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Natural sediment deposition can affect the storage capacity and water supply reliability of the reservoir,

which could be resolved effectively by desilting. The successful implementation of partial desilting requires

a thorough understanding of the spatial distribution of the contaminants and bacterial communities in the

reservoir sediments. In this study, the effects of sediment particle size on the spatial distribution of

contaminants and bacterial communities in the reservoir sediments were investigated. It was identified that

the surface sediment particle size of the Linghe Reservoir firstly reduced from the reservoir head to center

of the reservoir and then increased to the highest value at the backwater area. The contents of total

nitrogen (TN), total phosphorus (TP), organic matter (OM) and soluble organic carbon in sediments were

negatively correlated with the sediment particle size. It was found that moderate Cd contamination existed

in the Linghe Reservoir, however, no other heavy metal (Pb, Cu, Zn, Cr, Mn, and Ni) contamination was

identified. There was also no significant correlation between spatial distribution of heavy metals and the

sediment particle size. The horizontal difference in sediment particle size also indirectly affected the

bacterial community structure and the dissolved organic matter (DOM) content released by the bacteria.

This study clearly shows that the horizontal difference in flow velocity led to the natural horizontal

distribution of sediment particle size, which further directly affected the horizontal distributions of organic

carbon, nitrogen and phosphorus and indirectly affected bacterial community structure and the DOM

content released by the bacteria in the sediments.

1. Introduction

The man-made reservoir is an important measure to
effectively regulate and utilize water resources.1 Natural

sediment deposition is one of the key reservoir operational
problems, especially for the small to medium sized
reservoirs.2 It is estimated that the sediment deposition has
resulted in an annual loss of 0.5–1.0% of the total reservoir
capacity worldwide, which is higher than the annual increase
of storage capacity by new-built reservoirs.3 In addition, the
sediment deposition usually contains various nutrients and
contaminants, which can cause water quality deterioration in
the reservoirs, and subsequently, affect the water supply
security.4

Desilting is one of the main approaches to resolve the
above reservoir operational problems. However, the whole
reservoir desilting can be cost prohibitive, since the cost is
often higher than the capital investment of a new reservoir.
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Water impact

The partial desilting is considered as a cost-effective approach to improve the water quality and partially increase the storage capacity of the reservoir. This
study investigates the effects of sediment particle size on the spatial distributions of contaminants and bacterial communities in the reservoir sediments,
which can facilitate and guide the implementation of partial desilting in the reservoirs.
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The partial desilting is considered as a compromise
approach. It is more cost-effective and can significantly
improve the water quality and partially increase the storage
capacity of the reservoir. The successful implementation of
partial desilting requires a thorough understanding of the
spatial distribution of the contaminants and bacterial
communities in the reservoir sediments, which is highly
dependent on the sediment particle size.

When water flows into a reservoir, the flow velocity will
gradually decrease, leading to the sedimentation of particles
carried by the water. This natural sedimentation process will
result in the large particle deposition in the backwater area
of the reservoir tail, while the small particles will deposit in
the center of the reservoir.5 In the reservoir head, the size of
deposited particles is relatively large due to the periodic
water flushing by the floods. Consequently, there exists a
natural spatial distribution of the sediment particle size in
the reservoir. Generally, the smaller particles have the larger
specific surface area and better adsorption capacity.6

Therefore, the natural spatial distribution of sediment
particle size will inevitably affect the contaminants
distribution in the reservoir sediments.

Researchers have undertaken field studies to investigate
the spatial distribution of contaminants in the reservoir
sediments. Mwanamoki et al.7 have investigated the trace
metals and persistent organic pollutants (POPs) in the
sediments of the Lake Ma Vallee at the Democratic Republic
of Congo. They found that there was a correlation between
the median sediment particle size and the physico-chemical
properties of the sediments. Other studies8–10 have also
suggested that the sediments in the backwater area or the
head of the reservoir generally contain significantly higher
heavy metal contents compared to the sediments from the
reservoir center.

Sediment particle size is considered as an important
factor affecting the spatial distribution of contaminants.11–13

In addition, previous studies14–16 have demonstrated that
sediment particle size plays an essential role in determining
the bacterial abundance and community structure, which
subsequently affects the biodegradation of the contaminants.
A better insight into the effects of sediment particle size on
spatial distribution of the contaminants and bacterial
communities in the reservoir sediments can facilitate the
successful implementation of the partial desilting.

Linghe Reservoir is located in Lintong District at Xi'an
city, Shaanxi Province. Its surface area and total capacity are
approximately 1 million m2 and 39.9 million m3, respectively.
This medium-sized reservoir is built mainly for the irrigation
purpose, but is also utilized for flood control and fish
farming. Linghe River flows through the ecologically fragile
Loess Plateau, where intensive soil erosion occurs. Therefore,
the river carries a large amount of sediments, which finally
deposit in the Linghe Reservoir. Currently, the average depth
of Linghe Reservoir has reduced to less than 3 m, which has
significantly affected the reservoir storage capacity and water
supply security. The above features allow the Linghe

Reservoir as a desired site to study the effects of sediment
particle size on the spatial distributions of the contaminants
and bacterial communities in the sediments.

2. Materials and methods
2.1. Study site

In this study, the Linghe Reservoir was divided into four
sections based on the distance from the dam. Section A is
located at the reservoir head, and section D is located in the
backwater area of the reservoir tail (Fig. 1). Three samples
were collected from each section.

2.2. Sample collection

Surface sediments (0–15 cm depth) were collected at each site
by the Peterson grab sampler from the Linghe Reservoir in
November 2020. The sediment samples (1 L) were firstly
sealed in the labeled polyethylene plastic boxes. They were
then stored in the car refrigerator and transported to the
laboratory immediately after the sampling. The fresh
sediment samples were divided into three parts. The first
part was used for the sediment particle size analysis; the
second part was naturally dried at room temperature,
afterwards, it was milled by an agate pestle and mortar and
filtered through a 150 μm sieve for the subsequent chemical
analysis; the final part was stored at −80 °C for the following
bacterial DNA extraction.

Fig. 1 Location of the Linghe Reservoir and 12 sampling sites.
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2.3. Analytical methods

2.3.1. Particle size analysis. To determine the grain size
distribution, fresh sediment samples were firstly treated by
H2O2 (10% w/w) to remove the organic matters. The
samples were then disaggregated and dispersed
ultrasonically with pyrophosphate.17 Sediment particle size
was measured using a particle size analyzer (Mastersizer
2000 particle size analyzer, Malvern Instruments, UK),
which has been used extensively for analyzing various types
of particles.18,19 In this study, D50 was used to characterize
the overall spatial distribution of sediments with different
particle sizes. Here, D50 refers to the particle size when the
cumulative percentage of particle size distribution reaches
50%.

2.3.2. Chemical analysis. Standard methods20 were used to
determine the TN, TP and OM in sediment samples. The
soluble organic carbon was measured by a total organic
carbon analyzer (TOC-L, Shimadzu, Japan). The fluorescence
excitation–emission matrices (EEMs) spectra of DOM in the
sediment samples were analyzed by a fluorescence
spectrometer (RF-6000, Shimadzu, Japan). The fluorescence
spectrum of Milli-Q water was subtracted from the
fluorescence spectrum of the sediment sample to eliminate
the Raman scattering peak.21 Two optical indexes
(fluorescence index (FI) and humification index (HIX)) were
estimated based on the EEMs measurement.22–24

To determine the heavy metals in the sediment samples,
the samples were pre-treated by the Lefort aqua regia reagent
(mixture of nitric acid and hydrochloric acid at volumetric
ratio of 3 : 1), a microwave digestion instrument (Multiprep-
41, Milestone, Italy) was then used to digest the samples.
Finally, the heavy metals (Cd, Pb, Cu, Zn, Cr, Mn, and Ni) in
the sediments were determined using an inductively coupled
plasma mass spectrometer (ICAP-RQ, Thermo Fisher,
America).

2.3.3. DNA extraction, PCR amplification and high-
throughput sequencing. The total DNA was extracted from
each sediment sample (0.25 g) using the DNeasy PowerSoil
kit (QIAGEN, Valencia, CA, USA), according to the
manufacturer's instructions. The quality of DNA was assessed
by the 1% agarose gel electrophoresis, and the DNA samples
were stored at −80 °C until further analysis.

PCR-amplification of the 16S rRNA gene in the sediment
DNA extracts was performed using V4 region primers 520F
(5′-AYTGGGYDTAAAGNG-3′) and 802R (5′-TACNVGGGTATCTA
ATCC-3′). The PCR products were detected by
electrophoresis in 2% agarose gel and purified with the
Agencourt AMPure XP system. The Illumina Hiseq 2500
platform (Illumina Inc., San Diego, CA, USA) was used to
sequence the 16S rRNA and the obtained raw sequences
were analyzed using QIIME (version 1.9.1). Pair-end reads
was merged into a sequence of tags, and the quality of
reads and the effect of merge were controlled and filtered.
The tags were clustered at 97% similarity level,25 and RDP
classifier26 was used for the taxonomic assignment of

representative operational taxonomic units (OTU) sequences
with the Greengenes as the reference database (version
13.8).27

2.4. Data processing and analysis

The data in this study are expressed as the means and
standard deviations. All the bar charts were drawn using
Origin (version 2017, USA). The statistical analysis was
performed using IBM SPSS statistics (version 20.0, USA).
One-way analysis of variance (ANOVA) followed by least-
significant difference (LSD) tests ( p < 0.05) was carried out
to assess the significant differences of physical and
chemical parameters among different sections. Principal
component analysis (PCA) was used to evaluate the sources
of heavy metals. Furthermore, the kriging method was used
to draw the horizontal spatial distribution maps of D50 and
heavy metals using Arcgis (version 10.2, USA) software.
EEMs optical indexes were resolved by parallel factor
analysis (PARAFAC) using MATLAB (version R2015a, USA).
Pearson correlation between different parameters of
sediment samples were analyzed using the corrplot package
in R program (version 4.0.4, New Zealand) and visualized
using a heatmap ( p < 0.05). At the phylum and genus
levels, the logarithmic transformation was applied to
normalize the data, and the heat maps for the relative
abundance of the top 10 dominant bacteria in the
sediment samples were drawn using heatmap package in R
program (version 4.0.4, New Zealand). The Spearman
correlation between the dominant phylum and
environmental parameters were analyzed using the corrplot
package in R program (version 4.0.4, New Zealand) and
visualized using a heatmap ( p < 0.05).28

3. Results
3.1. Sediment size distribution

The contents of clay (<2 μm), silt (2–50 μm) and sand (50–
2000 μm) in the surface sediments of the Linghe Reservoir
were 1.07–7.43%, 86.43–93.65% and 4.25–10.92%,
respectively. Fig. 2 shows D50 and particle size frequency
distribution curves in different sections. It can be seen clearly
that the average value of D50 at section D (backwater area,
11.85 μm) was the highest. The value slightly decreased from
section A (reservoir head, 9.97 μm) to section C (8.32 μm),
but the difference was not significant.

3.2. Chemical properties of sediments

3.2.1. Distribution of nutrients and organic matters. The
nutrients and organic matters in the surface sediments of the
Linghe Reservoir are presented in Fig. 3. The average
concentrations of TN, TP, OM and soluble organic carbon
were 3.80 g kg−1, 0.89 g kg−1, 25.39 g kg−1 and 0.38 g kg−1,
respectively. It was obvious that the sediments from the
backwater area of the reservoir contained lower amounts of
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TN, TP, OM and soluble organic carbon compared to the
reservoir head or center area.

3.2.2. EEM-PARAFAC components and spectral
characteristics of DOM. All the fluorescence EEM spectra of
DOM from sediment samples were successfully decomposed
into a three-component model by PARAFAC analysis (Fig. 4).
The first component (C1; λEx/Em = 235 290/414 nm) was
considered as the UVC humic-like substance.29 The second
component (C2; λEx/Em = 275 355/474 nm) was identified as
the UVA humic-like substance and its fluorescence

characteristics are similar to that of fulvic acid.30 The third
component (C3; λEx/Em = 225 285/298 nm) was recognized as
the tyrosine-like molecules.31

Fig. 4 also shows that the difference in the proportions of
DOM components at different sampling sections and the
distribution trends of FI and HIX. C3 was the main
component in the surface sediments of the Linghe Reservoir,
accounting for 43.36% on average, compared to 26.86% and
29.78% for C1 and C2, respectively. The FI was in the range
of 1.49 to 1.57 for different sampling sections, and the

Fig. 2 D50 (1) and particle size frequency distribution curves (2). Bars indicate standard deviation of the mean. Different letters above the bars
indicate significant differences between sections based on the LSD test (p < 0.05).

Fig. 3 Chemical properties (1: TN, 2: TP, 3: OM, 4: Soluble organic carbon) of surface sediments from different sections. Bars indicate standard
deviation of the mean. Different letters above the bars indicate significant differences between sections based on the LSD test (p < 0.05).
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difference was not significant. HIX ranged from 2.44 to 3.20,
and its distribution trend was similar to that of the sediment
particle size.

3.2.3. Distribution of heavy metals. The average contents
of heavy metals (Cd, Pb, Cu, Zn, Cr, Mn, and Ni) in the
surface sediments of the reservoir were 0.17 mg Cd kg−1,
24.82 mg Pb kg−1, 25.57 mg Cu kg−1, 82.59 mg Zn kg−1, 26.28
mg Cr kg−1, 667.27 mg Mn kg−1 and 28.95 mg Ni kg−1,
respectively. The maximum contents were 0.376 mg Cd kg−1,
38.09 mg Pb kg−1, 34.61 mg Cu kg−1, 124.3 mg Zn kg−1, 61.91
mg Cr kg−1, 914.5 mg Mn kg−1, and 40.00 mg Ni kg−1. The
spatial distribution patterns of different heavy metals are
relatively similar (Fig. 5), with the highest content at the head
of the reservoir and lower content at the backwater area and
center of the reservoir.

3.3. Composition of bacterial communities in sediments

The composition and structure of bacterial communities in
the surface sediments of the Linghe Reservoir were analyzed
at the phylum and genus levels (Fig. 6). The bacterial
communities were dominated by the phylum Proteobacteria
(34.3%), Firmicutes (24.0%), Bacteroidetes (17.4%),
Verrucomicrobia (3.0%), Actinobacteria (2.5%), Cyanobacteria
(2.3%), Chloroflexi (2.0%), OP3 (1.9%), Chlorobi (1.8%) and
Acidobacteria (1.4%), representing more than 90% of total
bacterial abundance in the sediments. At the genus level, the
bacterial communities were dominated by the genus
Sulfuricurvum (2.7%), Arcobacter (2.3%), Erysipelothrix (1.8%),

Bacteroides (1.3%), Coprococcus (1.3%), Lactobacillus (1.1%),
Sedimentibacter (1.1%), Parabacteroides (1.0%), Clostridium
(1.0%) and Thiobacillus (0.9%).

4. Discussion
4.1. Spatial distribution of sediment particle size

The sediment particle size of the Linghe Reservoir showed a
spatial distribution pattern that small particles concentrated
in the center of the reservoir and large ones presented at
either the head or tail area of the reservoir. When the river
flows into the backwater area of a reservoir, the flow velocity
slows down and the large sediments deposit. With the
gradual decrease of the flow velocity, the sediment particle
size also gradually reduces.32 In the head area of the
reservoir, due to the local turbulence caused by flood
discharge and the related scouring process, the small
particles are suspended and flushed out of the reservoir, the
sediment particle size usually increases again.33–35 The
spatial distribution of the sediment particles identified in
this study completely agreed with this trend.

4.2. Contamination of the sediments

The mean concentrations of TN and TP in the sediments
from different sampling sections were evaluated according to
the Ontario sediment-quality guidelines (OSQG).36 As per the
OSQG, the lowest effect level (LEL) and the severe effect level
(SEL) for TN content are 0.55 g kg−1 and 4.80 g kg−1,
respectively. For the TP content, the LEL and SEL are 0.60 g

Fig. 4 Three different fluorescence components (1: UVC humic-like, 2: UVA humic-like, 3: tyrosine-like) identified by PARAFAC modeling and
optical parameters (4: relative distribution of fluorescence components, 5: fluorescence index, 6: humification index). Bars indicate standard
deviation of the mean. Different letters above the bars indicate significant differences between sections based on the LSD test (p < 0.05).

Environmental Science: Water Research & Technology Paper

Pu
bl

is
he

d 
on

 1
8 

M
ar

ch
 2

02
2.

 D
ow

nl
oa

de
d 

by
 Y

un
na

n 
U

ni
ve

rs
ity

 o
n 

7/
22

/2
02

5 
9:

16
:5

6 
PM

. 
View Article Online

https://doi.org/10.1039/d1ew00877c


962 | Environ. Sci.: Water Res. Technol., 2022, 8, 957–967 This journal is © The Royal Society of Chemistry 2022

Fig. 5 Spatial distributions of D50 (1) and heavy metals in the sediments (2: Cd, 3: Pb, 4: Cu, 5: Zn, 6: Cr, 7: Mn, and 8: Ni).

Fig. 6 Heat maps of the relative abundance of dominant phyla (1) and genera (2) in different sediment samples. Bars indicate the relative
abundance after logarithmic transformation.
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kg−1 and 2.00 g kg−1, respectively. When the concentration of
TN or TP is lower than the LEL, the sediments are not
contaminated; if the concentration of TN or TP is higher than
the SEL, the sediments are heavily contaminated. In this
study, the TN in the sediments from all sampling sections
exceeded the LEL and was close to the SEL. The mean
concentration of TP was also above LEL. Therefore, the
surface sediments of the Linghe Reservoir was moderately
contaminated.

The ratios of the average contents of heavy metals (Cd, Pb,
Cu, Zn, Cr, Mn, and Ni) in the surface sediments of the
Linghe Reservoir to the background contents of soil elements
in China were 1.76 (Cd), 0.95 (Pb), 1.13 (Cu), 1.11 (Zn), 0.43
(Cr), 1.14 (Mn) and 1.08 (Ni), respectively.37 The geo-
accumulation index (Igeo) proposed by Muller was used here
to assess the heavy metal contamination.38 It was found that
the moderate and slightly Cd contamination existed in
section A (1 < Igeo ≤ 2) and section B (0 < Igeo ≤ 1),
respectively. No other heavy metal (Pb, Cu, Zn, Cr, Mn, and
Ni) contamination was identified in the reservoir (Igeo ≤ 0).
The potential ecological risk index proposed by Hakanson39

was applied to analyze the ecological risk of Cd. The results
showed that the potential ecological hazard coefficient of Cd
in section A reached a strong ecological hazard level (80 ≤ Eir
≤ 160).

Compared with the sediments from other reservoirs in the
Yellow River Basin (Table 1), it can be seen that the content
of TN of Linghe Reservoir was higher than that of Tangyu
Reservoir and Jinpen Reservoir. However, the content of TP
from Linghe Reservoir was relatively lower than that of the
above two reservoirs. The contents of Cd and Pb were similar
to that of Liujiaxia Reservoir. Furthermore, the content of Zn
from the Linghe Reservoir was slightly higher than that of
Sanmenxia Reservoir, but was significantly lower than that of
Liujiaxia Reservoir. The contents of Cu, Cr, Mn and Ni were
all lower compared to other reservoirs in the Yellow River
Basin. Generally, the TN pollution in the sediments of the
Linghe Reservoir was at a relatively high level, but the TP and
heavy metals pollutions were at a lower level.

4.3. Effect of sediment particle size on the spatial
distribution of contaminants

In general, the adsorption capacity of sediments for
contaminants is proportional to its specific surface area. The

smaller sediment particle size will result in the larger specific
surface area, leading to a better adsorption capacity.46

Pearson correlation analysis (Fig. 7) demonstrated the
significant negative correlations between the sediment
particle size and TN, TP, OM and soluble organic carbon in
the sediments ( p < 0.01). This indicated that the horizontal
difference in flow velocity led to the natural horizontal
distribution of sediment particle size, which further affected
the horizontal distributions of organic carbon, nitrogen and
phosphorus in sediments directly.

However, there was no significant correlation between D50

and the contents of different heavy metals (Cd, Pb, Cu, Zn,
Cr, Mn, and Ni) ( p > 0.05), indicating that the distributions
of heavy metals (Cd, Pb, Cu, Zn, Cr, Mn, and Ni) in the
Linghe Reservoir was not affected by the sediment particle
size. PCA results (Table 2) demonstrate that the contents of
different heavy metals (Cd, Pb, Cu, Zn, Cr, Mn, and Ni) are
generalized into two factors, which can explain a relatively
large extent of the total variance (88.52%). The first factor

Table 1 Comparisons of TN (g kg−1), TP (g kg−1) and heavy metals (mg kg−1) between Linghe reservoir and other reservoirs in the Yellow River Basin

Reservoir TN TP Cd Pb Cu Zn Cr Mn Ni

Linghe Reservoir 3.80 0.89 0.17 24.82 25.57 82.59 26.28 667.27 28.95
Tangyu Reservoir40 2.12 1.37
Jinpen Reservoir41 1.13 1.13
Liujiaxia Reservoir42 0.16 22.44 32.09 291.77 77.03 33.53
Sanmenxia Reservoir43 0.10 42.25 47.00 70.20 61.85 1764.25
Xiaolangdi Reservoir44 0.24 47.20 32.03 66.13
Wangjiaya Reservoir45 35.20 41.50 91.20 93.00 892.00 50.30

Fig. 7 Pearson correlation heat maps of different environmental
parameters (OC refers to soluble organic carbon). Significance levels
are shown at *p < 0.05, **p < 0.01 and ***p < 0.001.
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(PC1) explains 74.75% of the total variance, showing the high
positive loadings (>0.8) for Pb, Cu, Cr, Mn and Ni. The
correlation analysis also shows that there were significant
positive correlations ( p < 0.05) among the Pb, Cu, Cr, Mn
and Ni. This indicates that these heavy metals probably had
the common sources, mutual dependence, and similar
behavior during transport.47,48 However, the spatial
distribution patterns of different heavy metals are relatively
similar (Fig. 5) except for Cr. This is probably due to the fact
that most of the heavy metals exist as the positive ions, while
Cr mainly exists as the negative chromate. Since the contents
of these heavy metals (Cd, Pb, Cu, Zn, Cr, Mn, and Ni) in the
sediments of the Linghe Reservoir were close to the
background contents (0.43–1.14 times), it was considered
that the Pb, Cu, Cr, Mn and Ni in the sediments were mainly
attributed to the soil erosion. The second factor (PC2)
explains 13.77% of the total variance, illustrating the
relatively high positive loadings (>0.5) for Cd and Zn. The Cd
and Zn in sediment samples were mainly concentrated at the
head of the reservoir close to the dam (Fig. 5), therefore, the
Zn and Cd in the Linghe Reservoir sediments were likely to

be derived from both soil erosion and local anthropogenic
contamination near the dam.

Based on the concentrations and sources of the heavy
metals in the sediments of the Linghe Reservoir, it can be
suggested that the contents of heavy metals are not the
determining factor for the partial desilting implementation.

4.4. Effect of sediment particle size on bacteria

Fig. 8 shows the Spearman correlation between dominant
phylum and environmental parameters. The results clearly
demonstrated that the Firmicutes, Verrucomicrobia, and
Chlorobi were significantly correlated with D50 ( p < 0.05). On
the contrary, these bacterial groups had the strong negative
correlations with different environmental parameters,
including TN, OM and soluble organic carbon. Although
these substances can provide the necessary nutrients for the
bacterial communities.

In the backwater area of the Linghe Reservoir, the relative
abundance of Firmicutes decreased significantly. This is
mainly due to the strong degradation capacity and metabolic
activity of these bacteria,49 which make them more widely
distributed in areas with high nutrients and organic carbons.
In contrast, the relative abundance of Verrucomicrobia and
Chlorobi increased, because these bacteria belong to
oligotrophic bacteria and have the strong competitive
advantage in areas with low nutrients.50–52 Since the particle
size was negatively correlated with TN, TP, OM and soluble
organic carbon (Fig. 7), it was suggested that the sediment
particle size indirectly affected the bacterial community
structure by influencing the nutrient distribution.

In addition, the sediment particle size also indirectly
affected the DOM content released by bacteria. HIX is used
to characterize the humification degree of DOM.53 Smaller
HIX indicates a higher endogenous contribution.54,55 In this
study, the smallest HIX was in the section C (Fig. 4), where
soluble organic carbon and nutrient concentrations were the
highest. This indicated that the bacteria and algae in this
section can obtain more required materials (carbon and
nutrients), have stronger metabolic activities, and release
more active DOM.

4.5. Potential risks of desilting and management strategies

Partial desilting in the section C can effectively reduce the
potential endogenous pollution of the Linghe Reservoir.
However, the desilting process will cause disturbance of the
sediments, which not only results in high turbidity and loss
of transparency of overlying water, but also accelerates the
release of contaminants from the sediments towards
overlying water. Previous study has shown that, after the
desilting, the residual sediment particles in the overlying
water accounted for 2–11% of the total dredged amount, and
the contaminants in the residual particles accounted for
approximately 5–9% of contaminants that were planned to be
cleaned.56 These residual sediment particles in the overlying
water could take several weeks to be re-settled into the

Table 2 Principal component loadings and explained variance for two
components

Element PC1 PC2

Cd 0.685 0.560
Pb 0.948 0.056
Cu 0.950 −0.169
Zn 0.644 0.601
Cr 0.829 −0.460
Mn 0.964 −0.099
Ni 0.964 −0.193
Percent of variance 74.75 13.77
Cumulative percent 74.75 88.52

Fig. 8 Spearman correlation heat maps of dominant phylum and
environmental parameters (OC refers to soluble organic carbon).
Significance levels are shown at *p < 0.05, **p < 0.01 and ***p <

0.001.
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bottom of the reservoir.57 This can lead to serious
environmental and health risks. For example, the desilting
activities can destruct the benthic bacterial community. It
may take 2 to 3 years to re-establish the benthic fauna.58 The
nutrients released from the nutrient-laden sediments can
promote the algae bloom, leading to the deterioration of
water quality and risks to the drinking water supply
security.59,60 Different management strategies can be
implemented to mitigate the negative effects of desilting
activities, including establishment of specific desilting rate
and locations, seasonal desilting restrictions, water quality
(turbidity) thresholds, utilization of environmentally-friendly
desilting methods, etc. With the rigorous planning, careful
implementation and close monitoring, the negative effects of
desilting activities can be minimized.

5. Conclusions

In this study, the effects of sediment particle size on the
spatial distributions of contaminants and bacterial
communities in the reservoir sediments were investigated. It
was identified that the horizontal difference in flow velocity
led to the natural horizontal distribution of sediment particle
size, which affected the horizontal distributions of organic
carbon, nitrogen and phosphorus in sediments directly. It
further indirectly affected the bacterial community structure
and the DOM content released by the bacteria. Our results
also showed that the heavy metals (Cd, Pb, Cu, Zn, Cr, Mn,
and Ni) were mainly concentrated in the reservoir head,
which had no significant correlation with the sediment
particle size.
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