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Heavy Metal Pollution and Remediation of Agricultural Red Soil: Research Progresses and

Prospects

XU Xiaowei'**, LIU Chunxiang’, ZHANG Yufeng', ZHOU Jing>**, FANG Rongjuan®, GONG Peiyun®®, LIU Mengli*~,

TIAN Ruiyun®’, LIANG Jiani**, ZHOU Jun****

(1 School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 211800, China; 2 State Key Laboratory
of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 University of
Chinese Academy of Sciences, Beijing 100049, China; 4 Ecological Experimental Station of Red Soil, Chinese Academy of
Sciences, Yingtan, Jiangxi 335211, China; 5 District Agricultural Science Research Center of Yushui District, Xinyu City, Xinyu,
Jiangxi 338000, China)

Abstract: As the core agricultural area in the tropical and subtropical regions, China’s red soil area accounts for 30% of the
country’s agricultural land. However, due to industrial production (including mining, smelting, chemical manufacturing, etc.),
agricultural activities, and a high geochemical background, it has become a concentration area for heavy metal pollution such as
cadmium (Cd), arsenic (As), lead (Pb), copper (Cu), zinc (Zn), chromium (Cr) and mercury (Hg). The strong acidity (pH<5.5),
low organic matter content (<20 g/kg), and redox alternation of red soil significantly enhance the bioavailability of heavy metals,
leading to the increased risk of soil-crop-food chain migration and threatening food security and human health. In this paper, we
systematically reviewed the characteristics of the “industry-led and agriculture-overlapping” sources of heavy metal pollution in
the red soil area. It was found that cadmium (Cd), arsenic (As), and lead (Pb) contamination are particularly severe, and the heavy

metal concentrations are higher in the east and lower in the west. We revealed the key interfacial processes, such as the dynamic
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transformation of iron and aluminum oxides and the insufficient complexation capacity of organic matter under the multi-metal

composite pollution, and evaluated the applicability of remediation technologies, such as water management, passivation

improvement, and phytoremediation in red soil. Furthermore, we identified the challenges in heavy metal remediation within red

soil regions, including significant pressure for source control, widespread multi-metal complex contamination, and poor long-term

efficacy of passivators. In the future, to provide theoretical foundations and practical paths for the realization of high-quality

agricultural production and ecological safety in the red soil regions, it’s necessary to develop specific materials such as

functionalized/modified passivation materials, establish an intelligent pollution risk monitoring and predictive modeling system,

and form a whole chain management system of “source blocking control-process blocking-end management”.

Key words: Red soil region; Farmland; Heavy metals; Pollution characteristics; Environmental behavior; Remediation techniques
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Fig. 1 Global input fluxes and relative proportions of heavy metals in agricultural ecosystems
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Fig. 2 Remediation techniques of heavy metals for red soil
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Table 1 Remediation techniques of heavy metals for red soil
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