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Abstract

Nitrate is a common pollutant in wastewater with a low C/N ratio, which can cause groundwater
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pollution, eutrophication of water bodies and other hazards. The bioelectrochemical system (BES)
can achieve denitrification, with the characteristics of mild reaction conditions, low energy con-
sumption and environmental friendliness. However, when treating wastewater with a severely de-
ficient electron donor and a low C/N ratio, problems such as accumulation of intermediate products
and low total nitrogen removal efficiency are prone to occur in BES. Therefore, it is particularly im-
portant to clarify the electron transfer and supply mechanisms of different electron donors in the
denitrification process of BES. This paper reviews the adaptability and electron transfer mecha-
nisms of different types of electron donors, including organic, inorganic and endogenous ones, to
the denitrification process of BES, elaborates on the denitrification metabolism of microorganisms
when hydrogen is used as an electron donor, and discusses the effects of different microbial com-
munity interaction forms on the electron transfer efficiency and nitrogen removal of BES. Finally, it
provides a summary and outlook. This paper aims to provide a scientific basis for the selection and
optimization of electron donors in the biological denitrification process of wastewater with a low
C/N ratio.
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THAEANEAME CO/N LK R R TENLE 38, Hod B 0 KA EE RN ARG R
N REEE T (1] £ ST KIS FAE AL N, H K RAT T KEV5 RPHaBOR R K5 3. BT,
EFXTEAS BRI AL IR, 8 A WERASAIEF YA RIK[2]. H, YEASEEBEAGWRME. &1
LR CEAEFN R RS (3], HARSAE TR s, HEEFER. AR, S E R
T3] BRI . RAEA SRR )2 2 N R A Fim bR, R SARIK, B TZ
B RGeS R [4]. SR, ARTEVS K. BB T FHEROR K A WA AR, R A AR
C/N FULHFAE[3] [5]o EFRTULRPEIK ALY, A4 TR ERIINT IR EE . CRNEE). igul, BT
BEAARA R ORI 2 S AL R RE B S B 2 — (6]

AW HLAL % 2 Gt (Bioelectrochemical Systems, BES)& — il & 7 AEMES AL LR H AR, BAH KR
LA RN RE BRI PR A U7 B A RE i [4] [ 7], FAROAE T H Rl o] DA S v A Bl 7 32 R s AL i A
IR N AR, SEELTS JeWLE R GR T 1 PR AR S %A . BES A A R A2 Al Bl Ath FE bR ik v
PIZAETN, MHABIEMIR L B (Nar) . T AS IR #hid R RE(Nir). — 2800 B0E S B (Nor) Rl AL T 08 S g
(Nos)IIEH T IZ P IE JFON A AR RE . Bk nr WL, S5& 5Lt ERmrERT, BES R
SR REDIMS I RIR, 7T DUIE 20 FEARTS KA B IS AT BOAS,  [RIIFREE 1 R i $50 n 2 i) 2%
YL T 5 250 HH 7K BR P A PR XSS DA g S R B P AR Y5 % ekl 1 s e XU 8]«

SR BES B TG Ak 18 F T C/N EEEEZK B A3, SR T I P A2 7™ B 5 = PR A 100 B
BES WAEAEAAE RIA A=A B SR E BRI E[9]-[12]. WAt it, VRS R
C/N LA T A5 AL WL O H AL RE A% O . PRI, AR SCEEEBHS TR O/N HLR K Ak 3
rhAN 8] FE A A A AL 2 SO AR PR S T L
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2. Bl T3 R FH LRI RIS
2.1. SNEAHEFHRFNRRS RFLEEY

IR TS KRR O T, HANA S A PURIEE BTtk 2 H ATie f
JRZ AR ESIARZ —[13], 7R AT e B B IR R 5 Re AR AR, 4T 5838 K S RS
BRI ERER . SEGNERIEFEFIRY, YRR BAT IR R RE AT OV 2R AN 5
MARE[14]. A PUBRIEIRYE IR0 K TERIE A PR, I BRI PRI 8o I B8 R
A DURRAE b HE 2R G ) S AT RS BEAT A R 428

AR GEAIE T A R A S 2 BN SR T LA RS BB IR RRISAN = & A AL IR Y 2K
A FIRA A WU LR E PR AL R R R B, A BIRIMZES . Ko /b TR g g, wr
LRI A T AR N, SIS S S A A T BRI VA AR, AT bR B AR A
o MHESBRIR R ER R MR MR 5, A RERURAL A, AR AR fE (1510 SR, T
VRN Bk b Ar S AL R, A USRI A AE S B B AR RN 135 /K AL BT 5 (R AR [ 131, [
I H A I B A S G BUP BRI BB — e LR ERR ) 7 e AT R [ 14].

2.2. SMEFHL R T HEA AR K HEEC 1t

T HEARTE S A A 3 B I S5 R AR Y ER B i T, AN SRS A P i IR A AL
A, BIEFRRAEI[16]. MR TCHLH AR AR, & AR BT AR RE S T 7 i
Hort, Hp AE SR SAR B A 17], W B EUE TR SO R A, SO R ek, 292G AL
BRUETE 2~3 % . Lu %5 N\ [18 R I B 77 S A B = BR 3 6.45 mg/(L+h), Sl U B iy 2 BRI A Ak 4.86
mg/(L'h), [RINEE 7R AR B IR, A= A BMOA NG R e = <k, & T
Ab FR AR R FNIAES 22 VB SR B R 3 5[ 13]0 B F IR A AR CLIE R I T R B A AR 19], 7
B AL B AR B B R . TEIX P EA R, BRAAL R ST BRI A A, RO
Ty BT AR T V)R] P I 6 0 i R 3k S5 05 e 8 SR N K[ 201« 120 R DU SR PR BRI S o A
B RN AR AR s SR (217, (H A AR B B 1T R d ZE AR WIS, AT S 00 e i A3
#[22]. ESEBR LRERIH A, AR @R 2R S G B B TRk i by X8 e R R Ak
LA, BRAERM, ZARGNHESER LR EE 0.75 kg'N/(m*N-d) [19]. 4h, kEnEFmek.
MR BB S5 T g VR M b . Xk T B Bk AN A A R S L AR E D . DA
ot HFTRAEEMNA Fe2'/F I B AMAEYIRMRT, NS S5EY RS . RS
AL ARIE VTR 3 I 2 HANR AW, A KREMMEERER], W-N-H. -OH 5%, XLtk
B[] f 448 R 4T 1 2 T 9 /K M AT v 4T i T P P A 8 R

2.3. RNIRERFHERB L HERY

PRI AR TR ) B A PR P i A B AR R BT AR B TR D AR I o X — AR
LT HEAA LA BT 1A D TE S0 o AR B = (W B B A BT T HEAT AR OB, AT 4Rt R 5 e &=
P, FRAMARIL T AR ITE S IR IR S A T AR A SRS . AR BCRE, PR TR = B A ]
PERA Y= P (SMP) R RSN RS HI(EPS) [23 ] AT TETIAE YD P2 )(SMP) 2 it 28 A A AR i 72 mhod i 4 il
S A BT OB AR 2 5 7 OB TR I 85 1 — 2R VR A WL B (241, 1T AN G Y)(ERS)
DS B A 0 S Bh A A W B R A s o PR A R AL AR, SMP 5 ESP Al g ZhAEMUZEMIE N
LR fR B S A DR A, G R AE SRR YRR AR R . P AL R] AU 3 e B AR ) P
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e, FREA AR T AR K B [25]. IR T AR A% o R IA A T8 G SNBSS AR N 50, AN
PAETIIG R R R T EPS R R AERCE A R A, HAE T BB AR 5 5 EHE N G P9 1
B, 780 M 2 F ik P 2% & 25 M s LR I s AE W R (i dE[26]. IER T EPS MIRINIEM, (45
KEMAEVIAMMRE S R, I Ras A ASE i ZEVIRRE . SMP I SE A 5 /R v i tEA ALk, 7]
REW LA BRI, (EAEBE Y N 4555 R G h S BRI SR FE AL, RIS e [27]

3. BEFHERHEE RHLEFEHEEESHLH

HL T HEAAAR 5 SR FE AR R B R A AL A i@ i AR L b= AR T, ARSI AR
e LS SRS, A IR ERR il JE IR O L AR AR B HUR AN IR, SO A AR B B 1) 2E
SEsAMAME . AR A VLR AMARS, RS TR s S S B A AR S A B
R, L TFAALFENEN NADH — NADH AR — ZEHQ) — 4IfE bo A4 — it
o~ RAEEER[28]. EAMREER G2 RIE T 5T Ik3h ATP & BE& % ATP, LUK AMAEY)
RftRe .

W FHA Y TN L TR, TR B R v M R DR RV E N R A AR, ORI
BEfR S SR AR R, AP ESEEES A THURY) — B/ FEEE —~ BRE — B e ek
— EEE R, CARE B 7R A oA, HE RS ERE N Wik — BB AL JF EF(SQR)/Sox
— AR b E6H — MRER c~ RIELEER. AU AR GAE N BT AR, RELHE
ISR G B A AL S IR I i S U . F A R S LR TR B AL B AR R £R(SO% ),
FA R B A R ¢ £ 30 AN R SR SR B (Nar), LAIRS) NO; — NO; MIEJR[29].
FEBR T BRER Hh A5 o A R A R AR A RSO —  SOF + HaS)REUHEF[30].

4. BT xS RFECEEMY

SR A 2 e A S R A B A R SRIZ PR JFUO B — R YRR AR [3 1] Li S A[32]48H -
58 SR ANV PR 0 FH R VA S R AL B E Y 700 DOONIALIRI SRR, S i A I 1 v A v O 75 RS H 4Bt
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I 200 H AR b AL 1B 25 IOAHACE, 35 T SR B A R BL A IEAT (33 ] IX 28 M AL BRAE FL T 4 S %
0 L PO I A S U T8 A AL IR O . Zhou SE N [34 1 IS X — RYIA RIS C/N Btk I8 R I,
TEWIUG C/N AT 6.82 B, S0 I 500 J5 i P 76 PR DK B2 BRI, T — S A 08 S B A T PR ARG Tt o (RIS
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FSCHRR FR O ER A, TTSEE RO 28, (R 32 R TR IR AR S n 4z il i B 4 ks Je L Ak )
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