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Abstract
Yongding River is a vital socioeconomic zone in China in providing daily usage for humans, animals, and running of
industries and agriculture. This study first provides a comparative assessment for the heavy metal pollution in the surface
water from 82 estuarine locations along the basin, including the Guanting Reservoir and seven wastewater treatment plants
(WWTPs). The occurrence, distribution, potential sources, and water quality relating to the detected heavy metals were
addressed. Eleven typical elements (Pb, Cr, As, Cd, Sb, Ba, V, Ti, Zn, Ni, and Be) were investigated, and the results showed
that all the measured concentrations were below the WHO guideline limits. Most heavy metals exhibited higher levels in
the middle of Yongding River basin due to the discharge of WWTPs. Pb, Ti, Zn, and Cd in the surface water mainly originated from anthropogenic discharge, while Sb and V were mostly contributed to geogenic sources according to the principal
component analysis. Three documented methods, water quality index (WQI), heavy metal pollution (HPI), and Nemerow
pollution index (Pn) values, were used to evaluate the contamination monitoring of surface water. All the locations were
classified as low and moderate risk except Y12, B2, and Y13 for their Pn values were higher than 1.0. The present study
highlights the status of heavy metals in Yongding River basin which is helpful in providing fundamental data for assessment
of water quality and the effective protection for Yongding River basin in the future.
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Increases in industrialization and expansion of urbanization
have caused pollution (organic chemicals, heavy metals, etc.)
of surface water bodies in China. Nowadays, the problem of
water contamination has become one of the most constraints
on China’s economic and social sustainable development.
Guanting Reservoir, lies on the border between Zhangjiakou and Beijing, is the second largest and significant water
source for agricultural and industrial purposes of these two
cities (Meng et al. 2019). The Yongding River, which is
supplied by the upstream Yanghe River and Sanggan River,
is the main tributary of the Guanting Reservoir and it is also
the major source of industrial water and landscape water
supply for Beijing (Dai et al. 2020; Jiang et al. 2014). It is
known that the Yongding River is a typical river with small
flow and slow flow rate, resulting its poor self-purification
capacity (Zhang et al. 2013). Distinctly, the water quality
of the Yongding River basin not only affects the industrial,
agricultural, and ecological water supplies but also influences the downstream water quality of the Bohai Sea.
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Many studies have paid attention to the environmental
issues here, such as contamination of polycyclic aromatic
hydrocarbons (PAHs), perfluoroalkyl substances (PFASs),
and organo-chlorine pesticides (Huang et al. 2005; Meng
et al. 2019; Xue et al. 2006). Water quality concerning heavy
metals has also been a main issue that draw global attention
since it is related to the human health closely which has
been degraded in recent years (Jiang et al. 2019; Zhang et al.
2020; Zhai et al. 2014). However, pollution of heavy metals
has only been investigated in the surface soils of Guanting
Reservoir (Luo et al. 2007; Xu et al. 2013); there remains
a lack of comprehensive assessment that emphasizes heavy
metal issues is the surface water of Yongding River basin.
Heavy metal pollution can cause serious damage to nervous system and even leading to cancer, deformities, liver
and kidney dysfunction of humans and other animals as
they accumulate (Liu et al. 2017; Lohani et al 2008; Razak,
et al. 2015; Shah et al. 2012; Waseem et al. 2014; Zhai et al.
2014). Surface water, which is part of the hydrosphere layer,
is more exposed to metal contamination than groundwater
as well as more susceptible to it (Tepe 2015). Consequently,
surface water pollution with heavy metals presents a great
threat to human and ecosystem health.
Heavy metals may enter aquatic environment by different
ways, such as discharge of industrial or domestic wastewater,
leaching from landfills, geological erosion, and atmospheric
deposits (Peters et al. 2013; Tang et al. 2014; Zhang et al.
2020). Once entered the river environments, the heavy metals are rapidly diluted and delivered long-distance transport,
and deposited in sediments (Audry et al. 2004; Resongles
et al. 2014; Zhang et al. 2020). Also, they are easily absorbed
by organism and passed to humans through the food chain
(Tepe 2014). As emissions of heavy metals were closely to
the development of urbanization, it is essential to investigate
the source, distribution, and potential risks of heavy metals
in the surface water, which is directly related to the safety of
organism in the basin and even human living surrounding.
Uncovering the relationship is crucial to reveal ecological
drivers for the changes of ecosystem (Gozzard et al. 2011;
Yuan et al. 2020). Therefore, it is especially significant to
understand the situation of heavy metals in the aquatic environment of Yongding River basin.
The present study is expected to help to evaluate the
heavy metal pollution condition and water quality, which
may provide an insight into current pollution status. Herein,
as potential contaminators, the distribution level of heavy
metals was investigated in Yongding River basin. In addition, the possible sources of each element were analyzed
according to principal component analysis. Furthermore, in
order to evaluate the heavy metal contamination status of
Yongding River, the water quality index (WQI), the heavy
metal pollution index (HPI), and the Nemerow pollution
index (Pn) were used. These results will provide fundamental
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data for assessment of water quality and the effective sustainable management and protection for Yongding River
basin in the future.

Materials and methods
Description of the study area
The Yongding River Basin (38.873 – 41.246° N, 111.979
– 117.724° E) spans Inner Mongolia, Shanxi, and Herbei
proviences, Beijing, and Tianjin Municipality, encompassing
a watershed area of approximately 47,100 k m2 (Fig. 1). The
Yongding River is bounded by the Guanting Reservoir and
the Sanggan River (147 km) and the Yanghe River (106 km)
are the two major tributaries in the upper reach (Meng et al.
2019). After confluence, the length of the Yongding River
upstream of the Guanting Reservoir is only 10 km. The
Yongding River finally flows into the Bohai Sea.

Sampling
Sampling was conducted along Yongding River basin in
the Autumn of 2019, including its upstream Yanghe River
and Sanggan River. In total, 82 sampling sites covering five
provinces were shown in Fig. 1, including 17 sampling sites
in Guanting Reservoir, 39 sampling sites along the basin,
and 26 sampling sites in seven waste water treatment plants
(WWTPs) near the Yongding River. Samples from WWTPs
containing effluents of 0 km, 0.5 km, 1 km, and 2 km downstream of each WWTP, marked as (Wx-1, Wx-2, Wx-3, and
Wx-4). The detailed coordinates information of all the sites
are shown in Table S1. The water samples were collected
from left side, middle side, and right side for duplicating of
all sampling sites. The samples were taken 15–20 cm below
the water. 2.5 L polyethylene bottles were used, which were
previously washed with 4% HCl and rinsed with pure water.

Chemicals and equipment
An Agilent 7700X ICP-MS/MS instrument (Agilent Technologies, Japan) was used for all the measurements, which
was equipped with an octupole-based collision/reaction
cell located in-between two quadrupole analyzers. High
purity oxygen (> 99.99%) was used to pressurize the reaction cell and to provide the oxide polyatomic species for
analyte quantification in MS/MS mode. The detailed conditions of operation are shown in Table S2. Ultrapure water
(> 18.2 mΩ cm, Millipore, MA, USA), nitric acid (69%)
were employed to prepare all the solutions. Multi-element
calibration standard solutions (0.5–100 μg/L) of As, Cd, Cr,
Cu, Pb, Zn, Ba, Ti, V, Sb, and Be in 5% H
 NO3. HCl (2%)
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Fig. 1  Sampling points distribution in the Yongding River basin

were used to clean the sample introduction system after calibration step.

Pretreatment
All water samples were filtered through 0.45 μm micropore
membrane and labelled with their locations. After that,
5% H NO 3 was added until pH < 2 in order to prevent
the samples from any contamination and all the samples
were stored at 4 ℃ before analysis. Quality assurance
and quality control in the laboratory were implemented
and included the detailed operation procedures and calibration of the standard. The collection and preservation
of metal samples followed the national standard (GB/T
5750.2‐2006) issued by the National Health Commission of China. A total of eleven elements were measured
with inductively coupled plasma-mass spectrometry. The
method validation and quality control were performed
by ICP Multi-element standard solution VI (Merck, Germany). Spiked and analyzed samples were replicated and
an average of three measurements was calculated. The

recovery rate of metals was controlled between 92 and
114%, and the standard deviations of triplicate samples
were within 8%.

Water pollution assessment
In this study, water quality index (WQI), the heavy metal
pollution index (HPI), and the Nemerow pollution index (Pn)
were used to define the heavy metal contamination status
of Yongding River basin (Giri and Singh 2014; Prasad and
Bose 2001; Ustaoğlu and Aydin 2020). The detailed calculations of all the index are shown in supporting information.

Multivariate statistical analysis
Principal component analysis (PCA) is a powerful tool for
underlying factors or variables from a large data set, which
has been widely applied in water quality analysis by many
studies (Bengraïne and Marhaba 2003; Simeonov et al.
2003). Eigenvalues and Eigenvectors were extracted from
the covariance matrix of the original variables in PCA
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technique. The principal components (PC) provide information on the most meaningful parameters that describe
the whole dataset while affording data reduction with a
minimum loss of original information (Sharma 1996; Vega
et al. 1998). Finally, PCs with eigenvalue higher than 1 were
retained (Singh et al. 2004). Pearson’s correlation matrix
was also implemented to demonstrate the correlations of
each metal. The programs IBM SPSS Statistics 22.0 and
Microsoft Excel 2016 were applied in the analysis.

Results
Heavy metals in the surface water
Guanting Reservoir
Table 1 shows the statistical data including ranges of concentration, mean values of heavy metals in Guanting Reservoir. The waters at all sampling sites exhibited alkaline with
pH values ranging from 9.03–9.25. The mean concentrations
of measured heavy metals followed the order of Ba > Zn >
Ti > Ni > V > As > Sb > Cd > Pb > Cr > Be. The coefficient
of variation (CV) is the percentage of the standard deviation relative to the average value of each element, which
represents the degree of dispersion of the elements among
the samples (Zhang et al. 2020). Generally, the degree of
variation can be divided into three levels: weak variation
(CV < 10%), moderate variation (10% ≤ CV ≤ 100%) and
strong variation with CV > 100%. As shown in Table 1, Cd,
Cr, Be, and Zn have coefficients higher 100% means the
strong variability and the rest of the elements exhibiting a
moderate variation. The results of the spatial distribution
analysis of elements in Guanting Reservoir are provided in
Fig. 2. It is clearly that most elements showed higher pollution in the middle of reservoir, indicating that the elements

Table 1  Heavy metals in the
surface water of Guanting
Reservoir
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concentrated in the middle region of reservoir, especially for
Zn, Cd, Sb, and Pb.
Yongding River basin
The concentration of eleven elements in water samples
from the studied sites was presented in Table S2, Fig. 3, and
Fig. S1. Cd, Cr, Be, Sb, and Zn had CVs higher than 100%,
indicating high variation for these heavy metals, while the
others were in moderate variation in Yongding River basin
(Table S2). The spatial distributions of As, Cd, Cr, and Pb
are shown in Fig. 3, and the others are shown in Fig. S1. It is
apparent that As makes more contribution of pollution here,
with an average concentration of 5.11 μg/L. This value is
within the range (0.1–9.5 μg/L) of estimated global concentration of As in river water (Gaillardet et al. 2005), which is
lower than the upper limit (10 μg/L) given by WHO standards. The average concentration of Ba is 87.96 μg/L, which
is the highest among all the heavy metals. Ba is reported
occurred naturally in trace amounts in most surface water
and groundwater.
WWTPs
Heavy metals in discharge of seven WWTPs were investigated across the Yongding River Basin; the results of four
WWTPs (W2, W4, W5, and W6) and sampling sites downstream were shown in Fig. 4. Ba was the dominant element
in all effluent samples and the highest concentration was
detected as high as 10,500 μg/L in the samples collected
2 km down from W6 ( W6-4). Cd and Be were only detected
in W1-4, which was 2 km down from W1, meaning that
WWTPs were not the only origin for these two metals in
Yongding River. Also, elements such as Ba in W6 and Zn in
W5 showed an increase tendency in the samples downstream
WWTPs.

Heavy metal
(μg/L)

Mean

Standard deviation

Range

Minimum

Maximum

CV(%)

Cd
Pb
Cr
As
Ni
Be
Sb
V
Ti
Zn
Ba

0.75
0.63
0.35
2.98
3.24
0.01
2.49
3.01
33.13
56.67
72.32

1.65
0.53
0.40
1.19
1.20
0.02
0.57
1.50
13.79
140.91
26.01

5.00
2.09
1.48
5.06
4.89
0.05
1.90
4.93
55.29
591.81
95.38

0.00
0.00
0.00
0.54
1.01
0.00
1.48
0.47
13.65
0.00
23.22

5.00
2.09
1.48
5.60
5.89
0.05
3.38
5.40
68.94
591.81
118.60

220.11
83.86
115.16
39.88
37.12
141.62
22.96
50.02
41.61
248.66
35.96
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Fig.2  Spatial distribution characteristics of heavy metals in Guanting Reservoir (μg/L)

Source identification of the heavy metals

Heavy metal pollution index

Relationship between concentrations of metals was investigated using Pearson correlation coefficients (Table S3).
According to the results, Cd is closely related to Pb, Ni,
Ti, and Zn (P < 0.01); Pb is closely related to Ti and Zn
(P < 0.01), which might suggest a common origin for these
elements. However, the divergent results showed that the
significant correlation was not always correlated with the
common sources; thus, the single correlation is not enough
for the metal source identification.
Inter-element correlation was investigated based on the
data from Guanting Reservoir and Yongding River basin and
the results of PCA are obtained (shown in Table 2). Here,
PCA analysis was adopted to explain the data of all the elements and to figure out the group of metals that have an
identical origin. The number of significant principal components is selected based on the criterion of Kaiser with
Eigenvalue higher than 1 (Kaiser 1960). After varimax rotation, four principal components for each were retained for
their Eigenvalue value high than 1, in which 84.33% and
71.58% of the total variance were justified respectively. The
four components were related to the sources of the elements,
the metal concentration in the surface water of the study
area can be attributed to both geological and anthropogenic
sources.

WQI, HPI, and Pn were used to define the heavy metal contamination status of Yongding River basin. Elements including As, Pb, Cr, Cd, Zn, Ni, Ba, Sb, Na, nitrate, and pH were
taken into consideration in view of WQI and the results were
shown in Fig. 5 and Fig. S2. WQI values in the Guanting
Reservoir ranged from 11.16 to 41.63. Based on the results,
except for L10, all the sample water belongs to “excellent”
class of drinking water quality, indicating that the water in
Guanting Reservoir is in good quality (Xiao et al. 2019).
Water quality of reservoirs is related to the contamination
sources which they interact. WQI values of Yongding River
basin were found to be between 10.24 and 42.15 (Fig. 5). In
addition, in terms of heavy metals, HPI was used to evaluate
the general contamination status of the water in Guanting
and Yongding River. Elements including As, Pb, Cr, Cd,
Zn, Ni, Ba, Sb, V, and Ti were taken into consideration. The
results were depicted in Fig. S2 and Fig. 5; the HPI value
ranges for the surface water of the Yongding River basin
and Guanting Reservoir were 6.17–41.63 and 4.07–58.40,
respectively. Nemerow pollution index provides the individual information of contamination degree taking the
standard value into consideration, together with the focus
on main contaminators (Duncan et al. 2018). In our study,
Pn values of Guanting Reservoir ranged from 0.22 to 0.73;
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Fig. 3  Distribution characteristics of heavy metals (As, Cd, Cr, and Pb) in Yongding River Basin (μg/L)
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Table 2  Heavy metal loading values on significant principal components in Guanting Reservoir and Yongding River basin
Element

PC1

PC2

PC3

PC4

Cd
Pb
Cr
As
Ni
Be
Sb
V
Ti
Zn
Ba
Eigenvalues
% total variance
Cumulative variance
Pb
Cr
As
Ni
Be
Sb
V
Ti
Zn
Ba
Eigenvalues
% total variance
Cumulative variance

0.930
0.843
0.409
− 0.303
0.888
− 0.356
0.353
− 0.325
0.900
0.903
0.607
4.974
45.21
45.21
0.752
0.617
− 0.610
0.671
0.689
0.307
0.196
0.745
0.048
− 0.195
2.972
29.73
29.73

− 0.244
0.362
0.029
0.228
− 0.042
0.042
0.771
0.818
− 0.269
− 0.081
0.560
1.903
17.30
62.52
0.075
− 0.412
0.242
− 0.012
− 0.350
0.825
− 0.401
0.525
0.568
− 0.014
1.796
17.96
47.69

0.168
− 0.009
− 0.464
0.678
− 0.084
0.650
0.074
− 0.346
0.103
0.187
0.252
1.366
12.42
74.94
0.181
− 0.225
0.553
0.135
0.315
0.024
0.737
− 0.132
0.387
0.205
1.259
12.59
60.28

− 0.068
0.171
0.744
0.297
− 0.075
0.258
0.260
− 0.206
− 0.071
0.021
− 0.413
1.034
9.40
84.34
0.028
0.130
0.053
0.043
0.025
0.200
− 0.113
0.053
− 0.312
0.915
1.014
10.14
70.42

all the values are lower than the limit point, indicating that
the water here is not making up general contamination load.
Pn values of the whole Yongding River basin ranged from
0.11 to 2.57, and the average Pn value is 0.48.

Discussions
Distribution of the heavy metals in the surface
water in Yongding River basin
All the measured concentrations of elements are lower than
the guideline limits recorded by WHO. The concentration
of Cd in L11 was nearly 5.0 μg/L. It has been reported that
Cd contamination in surface soils around Guanting Reservoir was heavy for the concentrations exceeded the reference
value which may cause serious ecological effects (Luo et al.
2007), and this situation may be caused by the industrial and
agricultural pollution nearby. It was reported that elements
like Cr, Ni, Cu, Fe, Zn, and Co are biological important,

while elements including As, Cd, and Pb are toxic in humans
even in low concentration (WHO 2017). In the year of 2007,
Guanting Reservoir was restored to be water source for Beijing’s emergency water due to sustainable governance and
protection (Meng et al. 2019); thus, knowing the status of
heavy metals here is essential. The reason that Ba and Zn
are at relatively high levels in this area maybe because of the
widespread use of fertilizers and metal-based pesticides in
agriculture (Luo et al. 2007).
The total concentration of Ba in the river waters of the
world ranged from 4 to 73 μg/L (Gaillardet et al. 2005). The
maximum acceptable limits for Ba in drinking water are 2.0
and 0.7 mg/L given by USEPA and WHO, respectively. In
this study, none of the measured levels of Ba exceeded the
USEPA and WHO limits. The distribution of Pb, Cr, Sb, V,
Ti, and Be in the middle basin was significantly higher than
those in the upstream and downstream. The mean concentrations of As and Ba in the downstream were markedly higher
than that in the upstream and middle region. Additionally,
the concentration of Zn showed a decrease tendency in the
whole basin. Moreover, not surprisingly, the concentrations
of Pb, Cr, Sb, V, and Ti in the middle region were higher
than those in the upstream area, implying that the estuarine
area experienced strong anthropogenic effects. Seven waste
water treatment plants were in the surroundings nearby,
whose effluents were totally released to the middle region
of the Yongding River basin (Shown in Fig. 1).
As effluents from all WWTPs went into Yongding River,
together with the heavy metals from runoff or other small
factories, concentration of elements may increase downstream. As mentioned above, elements including Pb, Cr, Sb,
V, and Ti showed higher pollution in the middle region than
those in the upstream area, implying that the estuarine area
experienced strong anthropogenic effects. The concentration
of As in W2 decreased downstream first, then increased at
2 km where flow into Yongding River. The main elements
identified in the water samples of Guanting Reservoir and
Yongding River were consistent with that from WWTPs.
Therefore, it was speculated that effluents from WWTPs
are a major source of heavy metals to the Yongding River
basin, particularly from W6 and W4. In addition, these seven
WWTPs are only small part of the WWTPs that are releasing waste waters into the river; thus, effluents from WWTPs
cannot be ignored for the future research of heavy metals in
this basin.
Here, the average concentration of heavy metals in the
surface water was used as an indicator of the central tendency for the comparation with other rivers domestic and
overseas (Table 3). Highly variation was presented with different locations and periods, and the level of As in Yongding
River was generally higher than those overseas, which is
lower than most of the rivers domestically except Nanming
River (Yuan et al. 2020). Pb in Yongding River is relatively
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Fig. 5  Heavy metal pollution index of Yongding River basin, a WQI, b HPI, and c Pn

Table 3  Variation in heavy
metal concentration (μg/L) of
different rivers across the world

Location

Cr

Ni

Cu

Zn

As

Cd

Pb

Reference

Yongding River basin
Xiangjiang River
Nanming River
Yangtze River
Han River
Pearl River
Coruh River, Turkey
Pardo River, Brazil
Upper Ganga River, India
Drinking water quality, WHO

0.24
2.37
n.d
8.90
8.14
2.8
0.7
0.8
33.0
50

2.56
n.d
1.52
3.69
1.71
n.d
6.9
5.7
n.d
-

n.d
4.35
2.92
8.40
13.4
n.d
92.7
2.6
n.d
2000

7.65
49.67
1.98
18.8
n.d
n.d
76.0
12.0
289.0
-

5.11
5.82
0.94
7.04
14.2
n.d
n.d
1.7
n.d
10

n.d
0.22
0.006
0.28
2.31
n.d
0.75
0.4
n.d
3

0.33
1.81
0.026
6.40
9.26
29.1
14.0
3.0
5.0
10

This study
Jiang et al. 2019
Yuan et al. 2020
Wang et al. 2011
Li and Zhang 2010
Cheng et al. 2003
Bilgin and Konanç 2016
Alves et al. 2014
Prasad et al. 2020
WHO 2017

n.d. not detected.
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lower than that in other rivers shown in Table 3. In general,
therefore, these results revealed that anthropogenic activities
affect the water quality in the rivers significantly.

Source identification of the heavy metals
in Yongding River basin
The first component (PC1) contributed 45.21% of the total
variance, which comprises Cd, Pb, Ti, and Zn with high
loadings. This is consistent with Pearson’s correlation
results. In Yongding River basin, PC1 contributed 29.73%
of total variance with Pb, Ti, Zn has high loadings, which
is similar to the results of Guanting Reservoir. This factor
seems to be associated to anthropogenic sources. According
to the relationships, Zn concentrations are correlated with
those of Cd, and this may be due to the application of phosphate fertilizer in agriculture along Yongding River basin.
It has been reported that high concentrations of Cd and Zn
were detected in phosphate deposits (Nan et al. 2002). In
addition, Xu and co-workers (Xu et al. 2013) have reported
that the levels of Zn in the soils of Guanting Reservoir watershed exceeded the corresponding reference values, which
may be related to the level of Zn in water. Zn is also known
to be released from coal and fuel combustion, iron and steel
production (Nriagu and Pacyna 1988). This suggests that
both natural factors and anthropogenic factors affected the
concentration of Zn in surface water of Guanting Reservoir.
Likewise, PC2 has significant loading for V, Sb in Guanting Reservoir and Sb in Yongding River basin, which can
be possibly be associated with geological sources (Giri and
Singh 2019). In addition, the heavy metals in water environments can also resulting from their release of sediments (Luo
et al. 2007). The PC3 has high loadings for As, Be in Guanting Reservoir and As, V in Yongding River basin; this can
be related to the anthropogenic sources and natural sources.
Previous study has reported that natural source containing
rock is likely to be the source of As in soils of Guanting Reservoir. However, there were 30 enterprises releasing wastewater containing As into the upstream of Yongding River
in 1973 (Luo et al. 2007). Here, the average concentration
of As in effluents of seven WWTPs is 6.1 μg/L, which is
higher than the average level of Yongding River (5.1 μg/L).
Although rapid self-purification for As is happening around
the mouth of drainage, wastewater is still responsible for As
pollution in Guanting Reservoir and Yongding River basin.
PC4 showed different presence which only has a high
loading for Cr in Guanting Reservoir and Ba in Yongdng
River basin. Wastewater drainage of Cr in the sampling sites
was relatively small compared to other metals, and none of
the concentrations exceeded the National Discharge Standards of Wastewater (GB 18,918–2002). In addition, the concentrations of Cr in two predominant rock types (58.3 and
46.8 mg/kg) in the watershed of Guanting Reservoir were

higher than the reference value (31.3 mg/kg). Thus, the pollution of Cr is due to the natural weathering of rocks, which
is consistent of the study of Luo et al. (2007). Ba is present
in fuel additives and fillers, which is used in the brake linings and tyres of vehicles (Kennedy and Gadd 2000).

Assessment of heavy metal pollution in Yongding
River basin
The calculated index values of WQI and HPI indicate that, in
general, the surface water in Yongding River basin is classed
as medium level with respect to heavy metal pollution. As
similar studies in the literature, WQI values of some rivers
in Himalayan were calculated as 37.23, 30.93, and 66.31,
respectively. WQI values for Aksu River in Turkey differentiated between 35.6 and 337.5 (undrinkable), possibly
due to explosion of city’s half waste, agricultural runoff at
several points and industrial discharge (Tepe 2015). This
average HPI values are less than the critical value of 100
as proposed by Prasad and Bose (2001). However, the HPI
values of Y12 and Y13 are relative higher than that of the
other sampling sites, where Sb makes the most contribution
with concentration higher than the standard value, so it can
be inferred that the composite influence of all the considered metals on the overall quality of the water is alarming
owing to the industrial activities near some locations that
can be visualized while evaluating the HPI for each location.
Among all the locations, only three of them (Y12, B2, Y13)
were classed as high level (Pn > 1) and it was confirmed that
only Sb has an effect on heavy metal load of the river basin.
China accounts for nearly 80% of the world’s primary production of Sb. Therefore, it may be suggested that metal
pollution in Yongding River is seriously affected by human
acts (Zhang et al. 2018), which needs to pay more attention
to this problem here.

Conclusion
In this study, we explored the spatial distributions, possible
sources and water quality assessment of heavy metals in the
surface water of the Yongding River basin. Elements of Ti,
Zn, and Ba were found as dominant group of the basin and
three elements (As, Ba, and Be) exhibited higher pollution
in the central part of the reservoir area. Discharge of heavy
metals from WWTPs resulting their higher concentration
in the downstream of Yongding River. PCA showed that
Pb, Ti, Zn, and Cd mainly originated from anthropogenic
discharge, while Sb and V were mostly contributed to geogenic sources. Accepted contamination level of heavy metal
according to the calculated Pn, WQI, and HPI values. As a
result of the examinations, it can be said that water quality of
the rivers is in good condition for now in terms of the heavy
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metal content. Nevertheless, it is undeniable that the river is
under anthropogenic pressure with human activities. Consequently, strict management actions still need to be considered to protect the ecological sustainability of this basin.
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