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Abstract: This study verified pollution levels through evaluation of the Sediment Quality Guidelines
(SQGs), pollution load index (PLI), and potential ecological risk index (PERI) by analyzing the concen-
trations of heavy metals in sediments of an urban-agricultural watershed in the Yeongsan River basin,
South Korea. Statistical analyses were performed to determine the relationships between pollution
levels and land use, and potential sources of pollution were identified. For spatial distributions, Pb,
Zn, Cu, Cd, and Hg concentrations were highest at mid-upstream, but As, Cr, and Ni concentrations
were similar at most sites. The polluted sites, which showed the potential toxicity toward benthic
organisms in comparison to SQGs, were most frequently observed at mid-upstream. Moreover,
PLI and PERI evaluations also confirmed levels of high anthropogenic pollution and the potential
ecological risk at mid-upstream. The mid-upstream sites with high heavy metal pollutions showed
high correlations with urban land use, which showed the highest distribution, implying a close
relationship with anthropogenic impacts such as high population density and industrial complexes.
Statistical analyses also confirmed that high heavy metal concentrations in the mid-upstream were
closely related to urban land use. These findings suggest that urban areas are highly likely to cause
anthropogenic heavy metal pollution in sediments as point or non-point sources such as domestic
sewage and industrial wastewater flow into rivers.

Keywords: sediments; urban-agricultural watershed; heavy metals; pollution assessment; land use;
statistical analysis

1. Introduction

Heavy metals are major pollutants of the aquatic environment [1,2]. They flow into
rivers through various routes and accumulate in sediments. Sediments play an important
role in the management of aquatic ecosystems as they reflect the pollution history of rivers
and act as sinks in the aquatic environment [2]. Pollution caused by recent industrial
development and population increases pose serious irreversible damage to all environ-
ments and are continuously affecting the global environment. Pollutants such as heavy
metals have adverse effects on aquatic ecosystems, owing to their long persistence in the
environment [3]. Generally, in the absence of anthropogenic contamination, heavy metal
concentrations are determined by natural factors such as weathering and erosion of rocks
and soil. However, heavy metals generated by anthropogenic activities flow into rivers
through various routes, including fossil fuel combustion, industrial wastewater, traffic,
mining industry, manufacturing, and use of fertilizers and pesticides [4,5]. In aquatic envi-
ronments, heavy metals have potential toxic effects on benthic organisms, and accumulate
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in organisms higher in the food chain [6,7]. Heavy metals entering aquatic environments
are adsorbed to particulate matter by complex physical and chemical actions or are used by
plankton and are finally deposited on the bottom of rivers or lakes [8]. Aquatic sediments
are very important for assessing anthropogenic pollution because they act as the carrier of
pollutants and also as potential secondary pollution sources [9].

Lands with numerous anthropogenic pollution sources can contaminate sediments
through direct inflow or indirect routes such as atmospheric deposition and soil erosion, and
soils and sediments around agricultural fields, highways, and industrial areas are exposed
to severe heavy metal contamination [10–13]. Therefore, several researchers have attempted
to evaluate heavy metal pollution levels of river sediments and investigate the correlation
between heavy metals and land use to assist in land use and river pollution management
planning. These previous studies reported that the higher the diversity of industrial and
urban land or land use, the more negatively it affects sediment pollution [14–16].

In the Yeongsan River basin, which is located in the southwest of South Korea, there is
a large city with a population of approximately 1.4 million, dense industrial complexes in
the mid-upstream, and plains in the mid-downstream. Thus, the problem of environmental
pollution has been raised due to the discharge of pollution sources from the industrial and
agricultural activities [17,18]. Therefore, many researchers have analyzed the relationship
between land use and water quality to evaluate the water pollution level of the Yeongsan
River basin [19,20]; however, the effect of land use on sediment pollution has not yet
been studied. Sediment pollution in the Yeongsan River basin in South Korea, where
various land uses are distributed, is expected to vary depending on land use, and it is very
important to understand the relationship between sediment pollution and land use for the
efficient management of heavy metal contamination of sediments.

Therefore, this study analyzed the concentrations of eight heavy metals (Pb, Zn, Cu,
Cd, Hg, As, Cr, and Ni) in the sediments of an urban-agricultural watershed in the Yeongsan
River basin in South Korea. The pollution level was examined through comparison with the
Sediment Quality Guidelines (SQGs) and evaluation of the pollution load index (PLI) and
potential ecological risk index (PERI). In addition, the relationship between heavy metal
concentration and land use and potential pollution sources of sediments were identified
using statistical approaches (correlation analysis (CA) and principal component analysis
(PCA)). Understanding the relationship between sediment pollution and land use might
be helpful for the efficient management of heavy metal pollution sources as per sediment
management policies.

2. Materials and Methods
2.1. Study Area

The Yeongsan River, one of the four major rivers in South Korea, is located in the
southwest of South Korea (34◦40′–35◦29′ N, 126◦26′–127◦06′ E) and supplies domestic
water, agricultural, and industrial waters to Gwangju City and Jeollanam-do [21]. The
Yeongsan River originates from Yongchubong (elevation, 584 m) in Jeollanam-do, then
flows southwest where Gwangju Stream, Hwangryong River, and Jiseok Stream join, and
then flows into the Southwest Sea through the Yeongsan River estuary after the confluence
of the Gomakwon Stream and the Hampyeong Stream. The Yeongsan River basin covers
an area of approximately 3551 km2, the total length of the mainstream is 150 km, and
the average annual precipitation is 1270 mm. It is characterized by an Asian monsoon
climate where precipitation is concentrated in summer (June-August). Point sources such
as agricultural industrial complex and sewage treatment plants are located throughout
the Yeongsan River basin, and industrial complexes are concentrated in the mid-upstream
(Figure 1a).
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Figure 1. (a) Locations of the sampling sites of sediments and point sources (agricultural industrial 
complex, industrial complex, and sewage treatment plant) in the Yeongsan River basin, South Ko-
rea, including its mainstream (blue lines) and tributaries (green lines). The black arrows indicate the 
direction of the river flow. (b) Land use of the study area and site categories (Section 1: YS1–YS5, 
Section 2: YS6–YS12, Section 3: YS13–YS19, and Section 4: YS20–YS25) considering land use charac-
teristics. 

The land uses of the Yeongsan River basin were classified into seven types (bare land, 
agricultural, forest, water, wetland, urban, and grassland). Subsequently, the land uses 
for each site were calculated by considering the catchment area using the ArcGIS program 
(ver. 10.2.2). The areas of the different land uses in the Yeongsan River basin decreased 
from agriculture (33.1%) > forest (29.0%) > grassland (15.0%) > urban (12.9%) > water 
(5.2%) > bare land (2.8%) > wetland (2.0%). Urban lands were concentrated in the mid-
upstream of the Yeongsan River basin, similar to the distribution of industrial complexes 
(Figure 1b). 

For sediment sampling sites, 17 sites in the mainstream and 8 sites in the tributaries 
were selected from upstream to downstream of Yeongsan River basin, and the sampling 
period was from June‒November 2019. The sampling sites were divided into four sections 
at regular intervals to reflect the spatial land use characteristics in the Yeongsan River 
basin. They included five sites in the most upstream (YS1–YS5) in Section 1, seven sites in 
the mid-upstream (YS6–YS12) in Section 2, seven sites in the mid-downstream (YS13–
YS19) in Section 3, and six sites in the most downstream (YS20–YS25) in Section 4 (Figure 
1b). 

2.2. Sediment Sampling and Pretreatment 
Sediment samples were collected from five or more sites using a Ponar grab or a 

scoop sampler while traversing along the vertical direction of the stream at the selected 
sites. The collected samples were mixed and homogenized to ensure representativeness 
of the samples. The homogenized samples were passed through a 0.15 mm non-metallic 
nylon sieve in the field, sealed in a polyethylene bottle, transferred to the laboratory, and 
then air-dried in a clean facility. The dried samples were crushed in a pulverizer (Pulver-
isette 6, Fritsch Co., Idar-Oberstein, Germany), passed through a 0.063 mm nylon sieve, 
and used for heavy metal analyses [22]. 

2.3. Sediment Analyses Methods 
For the analysis of Pb, Zn, Cu, Cd, As, Cr, and Ni, the dried samples were placed in 
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Figure 1. (a) Locations of the sampling sites of sediments and point sources (agricultural industrial
complex, industrial complex, and sewage treatment plant) in the Yeongsan River basin, South Korea,
including its mainstream (blue lines) and tributaries (green lines). The black arrows indicate the
direction of the river flow. (b) Land use of the study area and site categories (Section 1: YS1–
YS5, Section 2: YS6–YS12, Section 3: YS13–YS19, and Section 4: YS20–YS25) considering land
use characteristics.

The land uses of the Yeongsan River basin were classified into seven types (bare land,
agricultural, forest, water, wetland, urban, and grassland). Subsequently, the land uses for
each site were calculated by considering the catchment area using the ArcGIS program (ver.
10.2.2). The areas of the different land uses in the Yeongsan River basin decreased from
agriculture (33.1%) > forest (29.0%) > grassland (15.0%) > urban (12.9%) > water (5.2%)
> bare land (2.8%) > wetland (2.0%). Urban lands were concentrated in the mid-upstream
of the Yeongsan River basin, similar to the distribution of industrial complexes (Figure 1b).

For sediment sampling sites, 17 sites in the mainstream and 8 sites in the tributaries
were selected from upstream to downstream of Yeongsan River basin, and the sampling
period was from June-November 2019. The sampling sites were divided into four sections
at regular intervals to reflect the spatial land use characteristics in the Yeongsan River basin.
They included five sites in the most upstream (YS1–YS5) in Section 1, seven sites in the
mid-upstream (YS6–YS12) in Section 2, seven sites in the mid-downstream (YS13–YS19) in
Section 3, and six sites in the most downstream (YS20–YS25) in Section 4 (Figure 1b).

2.2. Sediment Sampling and Pretreatment

Sediment samples were collected from five or more sites using a Ponar grab or a scoop
sampler while traversing along the vertical direction of the stream at the selected sites.
The collected samples were mixed and homogenized to ensure representativeness of the
samples. The homogenized samples were passed through a 0.15 mm non-metallic nylon
sieve in the field, sealed in a polyethylene bottle, transferred to the laboratory, and then
air-dried in a clean facility. The dried samples were crushed in a pulverizer (Pulverisette 6,
Fritsch Co., Idar-Oberstein, Germany), passed through a 0.063 mm nylon sieve, and used
for heavy metal analyses [22].

2.3. Sediment Analyses Methods

For the analysis of Pb, Zn, Cu, Cd, As, Cr, and Ni, the dried samples were placed
in a Teflon vessel and a mixed acid (HNO3:HClO4:HF = 2:1:2) was added; subsequently,
the samples were heated at 130 ◦C using a graphite heating block (ECOPPE-III, ODLAB,
Gwangmyeong, Korea) until they were completely decomposed. Then, the mixture was
dissolved with a 2% HNO3 solution and was then used for analysis. Pb, Zn, Cu, Cr, and
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Ni were measured using an inductively coupled plasma-atomic emission spectrometer
(ICP-AES; 700S, Agilent Technologies, Santa Clara, CA, USA), whereas As and Cd were
measured with an inductively coupled plasma-mass spectrometer (ICP-MS; NexION 350D,
Perkin Elmer, Waltham, MA, USA). Hg was directly analyzed with a mercury analyzer
(Hydra IIc, Teledyne, Thousand Oaks, CA, USA) without pretreatment [22].

2.4. Quality Control

Quality control was performed before analyzing the sediment samples with certified
standard materials (MESS-4, National Research Council, Ottawa, ON, Canada) according
to the sediment standard method of the Korean standard method for water quality [22]. For
certified reference materials, seven samples with concentrations similar to the suggested
limit of quantitation were prepared [22]. The result confirmed that the analysis accuracy
and precision for eight heavy metals (Pb, Zn, Cu, Cd, Hg, As, Cr, and Ni) were acceptable
within the ranges of 94.0 to 104.9% and <7% RSD (relative standard deviation), respectively.
The detection limits were 0.198 mg/kg for Pb, 0.031 mg/kg for Zn, 0.113 mg/kg for Cu,
0.0003 mg/kg for Cd, 0.016 mg/kg for As, 0.104 mg/kg for Cr, 0.289 mg/kg for Ni, and
0.002 mg/kg for Hg. All analyses were performed for every 20 samples of blanks, standard
solutions, certified reference materials, and duplicate samples.

2.5. Pollution Assessment of Sediments

The sediment pollution level was evaluated from the widely used SQGs comparison
and PLI and PERI methods to examine the anthropogenic pollution caused by heavy metals.
The SQGs used in this study are presented in Table 1 as recommendations for freshwater
sediments in South Korea [23]. The SQGs are recommended standards proposed by the
National Institute of Environmental Research (NIER) of the Ministry of Environment (MOE)
when national sediment monitoring began [23–25]. The SQGs divide heavy metals into
four classes considering the toxic effects on benthic organisms (Table 1).

Table 1. Sediment quality guidelines in South Korea for pollution assessment of heavy metals in
river sediments.

Heavy Metal
(mg/kg)

Class

I a II b III c IV d

Pb ≤59 ≤154 ≤459 >459
Zn ≤363 ≤1170 ≤13,000 >13,000
Cu ≤48 ≤228 ≤1890 >1890
Cd ≤0.4 ≤1.87 ≤6.09 >6.09
Hg ≤0.07 ≤0.67 ≤2.14 >2.14
As ≤15 ≤44.7 ≤92.1 >92.1
Cr ≤112 ≤224 ≤991 >991
Ni ≤40 ≤87.5 ≤330 >330

a Status of sediments with almost no possibility of toxicity. b Status of sediments with possible toxicity. c Status of
sediments with possibility of relatively high toxicity. d Status of sediments with very high possibility of toxicity.

The sediment pollution status for each site was evaluated in four stages (‘Good’, ‘Fair’,
‘Poor’, and ‘Very Poor’) by comprehensively considering the heavy metal class evaluated
by the SQGs. The ‘Good’ stage is a natural environmental level without anthropogenic
pollution where all eight heavy metals fall under Class I. The ‘Fair’ stage refers to a
case where there is at least one heavy metal corresponding to Class II or Class III, which
means that there is a possibility of toxic effects on benthic organisms. ‘Poor’ and ‘Very
Poor’ stages refer to contamination states with a high possibility of toxic effects of heavy
metals; they correspond to the states whereby the mean probable effect level quotient
(mPELKQ) of heavy metals is ≥0.34, and when one or more heavy metals are Class IV level,
respectively [23–25]. The mPELKQ of heavy metals, which was proposed by Fairey et al.
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(2011) [26] using the concentration (ECi) of individual heavy metals and the PEL value
(PELK) suggested by Smith et al. [27], was calculated using the following equation:

mPELKQ = ∑n
i=1

(
ECi/PELKi

)
/n, (1)

where ECi is the heavy metal (i) concentration, PELKi is the PEL value of heavy metal (i),
and n is the number of heavy metals. The PEL values (mg/kg) were 154 (Pb), 1170 (Zn),
228 (Cu), 1.87 (Cd), 0.67 (Hg), 44.7 (As), 224 (Cr), and 87.5 (Ni). These PEL values were
derived from SQGs for freshwater sediments in South Korea [23].

The evaluation of the level of anthropogenic pollution caused by heavy metals was ver-
ified by PLI and PERI considering the background concentrations of the study area [28,29].
The background concentrations used in this study were the mean concentrations of Pb
(50.2 mg/kg), Zn (21.5.0 mg/kg), Cu (43.9 mg/kg), Cd (0.4 mg/kg), Hg (0.065 mg/kg),
As (14.9 mg/kg), Cr (83.3 mg/kg), and Ni (39.3 mg/kg) in river sediments investigated in
South Korea by NIER [30].

The PLI and PERI were obtained from the contamination factor (CF) that evaluates
the heavy metal contamination level; CF was calculated by the following equation:

CF = Csample/Cbackground, (2)

where Csample is the heavy metal concentration and Cbackground is the background concentra-
tion of the study area.

The PLI is used as a standard for determining the overall heavy metal pollution level
and was calculated by the following equation from the CF of each heavy metal [29,31]:

PLI = (CF1 × CF2 × CF3 × . . .× CFn)
1
n , (3)

where CF is the contamination factor of heavy metal (i) and n is the number of heavy
metals, i.e., eight. If the PLI value is less than 1, it means that there is no possibility of
contamination; if it exceeds 1, there is a possibility of contamination [29,31].

The PERI was first proposed by Håkanson [28] as a method of evaluating the ecological
risk caused by heavy metals in soil or sediments and is currently widely used. The PERI of
individual metals was calculated from the CF of heavy metals and toxic-response factors
(f ). PERI was calculated for all metals as follows [28,32]:

PERI = ∑n
i=1 CFn × fn, (4)

where CF is the contamination factor of heavy metal (i), n is the number of heavy metals,
and f is the toxic-response factor of heavy metal (i). Because toxic responses of organisms
differ for each heavy metal, f values of 5, 1, 5, 30, 40, 10, and 2 were applied in this study
for Pb, Zn, Cu, Cd, Hg, As, and Cr, respectively. The f values were initially proposed for a
total of eight items, including seven heavy metals and polychlorinated biphenyls (PCBs);
however, in a recent study, seven heavy metals except for the items of PCBs were also used
for PERI evaluation [25,33]. The PERI, excluding PCBs, is classified into four stages: low
(PERI < 95), moderate (95 ≤ PERI < 190), considerable (190 ≤ PERI < 380), and very high
(PERI ≥ 380) [28,33].

2.6. Statistical Analysis

CA and PCA were performed using R (ver. 3.5.3 for Windows) to examine the re-
lationships between heavy metals in the Yeongsan River basin sediments and land use.
For CA, Pearson’s correlation coefficient (r) (i.e., the most commonly used method for
measuring the correlation between two groups) was used and the data were visualized
through clustered heat maps [34,35]. PCA, first proposed by Pearson [36], is one of the
most widely used multivariate statistical methods to reduce the dimension of data and a
statistical analysis method used in the interpretation of big data [36]. In the environmental
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field, it is mainly used to evaluate the origin of pollutants or to classify them according to
variable characteristics [37,38]. PCA has also been used to research heavy metal pollution
in river sediments related to land use [14,39,40]. In this study, the main components were
extracted through factoextra packages for PCA and were visualized in a biplot proposed
by Gabriel [41]. Biplot is a method that can express information about samples (sites) and
variables in one graph in which samples are drawn as points and variables are drawn as
arrow-shaped vectors. The more the arrow is parallel to the axis, the greater the effect on
the corresponding principal component; the longer the length, the greater the variance
becomes [41].

3. Results and Discussion
3.1. Distribution of Heavy Metal Concentrations

The distributions of eight heavy metal concentrations (Pb, Zn, Cu, Cd, Hg, As, Cr, and
Ni) in sediments collected from the mainstream and tributaries in the Yeongsan River basin
are shown in Figure 2. The mean Pb, Zn, Cu, Cd, Hg, As, Cr, and Ni concentrations for all
sites were 36.7 ± 10.4 mg/kg, 223.8 ± 105.0 mg/kg, 37.2 ± 16.3 mg/kg, 0.31 ± 0.12 mg/kg,
0.065 ± 0.037 mg/kg, 8.1 ± 1.7 mg/kg, 54.6 ± 11.4 mg/kg, and 23.3 ± 4.0 mg/kg, respec-
tively, and descended in the order of Zn > Cr > Cu ≈ Pb > Ni > As > Cd > Hg. The mean
concentrations of these heavy metals were compared with those of previous studies, as
shown in Table 2. The mean concentrations of all heavy metals except Hg and As were
1.5 to 10 times higher than those reported by Shin et al. [42], which were obtained from
similar sites located in the same Yeongsan River basin as in this study. Since that study was
conducted after Korea’s Four Major Rivers Restoration Project in 2012 [43], it is considered
that low heavy metal concentrations were observed by removing past pollutants accumu-
lated in the sediments. Similarly, the mean concentrations of heavy metals in this study
were mostly higher than those observed in the Han River and the Geum River [39,43]. In
contrast, in a recent investigation in the Nakdong River, mean concentrations of heavy
metals were mostly similar to the results of this study [44]. According to the results of
China’s three rivers (Lijiang, Yangtze, and Qinhuai) and the Huixian wetland [15,45–47],
the mean concentrations of Pb, Cu, Cd, and Ni were mostly similar to the results of this
study, but the mean concentrations of Cd were approximately 2 to 3 times higher than
those in the Lijiang and Qinhuai River. The mean concentrations of Zn were lesser in all
three rivers and the wetland, whereas the mean concentrations of Hg were higher. The
mean concentrations of As and Cr were higher only in the Lijiang River and the Huixian
wetland and in the Qinhuai River and the Huixian wetland, respectively.

Regarding heavy metal concentration by site, Pb and Zn concentrations were highest
at YS6, Cu, and Cd concentrations at YS8, and the Hg concentration at YS9; whereas As,
Cr, and Ni concentrations were similar among the sites. To clearly understand the spatial
distributions of heavy metal concentrations, the 25 sites of the Yeongsan River basin were
classified into four sections and were presented as box-and-whisker plots (Figure 3). Pb,
Zn, Cu, Cd, and Hg concentrations were highest in Section 2 located at mid-upstream of
the Yeongsan River basin; these concentrations were low in the upstream and downstream,
high in the middle, and tended to decrease from the middle to the downstream. As, Cr, and
Ni concentrations were similar at most sites; however, in contrast to the above-mentioned
heavy metals, they tended to increase slightly from upstream to downstream. The sites in
Section 2, where high Pb, Zn, Cu, Hg, and Cd concentrations were observed, were close to
densely populated areas and industrial complexes. Thus, it was considered that they were
greatly affected by point sources such as domestic sewage and industrial wastewater.
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Table 2. Heavy metal concentrations (mg/kg) in sediments collected from the Yeongsan River basin, South Korea and in other previous studies.

Country/Region
Heavy Metal

Reference
Pb Zn Cu Cd Hg As Cr Ni

South Korea

Yeongsan River 36.7 ± 10.4
(22.7–69.2)

223.8 ± 105.0
(86.1–534.5)

37.2 ± 16.3
(14.0–69.5)

0.31 ± 0.12
(0.10–0.56)

0.065 ± 0.037
(0.016–0.177)

8.1 ± 1.7
(5.6–13.5)

54.6 ± 11.4
(28.2–75.4)

23.3 ± 4.0
(13.9–31.8) This study

Yeongsan River 25.3 ± 7.7
(14–40)

76.8 ± 48.7
(22–167)

11.9 ± 7.8
(2–26)

0.03 ± 0.04
(0.00–0.09) NA a NA 28.1 ± 27.4

(2–72)
14.6 ± 11.5

(3–35)
Shin et al.
(2015) [42]

Han River 31.6 ± 19.4
(17.1–106.2)

150.4 ± 174.7
(52.1–690.7)

25.9 ± 33.6
(5.1–158.5)

0.21 ± 0.28
(0.05–1.32)

0.06 ± 0.09
(0.01–0.43)

5.9 ± 3.5
(1.4–15.1)

60.5 ± 27.6
(27.3–146.8)

26.1 ± 12.2
(8.8–57.5)

Lai et al.
(2013) [39]

Nakdong River 24.6
(14.8–35.5)

120.2
(49.0–217.0)

16.9
(8.5–43.3)

0.38
(0.12–0.72) NA NA 48.5

(11.6–83.6)
16.1

(4.8–32.4)
Kim et al.

(2020) [44]

Geum River - b

(8.3–22.4)
-

(29.7–139.2)
-

(5.3–33.4)
-

(0.05–0.43)
-

(0.006–0.587)
-

(0.9–18.4)
-

(19.6–78.6)
-

(6.4–20.9)
Lee et al.

(2014) [43]

China

Lijiang River 42.8 ± 4.12
(17.8–171.7)

129.3 ± 6.22
(53.6–258.0)

31.7 ± 2.61
(9.38–102.7)

0.97 ± 0.08
(0.16–4.41)

0.39 ± 0.05
(0.08–2.13)

18.3 ± 0.61
(9.97–36.4)

43.6 ± 1.85
(24.3–95.3)

22.9 ± 0.73
(11.6–37.1)

Xiao et al.
(2021) [47]

Yangtze River 35.8 ± 16.5
(15.3–81.8)

116.5 ± 63.4
(63.1–535.1)

30.7 ± 16.9
(15.6–145.6)

0.42 ± 0.14
(0.12–0.77) NA 11.0 ± 4.85

(2.75–28.1)
43.5 ± 6.8
(31.5–59.9)

33.4 ± 5.40
(18.8–42.7)

Mao et al.
(2020) [45]

Huixian wetland 51.3 ± 10.9
(31.1–97.0)

77.1 ± 15.7
(46.7–119.3)

31.1 ± 5.23
(19.5–53.6)

0.445 ± 0.203
(0.052–1.292)

0.508 ± 0.178
(0.295–1.808)

21.4 ± 7.39
(5.96–54.2)

114.2 ± 30.1
(32.2–285.7)

35.9 ± 9.13
(16.0–58.9)

Xiao et al.
(2019) [46]

Qinhuai River 33.4
(17.9–48.6)

149.0
(48.6–403.4)

44.7
(21.9–94.9)

0.61
(0.08–2.84)

0.25
(0.04–1.11)

10.8
(3.82–27.7)

79.9
(56.1–111.7)

34.6
(23.2–44.4)

Wu et al.
(2017a) [15]

a Not analyzed. b Unconfirmed.
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3.2. Spatial Distribution of Land Use and Pollution Assessment by SQGs, PLI, and PERI

The land uses and sediment pollution levels according to the SQGs, PLI, and PERI
evaluation results of the mainstream and tributaries located in the Yeongsan River basin
are spatially shown in Figure 4. Land uses were classified into seven types (bare land,
agricultural, forest, water, wetland, urban, and grassland) considering the catchment area
of each site. In addition, regarding the sediment pollution level, SQGs, PLI, and PERI were
evaluated based on the concentrations of eight heavy metals (Pb, Zn, Cu, Cd, Hg, As, Cr,
and Ni). SQGs were divided into four stages of ‘Good’, ‘Fair’, ‘Poor’, and ‘Very Poor’; PLI
was divided into two stages of ‘No Pollution’ and ‘Polluted State’; and PERI was divided
into four stages of ‘Low’, ‘Moderate’, ‘Considerable’, and ‘Very High’.
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guidelines (SQGs), (c) pollution load index (PLI), and (d) potential ecological risk index (PERI) based
on heavy metal concentrations in sediments collected from the mainstream and tributaries in the
Yeongsan River basin, South Korea.

According to the SQGs comparison (Table S1), most pollution levels of heavy metals by
item were evaluated as Class I, and it was found that a slight possibility exists where they
can be toxic to benthic organisms. However, at some sites (YS1–2, YS4, YS6–9, YS11–12, and
YS15–17), Pb, Zn, Cu, Cd, and Hg were rated as Class II, indicating the possibility of toxicity.
Specifically, heavy metals evaluated as Class II were frequently observed at mid-upstream
sites (Section 2) of the Yeongsan River basin, while heavy metals corresponding to Class
II were found the most at YS6 site. Based on the evaluation of individual heavy metals,
the pollution level for each site was one or more heavy metals corresponding to Class II
but did not exceed the mPELKQ standard value (0.34); hence, every site was confirmed as
being in a ‘Fair’ stage. In the spatial distribution of Figure 4b, the ‘Fair’ stage was found at
most sites of the Yeongsan River basin (except for the most downstream [Section 4]) but
was most frequently observed at the mid-upstream (Section 2). The ‘Fair’ stage implies a
possibility of toxicity to benthic organisms, and it is a sediment contamination state that
needs to be confirmed through toxicity testing.
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Consequently, the PLI and PERI were evaluated to verify the anthropogenic pollution
levels of heavy metals, and the PLI and PERI were obtained from CF. According to the
CF results (Table S2), the concentrations of Pb (YS6–7), Zn (YS2–4, YS6–9, YS11–12, and
YS17), Cu (YS2, YS4, YS6–9, and YS11), Cd (YS1, YS6–8, and YS15–16), and Hg (YS2, YS6–9,
YS11–12, and YS16–17) exceeded background concentrations at most sites, except those
located at the most downstream (Section 4) of the Yeongsan River basin. These heavy
metals and sites were consistent with those identified as Class II from the SQGs evaluation,
and the sites exceeding the background concentration also tended to be the same as the
spatial distribution of the ‘Fair’ stage sites in the Yeongsan River basin shown in Figure 4b.
In the case of the PLI and PERI spatial distribution calculated on the basis of CF, among the
sites located in the mid-upstream (Section 2) of the Yeongsan River basin, only two sites
(YS6 and YS8) exceeded the contamination criterion 1 by the PLI evaluation; this implied
that they were contaminated (Figure 4c). Similarly, in the PERI evaluation, it exceeded 95
only at YS6 (99.5), YS7 (102.1), YS8 (151.7), YS9 (155.6), and YS11 (127.8), located in the
mid-upstream (Section 2). This confirmed that the potential ecological risk caused by heavy
metals was at a contamination level of concern (Figure 4d).

According to the SQGs, PLI, and PERI evaluation results, the sediments of the
Yeongsan River basin were evaluated as having the highest pollution level risk at the
mid-upstream sites (Section 2). It was estimated that these sites in Section 2 would be
closely related to the urban land that showed the highest distribution among the land uses,
as shown in Figure 4a. This suggested that in the urban area, domestic sewage and indus-
trial wastewater discharged from industrial complexes and the high population density
are highly likely to flow into rivers and cause anthropogenic heavy metal pollution of
sediments. In particular, the high pollution levels of Pb, Zn, Cu, Cd, and Hg well reflected
that they were closely related to domestic sewage and industrial wastewater. In contrast, as
shown in Figure 4a, sites with a relatively high distribution of agricultural areas (Sections 1,
3, and 4) were less correlated with the sediment pollution level than those in urban areas.

The sediments in the Yeongsan River basin showed contradictory results to those of
the Boseong River located in the Seomjin River basin in South Korea, which showed high
As, Cr, and Ni pollution levels due to geological impact [48]. This suggested that sediments
in the Yeongsan River basin depend on anthropogenic impact rather than geological impact.
However, Sekabira et al. [49] reported that Pb, Cu, and Zn concentrations in the surrounding
river sediments may be increased by vehicle and industrial wastewater in urban areas.
Furthermore, according to Huang et al. [38] and Sakan et al. [50], river sediments adjacent to
urban and industrial areas act as important sinks for Pb, Zn, Cu, and Cr introduced through
domestic wastewater, urban runoff, and industrial activities. Therefore, the sediments of
river sites in the mid-upstream (Section 2) of the Yeongsan River basin are considered to
be greatly influenced by urban areas, similar to the results of previous studies [38,49,50].
Heavy metal pollution of sediment in these sites was not at a level of serious concern;
however, it requires continuous management.

3.3. Relationship between Land Use and Heavy Metals

CA and PCA were performed to verify the correlation between heavy metals and land
use among the sediments of the mainstream and tributaries in the Yeongsan River basin.
Figure 5 shows the CA and PCA results as a clustered heatmap and biplot, respectively.
These were used to identify potential pollution sources for the sediments in the Yeongsan
River basin.
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The CA results expressed as clustered heatmaps in Figure 5a were divided into
two groups: Group 1 (agricultural, As, wetland, water, Ni, Cr, and forest) and Group
2 (grassland, bare land, urban, Hg, Cd, Pb, Zn, and Cu). In Group 1, among As, Ni, and
Cr, a strong positive correlation was only observed between Cr and Ni (r = 0.91, p < 0.01).
Between land use (agricultural, wetland, water, and forest) and heavy metals (As, Cr, and
Ni), a statistically significant correlation was observed only between agricultural land use
and As (r = 0.44, p < 0.05). In the case of Group 2, except for Hg and Pb (r = 0.43, p < 0.05),
which had a weak positive correlation, Pb, Zn, Cu, Cd, and Hg concentrations mostly
showed a strong positive correlation (r = 0.58–0.89, p < 0.01). To observe the relationship
with land use, most of these heavy metals showed a positive correlation (r = 0.17–0.57)
with urban, bare land, and grassland, although they were not statistically significant at the
significance levels of p < 0.01 and p < 0.05. In particular, urban areas showed a statistically
significant correlation with all heavy metals except Hg, and bare land showed strong
positive correlations with Pb and Zn. Within the above two groups, heavy metals and land
use with high correlation indicate that they have common sources and mutual dependence
within each group. This implies that potential pollution sources can be analyzed because
they involve identical characteristic behavior [25,51,52].

The PCA biplot in Figure 5b expresses the relationship between heavy metals, land
use, and sites among the sediments of the Yeongsan River basin. The two extracted factors
(PC1 and PC2) had a cumulative variance of 54.1%, and thus a high explanation was
possible (Table S3). The first factor (PC1) was confirmed as a variable contributing to
Zn, Cu, Cd, Pb, Hg, urban, and bare land, and the second factor (PC2) was confirmed
as a variable contributing to Cr and Ni. In PC1, Pb, Zn, Cu, Cd, and Hg were shown
to have a close relationship with urban and bare land uses, implying that they highly
contributed to each other. This high contribution of heavy metals and land use implied
high correlations with the sites in Section 2 (YS6–9 and YS11) located in the mid-upstream.
As previously described, regarding the spatial distribution of heavy metals and land uses,
the high correlation between high concentration of heavy metals (Pb, Zn, Cu, Cd, and
Hg) and high urban areas observed at sites in Section 2 could be clearly explained by the
PCA biplot. These results were consistent with the CA evaluation described previously.
According to previous studies, Pb is mainly discharged from sewage, manure, vehicle
exhaust gas, and industrial facilities, and flows into aquatic environments [53,54]. It is also
known that aerosols caused by coal combustion and industrial activities are transferred to
lake sediments through the atmosphere [54]. Moreover, it has been reported that the Pb
concentration was higher in urban areas than in rural areas due to vehicle traffic and land
use [55]. In addition, vehicles (tire wear, brake pads, and lubricants), household waste, and
construction activities have been found to be major sources of Pb, Zn, Cu, and Cd [52,56].
Since Hg is used to physically separate Au from the ore, it is the main pollution source in
sediments around abandoned metal mines [41,57]. Dust from industry and transportation
has also been reported as a major source of Hg [37]. This suggests that the high Pb, Zn,
Cu, Cd, and Hg concentrations at the sites in Section 2 (YS6–9 and YS11) located in the
mid-upstream of the Yeongsan River basin were closely related to industrial activities and
population density. In contrast, with respect to the matrix in PC2, Cr, and Ni, which are
known to be dominantly affected by geological influences [53,58,59], contributed as the
second factors and showed a high correlation. However, these heavy metals had little
association with land uses and sites in the Yeongsan River basin; hence, it was considered
that the geological impact was negligible. Arsenic, known to be introduced into aquatic en-
vironments by the use of pesticides (insecticides and herbicides) in agriculture [60,61], was
found to be related to the mid-downstream (YS14 and YS18–19) and the most downstream
(YS20 and YS22–25) of the Yeongsan River basin with high agricultural land use.
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4. Conclusions

We analyzed the mean concentrations of the eight heavy metals in the sediments
collected from the Yeongsan River basin in South Korea. The concentrations decreased in
the order of Zn > Cr > Cu ≈ Pb > Ni > As > Cd > Hg. Spatial distribution analysis revealed
that Pb, Zn, Cu, Cd, and Hg concentrations were the highest in the mid-upstream of the
Yeongsan River basin; As, Cr, and Ni concentrations were similar at most sites.

Compared with the SQGs, sediment pollution was not found to be a level of serious
concern at most sites; however, the ‘Fair’ stages, which were found to be toxic to benthic
organisms, were primarily observed at the mid-upstream of the Yeongsan River basin.
PLI and PERI evaluation confirmed that anthropogenic pollution level and the potential
ecological risk were at a contamination level of concern only at some sites in the mid-
upstream of the Yeongsan River basin. Regarding the relationship between the SQGs, PLI,
and PERI evaluation results and land use, sites mid-upstream with high sediment pollution
levels were closely related to urban areas, showing the highest distribution among all land
uses. The results well reflected that the high Pb, Zn, Cu, Cd, and Hg pollution levels were
closely related to domestic sewage and industrial wastewater.

Based on the CA and PCA biplot, the sediments of the Yeongsan River basin by CA
were divided into two groups: Group 1 (agricultural, As, wetland, water, Ni, Cr, and forest)
and Group 2 (grassland, bare land, urban, Hg, Cd, Pb, Zn, and Cu). High correlations were
observed among the variables in the two groups. In the PCA biplot results, two factors
were identified for the sediments of Yeongsan River basin: PC1 (Zn, Cu, Cd, Pb, Hg, urban,
and bare land) and PC2 (Cr and Ni). The variables in these factors were found to intricately
affect each other. Overall, statistical analyses showed that Zn, Cu, Cd, Pb, and Hg were
closely related to urban areas, whereas Cr and Ni were related to geological influences,
and As was associated with agriculture activities. The PCA biplot results were consistent
with the CA evaluation and clearly explained the relationship between land use and heavy
metals in the sediments of the Yeongsan River basin.

In conclusion, high Pb, Zn, Cu, Cd, and Hg concentrations in sediments at sites in
the mid-upstream of the Yeongsan River basin were closely related to urban land use. The
urban areas could serve as potential sources of anthropogenic heavy metal pollution of
sediments because of domestic sewage and industrial wastewater discharged from densely
populated areas and industrial complexes, respectively. The findings of this study will
contribute to management policies for sediment pollution via continuous management of
heavy metal pollution sources from urban areas.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su14159444/s1, Table S1: Pollution assessment by sediment quality
guidelines (SQGs) from heavy metal concentrations in sediments collected from mainstream and
tributaries in the Yeongsan River basin, South Korea; Table S2: Pollution assessment by contamination
factor (CF), pollution load index (PLI), and potential ecological risk index (PERI) from heavy metal
concentrations in sediments collected from the mainstream and tributaries in the Yeongsan River
basin, South Korea; Table S3: Principal component analysis (PCA) analysis results of heavy metals in
sediments collected from the mainstream and tributaries in the Yeongsan River basin, South Korea
(PC1–principal component 1, PC2–principal component 2).
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