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Abstract

To reveal the content and spatial differentiation patterns of metal elements during the formation of sur-
face runoff in different geomorphological regions of the Yunnan section of the Jinsha River, this study se-
lected 7 first-order tributaries of the Jinsha River across six geomorphological types, including deeply in-
cised high mountains, red rock hill-plateau, and karst plateau, and established 18 river source water mon-
itoring points and 6 rainfall water quality monitoring points. From 2022 to 2024, three rounds of contin-
uous monitoring for 66 metal elements were conducted, yielding 144 water quality samples. Data charac-
teristics were analyzed using heatmap clustering, Kruskal-Wallis tests, and Spearman correlation analysis.
The results showed that 42 out of 66 target metal elements were detected, with 12 elements—calcium (Ca),
magnesium (Mg), sodium (Na), etc.—being universally present (100% detection rate). Arsenic (As), cad-
mium (Cd), and lead (Pb) were significantly enriched in the red rock hill-plateau and mixed hill-plateau
regions (maximum As: 0.018 mg/L; Cd: 0.00018 mg/L). Heatmap analysis indicated that the mixed hill-
plateau was a high-concentration aggregation zone for elements (mean Ca: 33.67 mg/L; Mg: 13.77 mg/L),
while deeply incised high mountains and karst plateaus served as low-concentration natural background
areas (mean Ca: 11.67~16.43 mg/L). The distribution of metal elements was jointly driven by geomorpho-
logical types and human activities, with karst regions showing prominent risks of As and Cd, and Zn and
Pb in mixed hill-plateau areas being significantly influenced by anthropogenic activities. The study recom-
mends constructing a “geomorphology-element” response model, investigating dissolution mechanisms,
and implementing zoned control strategies.
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