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Nanoscale zero-valent iron application for the treatment of soil, wastewater
and groundwater contaminated with heavy metals: a review
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ABSTRACT

Nanoscale zero-valent iron (nZVI) has been extensively investigated for the remediation of soil,
wastewater, and groundwater contaminated with heavy metals. This paper presents a collective
review of nZVI synthesis, nZVI interaction mechanisms with heavy metals, factors affecting nZVI
reactivity, recent applications of nZVI for heavy metals removal, and the environmental concerns of
nZVI application for soil microorganisms and plants. Modified nZVI, spatially biochar supported
nZVI (BC@nZVI) and sulfidation nanoscale zero-valent iron (S-nZVI) showed high heavy metals
removal efficiency and more stable performance compared to nZVI alone. The removal of heavy
metals by nZVI is as a synergistic process where adsorption, oxidation/reduction and precipita-
tion occur simultaneously or in series. pH and organic matter are the main factors that signifi-
cantly affect nZVI reactivity. Toxic effects of nZVI are observed for the soil microorganisms as the
direct contact may cause a decrease in cell viability and membrane damage. A low concentration of
nZVI promotes the growth of plant whereas high concentration decreases root length. It is observed
that, further research is needed to enhance nZVI recovery techniques, evaluate the effectiveness of
novel modified nZVI and their effects on the environment, and the full-scale application of nZVI.
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