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Abstract [ Objective |  Accelerated urbanization and the expanding scale of drinking water treatment are accompanied by a
significant increase in water treatment plant ( WTP) sludge generation, presenting dual challenges of environmental sustainability
pressures and resource utilization imperatives. This paper characterizes WTP sludge resource utilization potential, identifies critical

constraints, and provides theoretical and technical support for its large-scale utilization. [ Methods ] This paper provides a systematic
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analysis of the physicochemical properties of WTP sludge, revealing its unique resource endowment characterized by high inorganic
content ( predominantly Si0,, Al,O,, and Fe,0,, with a mass fraction of 58.9% —85% of its composition) , low organic matter (<
30% ), and minimal pathogen risk. Existing WTP sludge treatment and utilization pathways were systematically reviewed. Critical
challenges were then identified through comparative analysis of domestic and international policies. [ Results] The resource utilization
of WTP sludge demonstrates significant benefits in terms of resource recycling. Land source utilization facilitates resource cycling by
enhancing soil properties and substituting natural resources. Meanwhile, the production of construction materials and functional
adsorbents leverages its low moisture content and high inorganic composition as a preparation basis. Coagulant recovery and material
regeneration minimize virgin chemical consumption and environmental loads, exemplifying circular economy principles. However,
pathway effectiveness hinges on optimized dewatering and regulatory compliance. Current WTP sludge policies and standards in China
lag behind wastewater sludge regulations and international benchmarks, while immature technologies and insufficient industrial synergy
constrain resource utilization. [ Conclusion] WTP sludge resource utilization in China faces three critical bottlenecks: unclear
standard applicability, inadequate economic mechanisms, and insufficient industrial synergy. Future efforts should construct an
institutional framework integrating graded standards, market incentives, and departmental synergy. Priorities include clarifying resource

attributes and exemption pathways, incorporating disposal costs into water tariffs, and promoting scaled application of localized, multi-

path synergistic systems. Strengthening the linkage. mechanism of legislative empowerment, standard guidance, and market incentives

will support high-quality industrial development.

Keywords WTP sludge; resource recovery; technical pathway; standard interpretation; synergistic enhancement mechanism; circular

economy
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Fig. 1 Overview of WTP Sludge Treatment Processes
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