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Abstract: To address the challenge of “implementing remediation while production continues” at
operating industrial sites, an experiment was conducted on the application of emulsified zero-valent iron
reduction coupled with microbial oxidation in treating nitrobenzene-contaminated groundwater. A
laboratory-scale sandbox reaction system was first constructed to systematically investigate factors
affecting the efficiency of nitrobenzene reduction by emulsified zero-valent iron and evaluate the
biodegradation patterns of aniline and key functional microbial consortia. Then a pilot-scale in-situ

chemical reduction-biological oxidation reaction zone was set up at a contaminated site to examine
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dynamic variations in water quality parameters and contaminant removal efficacy. According to
the sandbox experiment, the reduction efficiency was significantly enhanced in acidic conditions
(pH=4), and 99. 82% nitrobenzene was removed within 5 h; smaller emulsified zero-valent iron
particles exhibited higher reactivity, with an economically optimal iron/nitrobenzene mass ratio of
1.2—1. 6; the aniline-degrading microbial consortium displayed mass concentration-dependent
activity: The degradation rate exceeded 95% at mass concentrations below 200 mg/L but declined
to 52. 13%—62. 21% at 1 200 mg/L due to inhibition; Pseudomonadota and Planctomycetota
were identified as dominant functional genera. Pilot-scale results confirmed the effectiveness of
the emulsified zero-valent iron reduction-microbial oxidation sequential technology in removal of
nitrobenzene and aniline, as evidenced by the 95. 69% nitrobenzene removal within 30 d in the
upstream chemical reduction zone and the 89. 06% degradation of accumulated aniline in the

downstream biological oxidation zone. This study is intended to provide critical data support for in-situ

green remediation of contaminated groundwater at operating industrial facilities.
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Fig. 6 Remediation effect of aniline-degrading bacteria on actual contaminated groundwater in the presence of compound
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8 Dynamic changes of five parameters of groundwater quality in the study area
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