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Abstract: Minerals are critical active components of soils, which can drive the chemical transformation of toxic organic
pollutants in the soil environment and reduce the risk of environmental contamination. Previous studies of the interface behavior

of toxic organic pollutants on soil mineral surfaces mainly focused on the water environment or mineral suspension systems.
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Natural soils, especially surface soils, are usually under water-unsaturated conditions. In recent years, the transformation
mechanism of toxic organic pollutants on water-unsaturated soil mineral surfaces has attracted considerable attention, and a series
of fascinating discoveries have been made. The water-unsaturated iron and manganese minerals, clay minerals and metal
ion-saturated clay minerals drive the transformation of the hydrophobic toxic organic pollutants such as polycyclic aromatic
hydrocarbons and antibiotics. Water molecules at the interface of water-unsaturated minerals have weak competition with toxic
organic pollutants for active sites, and the dehydration process of minerals also makes them change to highly active structures.
However, an appropriate increase in the moisture of dry soil minerals can enhance the transformation of toxic organic pollutants.
A small amount of water molecules can improve mass transfer and promote the transfer of toxic organic pollutants to the active
sites of soil minerals. The different moisture state of soil minerals leads to the formation of various products. The
water-unsaturated condition is more conducive to the formation and stability of persistent free radicals and halogenated dioxins.
Also, the transformation of toxic organic pollutants is influenced by the catalytic activity of soil minerals and the physical and
chemical properties of toxic organic pollutants. In previous studies, electron transfer reaction was considered as the
transformation mechanism of toxic organic pollutants on soil minerals. However, free radical catalysis and hydrolysis
mechanisms have been gradually discovered. Transition metal elements in iron manganese minerals and metal ion-saturated clay
minerals can receive or give electrons during the transformation of toxic organic pollutants. The defects of soil minerals tend to
induce the generation of active free radicals. While, the active hydroxyl, Bronsted acid sites, and Lewis acid sites in soil minerals
can accelerate the hydrolysis of toxic organic pollutants. The development of detection technology and theoretical calculation has
made the relevant mechanisms precise to the mineral crystal type and plane structure. Additionally, Soil, a complex system, is
mainly composed of minerals, organic matter, and microorganisms. And organic matter and microorganisms have an important
effect on the transformation of toxic organic pollutants at the mineral interface. Most notably, they can promote the reduction of
mineral dissolution, and improve the reduction of toxic organic pollutants. Although the transformation and mechanism of toxic
organic pollutants at the interface of water-unsaturated minerals have been gradually evident, the breadth and depth of the
research need to be further expanded and deepened. It is suggested that future research focus on the following aspects: reveal the
transformation of toxic organic pollutants in the natural soil systems, strengthen the research on the reduction and transformation
processes, develop the in situ reaction devices and detection methods, and analyze the transformation mechanism of toxic
organics at the mineral interface from micro and nanoscale and molecular level.

Key words: Water-unsaturated condition; Toxic organic pollutants; Clay minerals; Iron and manganese minerals; Transformation
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Fig.1 Spatial distribution of surface soil ( 2—5 cm ) volumetric water content globally in April 2022 ( Data were obtained from the European

Space Agency and plotted with ArcMap10.7 )
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Fig. 3 Hot spot map of transformation mechanism of toxic organic pollutants on soil mineral interface under water-unsaturated
conditions ( Web of Science database, September 17, 2022 )
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Table 1 Transformation of toxic organic pollutants on soil mineral surface under water-unsaturated conditions
RS- 20 T HEA I A S 30k
Soil minerals Active species Toxic organic pollutants Reaction  Reference
52 li417 Montmorillonite Z5FgRL Fe (1) SEEL 2, 4, 6-ZFAmY . 2-WE Ade [25, 27, 40]
Fe () fRIZEHLA LR Fe (M), WEPEA A2 ROS M =, R . &B. %63t (a) A4k [29, 31, 41]
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R {7 Kaolinite Al-OH mEBERE . B, HER K fit [26, 44]
A ALY Aluminum oxide Al-OH AER ., R HRE A K [26, 43]
R Tron minerals Fe (1I) PRy, =HE. B JE Ak [18, 45-46]
Fe-OH. Lewis 2 AR ROWERAL: ., SR _TRER K [14, 21, 43]
4% Manganese minerals Mn (') /Mn (IV ), ROS S . GNP B AIE (a) B Ak [23-24, 47]
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ANT > ANT > 9-CI-ANT > 9-NO,-ANT, HOMO fg &
H 50 -5.03, —5.43, —5.55, —5.43 fil-5.47 eV.
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