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Abstract

Hyperaccumulating plants possess the remarkable ability to concentrate heavy metals at levels ex-
ceeding those of ordinary plants by over 100 times, making them pivotal in the phytoremediation
of contaminated soils. This review systematically examines the pathways for resource utilization of
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hyperaccumulating plants post-remediation, alongside a comprehensive evaluation of their value.
Traditional approaches, such as conventional thermal treatments (e.g., incineration, pyrolysis, and
hydrothermal carbonization) and microbial composting, effectively transform metal-enriched bi-
omass into valuable products like energy, adsorbents, or soil amendments. However, these meth-
ods are hindered by challenges including secondary pollution and high energy consumption. In
contrast, emerging technologies such as phytomining and the green synthesis of metal nanopar-
ticles present economically viable alternatives. These innovative methods enable the recovery of
strategic metals (e.g., gold, nickel, cadmium) and the production of high-value nanomaterials,
while significantly reducing environmental risks. Economic analysis reveals that these advanced
techniques offer lower costs and higher metal recovery rates compared to conventional methods.
Looking ahead, future research should prioritize the optimization of hybrid technologies and the
development of scalable quantitative models. This work provides critical insights into establish-
ing a “remediation-recovery-reuse” chain, offering a sustainable solution to address soil contam-
ination and resource scarcity.
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Figure 1. “Phytoremediation—resource recycling—high-value reuse” closed loop industrial chain
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Figure 2. Synthesis method of nanometal particles
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Table 1. Comparison of technical pathways for the resource utilization of over-accumulated plant resources
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