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Source—Sink Mechanisms of Heavy Metals in Net Deposited
Sediments in Water—Level Fluctuation Zone of Three Gorges Reservoir Area

SHENG Jiani', LI Nian', CAI Yuanyuan', WANG Tianwei', LI Zhaoxia', XUE Yong®
(1.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2.Agriculture and
Rural Affairs Bureau of Hubei Wufeng Tujia Autonomous County, Wufeng, Hubei 443413, China)
Abstract: [ Objective] To clarify the newly introduced pollution fingerprints during a single hydrological regulation
cycle in the Three Gorges Reservoir Area, and accurately identify the sources and driving mechanisms of heavy
metals under different hydrodynamic conditions. [ Methods] In the typical riparian water-level fluctuation zones
(Shibaozhai, Guojiaba, and Xiangxi River) in the middle and lower reaches of the Three Gorges Reservoir Area,
intact net-deposited sediments across a complete hydrological cycle were collected using in-situ sediment columns.
The potential ecological risk index (PERI) , canonical correspondence analysis (CCA) , and positive matrix
factorization (PMF) were applied to systematically analyze the pollution characteristics, sources, and
environmental driving mechanisms of heavy metals (As, Cd, Cr, Cu, Mn, Ni, Pb, Zn). [Results] 1) Pollution
characteristics: Cd was the primary pollution factor, with its average content significantly higher than the
background value of the reservoir area. The ecological risk level in the reservoir center was significantly higher than
that in the reservoir head, and the high-risk hotspots were concentrated in the deep flooding zone (145~155 m).
2) Driving mechanisms: Flooding duration explained 54.5% of the variance in heavy metals, serving as the

primary driving factor. The "hydraulic sorting effect" driven by long-term flooding facilitated the preferential
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adsorption and accumulation of fine particles and heavy metals in low-elevation areas. 3) Source apportionment:
The PMF model identified three pollution sources, namely traffic/industrial sources (mainly contributing to Cd
and Pb) , agricultural/mixed sources (mainly contributing to As, Cu, and Ni), and natural sources (mainly
contributing to Mn). Among these, the contribution rate of industrial sources to Cd was nearly 100%.
[ Conclusion | Itis confirmed that the net-deposited sediments can effectively retrace short-term pollution inputs in the
reservoir area and confirm the interception effect of the midstream backwater fluctuation zone as a "sediment filter" and
its vertical enrichment mechanism, thereby providing a scientific basis for the refined management and zoned
prevention and control of heavy metal pollution in the water-level fluctuation zone of the Three Gorges Reservoir Area.

Keywords: water-level fluctuation zone of the Three Gorges Reservoir Area; net-deposited sediments; heavy

metals; source apportionment; hydraulic sorting; environmental driving mechanism
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Table 1 Background values and toxicity coefficients of heavy
metals used in potential ecological risk index (PERI)

e HEH/ (mg-kg™ D R
As 5.84 10
Cr 78.03 2
Cu 25.00 5
Mn 242.80 1
Ni 29.47 1
Zn 69.88 5
Pb 23.88 5
Cd 0.13 30

2) LYo M A R AW 175 m &
B ERZHEXEWRZELIEESE S & i
T, ARl TN 1o A A e A R R A D X T
el 1 B TR

3) YLK B PR W UTRE (6 4) 0 LUK 7 B I 114 Y /K
BIFYE SRS &b AR K B R Y
I TR, R I VA Y IE LA DT .

®2 PERIMESERKZERS %
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Table 3 Heavy metal contents in sediments from upper slope
(>175m) of typical mainstream and tributary water-
level fluctuation zones
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Table 5 Physicochemical properties of in-situ sediments from typical mainstream and tributary water-level fluctuation zones
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Fig.4 Potential ecological risk assessment of net—deposited sediments in water—level fluctuation zone of TGR
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