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The river environment is complex and receives a variety of contaminants from numerous
sources that are persistent, bioaccumulative, and toxic. The distribution, source,
contamination, and ecological risk status of Zn, Pb, Cu, Ni, Cr, and Cd were evaluated
in the surface sediments at 45 sites on the Moyang and Jian rivers in Western Guangdong,
China. Single pollution indices, including contamination factor (CF) and enrichment factor
(EF), revealed that Zn, Pb, Ni, Cu, and Cd showed moderate to significant enrichment. To
overcome the limitation of the single element indices, a range of sediment quality indices,
including modified contamination index (mCd), pollution index (PI), and modified pollution
index (MPI), were utilized to ascertain the sediment quality. The sediment in the study area
is deemed to be slightly to extremely polluted. The sediment quality guidelines (SQGs),
potential ecological risk index (RI), and modified ecological risk index (MRI) were used to
assess possible ecological risks. According to the SQGs, Pb, Ni, and Cu have the potential
to induce biological effects. The RI indicated that the sediment poses a low ecological risk.
However, the MRI indicated that the ecological risk of the sediment was moderate to very
high. The accuracy of the single and multi-element indices and ecological risk assessment
were evaluated in the river using the principal component analysis (PCA) and cluster
analysis (CA), showing an anthropogenic impact. Results demonstrate the need to pay
attention to the ecological environment of small rivers, which are sensitive to their
surroundings.

Keywords: surface sediment quality, pollution indices, modified ecological risk index, principal component analysis,
cluster analysis, spatial distribution, Jian and Moyang rivers, Western Guangdong

1 INTRODUCTION

Metal pollutants pose potential harmful effects on human health and the whole ecosystem due to their
inherent toxicity, persistence, non-degradability, and bioaccumulation (Wei et al., 2016). Metals in
aquatic environments originate from natural sources (mainly weathering of soil and rock, erosion,
forest fires, and volcanic eruptions) and anthropogenic activities (industrial effluents, mining and
refining, agricultural drainage, domestic discharges, and atmospheric deposition) (Karbassi et al., 2007;
Malik et al., 2009; Davutluoglu et al., 2011). Toxic heavy metal elements (such as Pb, Hg, and Cr) enter
the human body through the food chain, causing serious harm to the human body (Liu et al., 2018).

Sediment acts as an ultimate receptor of pollutants and a potential secondary source of overlying
water. The pollutants from residential sewage and agricultural water may be stored in the sediments
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through hydrodynamic and biogeochemical processes (Wu et al.,
2017). The harm caused by heavy metal sediments is mainly
reflected in the “secondary pollution”. In addition, heavy metals
accumulated in sediments enter the water due to changes in
interface environmental conditions such as pore water pH,
decomposition of organic matter, biological activities, storms
and dumping of port dredged materials (Tang et al., 2015).
Therefore, the analysis of river sediments is a useful approach
to characterize pollution in an ecosystem (Akcay et al., 2003).

A number of indices have been developed to accurately assess
the metal contamination in sediments and its ecological risk. The
common indicators mainly include contamination factor (CF),
enrichment factor (EF), (modified) degree of contamination (Cd
or mCd), (modified) pollution index (PI or MPI), sediment
quality guidelines (SQGs), and (modified) potential ecological
risk index (RI or MRI) (Yuan et al., 2014; Vaezi et al., 2015;
Duodu et al., 2016; Kumar et al., 2018). These indicators can be
divided into two broad categories. SQGs, RI, andMRI indicate the
risk of sediments based on the metal concentrations, while CF,
EF, Cd, mCd, PI, and MPI denote the enrichment compared with
the background concentrations based on the total metal
concentrations (Yuan X et al., 2014). The CF, EF, Cd, and
mCd assess the sediment quality by using single pollution
indices. Meanwhile, PI and MPI assess the sediment quality by
using multi-element indices (Duodu et al., 2016). MRI and MPI
can normalize the impact of terrestrial sedimentary inputs using
EFs (Brady et al., 2015; Duodu et al., 2016). Numerous studies
have used more than one index to have a more comprehensive
analysis of the contamination in sediment (Vaezi et al., 2015;
Kumar et al., 2018; Siddiqui and Pandey, 2019).

Recently, urban-industrial-driven economic development
has dramatically altered the aquatic environments with
increasingly high input of metals and other pollutants.
Terrestrially derived metals, whether geogenic or
anthropogenic, flow into rivers and accumulate in sediments
(Omwene et al., 2018). Studies on heavy metal pollution in river
sediments have mostly focused on large rivers, such as the
Yangtze and Pearl rivers in China (Fu et al., 2013; Zhao
et al., 2016), the Korotoa and Buriganga rivers in Bangladesh
(Mohiuddin et al., 2016), and the Tajum River in Indonesia
(Budianta, 2020). However, studies on small rivers are scarce.
The Pearl River is located in the developed Pearl River Delta
region of Guangdong Province, where sediment pollution has
received considerable attention (Zhao et al., 2016). However,
few investigations have been conducted on the pollution status
of sediments in the Jian and Moyang rivers in Western
Guangdong’s underdeveloped areas.

Although the economic and social development in Western
Guangdong is slow, it is the main agricultural contribution area in
Guangdong. In addition, with the transfer of industries in the
Pearl River Delta, the industrial domestic pollution of Western
Guangdong has increased (Zhong and Yang, 2001; Chen, 2014).
Therefore, the pollution problems of small rivers located in
Western Guangdong have frequently occurred in recent years,
which need to be paid attention to.

In this study, 45 surface river sediment samples collected
from Moyang and Jian rivers in Western Guangdong, China,

were studied. This study aimed to use sediment quality
indicators, such as CF, EF, PI, MPI, RI, MRI, and SQGs to
examine the contamination and ecological status of the Moyang
and Jian Rivers sediment. Moreover, this study sought to
identify natural and anthropogenic sources of metal
contamination based on multivariate statistical analysis. To
the best of our knowledge, this work is the first to study
heavy metal contamination and bioavailability for the
ecological risks in the Moyang and Jian rivers, which might
construct a more susceptible and accurate evaluation system for
similar river ecosystems in China.

2 MATERIALS AND METHODS

2.1 Study Area
The study area (Western Guangdong, 109°31′E to 112°21′E and
20°13′N to 22°41′N) is located in the western part of Guangdong
Province. This area has a subtropical climate, which is affected
by the maritime monsoon and subtropical high-pressure
climate. The main source of surface runoff is rainfall. Due to
the uneven distribution of rainfall over time, annual runoff
varies greatly. Flood season is mainly from April to September,
and non-flood season is from October to March of the next year.
The coastal rivers in the study area include Jian, Moyang,
Jiuzhou, Nandu, and Suixi Rivers. Our study focused on
sediment pollution in the Jian and Moyang rivers, which are
longer rivers in Western Guangdong, with a total length of
231 and 199 km, respectively. The urban land accounts for about
10% of the province in Western Guangdong, while the arable
land accounts for 32.4% of the province. The economic structure
of the study area accounts for a large proportion of agricultural
output value (Zhang, 2020). Therefore, the environmental
pollution caused by pesticides, fertilizers, and livestock is
obvious during agricultural production. The study area, as
the undertaking area for industrial transfer in the Pearl River
Delta, has experienced significant growth in economic and
social development in recent years (Zhang, 2013; Huang
et al., 2020), which probably increased industrial and urban
life pollution.

2.2 Experimental Design
Considering the distribution of land utilization types, dam
distribution, and flood season time, 45 surface sediment
samples (0–10 cm) were collected using corers from November
1st to 7th, 2020 (Figure 1). It was found that periods of low flows
in dry seasons lead to higher concentrations of heavy metals in
channel-bed sediments, whereas wet seasons are characterized by
a lower metal content in the bed and a higher metal content in
suspended sediments (Gaiero et al., 1997; He et al., 1997). In order
to avoid the dilution of heavy metals in river sediments during
flood season, we sampled river sediments during non-flood
season. A total of 45 sampling sites were set up downstream
of Jian River (S1-S20) and downstream of Moyang River (S20-
S45). They are distributed in agricultural areas, urban areas,
estuaries, and other types of land areas. Reservoirs and dams
weakened the hydrodynamic intensity of the river and accelerated
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the deposition of suspended solids (Kang et al., 2021). But there is
no reservoir and dam in the section where the sampling site is
located. Locations of sampling stations were determined using
Global Positioning System (GPS) (Supplementary Table S1).
The collected samples were collected in polyethylene sealed bags
and transported to the laboratory of Guangdong Polytechnic of
Water Resources and Electric Engineering for analysis.

2.3 Sampling and Analytical Methods
After the sediment samples were freeze-dried, they were ground
through a 200-mesh sieve and stored for testing. The analytical
method of heavy metal concentration in sediment was as follows:
0.5 g of sediment was taken into a digestion tube. Then, 3–5drops
of pure water, 8 ml of concentrated nitric acid, 5 ml of
hydrofluoric acid, and 5 ml of hydrogen peroxide were added
in sequence. Then, a graphite digester (GDI-20, Guangzhou
Jichuang Instrument Co., Ltd. China) was used to digest until
1–2 ml of sample solution remained in the tube. The solution was

filtered into a 50 ml colorimetric tube with a 0.45 um water-based
disposable filter needle. the volume was diluted to 50 ml with pure
water for testing. The prepared samples were analyzed by atomic
absorption spectrometry (AAS). Seven metals were analyzed in
the sediment sample, which are Cu, Pb, Zn, Cd, Cr, Ni, Fe, and
Mn. The quality control process of heavy metal analysis in
sediments was as follows: The reagents used in the
experimental analysis were all high-grade samples. The relative
standard deviation (RSD) of experiments was less than 5%.

2.4 Data Analysis
The average of the metal concentrations was calculated in this
study. The data were analyzed using the multivariate statistical
tools, principal component analysis (PCA) and cluster analysis
(CA), to group variables based on similarities and their sources.
Single pollution indices, multi-element indices, and ecological
risk assessment were combined to analyze heavy metal pollution
in the study area. Given that the study area is located in the South

FIGURE 1 | Locations of sampling sites of surface sediments in Jian and Moyang river basins.
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China–Youjiang water system and the low mountain and hilly
water system, the evaluation method in this study took the
average background value of these water systems as the
evaluation standard Cb, Zn: 67.60 mg/kg, Pb: 28.49 mg/kg, Ni:
20.13 mg/kg, Mn: 575.35 mg/kg, Cu: 19.00 mg/kg, Cr:
51.30 mg/kg, and Cd: 0.1298 mg/kg (Shi et al., 2016).

2.4.1 Single Element Indices
Contamination factor (CF) provides the ratio of an element at
background sites, a reference value or a national criterion for that
metal (Duodu et al., 2016). This indicator provides information
about how an element has been concentrated at the site of interest
relative to a background site, which indicates the input of metals
by human activities (Ahmed et al., 2016). Eq. 1 shows how CF is
calculated (Hakanson, 1980).

CF � Ci

Cb
, (1)

where CF is the contamination factor, Ci is the concentration of
interest metal at a site, and Cb is the concentration of the same
metal at a background or reference site. Four qualitative
terminologies are used to describe the CF by Hakanson
(1980): CF < 1: low contamination; 1 ≤CF < 3: moderate
contamination; 3 ≤ CF < 6: considerate contamination; CF ≥
6: very high contamination.

EF is normalized against an element, which compares the ratio
of the element of interest to a “conservative element” in a given
sample to the same ratio in a local background (Brady et al., 2015;
Islam et al., 2018). “Conservative element” commonly uses the
following elements: Al, Fe, Mn, Sc, and Ti. In this study, Mn was
selected as the “conservative element” (Bergamaschi et al., 2002;
Salati and Moore, 2009; Duodu et al., 2016; Islam et al., 2018).
Before adopting EF, PCA and CA were used to determine
whether Mn is a conserved element (Han et al., 2006). This
approach can negate the effect of terrestrial sedimentary input
and identify anthropogenic pollution sources (Brady et al., 2015).

This was determined using the following equation given by
Muller (1981):

EF � (Ci/Cb)sample

(Ci/Cb)background, (2)

where Ci is the concentration of the element of interest and Cb is
the concentration of the normalization element. Five
contamination categories are associated with EF by Sutherland
(2000): EF < 2 indicates depletion to minimum enrichment; 2 ≤
EF < 5 represents moderate enrichment; 5 ≤ EF < 20 indicates
significant enrichment; 20 ≤ EF < 40 represents very high
enrichment; and EF ≥ 40 indicates extremely high enrichment.

2.4.2 Multi-Element Indices
The limitations of the single element indices have led to the
development of multiple element indices to assess sediment
quality (Brady et al., 2015; Duodu et al., 2016). The most
common multiple element indices are the modified
contamination index (mCd) developed by Hakanson (1980),

the Nemerow pollution index (PI) (Nemerow, 1991), and the
modified pollution index (MPI) by Brady et al. (2015).

The mCd calculates the average impact of all heavy metal
elements at a sampling point to evaluate sediment pollution.
Meanwhile, the PI allows the qualification of sediment quality
that is much more considerate of the effect of a single element by
using a weighted average. To account for the behaviour of
sediments within estuaries and the possibilities of multiple
sediment sources, an improved method for determining the PI
is proposed by using EF to calculate an MPI, which would allow
for the non-conservative behaviour of sediments due to
normalization against an element (Brady et al., 2015). Eqs. 4
and 6 show how mCd, PI, and the MPI are calculated. The
thresholds for sediment quality classification using the three
integrated indices are presented in Table 1.

mCd � ∑n
i�1CFi

n
, (3)

PI �
�������������������(CFaverage)2 + (CFmax)2

2

√
, (4)

MPI �
������������������(EFaverage)2 + (EFmax)2

2

√
, (5)

where CFi, CFaverage, CFmax, and EFmax represent contamination
factors for an individual element, average of CF, average of EF,
maximum CF, and maximum EF, respectively.

2.4.3 Ecological Risk Assessment
The SQGs is a simple and comparative indicator used to assess the
quality of sediments and their adverse biological effects on the
aquatic ecosystem (MacDonald et al., 2000; Ke et al., 2017; Kang
et al., 2020). In this study, two limit values were applied to
evaluate the potential risk of the ecosystem, threshold effect
content (TEC) and probable effect content (PEC). If the
content is below the TEC, then adverse biological effects rarely
occur; if the concentrations are equal to or greater than the TEC
but less than the PEC, then a range of biological effects
occasionally occur; if the concentrations are at or above the
PEC, then a probable effect range of adverse biological effects
frequently occur (Ke et al., 2017; Kang et al., 2020).

Potential ecological risk index (RI) and modified potential
ecological risk index (MRI) were used to assess the extent of heavy
metal pollution and its potential ecological harm (Hakanson,
1980). RI takes into consideration the CF of metal, potential
ecological risk factors (Er), and toxicological response factors (Tr)
(1 for Zn; 2 for Cr; 5 for Cu, Pb, and Ni; and 30 for Cd) (Hakanson
1980; Xu et al., 2008). MRI uses EF in the calculation of RI to
account for the effect of terrestrial sedimentary (Duodu et al.,
2016). Eqs. 7 and 8 show how the RI and MRI are calculated.

RI � ∑n
i�1
Ei
r � ∑n

i�1
Ti
r × CFi, (6)

MRI � ∑n
i�1
Ei
r � ∑n

i�1
Ti
r × EFi, (7)
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where Er
i is the potential ecological risk index of an individual

element, Tr
i is the biological toxic response factor of an individual

element, CFi is the contamination factor for each single element,
and EFi is the enrichment factor for each single element. Grading of
potential ecological risk factors are as follows: Er <40 for low risk,
40–80 indicatesmoderate risk, 80–160 represents considerable risk,
160–320 represents high risk, and >320 represents very high risk.
Grades of potential andmodified ecological risk index such as RI or

MRI <150 indicates low risk, 150–300 represents moderate risk,
300–600 indicates considerable risk, and >600 indicates very
high risk.

3 RESULTS

3.1 Concentration of Heavy Metals in
Surface Sediments
Table 2 illustrates the descriptive statistics of the heavy metal
contents of the Jian and Moyang rivers. The metals in the
sediments from the Jian and Moyang rivers ranged from
57.86 to 317.41 for Mn, 18.64 to 109.34 for Zn, 21.16 to
97.80 for Pb, 9.89 to 53.66 for Ni, 1.20 to 93.66 for Cu,
1.27 to 11.44 for Cr, and 0.004–0.63 mg/kg for Cd. The values
of the median concentrations can be ranked in descending order
for the Jian and Moyang rivers: Mn > Zn > Pb > Ni > Cu > Cr >
Cd. The comparison of the reported results of this study with the
background value of water system sediments in the South China
Youjiang orogenic zone and low hill water system sediments (Shi
et al., 2016) revealed that the concentrations of Cu, Cd, Ni, and Pb
were higher than the background value. The average Zn, Pb, Cu,
and Cd concentrations in this study were higher than the other
studies in Table 3, whilst the concentrations of Zn, Pb, and Cd
were much lower in China’s Pearl River.

TABLE 1 | Thresholds for sediment quality classification for multi-element indices.

Class Sediment qualification mCd PI MPI

0 Unpolluted MCd < 1.5 PI < 0.7 MPI < 1
1 Slightly polluted 1.5 ≤ mCd < 2 0.7 ≤ PI < 1 1 ≤ MPI < 2
2 Moderately polluted 2 ≤ mCd < 4 1 ≤ PI <2 2 ≤ MPI < 3
3 Moderately–heavily polluted 4 ≤ mCd < 8 − 3 ≤ MPI < 5
4 Severely polluted 8 ≤ mCd < 16 2 ≤ PI < 3 5 ≤ MPI < 10
5 Heavily polluted 16 ≤ mCd < 32 PI ≥ 3 MPI ≥ 10
6 Extremely polluted MCd ≥ 32 − −

TABLE 2 | The heavy metal consensus-based quality guideline values (mg/kg) and background values (mg/kg) in soils of Jian and Moyang river basins.

Zn Pb Ni Mn Cu Cr Cd

Mean 58.43 40.28 26.57 144.97 24.21 6.71 0.17
Range 18.64–109.34 21.16–97.80 9.89–53.66 57.86–317.41 1.20–93.66 1.27–11.44 0.004–0.63
VC 0.38 0.38 0.42 0.48 0.85 0.36 0.93
Skewness 0.52 1.55 0.57 0.77 1.60 −0.66 1.17
Background (Shi et al., 2016) 67.60 28.49 20.13 575.35 19.00 51.30 0.13
Multiple 0.86 1.41 1.32 0.25 1.27 0.13 1.30

TABLE 3 | Metal concentrations (mg/kg) in the Jian and Moyang rivers compared with the mean sediment concentrations reported previously.

Location Zn Pb Ni Mn Cu Cr Cd References

The Jian River and Moyang River, China 109.34 97.80 53.66 317.41 93.66 11.44 0.63 Present study
The Pearl River, China 543.60 104.58 54.10 1104.73 80.20 86.62 10.60 Xie et al. (2012)
The Yangtze River, China 98.09 27.72 − − 40.47 74.60 0.30 Ke et al. (2017)
The Haihe River, China 89.41 20.65 44.63 − 74.23 92.09 0.264 Kang et al. (2020)
Langat River, Malaysia 29.71 15.52 − − 79.10 − 0.10 Shafie et al. (2014)

TABLE 4 | Loading corresponding to three factors for surface sediments of the
Jian and Moyang rivers.

Parameters Component

Factor 1 Factor 2 Factor 3

Cr 0.897
Cu 0.845
Ni 0.724
Zn 0.723
Pb 0.532
Mn 0.903
Fe 0.845
Cd 0.889
Eigenvalue 4.424 3.794 2.916
Total variance (%) 37.872 29.348 19.165

Frontiers in Environmental Science | www.frontiersin.org August 2022 | Volume 10 | Article 9277655

Feng et al. Heavy Metals in Surface Sediments

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


FIGURE 2 | (A–B) Cluster diagram of sampling sites and heavy sites and heavy metal elements obtained using Ward’s method and Squared Euclidean distance
matrix. (A) Sampling sites. (B) Heavy metal elements. (C) Principal component analysis of different metals.

TABLE 5 | Evaluation results in contamination factor (CF) and enrichment factor (EF) percentage (%) in the surface sediments of the Jian and Moyang rivers.

Contamination factor (CF)

Ranges of indexes State of pollution Zn Pb Ni Cu Cr Cd

Average 0.86 1.41 1.32 1.27 0.13 1.30
CF < 1 Low contamination 62.22% 20.00% 31.11% 44.44% 100.00% 53.33%
1 ≤ CF < 3 Moderate contamination 37.78% 77.78% 68.89% 46.67% 0.00% 33.33%
3 ≤ CF < 6 Considerable contamination 0.00% 2.22% 0.00% 8.89% 0.00% 13.33%
CF ≥ 6 Very high contamination 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Enrichment factor (EF)

Average 3.83 6.40 5.72 5.39 0.61 5.47
EF < 2 Depletion to minimum enrichment 4.44% 0.00% 0.00% 22.22% 0.00% 24.44%
2 ≤ EF < 5 Moderate enrichment 82.22% 35.56% 44.44% 31.11% 0.00% 40.00%
5 ≤ EF < 20 Significant enrichment 13.33% 62.22% 55.56% 44.44% 0.00% 31.11%
20 ≤ EF < 40 Very high enrichment 0.00% 2.22% 0.00% 2.22% 0.00% 4.44%
EF > 40 Extremely high enrichment 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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3.2 Cluster Analysis and Principal
Component Analysis
Cluster analysis (CA) was performed to divide the sampling sites
into groups with similar concentrations of heavy metals in
sediments. CA is a statistical method used to identify groups
or clusters of similar parameters based on similarities within a
class and dissimilarities between different classes. In this study,
CA made it possible to divide the measurement points into
groups 1–1, 1–2, and 2 (Figure2).

Considering the relatively high variability of the heavy metal
concentrations in certain groups of sampling sites, principal

component analysis (PCA) and CA was separately performed
for three clusters (Table 4 and Figure 2). The first factor
represented 37.872% out of the total variance and members of
the significant variables with high loading on Cr, Cu, Ni, Zn, and
Pb. The second factor was dominated by Mn and Fe, accounting
for 29.348% of the total variance. The third factor contributed
19.165% of the total variance and was only characterized by the
loading of Cd.

3.3 Single Pollution Indices
Amongst the studied metals, the average values of CF decreased
in the order Pb >Ni > Cd > Cu > Zn > Cr. Meanwhile, Zn, Pb Ni,

FIGURE 3 | Distribution of pollution evaluation results by CF and EF from Jian and Moyang rivers’ sediments. (A) Contamination factor; (B) enrichment factor (The
results of the contamination factor only show the sampling sites with moderate contamination and above, and the results of the enrichment factor only show the sampling
sites with moderate contamination and above).
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Cu, and Cd showed moderate contamination in some sample
stations (37.78%, 77.78%, 68.89%, 46.67.56, and 33.33%,
respectively) (Table 5). Significant contamination was
observed at the S22, S17, S19, and S22 (group2) sample
stations, mainly because of Cu concentration. At sample
stations S11 (group 1–1), S18 (group 1–2), and S10, S37, S42,
and S43 (group 2), the values of CF for Cd indicated considerate
contamination. In addition, S39 (Group2) sample station
indicated considerable contamination by Pb (Figure 3).

Group 2 consisted of Mn–Fe in PCA, which widely exists in
nature (Graney and Eriksen, 2004). This notion means that Mn is
a conservative element in the studied environment. EF values
computed for the metals at various sites are also presented in
Table 5. The average values of EF decreased in the order Pb >
Ni > Cd > Cu > Zn > Cr, which is similar to the CF results. The
assessment of the EF values for the Jian and Moyang rivers
demonstrated that Pb, Ni, Cd, and Cu have greater enrichment
compared with the other heavymetals (Table 5). In the case of the
Jian and Moyang rivers, the values of EF for Pb indicated
moderate enrichment at 35.56% of the sample stations and
significant enrichment at 62.22% of the sample stations, whilst
very high enrichment was observed at S39 (group 2). The analysis
of the EF for Ni shows that moderate enrichment occurs at
44.44% of the sample stations and significant enrichment at
55.56% of the sample stations. The assessment of the EF for
Cd shows moderate enrichment at 40.00% of the sample stations
and significant enrichment at 31.11% of the sample stations, but
very high enrichment at S11 (group 1–1) and S20 (group 1–2). In
addition, 31.11% of the sample stations indicated moderate
enrichment, and 44.44% of the sample stations implied
significant enrichment by Cu, with only S39 (group2) having
very high enrichment (Figure 3). Spatial distribution of the CF
and EF from Jian and Moyang rivers show heavier metal
enrichment of sediments in the upper course of Moyang River
and heavier Cd metal enrichment of sediments in the upper
course of Jian River (Figure 3).

3.4 Multi-Element Indices
Given that the problem of heavy metal pollution in sediments is
influenced by various heavy metals, this study used multi-element
indices (mCd, PI, and MPI) to assess the influence of multiple
contamination species at a site to overcome some limitations of
the single indices. In this study, contamination was low, as
indicated by “unpolluted” (Figure 4), because none of the sites
had an index (mCd) greater than 1.5 except S10, S17, S18, S23,
S22, and S39 (group 2), which are slightly to moderately polluted
(Table 6). However, the PI value for the Jian River (group 1–2:S2)
was lower than 0.7 at only one sample station (Figure 4). The PI
values for the rest of the sample stations were above 0.7,
indicating that the overall contamination status of the Jian and
Moyang rivers was polluted. In the case of the study area,
28.89 and 46.67% of the sample stations were slightly polluted
andmoderately polluted by PI, respectively. The analysis of the PI
for the Jian and Moyang rivers shows that severe pollution occurs
at 13.33% of the sample stations (group 1–1: S11, group 1–2: S18,
group2: V2, V16, V18, and V23), whilst heavy pollution was
observed only at four sample stations (group 2: S10, S37, S39, and
S42) (Figure 4). The PI results indicated heavier pollution of
sediments in group 2 sample stations. The values of MPI for
sediments indicated that the pollution was moderate to heavily in
the study area, with a mean value of 7.02. The MPI values for
35.56% of the sample stations indicate moderate to heavy
pollution, and 51.11% denoted heavy pollution (Table 6).
Moreover, assessment of the MPI shows that extreme
pollution occurs at 13.33% of the sample stations (group1–1:
S11 and S25; group1–2: S18 and S20; and group2: S39 and S40).

FIGURE 4 | Sediment quality assessment by multi-element indices
(mCd: modified degree of contamination, PI: pollution index, and MPI:
modified pollution index).
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3.5 Ecological Risk Assessment of Metals in
Sediment
When compared with the reference limit values of TEC and PEC,
the majority of the samples were below the PEC value, which is
defined as the limit above which a toxic effect on aquatic can be
expected. Only 4.44% of the Ni sediment samples for the Jian and
Moyang rivers were above this level (Table 7). However,
biological Ni, Cu, and Ni effects occur in 51.11%, 31.11%, and
4.44% of the sample, with values between TEC and PEC.
Therefore, the application of SQGs to the sediment analyzed
revealed that Pb, Ni, and Cu can potentially cause biological
effects.

The Er calculated using CF showed that the heavy metals all
have a low risk, except for Cd (Table 8). In the case of the study
rivers, the Er with CF for Cd indicated moderate to considerate
risk at 28.89% of the sample stations. Meanwhile, the average
value of the Er with EF showed that only Cd had an ecological risk
in the study area. The obtained results showed that the Er with EF
for Pb, Ni, and Cu has moderate to considerable ecological risk in
some sampling stations (20.00%, 15.56%, and 13.33%,
respectively) (Table 8).

The RI and MRI were computed (Figure 5). The RI values for
the analyzed heavy metals were lower than 150, indicating that
none of the sample stations has an ecological risk for the aquatic
environment (Table 9), except for S10 and V22 (Group2).
However, the mean values of the MRI indicated that moderate
ecological risk occurred in Jian and Moyang rivers. In the case of
the study area, 48.89% of the sample stations showed moderate
risk. Moreover, the MPI values were more than 300 at 22.22% of
the sample stations (group 1–1: S11 and S34; group1–2: S18 and
S20; and group2: S10, S36, S39, S40, S42, and S43).

4 DISCUSSION

4.1 Contamination and Risk Assessment
In this study, the mean values of the heavy metals in CF and EF
showed that Pb, Ni, Cd, and Cu are moderate contaminants. This
finding is similar to the results of related studies in the Pearl River
Basin (Xiao et al., 2013; Zhao et al., 2016; Jiao et al., 2018). The Pb
contamination can be linked to leaded gasoline (Al-Khashman,
2007) because the seriously impacted sample station S39 is close
to the highway. The proximity of S10, S11, S18, S37, S42, and

S43 to the farming area indicates that Cd contamination is a result
of the application of pesticides and fertilizers (Gray et al., 1999).
The considerate Cu contamination may have been caused by
antifouling paints from a shipping yard and ferry activities near
S22 (Duodu et al., 2016) and the use of Cu-containing insecticides
and fungicides around S22, S37, and S39. Moreover, Cu
contamination may be associated with traffic, such as tyre and
brake wear because the affected sample station S39 was a road
(Duodu et al., 2016). According to the SQGs, some sample
stations may occasionally have biological Ni, Pb, and Cd
effects. This result is similar to the research results in the
Pearl River Basin (Niu et al., 2009; Xiao et al., 2013; Liao
et al., 2017; Yao et al., 2021). The results of the potential
ecological risk indices of each metal (Er) showed that all heavy
metals are a low risk, except for Cd, based on the mean value in Er
with (EF). This difference is probably related to the magnitude of
toxicological response factors:1 for Zn; 2 for Cr; 5 for Cu, Pb, and
Ni; and 30 for Cd (Hakanson 1980; Xu et al., 2008). Cd is highly
toxic to living organisms (Kumar et al., 2018). Our study
performed a PCA to extract a small number of latent factors
to analyze the relationships amongst variables. The results of the
PCA, in combination with the abovementioned research, on the
sources of single heavy metals in the study are as follows. The first
factor is dominated by Cr, Cu, Ni, Zn, and Pb, which are
associated with a variety of polluted sources, such as
transportation, agricultural, industrial, and natural sources.
The second factor showed strong loadings of Mn and Fe,
indicating a lithogenic contribution (Graney and Eriken,
2004). The third factor is characterized by Cd, demonstrating
the impact of agricultural production.

To identify the groups of similar sample stations, CA was used
to divide the sample sites in this study into groups 1–1, 1–2, and 2.
In multi-element indices, S11, S23, and S25 (group 1–1), S18 and
S20 (group 1–2), and S10, S17, S22, S36, S37, S38, S39, S40, S42,
and S43 (group 2) are slightly to moderately polluted by mCd or
severely polluted by PI or extremely polluted by MPI. This notion
indicates that group 2 is the most prominent in heavy metal
pollution. The analysis of the RI showed that moderate ecological
risk occurs at S10 and S42 (group 2). The result of the MRI
indicated that very high ecological risk occurs at S11 and S34
(group 1–1), S18 and S20 (group 1–2), and S10, S16, S39, S40, S42,
and S43 (group 2). The comprehensive pollution of group 2 is
more serious than that of group 1, and 65.16% of the sampling

TABLE 6 | Variations of evaluation results in the modified degree of contamination (mCd), pollution index (PI), and modified pollution index (MPI) percentage (%) in the surface
sediments of the Jian and Moyang rivers.

State of
pollution

Ranges of
indexes

mCd Ranges of
indexes

PI Ranges of
indexs

MPI

Average 0.94 Average 1.52 Average 7.02
Unpolluted MCd < 1.5 86.67% PI < 0.7 2.22% MPI < 1 0.00%
Slightly polluted 1.5 < mCd < 2 6.67% 0.7 < PI < 1 28.89% 1 < MPI < 2 0.00%
Moderately polluted 2 < mCd < 4 6.67% 1 < PI < 2 46.67% 2 < MPI < 3 0.00%
Moderately-heavily polluted 4 < mCd < 8 0.00% 3 < MPI < 5 35.56%
Severely polluted 8 < mCd < 16 0.00% 2 < PI < 3 13.33%
Heavily polluted 16 < mCd < 32 0.00% PI > 3 8.89% 5 < MPI < 10 51.11%
Extremely polluted MCd > 32 0.00% MPI > 10 13.33%
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points with significant and very high Cd enrichment are located
in group 2. This finding indicated that group 2 might be affected
by agricultural production mainly located in the upper reaches of
Moyang River. Although groups 1–1 and 1–2 have no significant
difference in the proportion of high pollution values, the MRI
evaluation results showed that group 1–1 was moderate and
above an ecological pollution level, except S26, and 52.94% of
the samples in group 1–2 are low risk. In the single element
Indices, all the samples in group 1–1 have Cu and Ni significant
enrichment, except S1 and S32. In combination with the sample
distribution, group 1–1 is mainly affected by industrial
production and urban activities. These findings suggest that
continuous monitoring of Cd, Pb, Ni, and Cu in the river
sediment of the Jian and Moyang rivers should be directed to
evaluate the threat of these elements to the public health and to
the ecology of the river under study. Agricultural pollution must
be given attention, and the detection of industrial and urban
pollution in river governance must be strengthened.

4.2 Use of Pollution Indices
The RI evaluates the combined pollution risk of an aquatic system
through a toxic-response factor using CF. Although the CF, PI,
and RI have been increasingly used in recent years, there are some
limitations relating to their use. CF does not take into
consideration lithogenic and sedimentary inputs of the
element of interest. If the CF is used to determine the PI and
RI, this could be a source of error when estuarine environments
are considered because there are areas of intense sedimentation
with significant input from terrestrial waterways (Brady et al.,
2015; Duodu et al., 2016). To negate the effect of terrestrial
sedimentary input, EF can be used to standardize the impact of
terrestrial inputs by normalizing the element of interest against an
element that has no anthropogenic source. An improved method
for determining PI and the RI is proposed by using EF to calculate

MPI and MRI, allowing for the non-conservative behaviour of
sediments due to normalization against an element (Brady et al.,
2015).

In this study, six heavy metal contaminants were used to
calculate the CF, EF, mCd, PI, MPI, RI, and MRI. Although the
CF and EF indicated heavy metal contamination in this study,
EF appeared to detect contamination (at more sites and of
more metals) better than CF in the worst-case scenario. The
assessment of the CF values demonstrated that Cd was
considered contamination in S11. Meanwhile, this sample
station has extremely high enrichment based on the EF.
This finding suggests that the use of EF is more sensitive to
monitoring heavy metal pollution because it can normalize the
impact of terrestrial sedimentary inputs to provide more useful
information. Similar results were obtained in earlier studies
(Duodu et al., 2016; Kumar et al., 2018), wherein EF could
detect terrestrial sedimentary inputs of metals due to the
normalization. In multi-element indices, the mCd values for
86.67% of the sample stations indicate unpolluted, whilst PI
overestimates the risk at all sites and indicates that only 2.22%
of the sample stations are unpolluted. The weighted average
rather than just the average CF of PI makes a more likely,
higher value for the index, and the trigger thresholds are lower
than those for the other indices (Brady et al., 2015).
Accordingly, the PI is more likely to identify high levels of
contamination for a suite of elements. The results of MPI also
indicated that the sample stations were affected by multiple
contaminations. However, MPI shows more sample points
with high values. According to the ecological risk
assessment of the metals in the sediment, the RI showed no
ecological risk for the aquatic environment, except for S10 and
V22. However, the MRI values indicated that 71.11% of the
sample stations were at moderate to very high ecological risk.
Therefore, the MPI and MRI, which are calculated from EF,
can more sensitively detect pollution in this study than PI and
MRI. The results of the study would be valuable for researchers
in environmental quality evaluation, and the applied methods
applied can be used for pollution assessment in other
environments.

4.3 Pollution Assessment in Small Rivers
Environmental conditions are complicated, with towns, villages,
and farmland on both sides of small rivers. Small rivers have been

TABLE 7 | Comparison between sediment quality guidelines (SQGs) and heavy
metal concentrations (mg/kg) of all samples in Jian and Moyang rivers.

Zn Pb Ni Cu Cr Cd

% of samples < TEC 100 51.11 44.44 80.00 100 100
% of samples between TEC–PEC 48.89 51.11 31.11
% of samples >PEC 4.44

TABLE 8 | Evaluation results in the potential ecological risk index of an individual element (Eri) with EF or CF percentage (%) in the surface sediments of the Jian and Moyang
rivers.

Ranges
of
indexes

State
of pollution

Zn (CF) Zn (EF) Pb (CF) Pb (EF) Ni (CF) Ni (EF) Cu (CF) Cu (EF) Cr (CF) Cr (EF) Cd (CF) Cd (EF)

Average 0.86 3.83 7.07 32.02 6.60 28.59 6.37 26.96 0.26 1.23 38.85 164.10
<40 Low risk 100.00% 100.00% 100.00% 80.00% 100.00% 84.44% 100.00% 86.67% 100.00% 100.00% 68.89% 20.00%
40–80 Moderate risk 0.00% 0.00% 0.00% 17.78% 0.00% 15.56% 0.00% 8.89% 0.00% 0.00% 11.11% 15.56%
80–160 Considerable

risk
0.00% 0.00% 0.00% 2.22% 0.00% 0.00% 0.00% 4.44% 0.00% 0.00% 17.78% 31.11%

160–320 High risk 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 22.22%
>320 Very high risk 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 11.11%
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used as a drainage channel for intensive runoff in densely
populated urban areas or as a water source in agricultural
areas (Lee et al., 2022). Once polluted, small rivers are difficult
to recover because they are low in volume, slow in flow, and
heavily silted. If small rivers are polluted, then the pollutants flow
into large rivers and oceans, affecting ecological security. In
comparison with big rivers, small rivers are more sensitive to
changes in the surrounding environment and capable of tending
to human activities and natural factors (Zhou et al., 2020).
Therefore, precise metal source identification, distribution, and
pollution characterization are particularly important in small
rivers.

The findings of Nasrabadi et al. (2010), Giri et al. (2013), Li
et al. (2014), Wu et al. (2017), and Arisekar et al. (2022) on the

small-scale rivers indicate the impact of anthropogenic agents on
the heavy metal abundance in Xiaoyang, Thamirabarani,
Subarnarekha, Lianshan, Wuli, and Cishan river sediments.
Wu et al. (2017) showed that anthropogenic input is
associated with urban development, especially industrial
intensification. Giri et al. (2013) confirmed that the increased
concentration of metals in the Subarnarekha River is due to the
direct discharge of industrial, urban, and mining wastes into the
river. However, Arisekar et al. (2022) highlighted that the high
level of pollution was influenced by agricultural runoff.
According to this study, the Moyang and Jian rivers are
moderately to very highly contaminated with Pb, Ni, Cd, and
Cumetals when the CF, EF, mCd, PI, MPI, RI, andMRI values are
taken into consideration. When combined with PA and PCA, we
concluded that the increased concentrations of metals in the
sediment of theMoyang and Jian rivers are due to the discharge of
agricultural, industrial, and urban wastes into the river.
Therefore, small rivers can be susceptible to the influence of
human activities, which must be addressed.

5 CONCLUSION

The concentrations of metals in the Jian and Moyang rivers’
sediment are presented in this study. Two single
contamination indices (EF and CF) were used to assess the

FIGURE 5 | Sediment quality assessment by ecological risk assessment of metals in sediment. (RI: potential ecological risk index and MRI: modified ecological risk
index).

TABLE 9 | Variations of evaluation results in the potential ecological risk index (RI)
and modified ecological risk index (MRI) percentage (%) in the surface
sediments of the Jian and Moyang rivers.

Ranges of indexes State of pollution RI MRI

Average 60.27 256.72
<150 Low risk 95.56% 28.89%
150–300 Moderate risk 4.44% 48.89%
300–600 Considerable risk 0.00% 13.33%
>600 Very high risk 0.00% 8.89%
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sediment quality in addition to the three multi-element indices
(mCd, PI, and MPI). The river sediment was slightly to
extremely polluted. The SQGs revealed that Pb, Ni, and Cu
have potential biological effects. MPI, which took into
consideration the lithogenic and sedimentary inputs of the
element of interest, indicated that most sampling points have
moderate to very high ecological risks. CA and PCA showed
that pollution in this study area is primarily caused by
anthropogenic activities (agricultural pollution, industrial
effluents, and sewage discharge). Our study found that both
sides of small rivers are vulnerable to being polluted by
production activities, which must be taken seriously. In
comparison with the various evaluation methods, the
indices calculated from EF detect pollution more sensitively
and may also be used to assess pollution in other
environments.
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