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Abstract

River discharge outfalls are critical nodes for land-based pollutants entering water bodies, and their
refined management is a core component of watershed water environment system governance. This
study focuses on Longling County, Baoshan City, Yunnan Province, and is based on the results of the
2023~2024 river discharge outfall investigation and source tracing work. It systematically analyzes
the structural characteristics, pollution sources, and spatial distribution patterns of discharge outfalls
in the main streams of the Nujiang and Ruili Rivers and urban built-up areas. A total of 587 river dis-
charge outfalls were identified, with diffuse sources such as natural gullies and agricultural drainage
outlets dominating (accounting for 97.96%), indicating that the regional water pollution input struc-
ture has shifted from traditional point sources to a new stage of “absolute dominance of diffuse pollu-
tion.” Water quality monitoring results showed that 32 outfalls exceeded standards, spatially concen-
trated in urban built-up areas and the Bizhai Township section of the Nujiang River. The main exceed-
ing factors were chemical oxygen demand, ammonia nitrogen, and total phosphorus. Through a three-
level source tracing analysis using “data-manual-technology,” the pollution sources of the exceeding
outfalls showed highly complex characteristics, mainly forming two typical pollution chains: “rural
composite diffuse sources” and “urban mixed sewage and rainwater.” Based on these findings, this pa-
per proposes a systematic governance strategy centered on “watershed coordination and three-end
collaboration,” encompassing full-chain measures of source control, process interception, and end-of-
pipe remediation. It also suggests building a smart monitoring platform and a multi-stakeholder co-
governance framework to provide scientific basis and practical pathways for refined water environ-
ment management in mountainous counties of Southwest China.
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Table 1. Statistical analysis of the types of river-ingress sewage discharge points in Longling county
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