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Abstract

Soil heavy metal pollution poses a significant threat to ecosystem stability and agricultural security. While traditional chemical
analysis methods offer high precision, they are characterized by lengthy detection cycles, high costs, and limited coverage. By
integrating spectroscopy, remote sensing, and intelligent algorithms, rapid, non-destructive, and large-scale monitoring of pollution
can be achieved. This study establishes a spectral response model for soil heavy metals using visible-near infrared spectroscopy
and high-resolution imagery data, followed by content inversion and spatial distribution reconstruction through machine learning
algorithms. Results demonstrate that the fusion of spectral and image information significantly enhances model accuracy and stability.
Combined with geostatistical analysis and isotope analysis, a multidimensional pollution tracing system is developed, providing
scientific support for regional environmental monitoring, agricultural safety assessment, and pollution control.
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