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Abstract
Cascade dam has important effects on the magnitude and dynamics of sediment particles, heavy metals, and biogenic elements in
reservoirs. However, systematic studies on the interception effect of cascade dam on the various elements that occur in rivers at
the watershed scale are lacking. The aims of this study were to (1) assess the interception effect of a cascade dam on heavy metals
and biogenic elements and (2) investigate the key factors of these effects of the cascade dam. Surface sediments were collected
from 29 sites distributed in the Wujiang River Basin (WRB, a watershed scale in Southwest China), including from tributaries (7
sites), the main stream (13 sites), and cascade reservoirs (9 sites). In addition, the particle sizes, heavy metals (Fe,Mn, Zn, Cr, Cu,
As, Pb, and Cd), and biogenic elements (TOC, TN, and TP) of sediments were analyzed. Compared with the tributaries, D50
(median particle size) was significantly reduced by 56.8% of cascade reservoirs. The proportion of 63–2,000 μm decreased from
13.78 to 1.34%, indicating that more coarse particles were intercepted in the cascade reservoirs. The contents of heavy metals (Fe,
Zn, Cu, As, and Cd) declined significantly along the way. On the whole, the contents of TOC, TN, and TP were highest in the
midstream and lower in the upstream and downstream. The hydrological condition (reservoir age, HRT, and flow) and the basin
area and internal and external inputs of cascade reservoirs are important factors. The findings deepen the current understanding of
the mechanisms by which cascade dam affects the river transport of heavy metals and biogenic elements at the watershed scale
and provide an important reference for establishing hydropower developments along rivers and developing aquatic environment
management strategies.
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Introduction

As important channels connecting the circulation of material
from land to ocean, rivers can act as carriers transporting large
amounts of carbon (including inorganic and organic C,
9.0×1014 g), dissolved inorganic nitrogen (2.3×1013 g), and
dissolved inorganic phosphorus (1.6×1012 g) to the ocean an-
nually (Cole et al. 2007; Sharples et al. 2017). Hydropower
development (building dams and reservoirs) provides essen-
tial energy support for socio-economic development globally.
Currently, more than 8.45 × 105 dams have been constructed
on about 2/3 of rivers worldwide (Fuggle and Smith 2000;
Van Cappellen and Maavara 2016).

It is well known that cascade dam is a more effective way
than a single dam to utilize river water resources. The cascade
development of Tennessee River (USA) is a classic case (Fox
2020), and China is also developing cascade reservoirs on a
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large scale (Fang and Deng 2011). However, damming has
brought fundamental physical changes to the continuity of
rivers, and cascade dam can damage the connectivity of rivers
more than a single dam (Duarte et al. 2020; Grill et al. 2019).
The velocity of the river in front of the dam slows down and
the water level rises, forming a new lake system (as a reser-
voir). Damming has resulted in 40% of the world’s river water
being intercepted by reservoirs (Vörösmarty et al. 2003) and
led to chemical changes in reservoirs, such as the formation of
a thermocline, which changes the water quality and affects the
ecology of the aquatic environment (Winton et al. 2019). The
effect of cascade dam on the water environment may be
superimposed. Damming also changes the transport of sedi-
ment and the geochemical circulation of heavy metals and
biogenic elements (C, N, P) by rivers (Grill et al. 2019;
Maavara et al. 2015; Shi et al. 2020; Vörösmarty et al.
2003). For instance, reduced sediment transport in the
Mississippi River (USA) was found to be related to the cas-
cade dam (Meade 2004; Meade and Moody 2010). Due to the
interception caused by damming, it is estimated that outputs of
particulate organic C, particulate N, and particulate P from
rivers have declined to 1.97 × 1014 g year−1, 3.0 × 1013 g
year−1, and 9.0 × 1012 g year−1, respectively (Beusen et al.
2005). The behavior of heavy metal elements, such as mercu-
ry, is affected by the presence of dams (Hahn et al. 2018; Liu
et al. 2020). In addition, cascade dam has changed the water
temperature, dissolved oxygen, pH, and migration of heavy
metals in cascade reservoirs in China (Feng et al. 2018; Li
et al. 2020; Wang et al. 2019). In one specific case, the total
phosphorus (TP) transport pattern of the Lancang River Basin
(Southeast Asia) was found to have altered owing to the con-
struction of the cascade dam, and the flux of TP was reduced
by more than 50% (Xu et al. 2020).

Existing studies on the interception effect of damming on
elements (C, N, P, etc.)—especially large-area, global-scale
investigations—have predominantly been based on estimates
using mathematical models, the calculation errors of which
(noted in the findings of these studies) need to be tested using
large-scale field sampling and surveys (Maavara et al. 2017;
Maavara et al. 2015; Rodriguez et al. 2020). However, the
different interception effect of cascade dam on the various
key elements and their key controlling factors are still unclear.
To date, there have been about 1.0 × 105 reservoirs of various
types constructed in China (MWR 2019), and more than 5.0 ×
104 of these are located along the Yangtze River Basin (Yang
et al. 2005). More specifically still, there is a high density of
cascade hydropower developments in the Wujiang River
Basin (WRB), which is the largest first-order tributary on the
south bank of the Yangtze River (Wang et al. 2019; Yang
et al. 2020a). By virtue of its abundant hydropower resources,
construction of the cascade reservoir group on the main stream
of the WRB commenced in the 1950s, including 12 cascade
hydropower stations. Over the past four decades, the cascade

dam has greatly changed the aquatic environment of theWRB
(Wang et al. 2019; Yang et al. 2020a; Yin et al. 2010). In
addition, compared with 1956–2015, the annual runoff of
Wujiang River did not change significantly in 2019, but its
sediment transport decreased by 91.6%, according to The sed-
iment bulletin of Yangtze River in 2019 (CERC 2020). This
remarkable effect likely derives from the interception of the
cascade dam.

Moreover, it is particularly important that compared with a
single reservoir, the interception effect and environmental im-
pacts of cascade dam on the river basin may be considerably
stronger. Indeed, cascade dam can aggravate river fragmenta-
tion, hydrological changes, sediment deposition, element ac-
cumulation, and ecological impacts (Duan et al. 2016;
Kondolf et al. 2014; Wang et al. 2019; Yang et al. 2020b).
In this study, surface sediments were systematically collected
from the main stream, tributaries, and cascade reservoirs along
the WRB. The aims of the study were to (1) assess the inter-
ception effect of the cascade dam on heavy metals and bio-
genic elements—especially how they differed for different
elements—and (2) investigate the key factors controlling the
interception effect of the cascade dam on elements.

Materials and methods

Study area and sample collection

As the largest first-order tributary on the south bank of the
Yangtze River, the Wujiang River is 1037 km long and has
a total runoff of 5.34 × 109 m3 and a basin area of 1.1 × 105

km2 (Huang et al. 2017). TheWRB is located in a petrograph-
ic province dominated by carbonates (accounting for 70%),
characterized by mainly calcareous soil and shrub vegetation
upstream and yellow calcareous soil and arbor-shrub vegeta-
tion midstream and downstream (Han et al. 2010; Yang et al.
2020a). The WRB is subject to a subtropical humid monsoon
climate, having a concentrated rainy season (accounting for
75% of annual precipitation) from May to October; average
annual precipitation is 1100–1300 mm (Han et al. 2018; Li
et al. 2019). According to measurement results released by
hydrological departments, more than 60% of the sediments
in the WRB derive from the upstream regions (Zhu 2005).
There is a more concentrated distribution of sediment than
water within the year, with the sediment discharge from
May to October usually accounting for more than 90% of
the total annual sediment discharge. The terrain of the WRB
tilts from the southwest to the northeast, with a total elevation
decline of 2,124 m.

In July 2020, surface sediments were collected using a
Peterson grab (HL-CN,Wuhan Hengling, CHN) from 29 sites
distributed in the WRB (25°56′–30°01′N, 105°09′–109°26′E:
Fig. 1), including 13 sites in the main stream (labeled as M 1–
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13), 7 sites in tributaries (labeled as T 1–7), and 9 sites in
cascade reservoirs (labeled as R 1–9). Depending on sampling
position, sampling sites were divided into three groups, i.e.,
upstream (T1, R2, R1, T2, M1, R3), midstream (M2, M3,
T3、R4, T4, M4, T5, M5, M6, R5, M7, M8, M9, R6), and
downstream (M10, T6, M11, M12, R7, M13, R8, R9, T7).
When collecting samples, appropriate locations were selected
on site, as follows: The sediment in front of the dam was
collected in the cascade reservoirs, a position with stable ve-
locity was selected for collection in the main stream between
the cascade reservoirs, and tributaries close to the main stream
were selected. Three parallel samples were collected at each
point and mixed into 1–2 kg wet weight. The sediment was
immediately stored in a wide mouth glass bottle in a refriger-
ator. Information on the cascade reservoirs is provided in
Table 1.

Sample analysis

All samples were analyzed at the Institute of Geochemistry,
Chinese Academy of Sciences. In the testing process for all
physicochemical indices, one group of parallel samples was
prepared for every ten samples. After removing impurities,
sediments were freeze-dried at − 50 °C using a freeze dryer
(FDU-2110, Tokyo Rikakikai, JPN). A total of 0.5 g of dry
sediment was placed into a 50-mL centrifuge tube, and 10 mL
of 30% H2O2 was then added to these suspensions to remove
organic matter. Following 10min of oscillation and resting for
12 h, the mixture was centrifuged (3000 r min−1, 10 min), and
the supernatant was discarded. Next, 15 mL of 20% HCl was
added, and the mixture was stirred to enable a sufficient

reaction and the removal of carbonates. After 12 h of standing
still, the mixture was centrifuged, and the supernatant was
discarded. The sample was then washed multiple times until
a neutral pH was recorded. Ten milliliters of 0.05 mol L−1

(NaPO3)6 was then added to the sample, and the mixture
was stirred before undergoing ultrasonic treatment for 5 min.
Finally, particle size was measured using a laser particle size
analyzer (Mastersizer 2000, Malvern, GBR). According to the
testing range (0.02–2,000 μm) and particle characteristics, the
samples were separated based on the following size fraction-
ation: 0.02–4μm (clay, fine particles), 4–63μm (silt), and 63–
2000 μm (sand, coarse particles) (Blott and Pye 2001).
Moreover, the median particle size (D50) is the particle size
corresponding to 50% of the total soil mass on the particle size
distribution curve. It is an important index for particle size
evaluation (Guo et al. 2020; Wang et al. 2020).

Sediments were passed through a 100-mesh size before
being analyzed for heavy metals (Fe, Mn, Zn, Cr, Cu, As,
Pb, Cd). As per the standard method proposed by the
Chinese Ministry of Ecology and Environment (MEE 2016),
0.1 g was placed in a 100-mL conical flask and digested using
6 mL of aqua regia (prepared bymixingHCl and HNO3 with a
volume ratio of 3:1). Samples were digested using a hot plate
for 2 h before being cooled to room temperature. The extract
was filtered using quantitative filter paper into 50-mL volu-
metric flasks. The content of heavy metals was measured
using an inductively coupled plasma mass spectrometer
(ICP-MS, PerkinElmer, NexION 300X, USA).

After placing 1 g of sediment into a centrifuge tube, 1 mol
L−1 HCl was added to remove carbonates; samples were left
for 24 h for complete reaction. Each sample was then

Fig. 1 Locations of sampling
sites in the Wujing River Basin
(WRB), southwest China
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repeatedly flushed using Milli-Q until neutral; samples were
then freeze-dried, ground, and passed through a 60-mesh size.
An elemental analyzer (PE2400-II, Elementar, PerkinElmer,
USA) was then used to determine total organic carbon (TOC)
and total nitrogen (TN) contents. TP was tested using the
Standards, Measurements and Testing method (Ruban et al.
1999). In brief, 0.2 g was ashed at 500 °C for 2 h, and then
immersed in 20 mL of 3.5 mol L−1 HCl. After 16 h of oscil-
lation, the mixture was centrifuged, and the extract was regu-
lated until neutral. Testing was performed using the
molybdenum-blue method (Murphy and Riley 1962), and
the C/N ratio of the sediment sample was calculated.

Results and discussion

Spatial changes of the granularity in sediments

The cascade dam effectively intercepted the coarse particles in
sediments, with the particle size distribution suggesting an
obvious increase in fine-grained fractions (p < 0.05) and a
decrease in coarse-grained fractions in sediments with dis-
tance through the WRB (Fig. 2a). Compared with the tribu-
taries, main stream, and cascade reservoirs (Fig. 2b), D50 was
also significantly reduced, by 56.8%, exceeding the reduction
ratio along the way. The proportion of 63–2\000 μm

decreased from 13.78 to 1.34%, indicating that more coarse
particles were intercepted in the cascade reservoirs. In addi-
tion, the D50 of sediments occurred in the following order:
upstream (14.5 μm) > midstream (9.7 μm) > downstream (6.6
μm) (Fig. 2c). Compared with upstream, the D50 of down-
stream declined by 54.7%. The proportion of fine particles
increased from 32.0 to 38.3% and decreased from 9.9 to
1.9%, showing that coarse particles accumulated in the sedi-
ment along the way. Dams tend to intercept coarse particles
more than fine ones (Dai and Liu 2013; Eiriksdottir et al.
2017). However, in the WRB, where cascading dams have
been built, the interception may be even more serious
(CERC 2020).

Spatial changes of heavy metals contents in
sediments

In the WRB, the content of eight heavy metals in surface
sediments decreased along the way. The average content of
the heavy metals in the whole basin was ranked as follows: Fe
(50,224 mg kg−1) >Mn (1,863mg kg−1) > Zn (173.9mg kg−1)
> Cr (143.27 mg kg−1) > Cu (64.73 mg kg−1) > As (43.37 mg
kg−1) > Pb (42.25 mg kg−1) > Cd (1.37 mg kg−1). The content
of five heavy metals (Fe, Zn, Cu, As, Cd) declined significant-
ly along the way (Fig. 3a–d: p<0.01). As and Cr decreased
significantly in the sediments of the cascade reservoirs,

Table 1 Information on the
cascade reservoirs in the Wujiang
River Basin (WRB), southwest
China

Sites
(n = 9)

Cascade
reservoirsa

Location (latitude,
longitude)

Year of
constructionb

Basin
area
(km2)c

Flow
(m3

s−1)d

Hydraulic
retention time
(days)e

R1 Puding
Reservoir

(26°22′54.47″N,
105°48′20.45″E)

1993 5871 123 40.6

R2 Hongjiadu
Reservoir

(26°22′54.47″N,
105°48′20.45″E)

2004 9900 155 368.8

R3 Dongfeng
Reservoir

(26°51′19.37″N,
106°9′19.54″E)

1994 18,161 343 28.1

R4 Wujiangdu
Reservoir

(27°19′11.35″N,
106°45′39.91″E)

1979 27,790 502 49.3

R5 Goupitan
Reservoir

(27°22′34.91″N,
107°37′54.28″E)

2003 43,250 717 89.8

R6 Silin
Reservoir

(27°48′4.82″N,
108° 11′8.96″E)

2009 48,558 849 19.4

R7 Shatuo
Reservoir

(28°29′36.57″N,
108°28′8.36″E)

2013 54,508 951 11.1

R8 Pengshui
Reservoir

(29°11′54.84″N,
108°11′59.87″E)

2007 69,000 1300 10.0

R9 Yinpanm
Reservoir

(29°16′40.88″N,
107°53′28.91″E)

2011 74,910 1380 2.0

a R1 is in Sancha River, the south source of the WRB; R2 is in Liuchong River, the north source of WRB; both
flow into R3
bData obtained from Liu et al. (2019), Xiang et al. (2016) and Zhao et al. (2017)
c Data obtained from Fan et al. (2017), Peng (2020), Xiang et al. (2016) and Yang et al. (2020a)
d Data obtained from Xiang et al. (2016) and Yang et al. (2020a)
e Data obtained from Li (2018), Xiang et al. (2016) and Yang et al. (2020a)
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indicating that their interception by the cascading dam was
more obvious (Fig. 3 g and h, p < 0.05). However, the declin-
ing rates of Fe, Mn, Zn, Cu, Pb, and Cr in the cascade reser-
voirs sediments were lower than in the whole basin, indicating
that the interception effect of the cascade dam on these ele-
ments was relatively low.

The hydrological condition of cascade reservoirs is an im-
portant factor affecting the distribution of heavy metals (Li
et al. 2020; Zhao et al. 2017; Zhu 2005). In this study, the
Spearman correlation between the important factor (HRT) and
corresponding heavy metals in surface sediments was calcu-
lated (Table 2). The results showed that the contents of heavy
metals (Fe, Zn, Cu, Cr, and As) increased significantly with
the increase in hydraulic retention time (HRT, p < 0.05).
However, As and Cd were negatively correlated with basin
area and flow (p < 0.05). In the WRB, due to the large amount
of particulate mercury captured by sediments, the total mer-
cury concentration decreased from upstream to downstream
(Zhao et al. 2017). Similarly, As and Li in the sediments of
cascade reservoirs in the Luan River Basin in Northeast China
are more upstream due to dam interception (Li et al. 2020).

However, heavy metals are not decreasing in all cascade
reservoirs. Anthropogenic emission is an important factor in-
terfering with the distribution of heavy metals. Due to

chemical fertilizer and mineral exploitation, the contents of
Cu, Pb, and Zn are higher in the reservoir downstream of
Luan River Basin (Li et al. 2020). At the downstream of the
Cantareira system reservoirs (São Paulo, Brazil), the contents
of Mn and Cu in Paiva Castro reservoir increase due to urban
sewage and algicide (copper sulfate) (Cardoso Silva et al.
2017).

Spatial changes of C, N, and P contents in sediments

The cascade dam altered the distribution of biogenic elements
in the sediments. Compared with the tributaries, main stream,
and cascade reservoirs, the distribution of biogenic elements
was quite different. The average TOC content in the cascade
reservoirs was the highest, but TN and TP presented the fol-
lowing order: tributaries < reservoirs < main stream (Fig. 4a).
On the whole, the spatial distributions of C, N, and P contents
are highest in the midstream, lower in the upstream, and low-
est in the downstream (Fig. 4b). From a spatial distribution
perspective, the TOC, TN, and TP contents were high in mid-
stream sediments (R4), mainly because this reservoir is the
oldest (41 years). The TOC at R5 was as high as 8.14%;
however, this reservoir is only 16 years old. This result is
probably because, in the initial period after reservoir

Fig. 2 Changes of sediment grain
size in surface sediments of the
WRB: a proportion of fine
particles (0.02–4 μm) and coarse
particle (63–2,000 μm) along the
way of the WRB; b variation of
sediment particle size in
tributaries, the main stream and
cascade reservoirs; c variation of
sediment particle size in the
upstream, midstream and
downstream
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construction, the nutrient concentrations in the water were
greatly affected by an intense internal release due to the deg-
radation of soil organic matter in flooded farmland and grass-
land. According to existing studies, the main cause of rising
nutrients in the initial period after reservoir construction is the

nutrients released by rotten vegetation in the hydro-fluctuation
belt (e.g., Chang and Wen 1997).

The average C/N ratio was ranked as follows: upstream
(9.81) > midstream (9.77) > downstream (7.35) (Fig. 4c).
The results showed that from upstream to downstream, the

Fig. 3 Content variations of eight heavy metals in surface sediments
along the way and in the cascade reservoirs of the WRB. The contents
of Fe, Zn, Cu, As, and Cd were significantly and negatively correlated

along the way (p < 0.01), and the decreasing trends in heavy metal
contents (As and Cd) were highly significant in the cascade reservoirs
of the WRB
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main source of the organic matter of sedimentary species in
the basin changed from terrigenous to internal. In non-karst
areas, the interception rates of eight cascade dams for TN and
TP in the upstream of the Yellow River (northern China) were
found to reach 97.4% and 83.6% (Wei et al. 2011), showing
that the interception effect of cascade dam on biogenic ele-
ments can be very significant. In particular, changes in the
particle size of sediments can cause marked changes in the
migration behaviors of elements (Eiriksdottir et al. 2017; Liu
et al. 2020). Biogenic elements transported in the form of
particles can be easily retained in reservoirs, causing changes
in the ratios between biogenic elements in downstream rivers
and coastal waters. Compared with rivers in Europe, most
rivers in China have higher sediment contents, so the effect
of a cascade dam in retaining biogenic elements is more sig-
nificant (Zhu 2005). The Wujiang River is also a major con-
tributor of nutrients to the Yangtze River, contributing 1/3 of
the TP transported by the Yangtze River (Zhou et al. 2018).
About 80% of the TP flux in theWujiang River is particulate P
distributed in the WRB, so P can be easily intercepted by
reservoirs together with particles (Liu et al. 2009). However,
due to the lack of an anaerobic layer at the bottom of many
reservoirs in the WRB, P can be easily adsorbed by oxidized
particles and stored in sediments, thus increasing the intercep-
tion effect of P retention (Yin et al. 2010).

A significant positive correlation was found between the
biogenic element contents and reservoir ages in the WRB: the
higher the reservoir age, the higher the TOC, TN, and TP
contents (Table 2, p < 0.01). Rivers with larger basin areas
tend to receive more sediments and nutrients (Straskraba et al.
2013), and downstream areas far from the dam are affected not

only by sediment inputs from the upstream but also by terrig-
enous inputs in the catchment area (Li et al. 2011). By ana-
lyzing the correlation between the basin area of the cascade
dam and the contents of TOC, TN, and TP, an obvious declin-
ing trend with basin area was detected (Table 2). The WRB is
divided into several sections by the cascade dam, resulting in

Table 2 Spearman correlations between influencing factors and the
contents of biogenic elements and heavy metals in surface sediments of
cascade reservoirs

The influencing factors are reservoir age, basin area, and hydraulic reten-
tion time (HRT); orange means significant at the 0.01 level, and blue
means significant at the 0.05 level

Fig. 4 Variational trend of TOC (total organic carbon), TP (total
phosphorus), TN (total nitrogen), and C/N ratio in surface sediments of
theWRB. The mean C/N ratio of the whole basin ranged from 6.0 to 33.6
and presented a significant declining trend along the way (except for R5,

p < 0.01). The C/N ratio of sediments at R5 peaked at 33.6, suggesting
that the shift in the organic matter source from external to internal and the
influence of tributary inputs in the upstream was greater
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serious damage to the connectivity of the river. The previous
part of the material is transferred to the next part through the
dam, and the dam will affect the transfer of material. As a
result of interception in the sediments of the upper reservoir,
the quantities of TOC, TN, and TP flowing to the next reser-
voir are reduced. In this study, it is considered that the source
of material in the water body comes more from the partial
basin area, which is actually controlled by the dam. In addi-
tion, the more TOC, TN, and TP are stored in the cascade
reservoirs, the lower the flow and higher the HRT (Table 2:
p < 0.05).

Implications

Cascade dam blocks the transport of water and sediments by
natural rivers and further changes the granularity, chemical
compositions, and distribution of sediments (Guo et al.
2020; Wang et al. 2020). Damming increases the average
water depth and HRT and gradually transforms the ecosystem
from a riverine one into a plankton-based autotrophic one
(Winton et al. 2019). Also, the spatial distribution of particle
size characteristics of sediments is affected by many factors,
such as sediment supply and hydrodynamic conditions
(Costigan et al. 2014; Rodriguez et al. 2020). In the present
study, the tributaries downstream of the dam presumably pro-
vide more sediments and water, which helps the river to return
to a more “natural” state.

When estimating the interception efficiency of a dam, full
consideration should be given to dynamic changes in the hy-
drological conditions of reservoirs, such as spatial and tempo-
ral disparities in HRT, reservoir operation mode, reservoir
age, and internal and external inputs (Wei et al. 2011).
Changes in the intensities of provenance and hydrodynamics
produce differential sedimentary environments, which can in
turn be reflected by the parameter combinations of the constit-
uents and particle sizes of sediments (Qiao et al. 2010).

Because the accumulation of sediments, heavy metals (Pb)
and biogenic elements (TOC, TN, TP) in cascade reservoirs
was not obtained in this study, and evidence of terrestrial
sources in the WRB was also lacking, the interception effi-
ciency and contribution of material sources of the cascade
dam could not be quantified. Although, most global estimates
of the impacts of dams on river nutrient fluxes rely on very
simple approximations (Akbarzadeh et al. 2019; Maavara
et al. 2017; Maavara et al. 2015). In this study, from the sur-
face sediments, it was found that the material in the basin is
significantly intercepted by the cascade dam, which is of great
significance to the study of the impact of human activities on
the surface material cycle. In the future, sediments and ele-
ment contents in water bodies and point-source inputs of in-
dustry, agriculture, and major towns in the whole basin should
also be investigated, therefore accurately quantifying the

effects of the cascade dam on the transport of sediments and
different elements.

Conclusions

In this study, the multi-parameter spatial distribution of surface
sediments of the WRB was analyzed, and the interception effect
of the cascade damon sediment, heavymetals, biogenic elements
and their influencing factors were explored. A clear and signifi-
cant effect of the cascade dam in terms of intercepting sediments,
heavy metals, and biogenic elements was found, as well as an
obvious increase in fine-grained fractions and a decrease in
coarse-grained fractions in sediments along the way of the
WRB (i.e., the cascade dam of the WRB apparently intercepts
coarse particles in sediments). In addition, the contents of heavy
metals and biogenic elements in sediments decreased significant-
ly along the main stream in the WRB, and, significantly, the
contents of heavy metals (Fe, Zn, Cu, Cr and As) declined along
the way. The contents of TOC, TN, and TP were highest in the
sediments of the main stream and cascade reservoirs. Moreover,
the contents of heavy metals were significantly affected by the
HRT. The distribution of biogenic elements was affected by the
reservoir age, partial basin area, and HRT. The reduction of the
C/N ratio showed the main source of the organic matter of sed-
iments in the basin changed from terrigenous to internal along the
way, which was a vital factor in the interception effect of the
cascade dam in the WRB. The findings of this study provide a
scientific foundation for water resource management and protec-
tion of the aquatic environment along rivers with cascade dam. In
the future, more work needs to be done to better understand the
impacts of cascade dams on material transport processes.
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