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other fields has raised concerns about their biosafety. It is therefore unavoidable to be
discharged into the sewage treatment system. Due to the unique physical and chemical
properties of ZnO NPs and CuO NPs, it may be toxic to the members of the microbial
community and their growth and metabolism, which in turn affects the stable operation of
sewage nitrogen removal. This study summarizes the toxicity mechanism of two typical metal
oxide nanoparticles (ZnO NPs and CuO NPs) to nitrogen removal microorganisms in sewage
treatment systems. Furthermore, the factors affecting the cytotoxicity of metal oxide
nanoparticles (MONPs) are summarized. This review aims to provide a theoretical basis and
support for the future mitigating and emergent treatment of the adverse effects of nanoparticles
on sewage treatment systems.

Keywords: metal oxide nanoparticles (MONPs); detoxify; biological nitrogen removal; toxicity

mechanism; environmental media
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Table 1 Effect of ZnO NPs and CuO NPs on nitrogen removal in wastewater

MONPs  Concentrations Results Reference

ZnO-NPs 2.5 mg/L The nitrogen removal capacity of denitrification reactor was nearly deprived [27]

ZnO-NPs 1 mg/L The TN removal efficiency decreased to 47.8%, and the NH," and NO, ™ in the [8]
effluent rose to 25.7 and 69.8 mg/L, respectively

ZnO-NPs 10 mg/L 90% loss of nitrogen removal capacity [25]

ZnO-NPs 10,50 mg/L  NH,' removal efficiencies were reduced by 8.1% and 21.1%, respectively [23]

ZnO-NPs 1-128 mg/L  As the concentration increases, the TN removal efficiency decreases from 100% to [22]
1.7%

CuO-NPs 1 mg/L The TN removal efficiency decreased from the 71.5% to 40.3%, and the NH," and [8]
NO, contents in the water increased to 25.2 and 68.5 mg/L, respectively

CuO-NPs 0-10 mg/L As the concentration increased, the TN removal efficiency decreased from 90.6% [28]
to 79.8%

CuO-NPs <10 mg/L Enhance the NH," removal [19]

CuO-NPs 1 mg/L Significantly reduced the activity of Pseudomonas putida Y-9 and inhibited the [29]
removal of NH,"

CuO-NPs 30-60 mg/L  Inhibits the removal of NH," [30]
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Figure 1 Cytotoxic mechanism of MONPs.
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Figure 2 Dissolution, adsorption, hydrolysis and aggregation of MONPs in aqueous solution (adapted from

Wang et al.[*%)).
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Figure 3  Effect of pH, metal ions and DOM on dissolution, transformation and aggregation of MONPs.
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