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Abstract

Water distribution networks (WDNs), serving as critical infrastructure connecting treatment plants
to end users, are subject to complex contamination processes characterized by diverse pollutant
sources, multiple occurrence forms, and coupled migration-transformation mechanisms, which have
long posed challenges to the safe delivery of drinking water. This paper presents a comprehensive
review of pollutant occurrence forms within distribution systems, encompassing suspended partic-
ulate matter, dissolved metal ions, pipe corrosion products, disinfection by-products (DBPs), bio-
films, and pathogenic microorganisms. Building upon this foundation, the current state of contami-
nation source identification methodologies is critically evaluated along three technical pathways:
hydraulic model-driven simulation-optimization approaches, machine learning-based data-driven
methods, and chemical-biological fingerprint tracing techniques, with particular attention to their
underlying principles and applicable conditions. Furthermore, feasible strategies for pollution con-
trol in distribution networks are discussed from the perspectives of pipe material renewal, hydrau-
lic scheduling optimization, synergistic disinfection process control, and online monitoring with
early warning systems. This review argues that the focus of WDN contamination management
should progressively shift from reactive emergency response toward proactive prevention, and that
the key to achieving this transition lies in bridging the information gaps across all stages from
source water to end-user taps, and in promoting the deep integration of monitoring technologies,
simulation models, and data-driven analytical methods.
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Figure 1. Research framework for contaminant occurrence, source tracing, and control in drinking water distribution networks
and diagram of multi-objective optimization coupling mechanism
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Table 1. Classification and characteristics of major pollutants in pipeline networks
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Table 2. Comparison of technical approaches for pollution source tracing in pipeline networks
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