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Abstract [ Objective] The Lhasa River Basin serves as a crucial drinking water source for Lhasa City, making its water quality
essential for ensuring regional ecological security and human health. This paper focuses on analyzing the spatial patterns, contamination
intensity, and ecological hazards posed by heavy metals in surface waters within the basin area. Twenty-five sampling locations are
selected, where levels of nine specific heavy metals [ zinc(Zn) , manganese(Mn) , copper(Cu) , iron(Fe), arsenic( As), aluminum

(Al), lead(Pb), chrominm(Cr), and niokel(Ni) ] are thoroughly measured. [ Methods] To evaluate pollution status and related
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ecological impacts, the Nemerow composite pollution index method and ecological risk index method were utilized. Furthermore, risk
models assessing potential non-carcinogenic and carcinogenic effects on human health were incorporated. For identifying pollution
sources, both the geographic detector and positive matrix factorization (PMF) model were employed, revealing a combination of natural
and human-induced sources. [ Results] (1) Heavy metal concentrations in surface waters of the Lhasa River Basin complied with
class I criteria as specified in the Environmental Quality Standards for Surface Water ( GB 3838—2002). The average concentrations,
from highest to lowest, were Zn, Mn, Cu, Fe, As, Al, Pb, Cr, and Ni. All were below soil background values and showed a spatial
trend of increasing concentrations from upstream to downstream; (2) Zn, Cu, and As exhibited moderate to high levels of pollution and
ecological risk, with As and Cu posing particularly notable ecological risks. The average comprehensive ecological risk index was
210. 66, indicating an overall moderate risk level. The health risk assessment revealed that the risk from ingestion (2.91x107" -
1.32x107* a™") was significantly higher than from dermal contact (5.82x107%~ 4.91x10™* a™'), with arsenic being the primary
carcinogenic factor. Children faced a risk 1. 79 times greater than adults; (3) Source analysis indicated that Cu, Mn, and As mainly
originated from industrial wastewater; Zn was associated with agricultural activities; Fe and Al were influenced by natural geological
background; Pb came from atmospheric deposition. Watershed characteristics, solar radiation, and total soil carbon were identified as
key influencing factors. [ Conclusion| The overall water quality of the Lhasa River Basin is good, but some ecological risks remain,
which are closely linked to industrial discharges and agricultural activities. The findings provide a scientific basis for water quality

management and pollution mitigation in high-altitude river basins.

Keywords heavy metal traceability analysis geographic detector
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Fig.2 Spatial Characteristics of Surface Water Heavy Metal Content in the Lhasa River Basin
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Fig.4 Assessment of Heavy Metal Pollution in the Surface Water of the Lhasa River Basin
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