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high difficulty heavy metals
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Abstract

Heavy metal pollution has become a global environmental issue, with complex behaviors of multivalent heavy metals such as
chromium, lead, and cadmium in soil-groundwater systems posing unique governance challenges. These pollutants have the
characteristic of easily transforming their forms under varying hydrogeological conditions, often exceeding the boundaries of
conventional remediation techniques. They can form persistent environmental risks in deep aquifers and fractured rock formations.
For high-difficulty scenarios involving cross-media migration, multiple form transformations, and cumulative pollution effects,
traditional remediation methods suffer from limitations such as rapid degradation of remediation efficiency and high risks of
secondary activation. The proposal of an integrated soil-groundwater remediation concept marks a shift in pollution control from
single-medium treatment to systematic ecological regulation, thus opening up new avenues for addressing technical bottlenecks such
as deep pollution spread and fracture medium permeation.
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