unsupported 210Pb inventory in the sediment
core [49]. The equation of the CIC model is as follows:

D =
v
λ

lnA0 −
v
λ

lnAt (4)

where v is the sedimentation rate; λ is the decay constant of 210Pb; A0 (Bq/kg) is the initial 210Pbex

activity at the sediment–water interface; At (Bq/kg) is the 210Pbex activity at the depth D (cm). The
absolute value of the slope after linear fitting is 1.3172 (coefficient of determination; R2 = 0.8996) and
the sedimentation rate can be calculated as 0.041 cm/y.

Figure 2. Vertical variation of 226Ra activity and 210Pbex activity with depth in the ZH-4 core.

Determination of the background levels of trace metals in soils and sediments is important for the
proper assessment of the degree of pollution [50]. According to the sedimentation rate calculated in
this study, the core reached the depth with little human disturbance, where, therefore, can be used as
the reference concentration.

3.2. General Features of Elements

The basic statistical parameters for the potentially toxic elements contents are summarized in
Table 1. The concentrations of Al, As, Cd, Cr, Cu, Ni, P, Pb, and Zn in the core ZH4 ranged from
5.05–7.00%, 13.10–21.80 µg/g, 0.06–0.12 µg/g, 34.00–52.00 µg/g, 15.90–27.60 µg/g, 18.90–30.40 µg/g,
580.00–770.00 µg/g, 14.20–19.70 µg/g and 43.00-73.00 µg/g, respectively, with mean concentrations of
5.87%, 6.73 µg/g, 0.09 µg/g, 41.80 µg/g, 21.11 µg/g, 23.82 µg/g, 684 µg/g, 16.85 µg/g, and 56.85 µg/g,
respectively. Therefore, the total elements concentrations followed the decreasing order: P > Al >

Zn > Cr > Ni > Cu > Pb > As > Cd. Similar variation trends were evident for Al, As, Cr, Cu, Ni,
Pb and Zn, which slowly increased until approximately 1963 when they reached peak values and
then decreased until 2018. The coefficients of variance (CV) of Al, As, Cr, Cu, Ni, P, Pb, and Z were
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8.69%, 12.01%, 12.85%, 13.51%, 12.48%, 6.41%, 6.96%, and 12.95%, respectively, which indicated small
variation (CV < 15% [51]); while the CV of Cr (17.37%) indicated moderate variations, denoting a
heterogeneous distribution.

Table 1. The basic statistical parameters of element concentrations in the core ZH4 (n = 20).

Element Mean (µg/g) Range (µg/g) CV (%)

Al 58.7 50.5–70.0 8.69
As 16.73 13.10–21.80 12.01
Cd 0.09 0.06–0.12 17.37
Cr 41.80 34.00–52.00 12.85
Cu 21.61 15.90–27.60 13.51
Ni 23.82 18.90–30.40 12.48
P 684.00 580.00–770.00 6.41

Pb 16.85 14.20–19.70 6.96
Zn 56.85 43.00–73.00 12.95

CV: Coefficient of Variance.

The vertical distributions of the concentrations of Al, As, Cd, Cr, Cu, Ni, P, Pb, and Zn are showed
in Figure 3. The peak value was around 1.75 cm to 2.75 cm, according to the sedimentation rate
calculated above, which showed increasing human or natural metal input in the region from 1950 to
1975, when China was undergoing economic reform and the Qarhan Salt Lake began to be exploited
and mined. Moreover, the peak of Pb coincided with the massive use of Pb as an additive in petrol
from 1950 [52]. The Qarhan Salt Lake had only the potash industry during this period and far away
from the city and other industry areas. Therefore, the anthropogenic Pb source may be related to the
introduction of leaded petrol on transport from the adjacent road.

Figure 3. The vertical distribution of the elements of (a) Al, (b) As, (c) Cd, (d) Cr, (e) Cu, (f) Ni, (g) P,
(h) Pb, and (i) Zn.
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3.3. Multivariate Statistical Analysis

In this study, two PCs could be extracted after varimax rotation, which accounted for 89.798%
of the total variance. The first PC1 showed 59.796% of the total variance, with the eigenvalue of
7.120. The second PC2 showed 30.001% of the total variance, with the eigenvalue of 0.961. The
communalities of variables varied from 0.734 to 0.977. The factor loadings and component plot in
rotated space are shown in Table 2 and Figure 4, respectively. The loading of rotated component >0.70
was considered significant for potentially toxic elements [53,54]. In this study, the PC1 was dominated
with Al, As, Cd, Ni, Pb, and Zn, which relate to the natural sources of Al as a lithophile element, which
was less disturbed by human activities during sedimentary [55]; the PC2 with Cd and P represents
anthropogenic sources. The factor loadings of Cr in PC1 and PC2 were 0.726 and 0.655, indicating
that Cr may be derived from both natural and anthropogenic sources. Cr stability exists in nature
in two valence states, i.e., trivalency and pentavalency. Trivalent chromium is relatively insoluble
and has almost no toxicity and is mainly derived from the weathering of the basin, while pentavalent
chromium, with high solubility and high toxicity, is usually derived from wastewater [56].

Table 2. The factor loadings of components and that after rotated 1.

Element
Component Matrix Rotated Component Matrix

PC1 PC2 PC1 PC2

Al 0.983 −0.106 0.889 0.432
As 0.828 −0.360 0.893 0.135
Cd 0.675 0.528 0.291 0.806
Cr 0.963 0.169 0.726 0.655
Cu 0.974 −0.110 0.884 0.424
Ni 0.973 −0.153 0.905 0.387
P 0.652 0.631 0.216 0.881

Pb 0.906 −0.280 0.917 0.244
Zn 0.971 −0.018 0.832 0.501

1 Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser normalization.

Figure 4. Loading Plots of the two PCs obtained for the data set.

The CA was performed to group the analyzed elements; the dendrogram (Figure 5) showed
two statistically significant clusters. Cluster 1 included Al, As, Cu, Cr, Ni, Pb, and Zn, and Cluster 2
included P and Cd, which was consistent with the PCA/FA.
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Figure 5. Dendrogram showing clustering of the targeted nine potentially toxic elements.

The correlation matrix (Table 3) was calculated for elements in the sediments to establish
relationships among them and determine the common source of elements. Among the nine elements,
Al, a lithogenic element, was considered to be conservative, unreactive, and insoluble under most
sedimentary conditions; hence, its geochemical characteristics could be the main contribution for
the concentration of Al [57], which indicates that Al is controlled mainly by the weathering process,
rather than anthropogenic disturbance. Moreover, Al is mainly derived from alumina-silicates, and
it dominates the carrier phase for absorbed trace elements [58,59]. Significant positive correlations
were found between Al, As, Cu, Ni, Pb, and Zn, which may suggest that these elements originated
from similar sources, or that the occurrence of these metals in the core was controlled by similar
geochemical processes. This suggests that compared to natural sources, anthropogenic sources of
Pb was minor. Further research for the possible source apportionment and contamination history
of Pb can be confirmed by the combination of the stable Pb isotope ratio analysis and 210Pb dating
technology [52,60,61]. Correlations between Cd and Ni, P and Al, and P and Ni were significant at
P < 0.01, while Cd and P had low associations with Pb and As. The results also coincided with that of
CA and PCA, which showed Cd and P had a different (possibly anthropogenic) source than Al, As, Cu,
Ni, Pb, and Zn. Cd is toxic, relatively soluble, and can easily accumulate in aquatic organisms; Cd in
soils is mainly from the use of agricultural phosphate fertilizers [62]. High concentrations of P may be
caused by the increased intensity of human activities (e.g., urban sewage and industrial discharge,
agricultural activities, and tourism) [63].

Table 3. Pearson correlation matrix for the metal concentrations.

Element As Cd Cr Cu Ni P Pb Zn

Al 0.858 ** 0.646 ** 0.925 ** 0.965 ** 0.965 ** 0.542 * 0.911 ** 0.947 **
As 0.425 0.709 ** 0.791 ** 0.844 ** 0.329 0.772 ** 0.774 **
Cd 0.694 ** 0.576 ** 0.561 * 0.579 ** 0.433 0.617 **
Cr 0.935 ** 0.918 ** 0.740 ** 0.807 ** 0.941 **
Cu 0.982 ** 0.562 ** 0.920 ** 0.940 **
Ni 0.541 * 0.910 ** 0.937 **
P 0.439 0.626 **

Pb 0.901 **

** correlation is significant at P < 0.05 (2-tailed), * correlation is significant at P < 0.01 (2-tailed).
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3.4. Pollution and Ecological Assessment

The background concentrations for trace metals can be determined by the core sediment, which
reached unpolluted layers that were deposited prior to the industrial development of the surrounding
area [64]. In this study, we took the mean of the bottom concentrations as the background values and
calculated the EF.

The elements Al, Mn, Fe, Ti, or Ca can generally serve as reference elements for the calculation
of EF values [65]. In this study, Al was used as a reference element to reduce the influence of the
sediment texture on trace element pollution due to its main conservative lithogenic sources [66]. The
values of EF were 0.64–1.43, and the median was 1.08, which shows that there was nil to minor
enrichment in the core. The EF values of Cd and P (EFCd and EFP) should be key considerations for
their anthropogenic origin.

The values of EFCd and EFP changed with time and were showed in Figure 6; the EFP after 1975
and the EFCd after 1987 in the surface layer had increasing tendencies corresponding to the time of
Chinese economic reform and Qarhan Salt Lake development and utilization. Figure 7 shows the
gross domestic product of Haixi state, gross industrial production of Haixi state, and gross industrial
production of Qinghai Salt Lake Industry Group Co., located in the Qarhan Salt Lake, which is the
biggest potash fertilizer industrial production base in China. Clearly, the growing trend of the GDP of
Haixi state (or gross industrial production of Haixi state and gross industrial production of Qinghai Salt
Lake Industry Group Co.) can be seen in recent decades, which imply that industrial manufacturing
and human activities were the principal factors in the inputs of Cd and P.

Figure 6. The values of the environmental factor (EF)Cd and EFP changed with chronology.

The mCd and RI values and statistical parameters are shown in Table 4. The mCd values ranged
from 0.96 to 1.40; as they were all <1.5, this indicates that the sediments all had the status of nil to very
low contamination degree [43]. The RI values in sediments ranged from 51.40 to 83.38 with a median
of 67.63. Based on a RI ranking criterion [17], thus far all the samples exhibited low ecological risk.
Because of river transport and sedimentation, the elemental concentration in the sediments was diluted
compared to that in soils as reported by Wu et al. [26] and Li et al. [37], whose results showed high
potential and considerable ecological and health risks near our research area. Moreover, Wang [68] also
found low ecological risk and increasing trend of RI in the Lake Qinghai, which is in the northeastern
Qinghai-Tibet Plateau, as well as having more anthropogenic disturbances because of tourism. Though
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the contamination degree and ecological risk are low, the rising tendencies of mCd and RI in the surface
layer should also be of concern, which could be attributed to human activity and economic growth.

Figure 7. The gross domestic product of Haixi state, gross industrial production of Haixi state, and
gross industrial production of Qinghai Salt Lake Industry Group Co. [67].

Table 4. The basic statistical parameters of the modified degree of contamination (mCd) and potential
ecological risk index (RI).

Index Min. Max. Median CV (%)

mCd 0.96 1.40 1.13 10.27
RI 51.40 83.38 67.63 12.72

4. Conclusions

The sedimentation rate of the study area was calculated by the CIC model with the result of
0.041 cm/y. The concentrations of Al, As, Cd, Cr, Cu, Ni, P, Pb, and Zn in the core ZH4 ranged from
5.05–7.00%, 13.10–21.80 µg/g, 0.06–0.12 µg/g, 34.00–52.00 µg/g, 15.90–27.60 µg/g, 18.90–30.40 µg/g,
580.00–770.00 µg/g, 14.20–19.70 µg/g, and 43.00–73.00 µg/g, respectively, with mean concentrations
of 5.87%, 6.73 µg/g, 0.09 µg/g, 41.80 µg/g, 21.11 µg/g, 23.82 µg/g, 684 µg/g, 16.85 µg/g, and 56.85 µg/g,
respectively. Through the CA, PCA, and Pearson correlation coefficients analyses, it was determined
that Al, As, Cu, Ni, Pb, and Zn were mainly derived from natural sources, whereas Cd and P were
mainly from anthropogenic input and Cr may have been derived from both sources. The potentially
toxic elements pollution and ecological risk assessment by EF, mCd, and RI showed that there was
no enrichment to minor enrichment, the studied area had the status of nil to very low contamination
degree, and it exhibited a low ecological risk, respectively. The EFCd and EFP showed an increasing
trend in the surface from 1987 and 1975, respectively, which coincided with the time of Chinese
economic reform and the Qarhan Salt Lake development and utilization. In addition, the increasing
trend of the gross domestic product of Haixi state, the gross industrial production of Haixi state, and
the gross industrial production of Qinghai Salt Lake Industry Group Co. proved that the Cd and P
were related to anthropogenic industrial and economic activities. Emphasis should be given to Cd and
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P contamination in further developments, and the data obtained in this study can be used to suggest a
comparison and reference for elements assessments in the future.
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