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WS RT, I 361021

& OB X R T AR I T K R R A AR LSRR P 2 M, RS T A ) R A 2 i e i =X A B
B #% (SBBR) H1 NO, -N B 8 PPk 68 S i A= ) 27 FRAE AU 5200 o %) SBBR it il A= 4 o Ak S 4 e J . 38 3k 39 45 S fim e
e A A T S HG e e W SR A 0 A Ak, LA TG A1 BH A A A2 B 35 5 0 R 48 R NHL-N G 1k 3%
F EALPE YR R RS R . B AN PE A dE b 0.00 58 20,50 V, SBBR H HL L AR AR FH Y B EE B A 4R
&, RSRNH, N E LMK (AOE) 5 NO, -N RFHR (NIAE) 4 71 3 = (97.07+1.20)% 1 (92.79+2.12)%; 24 51
FHA% L34 =0.80 V Ji5, SBBR "' NH,™-N [ 4 fb. 7= 4 R T V6 o M 1 A 405 7 7 T LA NO,™-N SRy 32, H Al 2 A A
FH B3 BE DR ORI R i 2 B I, RSN AOE B 2 %Ak o K AN BH A fe #5fE 52 o 0.50 v, AR Wik 2z Ak
%1 SBBR 7E H i T Ak B A= 15 75 7K i T B A AR (1) NH, N 5% 1L 508 (AOE=(99.33+0.11)%) 5 45 15 7K - 19 3 il R £ B8
I (NIAE=(88.08+2.07)%), I ATZR Gerh Y i ik 22 480 AV I AT 45 21 8 R 8 (s A, JC R 305 P A 4 B v %) PR 4
J& L5 Nitrosomonas(33.54%) . Geobacter(15.24%) Fl Empodebacter(16.88%), =7 1 NH, -N K & A 4k B i ¢ #
EH o

KR AEWRibEERS P IR A R A WASRER; R
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T2 PREAEFE A (ANAMMOX) .25 45) s 3 H s ke g s i an s, B EiRdR
TR 8 22 i 07 P T I A 3 TS K AR B, A AeT A RO 4 4 RS E 10 AR Ak i R B 2 R T K A2 )
it RS A S ARG BT AR A AR T A 5 R A AT AT A R 4R RO A 7K A 3 S 2R Y R
JE . KR ) (HRT), 3 40 (DO) 7 & . pH A LA K i5 IR Iy (SRT) &5 T S5Ok LB, &
T, 6 TR NH, N W B T ELK BT sh 8RB IR AR 5 V57K, B3k T B34 o v A 2808 ) 0 AK 1R
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] A i AR A% 1 R B R ARSI TR (AnAOB) AL, 38 T gk B BB B A W 4 S e T b Rl L
Fe(T). 1% & ok [ {4 f A 4 B i UM, 2% j 81 AR W i Ak 2% R 48 (BES) RE 5 1 FH F I 14 B 2B 0 i Ak
FL A S5z o7 S0 A L 55 R T A% 3, 3 T 5 T S A 1 A A s ST, D] D NHL, N AT
YE R BHA I BES IR A8 Mb . R4k, dr2eH iz IF e 7tk i iy 221k . MIN 48 ik 4
ih, BESTEIRA M T B A& AL NH, -N W ). HE M BEZ &8, DL NH,'-N R —GE U5 1Y)
BES A = A ik 0.078 mA [ FL IR WE(E , & 25 i U8R WA 52 7F (49.245.9)%, | B BH B FL V& A2 4
J5E R (A 2 BA B A Nitrosomonas europaea, HEINZ A W76 IR 544 B HAL LL NH,-N A%k}
HEAT LA RE Ty, BE AT AR RE A SR G A I S e B AR B RB L A BIE SR Y AR 4k SR
W], BES TH¢ 41 T Al 7E BHAR 85 5 i i Ve U A AR W I, ok A 7 PB4 R A7 v M 2 4R AL S
MIfEJ), RIELWTHE NH,-NAE AR 17 8 A =68, IF T3R5 2 A 50 &4k ™ ) (4 NO,~-N 5K,
BAAGWEF). MR , EREE I AT, BT M2 A A W RSN T 38 i i AR AR
FH 523 BES 1 NH,-N (09 7% A6 F1 NO,-N (9 F2 e B R, i 4 A8 HF b 4 R i i 3 A8 4 e 5087 1
20, WAT RN Sk B T AR S AT I A AR R AR M LS B H AR e MRS R L D) ik ELA AR
fAf 2 JoTT R H AN S AR RS Y AL

H FIF5&F R FH A= 4 H b 2 5 R SR T SRR AR s K R AR AL AT 9 i R 2 0, an T 4
J2 17 % i TP E AR S SR AR VR T SR A T 5T, A AR TR NH N B 8L 7= W A IR RN Bl A BF
FE VAT A ) S0 2% (SBBR) Ay 552 50 206 5, O HL i AR 2 15 it J 3 T TR Ak BRI B A 05 T
K, TR T RGBT RE B LAY Rt o A, 3@ i s S B L 5 48 T R 40 NH,-N
AL T NO, -N 1Y B EUILAE B a2 55k 9 B AR e 43 1B 5 T s 7 0 i S R R 345 110 i 4
TR T REA)A S B E BT B @A AL RE . NO, -N B BUK TV KL W e v5 45/ 21k .
WU AT Y, ER T — 4] SE PR TS K P NH, N 4L 5 NO, N FasE 2Ry ie, i
YN T B & Bni RS2
1 MRS
11 XBERE

Sk BN AE W R A iRAE R SBBR(E] 1), HERAHBIMIE, WAEN 10em, ARUAEF N 20L,
WA B . PP Z . K SBBRE SR 3 41 (0 4& | 415050 2l A 2 4% fR ). Hirp, SEgmdiprid
i R1o S5 T R B O BN 25 A6 A A= P B %) A B8 8 (K < 58 <& =20 cm=20 cm=3 mm) il 7 A [R5 4k
I E TR EN, LIAE S RGN (TAE

B ); B8 KE R 15 em i A & (d=8 mm) %

T B A AR R SR (s ). R B

oo 30 1. AR 5 5 e P 5 e (3 I U G

FEO, NIT7) g0 b soh . DA A H ok HL ) fi% 5o -

(SCE) 1 4 2 b vl JF 4 3 8 T 4 WA £z - -

B 3B i 5 5 R A (LT | Tt
5. DIS-292C) i . X} H 414 HIERE b R2 A ﬁ%m%_gxil/ééh_ﬁm
R3, FEr, R2 AR AL, H 8 O —— 1119

R1 H 58 i A AU 3%, H T AE R AR (R A
) RMEE A E DR R3 AR T AR 26 A
RH R B, R A e B1 RIGEE

B . BRAR Z (B IR A o S5 e ) ] % 20 o 3R T Fig. 1 Schematic of R1

ﬁﬁﬁﬁ?ﬂ‘%ﬁ CLIB-03 w38 1RHE
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Y17 T AR LA SRR S0 6 FR S
1.2 BITEH

%21 SBBR #y4 [y AN Seis A7, RV E M Ka47 2 N, & R BIRHC S 12 h, U8 4
W RGN 17 B AT AR K 20 A i K3 (1=15 min) . RN (/=690 min) . HEZK ] (=10 min) A1 PR & 1
(=5 min), A ¥ SBBR MMk 2 (& BIAUR , #4450 B 00 B B TRE i sk as b, JF e Hob i s w4
FIEFET o LI 18] 45255 B P KR R 14~23 °C o 78 /K 3T 18] 20 531) 1] 45265 B P A 28 PP e A /R 4l
LR AR LR AR ER BE L 5 g e 7 A R B R FT R2 7 S 18] 6 B H Sl (S R
SCE).

AR LR L 214 A AW, o, B/ 177 AN RIS IS S A BYBE, W RIE 5T O [R] BH A A 3
(0.00—~1.20 V) X £ R G iz TR RZ W 5 J5 37 AR AbRIC R B BvE:, B BEO 0a K 45 S g 5 B P )
A F AR R AT B (R 46 o i 3 B A L AR B ) BB ), I TR AN B AR L #l 0.50 vV, B
ZIRRS RGN R o Bas i rveRe, it Hrh B RO D RV S5 AR b
1.3 EMEMES KK R

Wt 35 A B AL A W T 0 A7 SR EE B 1 RS AL Y SBBR(FRIC N Ry), L B A RLAFI N 20 L, NEB
Haasth, HasHdy 0%, fFEaiiscgm s, Ry MBRAGEREE I S L-min ' & F 19 DO Jit
VLN (4.140.3) mg L), IR EE KA RGEAE AR (3542)C, #EK (N TEEK) H R NH,-N %
9 (459.98+36.98) mg- L', R, AY NH,-N & fLEF (AOE) ik 94.26%, NO, -N ZFL* (NaAE) il NO, -N
Z A (NIAE) 23 514 (90.29+3.11)% 1 (3.46+0.52)%

A B BE RS2 5% K B 50 mmol- Lt () B R £h 2% h W (pH=7.5) e il 0 A, f 7% 1432 gL
Na,HPO, 12H,0, 1.36 gL' KH,PO,. 0.5 gL 'NaHCO, #1 2 mL-L"' {8 L RKIFW . Hb, MEICRAE
WS IR QU AEM WY MFFY Bl o 13 A (R AT SE R AT 8 289K (T=121°C, =20 min), FFIRA S
4 <, (1=20 min) L2 B H A . DO, I 5 AR B R AP 6 R 43 i A4 SBBR I L PHAR Z=
AN, 4% SBBR A BH#L %8 HE K A5 40 0.19 g L™ NH,C1, D8 {d BH #2898 NH, =N i e 2 4
FEFE S0 mg- L™ 76 B BB, PHAR = 3E K B8 85 S e Blof ol R 2 el IX AR 36 157K, BPJiR 7K 28 IR 4 i Ak 3
&, B BB EASRE AR ET, HpfEEa P (UL coD it, TIE). NH,-N. NO,-N, NO,-N,
TN I TP A9 T & 9 20 91 R (109.34+12.72) . (50.87+2.54). (0.08+0.02), (0.15+0.03). (52.27+2.85)
A1 (5.64+0.25) mg- L5 [AIAT, BAAR = dEAOK A5 A BBl R .

1.4 DG E

1) KR RAE Ko 7 i o B3 R R 5 4% SBBR i K K FEUEAT 40 A, FEMR IR 34T, JKKE
1 COD., TP, NH,-N. NO,-N. NO,-N Fl TN [l 22 77 1k ¥ 2 BSCik ™, e i 2% & b s 2K KR
V5 4 (DO) Y 5 1) 48 48 X /K B2 43 A A (Multi 3401, WTW) $EATJEA7 5 . R1 R R2 () F i 25 i m]
MR (P E RS,

J=1/A (1)
A TONHEREE, pA-em?; THETMA, pA, BEBEACAE; 4 8 TR ER, cm’

2) WAL SR EE o TE Ry HEREEWEREA (BRIC N So), 7I7E A T BHY S 94, 117 A Ja 1 LA
K BB B 37 AT 43 AR AR R M A A W REAE S (5 T A S8 b, XTI ARIE N S, Sk, Ml
Sp)o A 4 4 AW HEAE S B T S S S50 4T

3) 5T 16S rDNA [ Illumina V- &5 &l S W7 o TG Y AR L 2 Bl E YRR E 2
N E AT I B TN . MR, AR 3E Barcode A1 X 43 4 AN REAS (B, #EAT IR AR IS
W&, RA] TR ST A SO s, B Clean reads. A T BIFFTRE Sh B W Bl 2 G2 A6 L, X A R
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it B Clean reads #E 17 R 35, LA 97% B9 — 1% (identity) $F J5 %1 2 2 i OTUs(operational yaxonomic
units), FAJ5 X OTUs MCER P #1790 Fh i B .
1.5 HIERLIE

K 1 SPSS 28.0 Xif S 50 K4 i A7 G2 143 Mr ;. R H one-way ANOVA #4775 2% 730 1 5 2K H Origin
2018 YEEL, P AR CE s R S bR v 25 5 AR IS e B AR . BRRGE . bl R Nk
B AR )T T A S R ZHL P Y.
2 #HR518
2.1 AEIFAREE T R1BIEITIHERE

TE A By Be % 52 1 AN [ A0 in BH AR e 5 XF R1 s A7 PR R 52 M (81 2)o 45 & K] 2(a) FITE] 2(b) AT,
AN B AR L # R 0, R1 M) NH,-N # LM REAFE, AOE Hl NIiAE 43 5N (5.63+0.29)% Fil (1.04+
0.35)%, AT RGEH KA R NH,-N b F, B EEh (47.901.69) mg L. Ffi & S BH L H 35
[ 38 4 3% hm (0.00~0.80 V), RI1 MY A R ALV RE Bl 2 & W 4 v o by HAMIM A L3k 0.50 V
i, RI B AOE Fl NiAE 4353 & (97.07+1.20)% £ (92.7942.12)%, MLi} 2 G0 B % K A & & DL
NO,-N& F, NH,-N. NO,-N Fl NO, -N ¥y Jit &t ¥ J& 43 5l A (1.49+0.60). (47.14+1.35) 1 (2.23+
1.30) mg-L™"; 4 4k i BH A% H1 % 4 0.80 V B}, RL1 AOEAS4E 5 78 (94.75£3.69)%, {H NiAE [& &
(59.35£10.82)%, HP R4 H /K H (1) NO, -N i W B 4 #5 7 (29.69+5.52) mg-L™', [FAf, RIH/KHE

Iomm v v v T W KX

60 ——— — — 100
——H7KNO, N QgttFt 5 5
48 | —O—HRNO-N 1 ot R P
—~ i 1 —o— NiAE ) 1 1 °
3 L = | —%-NaAE L o
. : : =2 36l \ g i v 160 Jit
g —0— J‘ﬂ:ﬂ(NHf ED A : %{2
z —o— HiKNH,'- Z 24| ... 40 B
= o
z Z 20 S
0 30 60 90 120 150 180 0 30 60 90 120 150 180
BAT A BT A
(d) NN (L (b) NO_~N SR
o 1T W N v v v WK .
o 150 A~ LsE o b e
& - A
- 120p g 12r
< g A S
S = N
w O e T T R = I -
b T A :%
2 60l =06k 0 T
2 2 e
5= o3t oo
oL O$E¥E%E@EE§EE oo
0 005 020 0.30 0.50 0.80 1.00 1.10 1.20
TEA A AN BHAR B 5V
(c) SEEIHIFR 11 L I 2 R VA (AR b (d) A FHIAR 10 D OV FEAR 1L

e TNV LV OVE VI VIRTX SRR TR S M BEAR A 4443 51k
0.00,0.05.,0.20,0.30.0.50,0.80.1.00,1.10711.20 V,

B2 AEPEKEET R BEZITIEEE

Fig. 2 Operational performances of R1 at different anode potential levels
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NO, -N Jii g e BE 1A 2 (17.69+£5.50) mg-L™', 2% 'E 1Y NaAE Kl 2 #2512 (35.40£11.01)%. 44N BHAK H
=100 VG, RINARX LS T, FEHRBEHEA 120 VST, RIAAOCE [ %
(57.43+2.64)%, LB E KA NH, N BTk B & (21.71£1.18) mg'L™", NO, -N FI'NO; -N A9 Jit
TV R ) 43 1K (13.05+1.24) mg L' F (16.26+2.05) mg-L ™', f Al %0, A R1 (9 NaAE(=(31.86+
3.90)%) 1 T NIAE(=(25.57+2.29)%). &l 2(c) > 52 5 W1 ] R1 7 45 J&] J0 P9 %) R o %% B 0 (e A2 fb . ]
UL, RI By HL I %5 B W IE [ T AOE, 2 2H 5040 52 R 4% iy (9 AH SG E (0.9627, P<0.001); 441 im BH
WL 3 0.50 VIR, RI1AY HE 37 35 B 08 {8 1T 55 (146.76+12.62) pA-em 2, i1 B 2(d) 7l 0L, 24 &1 in BH A%
HL 3 <0.50 V I}, RS AY DO i H He B F4 5 7E (0.09£0.03) mg L', BV HE B 0 b i Sy R 48 3R 855
T 24 AR I BH AR B 34 =0.80 V I, [ 2% & T 9 DO i vk B T & (0.86+0.18) mg L', X B 4%
PR RGN E IR A B T IE PR RS, BEIE Bk hy, AR K R BT S I K A T R I b o EL AR
HL 3 E°(H,0/0,) +1.23 V(vs. SHE, pH=0)*, {H7RA A5 48, FEMUAEYMEER T, E°(H,0/0,)
A f# 2 +0.82 V(vs. SHE, pH=7). FULFIHEM , 7E4MinFAM B3R 0.80~1.20 V B 54T, R1 A9 TAE
F I 3 18 T B BT 8 N R AR . AR BIFSE S5 E T X IR (B R2 M R3) B 17 HEfE CBE R B ), &
IS A ) A R e AR R a2 B0 22, SC U D [ 4% P R B 0F | K P ) N -N vk B G B 35 AR
fb, H AOE ¥R F 1%, ULAk, R2 093 %5 B M Fov i) DO & & A 52 50 W (8] 2R 43 34X R (7.46+
1.04) pA-cm™ 1 (0.11+0.04) mg-L™',

Y R 25 T R, X Rl r Ak 2% 5 Ak it ol (5 L b e i S R AR E I R A, IR
A P fe LA NH,-N IRt 7 8 A= 68, ELAD i FH AR Fi 55 X% A e 11 R 445 4 104 22 P 26 0 B2 1 R %
VE A5 DASE I B b 22 254 o AN [T A0 0 BE B FE 4 25 52 i R T (4 FEL GR35 B2 . NH,-N 3% Ab 880 I Ak ™
PR, £ 0.50 V I AMINBHM FE 4T, R A Al 0 A0 1 FH 5 2 B A5 B KR 42 %5, R4
Bt 2 ] A5 BE AR A NH,-N B AL 2R 5 B K 59 NO, -N 2R 5 0.80 V B AN FH 1% H, 3 it RE A
P& R1 s iy i Al AR PE T, (R R & R AT RN, 7E O, A AR, NH,-N A fkiy
FEPEE T LA NOS-N b 32 o (EAEE AR, o & i P B (=1.00 V) AU F 3R P RA T AR
N, ARG AR T REIT R T LAR 3 05 0 1) ik e A9 PHAR A S8 5 7 T/ r
FRF ST 7 R 7K SN, SO0 O Bl pH ORI AR AL, SETITRZ R T DR SR 0 TS Y 2) e A AR
FL B3 ol T R Tk 2 0 AR F R T 35 0 3 o AN R 2 ) LR SR Ak, SO0 AR T A A o) T
3) T A LA P BT S RO i 45 ZR Ge v i DR S R SR W I, FR I oA sl o) 1 3 M AR B e AR R
1 BT
22 EEMARESET RIWBEHEEITIHEE

18 52 AMIIPHAR FL 35 R70.50 V, 15 %28 T R1KHAE 6 15 K B9 A0 Bk 2R (1] 3). T L, R1HiK AR
i) COD fHAE B B BLih & Fa iE 78 (16.87+1.16) mg- L', % F #h /K 248 R4 T ab 3 )5 HoAa WL & 2 1%
R1 i) COD Z:BRF7E LI Be 4E 5 7E (84.57£4.52)% ., LAk, RI1TE B B EEBIBRBETEREA A, TP R %K
12 H4(20.95£2.83)% . A THHYMBER, RIMAZFHILERETE B B G A EFEAR, S8 K
FUTN 5 -NH, =N Y S5 5 % 2 5 35 (51.84+2.64) mg-L™' Hl (47.61+6.53) mg-L™', {H7E B W B i 48 23 4>
R, RI MARKBIRZEEIRGE ., FREEEETE, Hilkd TN, NH,-N, NO,-N 5 NO,-N
(5 M B 4 B R (46.40£0.98) . (0.34+0.05). (44.91+1.11) F (1.15+0.22) mg-L™', HJJ 2% & it i) (1)
TN Z R0 . AOE. NIiAE il NaAE 43 5l & (11.39+1.62)% . (99.33£0.11)% . (88.08+2.07)% £l (2.25+
0.42)%. AWF5E 5 %558 T X R4 (R2 M1 R3) 7 B B Bt s 1T PR AR (Bl R 90 ), ke 45 Xl B4 Xk L
A TG K BEAT B AL B, HOA WL . TP, TN Al NH,-N (1) 25 B 3R KT 5%,

B LR TTE, Y R1AE 0.50 VI PHAR FL 34T A 38R 1R 5K B, RGRe Rt o8 iU sh iF 72
H B HUS BHAR A9 NH, N B AL 208 B 55 K F B9 NO, N 2R [ HEr 2, kb —2 &5
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Fig. 3 Start-up and running performance of R1 during phase B

AHLIF A2 RT v B Al 2 AR HTAY S BE , AR GEM TN 25 BR Pk BE ML IR S A 2 7). s 2R ml
REVHIA FRAR 2 450 1) AR b A — e SR ) R R U E Y (S ALASE), HS 5T &5t
A ALY AR ff S 565y NO,-N [ JBEBR 5 2) ZEAMIMBHM 3T, R1 A 48 1 LA ALY AE A BRI P 1)
B AR 22 UG PR A B AT 18 8 (Geobacter). #w FL IR & (Shewanella) %), W28 B 5 PEGCAE ) i A G0 TS
SR TI5 KAV R BR . J34h, RUFEEY BERAE R TP 2 Bk 280 5 T 4 8 rp DA/ 4 (i
) AR PRI B R DA R K TR A MLBR T A [BE = PO
2.3 WMEMERER S

Kl 4 B, ZIER ] (Proteobacteria). 4“5 1 ] (Chloroflexi). tHALIRNE R ] (Nitrospirota) F11%
% W '] (Planctomycetota) 5&= So & BB = B9 4 DT, HARZAEAS v i A5 X =5 B2 43 501 Ry 37.90% .
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Fig. 4 Relative abundance at phylum and genus levels in the samples

17.22%. 19.15% F18.24% . A W55 KW, Proteobacteria J&:¥5 /K WA B R Ge P (RSB, KB4
2 55 1 R G s S A AL B i R A D RR U ) (i SR A AR TR (AOB) . NOB . 2 fild Ak T 1 SR 6 T
(PAOs) %) ¥1J8 TULE 17 Chloroflexi W] B fift Z2 Ml A AR TS5 2 440G W0, IR T A A8 ) Rt sl o ks
15 Ve OB ALt A2 i 1) 28 S P AVE Y Nitrospirota W00 & 58 43 Fi 2509 NOB,  H:nKE NO,-N &1k
A NO,-N™; - Planctomycetota "' 15 18 i B A4 ¥ (AnAOB 45), 7] 2 5 75 /K 4b PR A2 v 59 & 06 24 3
RO, B 13 R FT IR NS R HEI St A9 B RE 45 08 R N B T R Y #E KK BT K as AT 45
XFF Sav Sa, Al Sy, HAMMERAE TR FRER T T Soo 5 So M, Proteobacteria 75 3 4L FEAR
Ry e — 20 R R, AR X R B BB 2F 50%; [FIEF, S, Su, A S HBLFF R 1] (Bacteroidota)
1) E N R ISR FR L A 3G, TR T AE 3R A TP AR X FE L S, 4 3 2 8.77% . 7.38% Fi
17.38%; 75— J7i, 3 A Planctomycetota F Nitrospirota B AH X & w4 AR, JLHXFF S, il
Sy, Planctomycetota Fll Nitrospirota 78 2 ZHFEA WP (5 tb 4 <1%., AN, 3 HBEAR Z B IR FHE 2 5%,
FERI K . Sy Bacteroidota W AR £ 1 & F S, 1 Sas Sa, ' Nitrospirota %)% E (7.76%) 175 F
S1(0.62%) Hl S5(0.66%) . ALK LW, RI AR L5 By B hAs € ia A7 ik, A Wy v 1 s
PG R AR, H LR IE M AE IR B A R VR G A AE R R SR AR R A Bk i Hi, &
JEE] R1 A A 2 SRR PR I FE 0.50~0.80 VY A AR I 35 F RIS B AR TR BE A s Ak, 3 A AEA
Proteobacteria ¥ & W)W B R E MR A0 IS ME R AE W e 2 B P A DUE B S, A1 Sy TR & /Y
Planctomycetota F Nitrospirota N VA P T AR 5255 258 T R1 NFRAY R A A EE e HOB T TR (=14~23 C);
MMi S, " AT 3B % 1= 1Y Nitrospirota W R IR T 0.80 V BHAR B #F R1 WP A A IMT & b . 5 4bh,
B By Bt bk i Eram B9 A AL AL T R1 P Bacteroidota % & WY I . Bacteroidota J& AL REA HLE
FEW, IR ALY SAPERY RV, T TAER BES LA RS 5 G TE
AR S A L AR 8] Y L A e R . T S S S N Y Bacteroidota W] e 2s 5 5 L EH AL R
N, AR S NH,-N #5614k

480 0L, S, o AP 3 56 & 4L $5 Nitrosomonas . Nitrospira Ml Candidatus Brocadia, .7t 1%
FEAS R 1 ARG 3 BE 43 5 R 23.45% . 17.01% A1 8.62%., H:v, Nitrosomonas M Nitrospira 43 ) 3§ J& T
AOB 5 NOB, &% 5911k (NH,"N-NO, -N—NO,-N) i & () 2 # ) it % J& °;  Candidatus
Brocadia J& AnAOB, H 1[5 Nitrosomonas W [F] 38 i 5& F WA 1k ) 4 F2 B 7 5 & (CANON) [ by 58 8
REMWBRD, Nitrosomonas 1 Nitrospira %5 0 = BE KRB Ry AL B fbMERE, 1M1 So H— 22 5
I Candidatus Brocadia W7 4 Ry, 1 AYFE /3 NH,'-N Al G838 i CANON 15 DU 4k . Bfi#5 R1 AH4k F
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A A, BB, RS Nitrospira M1 Candidatus Brocadia W) A X} & & ¥4 R %% 8 iz 17 48 2 S ik 7K 7K ot
B Ry KA AL . SR, S, FAIXS & EA 6.25% B Nitrospira 3% B NOB BE A Bl FE A #7460
NiFE RI SEIRIGE , JFAIAE— @ R B L3 9 R G0 NO, -N AL MRE . Nitrosomonas TE Sy Su, F
Se W B AH XT & & (37.05%. 37.03% 1 33.54%) ¥ & T Sy, H R JE T Bacteroidota ) $a 1 B J&
(Empedobacter) 1 3 tAREARF 1) 5 FL IR Sy M, JLHXT F Sy, HH Empedobacter (X 1 A
16.88%. 4L, Sy H WL E J& B% Nitrosomonas I Empedobacter Z 4V, it 1 4E Geobacter(15.24%),
R 8 AR XS B T S(0.23%) . S,,(0.25%) 1 S,,(0.18%). i #IANK | Nitrosomonas iLiig A %
W, BELL O, AL F3Z % NH,-N & fk i NO, -NPY, [Hn A58 R W], Nitrosomonas F £ IR 58 W
fE 1, BELLNO, -N AL F 328 NH, -N JRE A L, Il A IR A s R A AE I, Bl U E Y
M fb 2 AL R R R, M4k SCA WS KB, Nitrosomonas kg BHAR HL 1% 14 2 S8 A0 A= ) T A 1) 0 34
E R HAE NH,-N b Bl e o %8 T Nitrosomonas G ZHEM:, IF45 & A RS2
9525 R A ZCMERE T Wr 22, Nitrosomonas N &2 5 2 48 B B 20 S84k s B 1 5% S ) e A
Y. £ 0.50 V IIAMINBEA BT, R1 F Y Nitrosomonas BEVA AR M F32 4K, K NH,"-N K& & 1k
4 NO, -N, B NH,-N @&k, T m 2, X RUIE B Bk g s rit, W Tk s
—E R A Y, HHAR BTG Y R Empedobacter Fll Geobacter F A X} F5 & Y45 AS R F2 i b
$eF. Hr, Empodebacter /&:—JSALBEF IR, MR R h R RGP, A
FOTRW, WERBMEYAEN BT HERIEN SREY SN 1238 . B ILHERT Empedobacter 7]
AE R 40 Wb N A HE T 2 R AR 1) T B U Bl Nitrosemonas 5E AR & 8 AL N, e —EFRE LR &
LT PR WA B AR B 8R . 59— ifl, )8 T Proteobacteria 1) Geobacter Je:—F ML {1 Ay fk 2%
TEMEAN TR, HE H LUA ALRR IR AE A FHAR S 4 55 30 f g R B HW A DFSEH8 . Geobacter i HL AT
A AL AE T RE 2 R P |/ NH, =N 75 7] fE

S AT BHAR SR A R AR . Bl 2 AT SR BRI L34 0.50 V

S, W REYE BES = 5l A Ak Ik ‘
MU BT, B BBt Geobacter HIXT 2 i Y 3

A 047 B T 425 R GG AT 00 5 6 P e P —

F_\LLXHL:%%FPE"J %*&ﬁ%%ﬁ@@ﬂTﬁi&{/ﬁ 0 —Geobacter

FHo HULATHEN, 24 R17E B B Bob 3L A 36 75 0~ Empedobacter

KB 54T TR S T A NHL N A i piininglinibii
@ —H LB FHERIKES,)

BRANE S frs . Sl E 4070, S, o Thauera
B 7 B (4.29%) PR i s T HAWAEA . Thauera

B i A R AT A R AR R AR A E T R NH+ZH,0 —, NO,"+8H"+6e"

NO N S C G PR AR T B2 550 5 ES RIS NH-N S8R ERAT B HED)

T RIAY TN K BRYERE £ B Br 843 LA TH, i Fig. 5 Analysis of ammonia transformation pathway in R1
AL G AL A AT 2R K o — 5 iR A L during Phase B

T 5

3 45

1) et i A4 9 A 2= 5 AE 7 SBBR, 38 2k 18 45 A1 i e i H 3R] SE B R G P B AR A AR AR I R R
KAk, HAS R M BH AR L 352 b 2552 i 3R 42 v NH, =N I 3% (b 38038 I a2 8

2) 2440 BH B HL F ) 0.00 V 35 & 0.50 V BF, SBBR HHL M R A ALAE SR E R AR R, REW
AOE 5 NiAE Z35Il# % (97.07+1.20)% H1 (92.79+2.12)%; 44N H#=0.80 V 5, SBBR #1 NH,-N
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AL = 1 R T A BB b B BT 4R N B T DL NOS =N S 32, H e 2 B AR 1R P IR H, 3RO 17 T e i 2 3]
i, ZRSEHY AOE Bz %Ak .

3) W A0 BH AR FL B E 2 SR 0.50 VB, SBBR 7E iR T Ak B AL 1 5 /K B AT S BEAR RS NH, N §
LR (AOE 4 (99.33£0.11)%) 5 %% = 7K F- 1) NO, -N 2 FE (NIiAE Jy (88.08+2.07)%), M2 Gi i
o A E TR R R Mk, AR D NS E R A
Nitrosomonas(33.54%) . Geobacter(15.24%) ¥ Empodebacter(16.88%), =3 1E NH,-N K & & fbid #
O EEAE
4 RE

A5 AR f 1) R T A ) v AR R R 0 R B A A T2 T S RIRT S AR 0 Vs K NH, N
A5 NO, N EM R, o 7R AL T2 1 NOB #F5 f [m f, MRERT T2
PRAEMERE , DR EA BRI NV Ty, a4 R B AR ) IR RO T e SN o SR T TR ERE
FH, HE0w A A 5 6 UESE Nitrosomonas B4 AN FAE W BE J1; HXFFAWEH KM, H
A AN [R] A 2 v B A BIL A T H b AR A AR A 5 e KA T BIL AT 1 2 — 25 B s 53 A
Geobacter 7= 5 e 5 5 B & B Ak e b v T IESE, % e 5 HE D RE LAY (A0 Nitrosomonas
Ay Z A EAE O RAR PR BB . Mz, NH,-NAE N BHARJE B 7E R1 & Az S84k i AR BL ] (f
55 RH 7 1) H, A 388 A A B O B Tl = R TR A5 ) B AH G Rl 41 it IV 7 i S2 i 5 h i — DR 5R
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Accumulation performances of nitrite and associated microbiological
characteristics in a sequencing batch biofilm reactor assisted by
bioelectrochemical technology
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Abstract  Considering the difficulties of achievement and stability of partial nitrification when treating
domestic sewage at ambient temperature, the experiments were conducted to explore the effects of
bioelectrochemical assisted approach on nitrite accumulation performances and associated microbiological
characteristics in a sequencing batch biofilm reactor (SBBR). When'SBBR was assisted by bioelectrochemical
technology, the regulation of the electrode potential could realize the cccurrence and enhancement of the
electrode dependent ammonium oxidation process. Further, the different anode potential levels could
significantly affect the transformation performances and oxidation product types of ammonium in the system, as
well as the associated microbial community structures. As the applied anode potential increased from 0.00 to
0.50 V, the strength of the electrode dependent ammonium oxidation process increased gradually in the SBBR,
and the ammonia oxidation efficiency (AOE) and nitrite accumulation efficiency (NiAE) of the system increased
to (97.07£1.20)% and (92.79+2.12)%, respectively. As the applied anode potential was higher than 0.80 V, the
products of ammonium oxidation in SBBR mainly changed into nitrate owing to occurrence of oxygen evolution
reaction on the working electrode. Moreover, the electrode dependent ammonium oxidation process began to be
inhibited in the system due to the increased anode potential levels, deteriorating the AOE. Regarding to the
bioelectrochemical assisted SBBR operating with the applied anode potential of 0.50 V, ideal ammonia
oxidation effect [AOE=(99.33+0.11)%] and high level of nitrite accumulation amount [NiAE=(88.08+2.07)%]
could be achieved when the system was used to treat domestic sewage at ambient temperature. Correspondingly,
the electrode dependent ammonium oxidation process could be highly strengthened in the reactor, Nitrosomonas
(the relative abundance. of 33.54%), Geobacter (the relative abundance of 15.24%) and Empodebacter (the
relative abundance of 16.88%) were the three dominant bacterial genera in the electroactive biofilm, which
played key roles in the process of anaerobic ammonia oxidation.

Keywords bioelectrochemical technology; sequencing batch biofilm reactor; electrode dependent

ammonium oxidation; nitrite; accumulation
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