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Abstract: As a common pollutant in water, nitrate has nonnegligible harmful effects on human health and the ecological environment.
Faced with an increasingly severe energy crisis, the development of green, clean and sustainable nitrate removal technologies to
replace the conventional resource-intensive denitrification process is urgently needed. Photoelectrochemical nitrate reduction
powered by sunlight has become a research hotspot at home and abroad. Based on the way photogenerated electrons being
transferred from semiconductor to nitrate, this technology can be categorized into photocatalytic reduction, photoelectrocatalytic
reduction, and microbial photoelectrotrophic reduction. In this review, the mechanisms of three photoelectrochemical nitrate
reduction technologies were discussed. With a focus on improving system performance, the selection and design strategies of
photocatalysts, photoelectrodes and microbial photosensitizers were also summarized. Moreover, the technical difficulties of
photoelectrochemical nitrate reduction are clarified and the future directions of research are proposed, such as regulating the pathway
of microbial absorption and utilization of photogenerated electrons through genetic engineering and other methods. The insights
provided will serve as a reference for the development of new nitrate removal and reutilization technologies.
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Fig.1 The reaction mechanism and pathway of photocatalytic nitrate reduction
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Table 1 Typical photocatalysts and their nitrate removal

performance
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h-BN 11.2 7.5 97.94 97.31 —  [46]
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Fig3 Schematic illustrations for photocathode—driven cell(a)

and photoanode—driven cell(b) reducing nitrate
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Table 2 Typical photoelectrodes and their nitrate reduction performance

JHUAR 1% A L 3 (V) SRR [pg/(hem?)]  VERIERE%) MR LR R%) wE%) 2%k
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O_SiNW/Au A% 0.2vs. RHE(FT W4 i) 4.39(NH3) 95.6(NHs) — — [48]
K2 FLRE SR — — 90(NO>) — — [53]
PdCu-P,/CS [k -1.3vs. SCE — 84.5 96.3 95.2(N») [54]
CoCu/TiO/SbySes 1 —0.2vs. RHE 229.33(NH3) 88.01(NH;) — — [55]
CoFeMnO/BiVO, [$]#% —0.1vs. RHE 17.82(NH;) 32.8(NH;) — —
CeO,~C/p-BiVO, I —0.1vs. RHE 21.81(NH;) 32.2(NH;) — — [56]
ZnIn,S4/BiVO, [ 2 —0.1vs. RHE 29.95(NH;) 37.2(NH;z) — —
Ru@TiNS/Ni/&5 k0 B % 0.0vs. CECH HiAR) 1744.9+20.6(NH3) 99.5+0.8% — — [57]
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Table 3 Nitrate reduction performance of typical microbial photoelectrotrophic systems

R e

S HERER LR HHETE(%)

TG WA TR S SR
BE(mgN/L) [mgN/(L-h)] (%) N>,O N, NH;

TiO, S B FHH 35 — 100 0 100 0 [59]
PANUTIO,-NTs il R o iy i Rl H BH R & 25.0 1.12 100 0 97 3 [23]
CdSe,Si— QDs ] £ B 0 TR [ B A 14.0 0.38 97.1 24.6 72.1 — [71]
B2 TR JB AR AT TR (i) 3 R 7.0 0.8 100 100 0 0 [69]
Cds JBE BT B [Fi) 35 9 b 13.5 0.21 100 72.1£1.1 — — [66]

Cds JBE BT B [Fi) 35 9 b 11.6 0.22 91.6 413427 4.8+1.0 43.3+2.0 [62]

CdS KRk R AT [ v o 10 0.73 88 — 72 — [63]
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