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Abstract

As the ecological core of Xiong’an New Area, Baiyangdian bears the vital mission of consistently main-
taining water quality steadily at Class III or above, and develop an ecological pattern characterized by
interconnected blue and green spaces, a fresh and bright environment, and harmonious integration
of water and city. Remarkable achievements have been made in the current water environment gov-
ernance of Xiong’'an, yet the legacy magnetic metal pollution features strong concealment, easy accu-
mulation, poor biodegradability, and potential secondary release. It poses long-term risks to the sta-
bility of sediment-water systems, aquatic ecosystem safety, and residents’ health. Taking the waters
of Xiong’an New Area as the research object, this paper systematically analyzes the sources, occur-
rence characteristics, and treatment challenges of magnetic metal pollutants. Combined with flower-
like magnetic nanocomposites independently developed by our team and plasma-enhanced sensing
technology, an integrated system of “precise detection, high-efficiency adsorption, and magnetic sep-
aration recovery” is constructed. This transforms pollution control from passive remediation to pro-
active prevention and control, and from segmented treatment to systematic integrated management.
This research can provide technical support for the ecological protection of Baiyangdian and targeted
remediation of legacy pollution, as well as a replicable and promotable Xiong’an model for the pollu-
tion control of similar rivers and lakes in North China. It serves the overall goals of national ecological
civilization construction and high-quality regional development.
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Figure 1. (a) SEM image of the magnetic particles, with the upper-right inset showing a magnified view of a single particle; (b)
XPS spectrum of magnetic particles; the inset at the top right shows the XPS spectrum of the iron element; (c) XRD pattern of the
magnetic particles; (d) VSM hysteresis loop of the magnetic particles, with the upper-left inset showing a magnified view near
the origin
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Figure 2. (a) Reflectance versus wavelength for metal thin films with different compositions;

(b) Transmittance versus wavelength for metal thin films with different compositions
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Figure 3. (a) Magnetic particle-based detection chip; (b) Schematic diagram of surface plasmon resonance spectroscopic detection
technique
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Figure 4. Logical flow chart of the integrated detection-treatment system constructed using magnetic particles
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