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W OE IR E A T o e S B B R O A RCR AR A, R T IRA A E L T A
AR . NN FKBIEWPRB G R EBTRNE., SR XN, REZAITZEMRE LT
U6 :anammox FURE V5 JE=9:1 M J Bk R fefE, 100 d B TN L BR R0 35 75.1%, (H i T H 3% B i+ CcoD i, 7
IR A A T A A T H ™ R e IR AR A R R . S R 6 mg LT WY NJH, Z 5, SR A AR TR E A2 E 0
i, N asNIREZ A S ES WA, Candidatus Kuenenia THAHYT 3 H1 0.2% $#2£ 7+ 5 10.6%, TN B3R M Al
L BR R 435155 90.6% F1 0143 kg (kg d) ™' DAL AR A S AL T2 A oind i NH, v 5230 b7 08 IR R 0 AR E =
A FEA -

KHIR AFNA; REEA BB e, B

K % 4 A 4t (anaerobic ammonium oxidation bacteria, anammox) F F% 4 ¥ i & T. 725 52 ML & &
(NH,-N) FH A, WA (NO, -N) M FZ A A FRA T2, HHEAEARASSEE . LW
AN TR IR S L, FE BRI OB IR WA AR AR /N Eu 5 /K i A Ak B 22 31z e, |
anammox [ AE K Fls SE U E 2218, AR HUSERY, BB EREAEEREEA . ALY LESE
J& 4515 Y Wy X anammox R ELAT R ZUDHIVE A, 15 anammox T 257 3 338 U8 VRN RN Az 3 B
KA 2y L T4 —F PR )5 3 anammox A 75 YR L Fh R, S SZ B anammox H 77 i & T 2 7F
B B UE WAL B B P RO BT TR, MR A SR TN TR HEA ERE X

Anammox 25 A A 3N 2T IK 5 Hmi Fl, & % anammox W B #E . AP RY], RGBS
k.75 e 55 anammox 75 U B8 9 2 2 N 4% i B BT 7 B E),  CHEN 45 BV 352 Bl S i A6 5 U8 5 2 b
Anammox V5 e : S AH LTG5 I =1:3 MR 515 V88 S BCR AT LB, e B S il Ak 75 U1 S vy o 60 25 B
BARGA 0.54 kg (m’-d) ' 77 98 d, M5 # A ZBR 3 AR IE F) 0.55 kg-(m’-d) ' {XFF 40 do {H WANG 551 4%
b DA WUk 5 e :anammox 15 U8 =20:1 )7 2l [ I #% R BE AL LD, iX 7] 58 5 anammox V5 Je 2 Fh L il A
Ko BIE, HAhV5 S anammox 75 Y& R & £ F0 Y LL ) X anammox 2 N #% i 801 5% ) i A7 18 PR AR
ks BEA: 2023-03-01; FEABH: 2023-05-08
EEHE: 2021 4 1 77 41 & U8B M 56 £ 301 (2120001008746)

FE—1EE: X (1995—) , B, W+ WA, 576638971@qq.com; RBEIEE: B H (1982 —), B, W+, #H#Z,
Ivhui3@mail.sysu.edu.cn
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I8 o AHIE 5 K by %5 UE WCH R0 AL BE b i JE AR S AR TS e L BRI AR T YR DL B S 8w A 0 R
anammox 75 e A R X 42, 5T — Fh e O 10 15 U8 352 Fh 3R W O ik 2D anammox .20 )3 s B E] o BE b,
H T anammox T. ZZ7F SEPRAL PR B B UE W AT, FAEAEZ BB U T NH,-N, NO, -N FIA HLi5 L ik
FEAR AL, T2 anammox I AR FEALT Y, Hidr 1 0B UE W+ NH,-N XJ anammox {7 74 (1) 5%
M) 2 LR T 25 & (free ammonium, FA), JUNG 45 Pla W57 i & B 24 087K FA 35 %)'1.7 mg-L™' UL LB
FF 1 X anammox ;= AE ], 24 FA ik £ 32 mg-L™' B} anammox 4% 5¢ 4 5% 1k KON o 1 b7 3595 8 W
NO, -NA B H A — & i 4 ¥ 8 1, STROUS 45U % B 34 NO, -N Ji 5t ¥ & #9100 mg-L ™' i}
anammox JZ W 2332 B H, EAE LR EE T4 12 h &S 58 2R . mR AL YL ¥ 25 4 1 v g
anammox FP A £ T FE, TANG 5" R A HLYXT anammox K iz 17 52 i i & B 4 #E /K b COD ik
800 mg' L' i}, A HLI5E 1Y anammox % PR A A TCHL IR BE By 1/4, 2 Vi N 7 7% T F B2 KR B 4
o B, 7E anammox H FRMEA T2 SCFbrn i, 758 —FhRE4ESF anammox =i UM A HERE, TRIE
anammox B 75 S N #% T IR 28 5 3 32 S A 19 07 ik . IR (NLH,) /2 anammox [z I 3 B (%) T fE] 72 4,
AT AR S 0 R AR N,z B R R R R o S T ATP A Y, E AR
N,H, Al 584k anammox i A& MERE™, (0 N,H, 2 —Fhssid 5f . BAa AW, a8k
il Anammox Sz i ", H Fii 4T NH, B 98 32 54 v 7 15 Gy Wik 2 A1 9 KA (LA 481 B2 7K B0k Tl 7
/K H anammox [ JZ N e B LG MK B 71 o G MIODONSKIT &5 1) 78 75 Y8 31 1k 1% 7K v i i 4%
N,H, {2 i#f Anammox i ¥, & I NH, 2 I #§F B9 22 3 5 8 K U I NH, 09 %5 B4 & i 0.256
kg (m*d)"'o T A Ae] 3@ b NH, A i anammox TR PRI 10 5 V5 G B AR W R SR 0 b OB TR, DA
X8 B T 58 S DA AR 3 R 1) S e AT 5 A A i

YT, AW AR R anammox T 2 de A0S U8 4 B R B O B 9 BR A B, e NH, 7R
anammox I 2 FP X} By 3 18 g B A s R, B A s A g i EMERE L IR A A EARTE T L
SN A VLKA R TE S5 A AR AR AT LA fE U anammox BT I B IE NLH, WRE . 45 A i fis i
FEFR IG5 38 A 1Y NH, W B 52 B anammox 76 57 % 5 U8B A B R B DL R KRR B B AT, Rk
anammox 1. 2552 1y 338 U A il AR RE AR IR, Az T 24 SE B T/ 4s H rh S LRl 22 1 B
RCFE
1 MRS
11 IREE

SEuG— . R H P SN % (sequencing batch reactor, SBR) X anammox ‘R i3 3l 5% A 15 e % Fh
RS UEATAESY, W B () FTR . RN a R AR L ARSI, AhgiaEern, WNE#E T
e, THPTEAR e ZE s B, MR ZETR I/ K 0, BT R 24 h, HdgEsk 0.5 h, BEHE
22h, PLHE1h HEZk05h, HEFEEEE 90 rmin', KIS AEIRTE (30£1) C Fisfy.

S SR T SR 5 PR IR KU %% (up-flow anaerobic sludge bed reactor, UASBR) #£ %% A [A]
N,H, ¥ B2 X anammox T. 20 157 32 U8 W I A Fe e A2 i, 8 Qi &l 1(b) Frs o I 4 N AR 6 em,
45 em, ARAEBUN 121, AME/KIEGHIRZ VT IR E ) (30+1) °C, /K IFEE BRIy 24 h,

1.2 SR Ak

S — . PEACR BRI K, NH,-N 1 NO, -N 2 [ NH,CI & NaNO,, Ji & ¥ J& 5 5k 35+
5) mg-L' Fl (45+5) mg-L™', Hifth 32 2 pl 43 . MgSO0,-7H,0(0.3 g-'L™"), CaCl,(0.0056 g-L™") A1 KH,PO,
0.01 gL™Y; fEmcE T A mg L) MffEcxRE T (1 mg-LH!,

SEEY . anammox JC{E M AN B S H AR B B UEW , W E S MARMA T A, K NH, -

o4k NO, N, LUl & anammox T. 205 #f 7K 1 NO,-N 5 NH,"-N HL | 2k . b, AL
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Fig. 1 Experimental reactor installation diagram

W 22 FE A AL SO S B TEMRAE Ry AR BT 5 o SR FBEAUL R /K 5 i R A A R KB B MR B 0T B P R
FEE IR A LK T R, R e A LU RS AL UK B B O K o He b R G AL K2 DR ROR
06 LT S v e R A S A
1.3 K HE

Anammox . LR HUH SR L5 Je e R S m AR s AR A A TS e S R AR TS e Yok B TR
Al T A TR AT S S A AL s anammox UK 5 Ye B S I w ARG 3R, IS R B R L0 RE
i, SCHRRH S AN RN A A B RN AR AR TS s RAEAR TS Ve s SRR A 1k 75 U6 :anammox R V5 6
(W:W)=9:1; Itk 15 Je :anammox FUALTG Jé (W:W)=9:1; G 2 fiH b 15 Ve S i AL 15 Y& :anammox k7 15
e (W:W)=4.5:4.5:1, Hip W Z/REM 5 Tk E (MLVSS), A #F MLVSS i (3 000£100) mg- L™,
B4 A1, A2, A3, A4, A5

PRI A [6] NLH, ¥ JE X6 anammox T. 25 47 e BB W R A BB @ v 2w, R R LTy
Jé :anammox UKL 15 & (W:W)=9: 1 [l 2 Fh S s, M4 NLH, ¥k 2K S nij #5444 24 B1. B2, B3. B4,
BS5. 5 SO K SR AR TR] 150 B Sr R KR, KA NGH, R B HOAR 95 SE U0 BOR AT
S0, 3. 60 90 12mg L™, KW #F MLVSS #1°4 (10 000+£800) mg-L™',
14 SWMESR®

NH," Ny NO, -N, NO,-N, MLSS. MLVSS # #& { 7K Fl 5 /K Wi I 5 ¥k ) A5 e J5 36 0 % U7,
pH 1 DO SR FHE #5 XK 5T 2 24000 5 12 (| SANXIN-SX825) il 7& .

He R & B AL G YE (Specific anammox activity, SAA) AT k. AR BGESE 7d 2 TN £
R 2% B AE£5% LA I, DO B ik 8RR, S fb Rk SC 0 SAA, I A R S b A 1 U
0.1 M W 198 5k 22 s W T Uk 3 Uk, RS N AAH N B Bo B BRI E K, pH A 2 7.5, R 30+
1) G, SR P AKALTE IR NERR . [R] B8 HRURE 2B, AR5 (1) 1153 SAA.

d; 1
k= 7w (D

K. e NRARAHE IR AR AT, keked™; o b A& W AL (NH,-N, NO, -
N),mg-L™"; w A5 E (MLVSS), gL',

15 e i /b 38 & ) (extracellular polymeric substance, EPS) R F#AHE I HEHL, EPS Ay LW A1 H
JOT 53 530 FH 25 3y 2% T 32 R T — A R 2 0 VY, Y5 e EPS T AT ML) AR Ak e = A R R AR
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[% (three-dimensional fluorescence spectrum, 3D-EEM) %¢ Y G5 i 22 .

A Y V& 454 43 B, DNA 32 BCH Jb 5t | 38 s A W) A4 W) 58 L, 8 ] 16S rRNA-& 7] 28 [X
V3~V4 AT Y, I 518 27F(5-AGRGTTTGATYNTGGCTCAG-3") 1 1492R(5-TASGGHTACC
TTGTTASGACTT-3) #£47 PCR ™14, fieJi5 R JH PacBio Ml )77 £ 5¢ SO T, JF-4% 4= %) DNA J741 I
{£ % NCBI, BioProject accession number : PRINA948566,

2 HBRE51R
2.1 Anammox T ZIRiE BB & M5 RIEFIRES 717

Al~AS AR INE 2 i, AR SCK AR HE NH,-N . NO, -N [k /H 7k i e 5 A8 Ak J3 sl
PO AR HE L T MRS A L G PSR I AR 3 IR O, AR B R E R
K NH,'-N Ve BRI £L 228 THEK o Bl 2() AT 0L, AL, A2, ASHRD IS U8 8 200 9 H 50 B G o o
ARG, B K NH,'-N B R B & Tk K. T A3 A4 BeRi5 Ui Fp A 7 A2 BE A, /K NH,'-
N BT v B KA T e, (BIR2AR Tif K. TERRBLAEPY i i 55 0 2 30 S 0 4% 35 Rl 5 e )3 3 )
AR RAR B, K NH, N W BE g Ttk o k02 RO 3y U b oS R Ny 1 R R 58 1 T
PRIE T 5 15 M B — &R 3 NH, NP2, S 3005 07 4 v 7K NH, =N BT ik B2 s Tathok . S 3epis Jeid
PEREE S, BRSSO E AR AT PR IR A, R B K NH, N B R AR T K B g AR, O

HKNO,-N  —A- Al HKNO, N
~&- A3i17KNO,-N — A4 {17kNO,-N

50 PKNH,-N  _a_ ALH/KNH,-N ) !
& A3HKNH N —s— A4t KNH, N -y A2 HKNO,;-N
) ’ -8- A5 1 /kKNO-N
— - A2H",7J(NH4 -N 50 2
T, 40| _e ASHKNH N 2
:én @ 40
et £
2 =
ﬁﬂ% & 30
3 z 20
o Lo
o
~ Z 10
0 0 |
20 40 60 80 100 20 40 60 80 100
iz 7E R/ Zf7E R/
(). NH, -NAE B (b) NO,-NAb B
20 100 N
A ALHZKNO, N A2 Hi7kNO,~N -4 Al TNZEERE - A2 TN LR
~ & A4iKNO,-N/-@-A5 Hi/KNO,-N 01 = A4 TNLKRH o AS TNERR %
- - A3 HI/kKNO, N 80 [y & A3 TNZERZ
0 15 70
£ IS
= ¥ 60
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i o
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B2 Al~AS RRI=RER AR RE
Fig. 2 Denitrification performance of A1~AS5 reactors
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4 NO, -N i/ & LBk . X T anammox (15 S BF5E R B R F A3 L 36 PRI A3 ok B, an el B
R X 2 A JCE I T2 anammox PR 2 A G HER

ALCERE LT IR) . A2 RS AL T5 U8) SR B — 15 YR St IR 42 Fh U sl () B A A I s 200 R 25 d
39d. Al fEHS 26 Kt AEMR AR, HKd NH,-N & 2Z /A ff R, {HNO,-N, NO, -N f§£:1#
K, HELEEITEHR, AL RLAWRRAZ AN, TN LBRBHR 4.1%: 11 A2 7E55 40 X
HEAGEYER A, RS T R R GEUE A TG PR TR B, BT R A TN PR R 8% /&
fio DRSS EY], AlYS A2 RS — R R A sl R il A5 e i B2 A SR e JCs. 5 AL, A2 AL,
AP anammox RTS8 A3, A4, AS HIRESE A TG PRI, B [ IR M R VI RE R
KT Jy A5(42 d)>A3(30 d)>A4(28 d), X — 45 R K], HFh 10% 1Y anammox FURLS I AE PR 1 & i
PR B G PR AR W B B, N anammox JH 3l o 3X /& KOk anammox B ¢ H: A0 B A EE 35 LY TG AL A
Be, FEEEAIIA PTG AR, RO A e T R R R DR AR S A T

A3, A4, ASHEATEPERTNIE, A ESEN RS, KA AT, 15 PER
FHA R RN H K NH-N. NO, -N PR FE AL, TN RBRRE#i 7. 517 100dJ5 KB, A3,
A4, A5 TN EBRR D HIHETEE 62.5% . 75.1%. 47.8%. Forf R H 2 il 4k 15 Jé :anammox UKL 5 ¢
(W:W)=9:1 2 Flt 56 W (1 A4 AN 7R B 375 300 RIS 1 AR i 000 SORE I 05 J (28 d), 8¢ A3 AS 43 3 b
2d. 14d, W HIEATEHERTHE A4 19 TN ZERBOCRRE, A3, AS 735l E i 12.6%. 27.3%.
X & A A4 3 Fh TS e o RORS 4G B I AE ZE AR R B2 1 7 anammox i 14 FR I8,
2.2 A[E NH, KES anammox T Z RSB REATREERIE

S —4E R, AL 15 U8 :anammox FURLYE e (W:W)=9:1 Ry Fe 15 Je e Fh ki m , T it 2%
WHATAEHE (0. 3. 6. 9, 12 mg-L™HN,H, XJ 7 335 38 W P anammox i 20§ 2 P 59 52 I i 5%,
FE LA S AP B (R 1) BB 1 kK 7 HORHBLRLE K 5 B 0B i8R &, 8 P i m koK
NH,-N, NO,-N ¥ i, % £ A [5] ¥ B NyH, % anammox #9128 7 o oy E 7 052 e . B B 1 ~IV 3%
AP K TR A OB RV Y 5 B RS RV BE NLH, X anammox 357 3 2 U8 WG RS E PR S
By BEV A 1R8O N H,, WEETENH, 0 T A /AR

® 1 BI~B5 RN & & M Btk ok B
Table 1 Influent water quality of B1~B5 reactors during different phases.

BB BIER Y /% COD/(mg-L™") NH,-N/(mg-L™") NO, -N/(mg-L™") NO, -N/(mg-L™")
I ¢F1~116K) 25 497~728 58.5~156.6 76.5~201.2 0~13.0
M(5E117~144K) 50 1226~1422  168.4~189.5 232.0~252.3 1.3~9.6
M (35145~184K) 75 2184~2316  147.4~168.4 183.3~249.5 ND
IV (55185~222K) 100 2510~2632  167.1~185.5 191.5~264.1 0~0.9
V (55223~252K) 100 2504~2892  163.2~165.8 210.4~214.4 2.0~8.1

WE3Fr A, BB LA 1~12 KK TN F B & 140.1 mg L™ B, & RNV #7817 8E ,
TN 2] K BR R EIAE 90% LA 1, FBHZ By BL b b7 3% 5 U8 W R X anammox = 42 B @ ) o (H 7E 27
13~24 K, 7K TN BT & ok B 458 55 3 200.0 mg' L™ DL B, 4 50 28 0 A0 P A BB R, 45 18 K
B1~B5 [ I % () TN 25 B R 20 9 B = 32.5%. 33.6%. 41.7%. 37.9%. 39.0%, % W iZ B Bt iy
anammox i & Pk 8 3 B 52 2 JE K F Rk AR . Hop, SR NLH, B9 anammox S N 4§
Bl i TN Z:BRREEIEIA W, HIG TR E %M, HRE 24 KA TN EBRRMUKE = 60.6%. [F
JNLH, B R N4 ¥ K 2 80% L b, Rl 2 U 3 mg L™ (19 NLH, b ae # B i, TN LB
H 33.6% YK 52 & 83.2%. %% 42 KJ5, #F7K TN B ik B ik 230.0 mg' L' DL b, REHI NH, #9 B1 &
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HEKNH *-N < B2HIKNH N -a B4 /KNH N A ﬂf/kNOz’-I\{ +B2,’:H/J(NOZ:—N -4 B4 .‘:Ij/kNO}’—N
_ # BIHKNH, N o B3{l/kNH,-N - BSH{/ANH,-N ~ % BLiH/KNO,-N <= B3i{KNO,-N -#B5f{ KNO,-N
T 2300
;En 2 250
E X 200
& £ 150
E E
& g 100
z. %50
ol o} 1
iz E)/d s ipE)/d
(a) NH, -NAb AR (b) NOS=N/AbHfiz)
= JEKNO,-N  +-B2H7KNO,-N -4 B4iHi7kKNO,~N Bl TNZER#E o B3 TNZERE u-B5 TNEER#
_ e B1HKNO,-N ©-B3{/KNO,-N -a- B5}{/kKNO,-N o B2 TNEBEF -4 B4 TNELBR®R
0
on
£ Sy
i 4;1
ic
Z. =
%M 1y N H H )
50 100 150 200 250
izt [R)/d iZf7E Rl
(c) NO,-NARHIAH R (d) TNEBR#

E 3 BI~-BS KRz MEE
Fig. 3 Denitrification performance of B1~B5 reactors
I T NGH, B B4 5 BS B KR B HE KR R R T R B, TN X BR RN 62.8% .
65.2% Fl 44.9% ., T 7 IAR e B NH, 00 B2 Al B3 B AU R 48 M Ea E, B4 IN Y EBRFN
83.4% 1 81.7%, & A& 4N NH, 19 Bl & H 20.6% F1 18.9%. k45 R F W, & & N,H,G3. 6
mg L") fE I 55 SE K LT (P, S MR AR, RIEIS AT RS, IR R NGH, X AR A B
IR, 2 BHAS anammox JZ B HEAT - BRI ZRCHR .

B B T~V 32 e E 7K o 7 02 iR W L G s, A DL R RE R P vk B, e 2 B, =
W Be 1~V 3 4% R0 i ot AR A0 T B o R VS NLH, 19 B 7E [ Be 1T ~IV € iz 47 I Y TN -
I HBRN 61.8%, 62.5%. 617%, SFHrBt 1 (61.9%) A2 Ak, £ Bl B & W by 9% 35 I8 K i,
ERAEA B M R . IS TR B NLH, 19 B4 5 BS 3248 8 NLH, Wk 2 5 5 3% 75 00 0 A 3 ) 0 7
oK T A N H, 19 BL, B B T ~IV I TN P39 K BR %553 01 69.8% . 26.3%. 53.9% 5
48.6% . 12.2%: 20.8%. i IMEH FE NLH, (9 B2 5 B3 4 [6] By BEAR I NLH, 19 B1 A 5 K419 I &
PERE, BB T~IVAY TN 2 LB R o 515 3 85.9% . 81.6%. 75.5% #i1 84.4% . 82.1%. 90.6%. {H1%
— B, NH, s E N 6 mg- L' A9 anammox [ I #% fE 75 58 4 VA Wi B JE W R K, TN 17 fo
1338.3 g-(m*-d) " B, TN-EH)EBRZFIK 90.6%, #4751 #1450 78 A LB B8 W /K 5 P (1 anammox i
BT EHL T (TN il 154 g(m®-d) ' B, TN P EBRER 67.7%), FiR%5 EE 6 mg L™
B NGH, T 55 4y b F1 55 928 D8 A AR, REMRE #F anammox 7E 17 S B S8R P AR LA

AWFFE, A5 NH, WX anammox B UM g 77 A B A AR 2EAE AT, 1T 12 mg- L™ Y NH, XF
anammox = A B AR &R, HER W E T LR 34 1) AN NLH, 58 38 1t =X (2) Bt R 2 b B
anammox [H AL P, Wi B 725 ATP B & A, N anammox B 10 $2 4L AE &, 5® 1k
anammox & X NH,"-N, NO,-N ZBk; 2)NH, B —& WA &M, {HHF N,H, /& anammox 5 i &
SR TE =Y, Wi, S5HAAREMA L, anammox F X} N,H, #tEA Wanm 26, EHKRER
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N,H, 7] 52 81 5% £k anammox B 1) [7] B 410 1) H: Al 100

REMAEDER, BRI S, 3)HE

anammox & X N,H, # MMt 52 8 J1 A IR, @it ~

5 B 7K 7 25 0 i) anammox i FE . N D3 920 i

£ XF N,H, ¥ B 52 Il anammox 3f) 7] %% # 47 43 ;o

Bro % RS PO 5 & B anammox S L 1 E\‘; 7=-0.030 9'~1.007 9x*+10.873x+70.457

N,H, 14 2 46 1 5 ek B2 2 0.68 mg- L', 411 il P g [ R=09963

Jrit e B Ry 26.96 mg L', A SLEG Y, HA 4

oA D04 245 ST, NGH, fi2 i anammox 192} 0 2 4 6 8 10 1
T AT E 200 1.4 mgeL ™', NGH, 102K 410 G i

B R W 7E 8~12 mg-L™', Pk, NH, B 4 NH,EZWMRESEKNFFEUNGHLZE
K 12 mg- L' # anammox J v 2% 52 31 4] 3k 5 Fig. 4 Fitting curve of kinetic equation of N,H, impact on

ANAMMOX
B X GRS B A R, S

NH, Bii i 4 mg L™ 27 2 10 mg L™ 5, SO s TN 21 L BR A 60% B % 35%.

N, H, —2 50 N+ 4H +4e )

BB VAS I8N NLH, J5, B0 NLH, 1 B2~B5 Jz I s b & PE e H BB 2 F B, (HLBE J5 i /080
YA TR . I NOH, YR BE R 6 mg L' 9 B3 S el A M BEMR S Atk , AXTIRT 4d, TN 22/
Rl 64.2% KB F) T 81.3%, HIGLEM Bt Vi 230~252 KN W w8l A MERERA &, TN PR %
H 87.0%, MBIV ET ) 90.6% (U T K T 3.6% W I e BE NLH, 19 B4 5 BS 458 1B #50 NLH, J&
REZAATE R Z M, HEH 252 K, TN-EBRRA 5 M 39.3% 1 20.7% T+ £ 71.9% F1 73.7%.
NLH, Jii 8 4% & R 6 mg- L™ i [ b7 g 15 1A NH, JE K SR BE A 8] 85% LA E AR, X & T
anammox JZ W #s £ Bt T ~IV N, A7 NH, 2 T, BN & f kB B g oK &, I
i 3 NLH, B A 20 2% anammox T 7 45 0 F L 7 o [, 5 kB NGH, JE R A AT B AT A
anammox i 1 A] 52 k7 3 98 U8 v NH,-N 5 NO, -N 1y [A] 20 2B .

ARG R, S A e T VR R R W G BN N H, T S 378 UE Y anammox T. Y
b R B M Fa B 1B AT, B, AR BIFSE A anammox TE 25 A 1 0 1k 1 17 3208 B W M AR C/N R K H
S A AL B A B 0 SE PR TR M E . (AR WA — AR, RN
NH, W B2 SR I . Rl PRSI IR Tohik TR, Sl A R, X al @ i £ 4hal
ULAFE G EETHI 2 N H, WREE, {HIB 8 A0 e 0 B 26 N H,, MR B I e 45 JRvE A e R s, A
5 B2 e B H N H, (9T FE A LA T 40 M o AR AIE 5T v T i i B A TR AT B o T AN AR I
PR R0 L By B UE W H i NG H, e BEMK U7 i, 3 — 20 48 R B JE W N, H, X anammox [19 42 1 sl 4
HIPLEL,

23 NHEMTRESEURNHBLFETET K

BRI U W A ML) 4 0 00 B i P v Dl 6, A i = R TR A A AR, K
J5 455 anammox [# G+ FL T, M anammox M AKCR , Jf I NO, -N Zi R . NO, -N A& il i f
%5 anammox HL i {H A9 1% B0 P2, NLH, Xt 0 il R 6k 42k BR R R RS Ak B A — s IR AR, B4R
anammox {5 P4 ¥ [A] B a2 NO,™-N A= i, 521 anammox A R F7 AL LU, HXH2 U8 T anammox J 1
22Tt s AN R 2 Fs .

NH; + 1.32NO; +0.066HCO; +0.13H* — 1.02N, + 0.26NO; +0.066CH,0, 5Ny ;5 + 2.03H,0 A3)

4 3) Al M, anammox i 2 F ANO, -N/ANH, "N Y B i {5 4 1.32, ANO, -N/ANH,-N
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#z2 BI-BSRREz=FEZEMBEUFEITETK

Table 2 The stoichiometric change of B1~BS5 reactors during different phases

Bl Bl BB BBV Hre v

JBi#F  ANO,-N/  ANO,-N/  ANO,-N/ ANO,-N/ ANO,-N/ ANO;-N/ ANO,-N/ ANO,-N/ ANO,-N/ /~ANO,-N/
ANH,N  ANH,"N  ANH,“N  ANH,“N  ANH,-N ANH,“N  ANH,N  ANH,"N ANH;-N ANH,“N

Bl 1.37 0.13 1.53 0.24 1.44 0.26 1.40 0.08 1.43 0.05
B2 1.31 0.12 1.46 0.18 1.27 0.17 1.28 0.10 1.37 0.08
B3 1.32 0.11 1.44 0.21 1.24 0.20 1.20 0.13 1.34 0.11
B4 1.31 0.11 1.46 0.18 1.21 0.15 1.08 0.10 1.34 0.13
BS 1.30 0.04 1.44 0.22 1.20 0.02 1.21 0.11 1.28 0

0.26, {H3Friz 1 & A o I A Ak 25 B 3 4> NO,-N, NO, -N il § 3 ANO, -N/ANH,"-N K ANO, -
N/ANH,-N 53U AE IR 22, MR 3 e 22 175 0 0T L) DBr 45 SO 24 H R A6 199 108 280 T ik 7 /e
F Q) A, KU NH, ) anammox J i #i¥ B1 7E B Bt 1 ~V ) ANO, -N/ANH,"-N ¥ K T 2 1% {H
1.32, ANO; -N/ANH,"-N ik T BEiE {H 0.26, i By Bt 1 ~IVA I N,H, JZ 07 #§ 1Y) ANO, -N/ANH,"-N #I%
TR UM N,H, 19 anammox [ I a4 , 2R WIS fIN NLH, /9 anammox [ ¥ ¢ B2~B5 H1 S fiFf 4 14 )i &L 57k
A7 AR T R 450 NLH, /9 BL, i B BE VA4S 1k %0 NGH, J5 - B2~BS 19 ANO, -N/ANH,'-N A i 7t &
e Zm TS ME 1.32, R NH, M, R EMSEA T, AT £ NO, -N,
1M ANO, -N/ANH,"-N £ N,H, £ it (B Bt T ~IV) fi& T HIS{H 0.26, 33X 2 oA NLH, 32> NO, -
NS . ©AMFRPIESEAMNE NH, 7] B2 5 anammox &N i B2, AR NLH, 78 52 0 & il 1Y
YEH T B T Ak anammox B 13558 5 Jr] B A1 NGH, AT X anammox B8 & B A T #E HL 2517 b
7, 8/ anammox &l = ¥ NO,-N-A= Al o &l 3(c) A A1, A58 W BEAR LA £k, & 46 TR
NLH, B 523 %% 7K NO, N i 9k BE AR T RIS NLH, A9 % BE2H B1. 4% S0 e B Ak i s fh %
B, Kt 8O NH, X AL R A — E I 2R, mT AR UE anammox 19 SN, D
NO, -N A Bl
2.4 NH, XEEREEEWIENE (SAA) BIF MR

2% B Bt AS ] NH, ¥ B 74 anammox S 1 #§ SAA ZB A5 a0 18 5 BT os o Z BB IE MR, R
U N,H, 1Y Anammox 2 I ¢ B1 B SAA B K 8 N B e, i B B DAY 0.071 ke (kg'd) (LA
VSS ) B 2 B BeV 1970.059 kg-(kg-d) ' 52 w5 Wk BE NH, 52 0, NLH, BT i Wk B2 43 ) 4 9 mg L
A1 12 mg-L™' Y anammox [ N 7% 45 By Bt SAA

I F R I N,H, /) anammox J I #%, BB - | [ B! @452 B3 BB [OBs
VA5 1k NH, B0, 9 mg L™ 12 mg L™ Y _0ls

anammox [ #% #Y SAA th B BZIVI#Y 0.031 5

ke-(kg-d) " il 0,008 ke (kg-d) e 52 5 0.054 € 010

ke (kged)y 1 0.029 kg-(kg-d)", FEHI I NLH, <

X anammox & PE 0§l RO B3 . (H NH, FTE % 0.05

W PBE R 3 mg- L™ il 6 mg- L™ Y 2 I 2% 78 B Bt i ,

I ~IV ) anammox 7% : B0 45, SAA Y& T 0 4

RN N,H, %) anammox JZ I #% . H i NLH, ¥ ol [;JI/,\I;Q ¥
J A 6 mg-L™" i) anammox JZ I #% ) SAA 7E %% 5 BI~BS & R R EE SAA

B Bed i AL NI AR, HAR AR Er K& Fig. 5 Specific anammox activity of B1~B5 reactors during
P, BT BE T B} 0.096 kg-(kg-d) " #& T 21 By Bt different phases
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IV 0.143 kg-(kg-d) ', %2 [RIBY B A 701 NLH, 9 anammox 2 0 % &5t 134.4%, 155 -4 NH, )5 L AE
R E W, M BV AY SAA K 0.118 kg-(kgd)'e [ iR 45 R £ 8], i & NH, 04 %R S
anammox JZ I 78 ) SAA, HH L 6 mg L™ i) N,H, X} anammox JZ i/ #§ A SAA $2 AR o B %, [F)
A g v BE NLH,(9. 12 mg-L™") X SAA By H il & nl 96 iy o SRR B AF 58 v & 30 ] HABR-CANON J
N7 B 10 mg L7 B NLH, J5 TN 5 BR R [ 2 35%, F1E#MNH3 dE, TN AR RKE &
84.7%, SHE e NLH, I 5 B9 1% M i

2.5 N,H, ®MI R A anammox ;5 EPS Tt & 3D-EEM 43 #7

R s e A9 EPS & & & 12.8 mg-g (UL VSSiT), PN A1 PS 435l A 7.2 mg-g”" Fil 5.6 mg-g™',
PN/PS 129, HilEl 6 AT UL, BBt V ANIE] NH, ¥ £ 1Y anammox [ it 15 e BPS Vi Ji 34 fh 5 Je A
R, R T 107.0%., 142.9%., 164.8%. 92.2%. 61.7%, H:¥ NH, i & ¥ ¥ &y 6 mg- L™
At anammox JZ I s 7 EPS #2 Fl fx K. IR A, anammox 75 7R B EPS e M R E A PN S B K A &,
B1~B5 [ anammox JZ i #% H' PN & i /3 53K 2 155, 18.3. 215, 16.9. 155mg-g ',

PN #6415 IE L far, TG &%l /15 Ve 3R I A s far, RGO (39 fin 4t M R T R KM, A
FlFRUEY R RAE, Ik PN & & 48 5 26 B 45 I 0 # anammox V5 I JURE b 2 B2 3 5 B, SR,
B1~B5 ) anammox JZ MW #5FETF PN & & 364, PS &gk i/b, Hid B1~B4 (9 PS & H 5.6 mg-g”'
S K BB VY11, 128, 124, 7.7 mgg ', B5 g PS & &% FIHE P, BEENEK
Mik% 7.6 mgg’, WGHEEMB VI S2mgg'. PN NE/KEY T, PS HEKMEY I, anammox
15 ¢ EPS ' PN/PS | T35t B V5 U AH 4T it 7K P $i 15 - anammox 75 Y J90RE f6 % B A5 2] T a0, A ST
465 A [A] NLH, #¢ B i anammox J2 i 575 J8 EPS H1 PN/PS A4 Fb {8 FE N, H, ¥ & 88 hinim 88 hn, NLH, Ji i
WIEr9 R0, 3, 6. 9% 12mg L' i, PN/PS H 1.41, 143, 1.73, 2.19 % 2.98, [ iR&E R KB,
NLH, [ #h 78 AN AL BEJE #F anammox 75 Y EPS ™ PN & i A9 34 i, HLAEAT 23R & PN/PS [ L AEL, Mfi
I B 7 2 v s e i JORE AL, TS TR DT RA R R 2 T 4 R PO

1 T anammox [ 73 W6 1Y EPS % A 9 JCHEYE, AT LURIH = 4E2¢ 61k 0 EPS RUAL AR, #:Fhi5 e
FUASTR] NH, e BE 1) anammox SV 25 BBt V I = 4E 565 & 7 i o 2 6 B b £ 25 4 4
FEAE 0§ . A g Ex/Em i F° 280~290 nm/335~370 nm, A ¥ il P W2k Y EI 77 ¥ B Ex/Em f T
300~320 nm/425~455 nm 1 C 1§ Ex/Em {37 T* 340~360 nm/435~455 nm, NJEME2; D g Ex/Em f T
220~235 nm/290~325 nm, KBS R IR E 2 R

i 1 7 7] W28 B1~BS 119 anammox [ W #5715 6 EPS W A 658 Y6 am BE 2 S el , 22 BV i 1t 1k

35 351
B PS [BlZ B2 N B3 BAE=1BS
30+ APN 3.0F
L2 251
'T?b L L
20 20, - g 20F
= z I
g 15t 15}
& I I .
10 - 1.0+
5F 05F
0L 4 o L8 BN N N LINE
R R BB B BRID [ BRI B BRIV B BEV
e L L L L1 L TSR
B2 B3 B4 B5
(a) HEFhT5 Y8 M BI~BS AR Beis Je HEPSHJE A5 1k (b) M5 U8 L B1~B5A [ B Bty5 Je EPS 1 PN/PS AL 1k,

B 6 #MITRNEBI~B5 TEM ISR EPS FFIEE L
Fig. 6 Changes in EPS characteristics of the inoculated sludge and B1~B5 reactors in different phases
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Fig. 7 Change in three-dimensional fluorescence of inoculated sludge and B1~B5 reactors in phase V

AW R EPS 1 EZE A3 . B IER C W AR, AT fE Sk IR T EPS Xt 47 3B U8 W A ALY 1)
W BfF, A Ak b B IR WSS, £ anammox [ aiv Y B IR C U 2 O vi FE SR BT .
anammox JZ I #5135 & EPS HH#T HY LAY % IR (5 H 2R W i (D %), iz WA A Tim e AP, &
v D UGBS i BE A A Ve YA S S Y a3k WA A I U8 A% SN A 1 T e R A R B R BT A
3 o Ho NGH, BT i Wk B2 6 mg- L (1) anammox [V a4 WY D WSO R B ey, R WO R Y
N,H, X i EPS K¢ Ji% 28 1R 2 H 2 W 5 03 W BOCR B AP
2.6 WMEDEHEEETHR

FHE 3 45 Rl g, A W e e B 7 35 8 (coverage) ¥ KT 98%. B1~B5 [ I %% M T #EFh 15
J¢, operational taxonomic units (OTUs) % B 2 ¥4 &K . b 4F, Simpson #5%( . Shannon $§ % . Ace 45 %K
Fl Chaol #5844 7E AL B b7 JB BV 5 IIG K . LaR G5 IR R WY, B 0B DB MR (1% 52 Z /K o X (A ) B v
A — (R VR, RIAY B8 A I 4 398 8 VR K BT B I R M R AR R

] 8(a) M i Fi 15 e R B2 V B AN [6] NLH, ¥k BE (1) anammox 2 [ #5717 P A3 A= W e 7 45 44 53
o SRR, FERITS IR 1K AR W) T B4 G AR IE W] (Proteobacteria) . Wi ] (Deinococcota) |

3 EMISREMEV B1-B5 H Alpha LI H
Table 3  Alpha diversity index of inoculation sludge and B1~B5 reactors in phase V

FE b OTUs  Shannon  Simpson Ace Chao 1 R HEER
A5 86 2.933 0.770 5 1262243 119.2143 10.862 0.996 8
BI 310 47537  0.8894 4321249 419 31.7412 0.9859
B2 460 55163 09277 5792147 5683704 40.487 8 0.986 1
B3 375 49546 09182  521.8589  537.0182 36.746 8 0.988 8
B4 500 5573 09235  602.0915 603.2 422872 0.988 4

BS 366 4.6217 0.878 2 489.403 9 467.283 6 33.491 0.9890
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100 r — — — — — —
Mpyxococcota
Patescibacteria 80 L T
Chloroflexi O};]L:ep erg
Others r plers,
A ; Nitrosomonas
o rmatimonadota . Luteibacter
N Verrucomicrobiota & 60 — Limnobacier
- unclassified Bacteria #X Lentimicrobium
# Planctomycetota — e W
=y Bacteroidota = L [ g’mzr:;”;o"a;( .
= Deinococcota = o4l | +— [ Candidatus_Kuenenia
Proteobacteria — |
20 |
0
J:f Bl B2 B3 B4 BS $fh Bl B2-.B3 B4 BS
757 5l
(a) FeRpi5 e B W Bt V i A= W1 K254 (b) Hefh {5 U K M BeV i A= Wy Js K -2 4

8 EMTERMEV BI~B5 fiEMEEEMD S
Fig. 8 Microbial community structure of inoculated sludge and B1~B5 reactors in phase V

UAFH ] (Bacteroidota). V%75 W 1] (Planctomycetes), AR R4 5 K 75.9% . 10.7%. 9.5%. 2.0%.
MAEBT B VI, N [A] NyH, %6 B2 (1% anammox 20 g 1 A0 V2 25 08 11 SCHUURT 181 1T AR R = B8 A I 28 4
BI1~B5 (1% 77 %5 B | J AR X 42 B2 2 R0 5 U8 19 2% 23 0 $2 =5 2 8%, 8.6% . 11.9%. 9.0% F12.9%, AT
BRI TF 9.5% 2 B4 T+ 5 39.4% F137.1% . 45.1%, 42.0% F1 53.5%. {H B1~BS5 S 1 #% o 09725 T BT 1 T4
XiF BRI R R, PR IS R B 75.9% 43Rk E 23.0% . 19.1%. 13.2%. 11.6% F1 13.8%. | ibz5R
FW, 6mg LAY NH, 68 07 47 i) 45 1 3 25 11 1) A AH X 3= B0 sk, H5HEERS R AR L, AR
N,H, ¥ J& ) anammox S W 7 HOBT A 4 7 85248 B8 1) (Patescibacteria) N 2% 725 1 ] (Chloroflexi). #:H
B T7E B1~BS H A X E B2 BN 12.9% ¢ 15.1% . 9.4%. 14.3% 1 9.2%, 45 F (] 7E anammox 5
gorh S E A R S R FLRR AR A MR A, (R K AR A A AL T A K, X anammox & Gt A B B B AR
FREYS T2 16 22 0 22 4R T ] PSS SR anammox T AY SR AR, EL A% A TR 23 U A 8 T 40 AR D B R
VR U T A0 i ZH 2R anammox B 4 52 R, E anammox [ 5 5 #7 @ 2 (8] 77 AR A HOVE R B AR B
anammox # 4t U aefa ™.

JE KPS A, & 8(b) A5 TR AT B VAN [R] Ny H, 2 FY) anammox SR i & 7K F-
b T W RE R SR o f o A4S N A TR A W T B Candidatus Kuenenia [ N G #E , HOh
anammox S IV i H I UL TR & . A IF R R INIZ R E M IROK i e R, —E R R Eh R
FHA FI T ARG T 2D 5 T B 08 DR B Y o AR B AR B R, X AT e R AR
J& 5 A R BE D, HAE BI~BS BYAHRT N 4.2% ., 5.5%. 10.6%. 5.8% 1 2.1%, HF5 R+
1 0.2% A B Z R T, NH, W E 6 mg- L' 41T, Candidatus Kuenenia - FE$E T+ B ., KW
6 mg-L™" ) N,H, fie #F anammox B9 4 K AR 4. 1 12mg- L™ #) N,H, ¥k £ ) Candidatus Kuenenia
B me I AT RE SR A i N, H, ] anammox B 1935 5H .
3 LEip

1) LA [R) 75 Je 3270 56 W6 )5 2 anammox W #5217 100 d, & /D& BN anammox kL5 JE fE 18
SN A PR B, DARE AR T U6 :anammox UKL TG Je=9:1 (LR AL G S B AR TS YR HE R R M, FL
TRIR 1 9 0936 PR 3R i B BORE Y R J8E, 32847 100 d Ji5 TN RBRFR AT I 75.1%.

2) Anammox L. 2.7 6 mg-L™" (1Y) N,H, ¥¢ 5 RE HIl 55 v Wk i 178 7K 366 Jo A1 by 3% 8 U8 W% anammox 9 AS
FlgZm, fdl 5 55 RS A B BTG P . NLH, BT R b 6 mg- L' 1Y anammox [ I #% 75 56 42 DA b7 3% 1B
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LIRVE

DBV A 2R 7K I ) TN SF- 25 K BR300 35 90.6% , R U I N,H, 1Y anammox W i =i Hh 28.9%

3) i i NLH, ¥k B X SAA . EPS (143 S anammox B %58 A7 545 AR VR A, 76 NH, i ik ik
B 6 mg-L™' i}, anammox S I #¥ Y SAA #5534 F] 0.143 kg-(kg-d) ', EPS B & & 12.8 mg-g ' #f K
#)33.9mg-g', Candidatus Kuenenia #%} 3 0.2% 7+ 2] 10.6%.

e
1)

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

% 3wk

KARTAL B, MAALCKE W J, DE ALMEIDA N M, et al. Molecular
mechanism of anaerobic ammonium oxidation[J]. 2011,
479(7371): 127-130.

DENG W, WANG L, CHENG L, et al. Nitrogen removal from mature
landfill
Sustainability, 2022, 14(2): 995.

REN S, ZHANG L, ZHANG Q, et al. Anammox-mediated municipal

Nature,

leachate via anammox based processes: A Review[J].

solid waste leachate treatment: A critical review[J]. Bioresource
Technology, 2022, 361: 127715.

KRR, XKEE, ik, 45, IREE A MBRAE K A BE P TS5 10
FHIEJRE[D). KA BEE AR, 2022, 48(10): 6-12.

CHEN H, HU H, CHEN Q, et al. Successful start-up of the anammox
process: Influence of the seeding strategy on performance and granule
properties[J]. Bioresource Technology, 2016, 211: 594-602.

WANG Q, WANG Y, LIN J, et al. Selection of seeding strategy for fast
start-up of Anammox process with low concentration of Anammox
sludge inoculum([J]. Bioresource Technology, 2018, 268: 638-647.
WANG Y, XIE H, WANG D, et al. Insight into the response of
anammox granule rheological intensity and size evolution to decreasing
temperature and influent substrate concentration[J]. Water Research,
2019, 162: 258-268.

NI S Q NIJTY, HU D L, et al. Effect of organic matter on the
performance of granular anammox process[J]. Bioresource Technology,
2012, 110: 701-705.

KIM J, GUO X, PARK H. Comparison study ‘of the effects of
temperature and free ammonia concentration on nitrification and nitrite
accumulation[J]. Process biochemistry, 2008, 43(2): 154-160.

STROUS M, KUENEN J G, JETTEN M S. Key physiology of
anaerobic ammonium oxidation.[J].
Microbiology, 1999, 65(7): 3248-3250.
TANG C J, ZHENG P, WANG C H, et al. Suppression of anaerobic

Applied and Environmental

ammonium oxidizers under high organic content in high-rate Anammox
UASB reactor[J]. Bioresource Technology, 2010, 101(6): 1762-1768.
VAN DER STAR W R L, DIIKEMA C, DE WAARD P, et al. An
intracellular - pH gradient in the anammox bacterium Kuenenia
stuttgartiensis as evaluated by 31P NMR[J]. Applied Microbiology and
Biotechnology, 2010, 86(1): 311-317.

XIANG T, GAO D, WANG X. Performance and microbial community
analysis of two sludge type reactors in achieving mainstream
deammonification with hydrazine addition[J]. Science of the Total
Environment, 2020, 715(C): 136377.

ZEKKER I, ARTEMCHUK O, RIKMANN E, et al. Start-Up of
anammox SBR from non-specific inoculum and process Acceleration

Methods by Hydrazine[J]. Water, 2021, 13(3): 350.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

MIODONSKI S, MUSZYNSKI-HUHAJEO M, ZIEBA B, et al. Fast
start-up of anammox process with hydrazine addition[J]. SN Applied
Sciences, 2019.

van de GRAAF A A, de BRUIIN P, ROBERTSON L A, et al.
Autotrophic growth of anaerobic ammonium-oxidizing micro-organisms
in a fluidized bed reactor[J]. Microbiology, 1996, 142(8): 2187-2196.
G2 23 T IR BE R APURUR) 2K FIBE AR W 53 A 5 36 KRB A Ml 43
Miorik GEIURMOIMI. KR W IN 23 H177 i (3 PURR), 2002.
BRADFORD M. A Rapid and Sensitive Method for the Quantitation of
Microgram Quantities of Protein Utilizing the Principle of Protein-Dye
Binding[J]. Analytical Biochemistry, 1976, 72(1/2): 248-254.

GAUDY A F.
carbohydrate[J]. Water Wastes, 1962, 7(1): 17-22.

SRS, PR E A LR E SRR EOR MBFFE D). HUM - $HT R,
2011.

TERRIE, g, 200, 4F. IREESE MR S B B Sl A U v 45 R
[3]. FEERl24, 2017, 38(12): 5184-5191.

CHAMCHOI N, NITISORAVUT S. Anammox enrichment from
different conventional sludges[J]. Chemosphere (Oxford), 2007, 66(11):
2225-2232.

THE A, SR, 5. A EEAYE 2 Anammox-EGSBRUV # 1
REL]. A=W TAR I, 2011, 27(4): 629-636.

[BIR, 251, A4k, 4. JE TR ARG A2 5 B R A A AL R 2%
RIS BhAEE[T]. SREERL, 2017, 38(10): 4324-4331.

XU L Z, ZHANG Q, FU ] J, et al. Deciphering the microbial community

Colorimetric  determination of protein and

and functional genes response of anammox sludge to sulfide stress[J].
Bioresource Technology, 2020, 302(C): 122885.

Yok dit, WRZE, ZEWIZR, . KB B RS A ATBOD_S/ TN I 7
J37 4 S A AR SR S AL P R B U 2 [0]. BRBER}22, 2015, 36(4):
1412-1416.

k%Y. AnammoxHiH A Z : SMINNGHL I . NOMY B H FlFe( 14
AENH, [D]. TR PR, 2015,

XIANG T, LIANG H, GAO D. Effect of exogenous hydrazine on
metabolic process of anammox bacteria[J]. Journal of Environmental
Management, 2022, 317: 115398.

YAO Z, LU P, ZHANG D, et al. Stoichiometry and kinetics of the
anaerobic ammonium oxidation (Anammox) with trace hydrazine
addition[J]. Bioresource Technology, 2015, 198: 70-76.

BEIK, THEAE. NH SR A R E ALK 3l 24 P[], KAk PR
K, 2015, 41(5): 73-77.

BARAR, 22838, 2RI, 46 TREXNTHABRAFE F 37 AR G52 0
[7]. *RE 4 KHEK, 2020, 36(5): 26-32.

BRA, Bli—8, A%, 45 CRIR LR A AL U IR S i AL R I
B R ERE[T). R Rl 5 HR, 2021, 44(9): 86-92.


http://dx.doi.org/10.1038/nature10453
http://dx.doi.org/10.3390/su14020995
http://dx.doi.org/10.1016/j.biortech.2022.127715
http://dx.doi.org/10.1016/j.biortech.2022.127715
http://dx.doi.org/10.1016/j.biortech.2016.03.139
http://dx.doi.org/10.1016/j.biortech.2018.08.056
http://dx.doi.org/10.1016/j.watres.2019.06.060
http://dx.doi.org/10.1016/j.biortech.2012.01.066
http://dx.doi.org/10.1016/j.procbio.2007.11.005
http://dx.doi.org/10.1128/AEM.65.7.3248-3250.1999
http://dx.doi.org/10.1128/AEM.65.7.3248-3250.1999
http://dx.doi.org/10.1016/j.biortech.2009.10.032
http://dx.doi.org/10.1007/s00253-009-2309-9
http://dx.doi.org/10.1007/s00253-009-2309-9
http://dx.doi.org/10.3390/w13030350
http://dx.doi.org/10.1099/13500872-142-8-2187
http://dx.doi.org/10.1016/j.chemosphere.2006.09.036
http://dx.doi.org/10.1016/j.jenvman.2022.115398
http://dx.doi.org/10.1016/j.jenvman.2022.115398
http://dx.doi.org/10.1016/j.biortech.2015.08.098
http://dx.doi.org/10.19672/j.cnki.1003-6504.0639.21.338

%8 KA T5 IR RS SR S HE BB DB R AR AL T R 3 M s AT AR 2757

[33] MA J, YAO H, YU H, et al. Hydrazine addition enhances the nitrogen oxidation via hydrazine following sulfate inhibition[J]. Environmental
removal capacity in an anaerobic ammonium oxidation system through Science: Water Research & Technology, 2022.

accelerating ammonium and nitrite degradation and reducing nitrate [40] FUERST J A, SAGULENKO E. Beyond the bacterium: Planctomycetes

production[J]. Chemical engineering journal (Lausanne, challenge our concepts of microbial structure and function[J]. Nature
Switzerland:1996), 2018, 335: 401-408. Review Microbiology, 2011, 9(6): 403-413.

(34] G}, 24, B, . /LG5 K SNADSRL TG R RS sh B & [41] HOSOKAWA S, KURODA K, NARIHIRO T, et al: Cometabolism of
RERFZE[I]. I FREERI2%, 2016, 36(11): 3321-3328. the superphylum patescibacteria with anammox bacteria in a long-term

[35] 1AM, X FiR, i, 2. REE AL IR 75 JEEPS K Hw 5 Y8 22 i freshwater anammox column reactor[J]. Water (Basel), 2021, 13(2):
FEPERSZIA[T]. FREERL, 2019, 40(5): 2341-2348. 208.

[36] msbiE, T, TR, % AT RBVR AR A Lpik5)eny  [42] HE S, CHEN Y, QIN M; et al. Effects of temperature on anammox
R[], A T 2441, 2017, 68(5): 2066-2073. performance and community structure[J]. Bioresource Technology,

[37] MIAO L, ZHANG Q, WANG S, et al. Characterization of EPS 2018, 260: 186-195.
compositions and microbial community in an Anammox SBBR system [43] HU B L, ZHENG P, TANG C J, et al. Identification and quantification
treating landfill leachate[J]. Bioresource Technology, 2018, 249: 108- of anammox. bacteria in. eight nitrogen removal reactors[J]. Water
116. Research, 2010, 44(17): 5014-5020.

[38] LIU S, LIN C, DIAO X, et al. Interactions between tetracycline and ~ [44] JIANG X, HOU L, ZHENG Y, et al. Salinity-driven shifts in the
extracellular polymeric substances in anammox granular sludge[J]. actiyity, diversity, and abundance of anammox bacteria of estuarine and
Bioresource Technology, 2019, 293: 122069. coastal wetlands[J]. Physics and chemistry of the earth. Parts A/B/C,

[39] CHEN Z, ZHOU S, WANG J, et al. Recovery of anaerobic ammonium 2017, 97: 46-53.

(FTAE %% 5. W)

Sludge inoculation strategy and hydrazine promoting rapid start-up and
operational effectiveness of anaerobic ammonia oxidation process for landfill
leachate

GUAN Wei'?, LIANG Huiyu', CHEN Ben', CHEN Zhijun*, GUO Wuzhen’, GUO Jingyi‘, ZHAO Xin*,
SUN Lianpeng', LYU Hui""

1. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510006, China; 2. School of
Environmental Science and Engineering, Guilin university of technology, Guilin 541006, China; 3. Foshan Water Industry
Group Co. Ltd., Foshan 528000, China; 4. Zhongshan Public Utilities Group Co. Ltd., Zhongshan 528400, China

*Corresponding author, E-mail: Ivhui3@mail.sysu.edu.cn

Abstract Aiming at the problems of slow start-up and low denitrification efficiency of anammox process in
landfill leachate, the strategy of rapid start-up and steady operation of anammox process in treating landfill
leachate with high ammonia nitrogen and low C/N ratio was investigated. The results showed that the anammox
process inoculated with denitrifying sludge: anammox granular sludge = 9:1 had the optimal start-up effect, and
TN removal rate could reach 75.1% at 100 d. However, due to the high COD in landfill leachate, heterotrophic
denitrifying bacteria grew rapidly and seriously affected the activity of anammox bacteria. After the addition of
6 mg-L."N,H,, the activity of heterotrophic denitrifying bacteria was inhibited and the abundance of anammox
bacteria dominated. The relative abundance of Candidatus Kuenenia increased from 0.2% to 10.6%, and TN
removal rate and nitrogen removal rate reached over 90.6% and 0.143 kg-(kg-d)™', respectively. The stable and
efficient autotrophic denitrification of landfill leachate could be achieved by adding an appropriate amount of
N,H, to the anammox process.
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