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Abstract: Anaerobic ammonia oxidation is a new type of biological nitrogen removal process with high efficiency
and energy saving, which has been gradually developed in recent 20 years. Anaerobic ammonia oxidation does not
need to consume carbon sources and has low sludge output, so it is the better choice for treating low C/N ratio ammo-
nia nitrogen wastewater. This paper briefly introduced the basic principle of anaerobic ammonia oxidation process
and common factors affecting the activity of AnAOB, described the development history of anaerobic ammonia oxida-
tion process for sewage treatment. Also, it expounded the application of anaerobic ammonia oxidation process in the
treatment of low C/N ratio wastewater by citing some cases, and pointed out its good effect on the treatment of low
C/N ratio and high concentration ammonia nitrogen wastewater. However, there was a technical bottleneck in the
treatment of low carbon nitrogen ratio and middle or low concentrated ammonia nitrogen wastewater, that was, it was
difficult to achieve stable nitrosation of middle or low concentrated ammonia nitrogen wastewater. On this basis, the
technical breakthroughs made in solving the bottleneck of anaerobic ammonia oxidation treatment of middle or low
concentrated ammonia nitrogen wastewater were summarized, and the application prospect of anaerobic ammonia
oxidation technology in the engineering of low carbon nitrogen ratio wastewater treatment was prospected.

Key words:biological nitrogen removal ;low C/N ratio;anaerobic ammonium oxidation ;nitrification

BREBOKTHEL G R 2 — i AU SEORRE SR, 2 F KRRy, wax A

[BEETE] )Mo X5 7K 15 e 5846 AR DG EEH AR BIF 551 H (x2hjD9220560,2022A1515011466)



ik b 5aR

Tl KA 2022-11,42(11)

A ft B X R™ FE R 4 2020 4F o E AR S ER
ST AE i B W, 4 A R 4 A HE B R A 98.4
T3, Hodr A2 1% 15 K IR IR K AV R R 2K R T IR R
K Hp A R HE T A3 i) A R R HE R 1 71.85% .
25.81% F12.13%" . K 4> & A IE K, Qi AR g
15 K BB UE WS IR R OK T M R
VIR VE (3 W NN 1 & W2 o S SR ST (1R )
Fb 1 K 9 72 G i A 27 A B 3 A 45 R 30
TR TR 605 8 T 0 e (MLAP 3 )10 I i 32 37 A
AEY mPRARE T XA TE AR A
R [ Bt 77 7 1 22 1) B0, 0 24 391 38 FE K a8 17 3%
FOIREE S HEl R o kis YA I R T e AT
B TR AR S A R R R L 4 i - R A
b T2 Wil Ak - 5wl Ak T2 A TR 25wl A s i Ak T
AR M TG Y B R B AR R s
L5V R A B A e R T A B T2 N

Bt f - B AL B R T2 2 Han I el iz
A I A G H RS A AR BT R R B AO
AP0 MR EAR TR S TR R I T AL - R Ak Y
T HOR AT R AR A BERR . Al AL FE 7
B R KR AR IR, BEAS b Ak - s Ak T2 B
1 g AT EIHAEL 2.8 g MUBR IR (L COD 1), S PR T 72
A R 1) T FE R B A R T EE S M, o m (COD)/
m(NH;=N) (e fE C/N) 111 35 5~6 LA b o % T
A ER (CIN KT 6 975K , KL G 1 fis -2
fis Ak T 25 ok 8 BUAS 4 47 9 2 80 RN TN B BR AR . {1
X T C/IN BRI K, 0 02 C/IN/NT 4 R K  #5
115 % A A% G0 W i Ak - B f AL T2, 75 2 4h 78 K
B A U, AF N7 M, Ak B A R = S Ak T U
7 AR AT, 3 A N T K A UK A B K
AL AN BEE CE R T K TS e W HE i bR ) |
CHREE T 7K A H 75 e W HE bR 1 ) %5 35 04 1% 7K HE T
o Y 8 St o 95 7K TN B HlE I SR gl itk — A5 i
b, T FRAT A i E 1) B 28 284 B 5 9k IOk B F L

R4 2 & 1t (Anaerobic ammonium oxidation,
ANAMMOX) H 1995 4% 1 W 9 & 8L LAk, R H 7
e R AR Y5 U P I R R, R TR R RN B
ZWGW I EY R A T 22 M-
itk T2 , ANAMMOX T. 2 Al 5 4 50%~60% 1Y HES,
REFE AT 100% BIA HLER IR > . 454 Tk [ 7F 2020 4F 2
H XU T H bR, ANAMMOX T 25 1 2 Ab AR ik
R BRI T 23kt —,

ZEHXT ANAMMOX T 25 () FEA R B4 T ) 2247

28, i ANAMMOX A& J T2, 45 T ANAMMOX
TEAR s A LL % 7K Ak 3 e 0 Bk 5 AR 0 0z i e, O
BT ANAMMOX £ AR 75 3% [ AR e A bE % 7K Ab 38 v i
R R FH TS, A ANAMMOX 45 AR gk — 45 Ay
N RS

1 ANAMMOX T E#fiAk

ANAMMOX [} 3 %2 J5U B AE IR A sl B R 1F T
IRAZ E AT (AnAOB) L E N Hi T A A
R HL AR K E R A A N B A A A, RN
WA (DFrR. X —id B, W & 2R rhal =) Fi
AEME . ) ) e dE —E AL A (NO) JF(N,H,) %5, 2
FIE B 955 i R 30 5 B (NIR) k6 B (HZS) HEIE =
fitf (HDH) >4

NH,"+1.32N0, +0.066HCO, +0.13H"—>
1.02N,+0.26NO, +2.03H,0+0.066CH,0,.N,,, (1)

FIR 81 AnAOB A U5 J& T 7% %5 141 ] (Plancto-
mycetes) I ) Brocadiales 2, 2 6 N J& , 439~
Candidatus_Brocadia . Candidatus_Kuenenia . Candida-
tus_Jettenia .Candidatus_Scalindua .Candidatus_Anam-
moxoglobus\Candidatus_Anammoximicrobium[m3 &8
A T HEY A BOR IFFE N UK B AnAOB IR N AT —
APl 1Y B 45 5 B = (Anammoxsome) , FLAR R &7 §5
AnAOB SRFRIY 509%~80% , 7E35% HL AT LLHEA T RE f 32 4
FIRESPE ANAMMOX SZRE ™ o e4h , AnAOB K P id 35
AREA SRR RSP R,
AnAOB SEF i 248 A3 A0 9~14 d 27 A ST
5, AnAOB 38 ‘B 19 2E A LR A1 pH 4393124 30~40 “CHI
7.0~8.8" ML R T 45 "CHF, AnAOB I PEHE ™ &
A, ELRP A Al w2 (<20 “C)XF AnAOB
F18 400 1) A P U 22 S BT A e v B 1 Y A (FA)
I 2 A B2 (FNA) 2 301 il AnAOB B 7f 4, M.
TOMASZEWSKI 45l 1 #F 52 K B, FA \FNA 73 5
F20.0.01 mg/L A T IRAZ A T 2RI BEA . n
H(2) KPR, pH S5 RGN FA 5 FNA WA,
pH AR, FNA ¥ B2 B 2 H9, pH fi 725 1R, FA #R B2 2%
PR R FIT ANAMMOX T2 M. 1esh,
Jinjin YU %00 & B, b e sl IR pH 2306 it
FrICER BT RO A AN RS2 W) S TG 52 0 28 48 1 B
ROR

1 H, -N]x10™
FA=—7>< [NH, =N }x10 (2)

14 6 334
oH
¢ l”(273+T)+10




T KA B 2022-11,42(11)

ERE,F REAACRELEMAK A A QK ARWA R 3 &

4 —
FNA=—6>< [NO, -N| (3)
14 2300 )xm*’“
FPlo734r

AnAOB X P35 28 AL 55 A BURK, 78 i ANAMMOX
T AR FRAGHR A L E R KT B AR AR pH
FA 5 FNA SN, A UL AR (DO) (Eh o SE A & 52
Ml ANAMMOX #9 i & PE fiE o

AnAOB DL ICHLAR A M — B 5, 7K th A HLY 2
X AnAOB B i UM BE 7= A2 AS W) FE B B 5 i, e 32 32 5%
IAE : (A VLY IAEAE S 5| R A A4 T 136 A=,
PR (1 A= KA AT AnAOB Jo k5% R AF IR 08 19 A4 K 2L
KL IEM IS5 AnAOB IR RE™ s (2) B I 5 2 A
TE 4 A ANAMMOX J2 7 9 B P60 DL T £k H AN
[T ANAMMOX (AR i g 42, DA i o 2 & /0 25 B
O R R BAR CN AR, A C/N/NT 4 B
P K T AEFEA WL A R BESZ I ANAMMOX T.22, ik
T I A AL TR R K TR A AL R R, L
{RIE ANAMMOX T 20 Az tr. HHET, 8 5 >k H T
BRI T 2B EK ALY iR B FRA m(BOD;)/
m(NH,-N) < 1,5 m(BOD,)/m(NH,-N) < 0.5, %k )5
ik A ANAMMOX AbFEHLTT . AnAOB X} & 7K H FA Fil
FNA A & AT 52 B2 5 WF5T 46 1, 24 FA FTFNA 4

KT 4 [ BT I FE I 2% AnAOB B35 P77 2F
BH S A O BRI BR e 4R B0 pH Ak K
(R JRC Wk s 45 S B0HT 23 72 e FA R ENA 1V BE
HETAT R ANAMMOX B A ZCER Y . ANAMMOX S
T AR IR R B SRS T AT, SRR T i DO & T
18% MR ) %800 gl 2 P ) AnA OB f4 335 4 , 3 f
FAR DO ALK A H P20 eAbh , e B iR 2t
N ANE B8 15 R, JEIM 30 AnAOB BT EES 25 K
R =BT,

2 ANAMMOX TZ A BRI L ERmEK

ANAMMOX T 25 4 45 5& T i /b ~ANAMMOX
) SHARON-ANAMMOX T.Z5 OLAND T2 .CANON
T2 DEMON T 2045, 2 T 2Lk s an 38 1 s o
A5F B W 459075 4 i 42 CANON S I #8328 47 K 58 Tk
PEATHFSE I}, 78 pH Ry 7.39~8.01, IR & K 35 C&IFF,
33 R G F 4 TN 2B 4t o 1.8 kg/(m’+d) ; Rui DU
SEUOAE 1 R AR R 4 R R F — OB I A
R & 7 a8 f7 % 22 3 DEMON T 25, /K J1 {5 B 1)
] 247 0.5 h B, & 48 1Y 5 K TN & BR 6 fi o] Gk 2.42
kg/(m’-d)

F1 AREANAMMOX TEMRERR D
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Fig. 1 Development history of ANAMMOX process

for sewage treatment

R AR K B ANAMMOX T 72 % 151 £ g kb 7 45
A KT 300 me/L 1 e ik B S AR K o A8 WU H A
BIEK SN T , B TR 98 T & AR 1 0 A W 5 L R T
WA AT I & 59 ANAMMOX T2 Ab #8405 & LE i
We B A RE K I B SOk £
3 ANAMMOX ¥ FR#HmALLMWHPEKRES

R K A0 3R B B A 0 A SR

K B 5 RE 19 ANAMMOX T 25 Ab B 5 ik J32 14
FRUE K B TR A K HURE Tlb Al B B, (E A L Ah B AP
W 1) B I AR AT AT R TR A N . ARV i
SRIE AR AT v B A R K, FLHE R 2
RIG YY) B 08 . WK ANAMMOX T2 25 i) g
FH B AR 260 L A P (0 B 2 U /K A 3 e, 2 H TR
Job BRI I —

(1) A, ANAMMOX Y 2 I i 4 5 Ny

AAMAY A, LY A & ol 1.32: 1, B TE R
JTANAMMOX T 25 4k PG R R OK I, 75 225 38 0 &
RGN E A . o 098 1k & ANAMMOX i
A7 R R4, 2 v vk B 20 AR K 58 B ANAMMOX
S 3 A B

o M B A R K R WA A R B4k T AR
2, A AR W A 5 TR I DOYY AR U i
(SRT)™ B B 55 S 850 S b4 0, % F A
FIFNA B #5200, B e ¥ 2607 % F e 4tk =X 5 1 2
(SBR), A HA B 45 A Ak AR 52 0 00k 75 e S #2205
Ue , B 52T I B AR A R 3R g8 UG M R 1 S I, 45
LK AET 15.25 °CLIRE N 30 CHy, REGEHEA R4
B J R i R fE L K I Al AR R E R 93.17%,
Yongyuan YANG 255V FH A1 A W B — 72 4 e,
5 7K v B SR AT AR R0 B S BB L B K R FA LR AR TE
TR IS N T R R RN AL

Xof - Fp AR M R 44 Y ANAMMOX , 4 75 B A B
SE 1Y AH 2 FUR U5k O) [ ANAMMOX T 2 i £ 5
SEY N T ) R T A W IS DS E AN 1 S IR 3R SR O
A IR A A R A BE— 22 8 AL N, DA
e Ve B AU K () ANAMMOX 4b B 42 416 37 fily 75
A, Lingxiao GONG %559 F] F YLk % 1£ SBR 2
N g rf R Ty 2 L AR R A Ak, NO, -N—NO, -N % 4k,
F(NTR) ik 71.7%. Shenbin CAO 553 1E USB % hf
Rl e N W N E S (TR 7 i R VA
FEIX , T SE LT 7535 81.4% B NTR., Rui DU %05¢
K H DEAMOX T2 A 8 T LIS R 5 A1 & R A Bl
B A 19 2 A B 1o 4 JH 1 Ah B R S R R 50
mg/L AL /K, H NTR 435135 5] 95.8% F187.0%
1 A% 1A A SR P i R B i Ak - PR 4eL S S A T2 (PD-
A) AR FRIE 3 Tk R A A Bl N 2 AR 57.87 mg/L 1Y Ak
W5 7K, K TN AT RCE AR T 5 me/LP7 . BESE R H
WU AN IS B A EL VIR o pH S50 & 5 A R I
B AL 550 S B R o 35 % o 4 ] e

TN RR PR E A AR E WA, R 5 A —
S5 fift pe v R e B 41 AU K ANAMMOX b B I IF i 745
KRG B[R] R Y s A Zhenguo CHEN gl g T
S A7 2 0 ] 5 R (ZBFB) B2 o7 4 4b BRI Mk J3 4 A
JE 7K (50 mg/L) () S0 il Fb 1k Rl , 45 SR B, XY K2 1R
TI2 36 CHf, R A B WA LA . XFF i Ikik
JE SRR K A58 B SRR, 1)U
KA NOB HE J1 3 Ml AOB BE 11 55 AR, ik 5 rp



T KA B 2022-11,42(11)

ERE,F REAACRELEMAK A A QK ARWA R 3 &

I e 1 R K I e il A

WG KA BT 3 ANAMMOX T2, 3%
FLR TN B g 98B B, 51 T AR 290 8 1 G .
HJ2: T3 T ¥ K AL B ik K R LA 20~50 me/LL,
JHC NIV i 21 0 B R e, R 380 2 BT o B T
Seuh e MR B PR BEA TR A IRGE . 2018 4F
LB AT HE BT L AT N 5L K B 2 5 D K Ak 3
J7HUK TN B 5 mg/L, 23— 1007, A b B AR
G h fEAE R/ ANAMMOX . X — 8 KA, %W T
ANAMMOX R H F E G KA R G LA . 2
TG K P E R PR KR, 22508 ANAMMOX,,
FFE N GL 20 5 FR R e LR LAl (D &= A S 4
T AT W1 STV i 7 AR Ve 2 R ARAIG , X6 S i PR S AL B AN
AT AR IR WA, 1 1 SIS T AR AR 25 5 A K rh /b
fif B AR S5 SRR SR AR 5 (2) IR A
A TR AS B 1 GRS ARG ARV BE 2R UR A , H B
JEE TN, HAE TS KA B R SR T AR S R
(3) 3k 1775 7K 19 7K IR B HoAth /K 5 25 A A7 A U 3l B2
ANAMMOX T 2 By E .

4 BEERE

ANAMMOX T2 Tl e i B < it /b (g e
I 50877 A, R A FRARAR A L 2 R K i B A
T e B SRR K B ANAMMOX T 20 B 28 i3, 75 “ X
" H AR A IK 3 N A BNz B o BAE R
R e i 2 82 K Ak B S5, , L2 A T BB 7K Ak 65
B, H T K B A AT R B D A ALK A R
(R S AR BT A b A L ey e 2l /U /K IR XA 22
K JH ANAMMOX X HE A7 4 B Y 78 5 151 fif A 120
VTR W TR R R B T 2 S A b AR o I
A 250, UG T2 IF 58 OR , (H R 7R 52
Br AR B AR AR AR 1 2 AN e S R R, &
O R 27545 B8 AE 52 30 % B B, O R FLIE KRR T2
R o BRI, iR B2 2 BV K 1) ANAMMOX 57
5 K 1Y 2% ANAMMOX #F 58 K TR A6 W T &
HIe A 5 M s R H AR .

&% 3k

(1] IR T2 Ze A2 A e A A W B SR BOR WS S (). kA
AR, 2011,37(10) : 15-20.
SU Zijie,ZUO Jiaolan, KANG Jianxiong. The research and develop-
ment of the shortcut biological nitrogen removal technology [J].
Technology of Water Treatment,2011,37(10) : 15-20.

[2] W M i, 55 U AL AE M AR B e R [ ]

[t}

[

[l

[

i

s

[

B2 9, 2020,47(10) : 3342-3354

FENG Liang, YUAN Chunyan, YANG Chao, et al. Research prog-
ress in nitrogen removal by aerobic denitrification[ J]. Microbiology
China,2020,47(10) :3342-3354.

A N R IE AT A A BE S . 2020 4F 4 [ AR S F SRR R
Jemt: A R HRE AR A R, 2021,

Ministry of Ecology and Environment of The People’s Republic of China.
2020 national ecological environment statistical annual report [R].
Beijing: Ministry of Ecology and Environment of The People’s Republic
of China,2021.

KA S KER T TS K A W R AR AR A PR A BF 5
SO LT ] R BORREE 2022, 52(3) :389-402.
DU Rui, PENG Yongzhen. Technical revolution of biological nitro-
gen removal from municipal wastewater: Recent advances in Anam-
mox research and application [J]. Scientia Sinica: Technologica,
2022,52(3) :389-402.

Wi/ TEEZE , KARASUTA C, 5 . S fb— o &R 43 S0 AiF £k - IR
AL T A T I B B R ()], R, 2020,41(1)
345-352.

CHEN Xiaozhen, WANG Xiaojun, CHAYANGKUN K, et al. Nitrogen
removal from mature landfill leachate via denitrification—partial
nitritation—ANAMMOX based on a zeolite biological aerated filter[ J 1.
Environmental Science,2020,41(1):345-352.

WE K, W ABEE, S R D7 IR0 K AL BT AR S0 K o34 [0 ).
45K HEK 2022, 38(6) : 103-106.

YANG Yanfei, TIAN Qiping, YANG Jin, et al. Case and analysis of
swine wastewater treatment project in building[J]. China Water &
Wastewater,2022,38(6) :103-106.

K . — B XK A AABAR A B IR LK [T ] R,
2021,40(S1):95-98.

SONG Xiaozhi. Ammonia removal from swine wastewater by anam-
mox[ J]. Water Purification Technology,2021,40(S1):95-98.
SRR, W AR OB R R A R il S R K A B R
iR gEik e ()] i TR 22240, 2022, 44(1) 1 1-8.

HU Jingang, XIAO Chungiao, DENG Xiangyi, et al. Research prog-
ress in biological denitrification methods of ammonia nitrogen
wastewater from rare earth mines[J]. Journal of Wuhan Institute of
Technology,2022,44(1):1-8.

FEFE T A A O kA B vk B A A K SR 0] Ak
LS THEH A ,2009,30(4) :55-57.

YUAN Jie, YANG Ning, ZHOU Yanjun. Research on stripping
treatment of high concentrated ammonia nitrogen wastewater [J].

Journal of Chemical Industry & Engineering,2009,30(4) :55-57.

[10] JAf M, Broa A b, 4 . OBLIR 15 MAP 2 b B i & %K 1Y

WFFE[I]. A 4K HEK ,2014,30(21) : 110-113.

ZHOU Weibo, YI Xuenong, SHI Liu, et al. Treatment of high-
concentration ammonia nitrogen paraquat wastewater by air stripping
and MAP[J]. China Water & Wastewater,2014,30(21):110-113.
VA, T I, A A AR AE L MAP 0 UE IS R T U Y
F[J]. AEE TR, 2016,34(S1) : 162-166.

FENG Haodi, DING Yishan, CUI Mengying, et al. Rocovery of nitrogen
and phosphorus in urine by magnesium ammonium phosphate crys-

tallization[ J]. Environmental Engineering,2016,34(S1):162-166.



ik b 5aR

Tl KA 2022-11,42(11)

[12]

[14]

[15]

[16]

[17]

[18]

[19

it

[20]

[21]

—
8
8]

[}

R VE R WL W B s Ak A R K B S R SR D). R Ak
T.,2019,48(1):156-160.

TANG Chaochun, XU Rongming. Progress of adsorption treatment
of ammonia nitrogen wastewater [ J]. Applied Chemical Industry,
2019,48(1):156-160.

(7PN I - e B 1 [T OB LB f o N RS
MBEZELI]. Ui 42, 2015,37(1) : 74-77.

YANG Dadi, TAN Xuejiao, SU Peisheng, et al. Study on resin ad-
sorption of ammonia nitrogen in coking waste water [J]. Sichuan
Metallurgy,2015,37(1 ):74-717.

RUR AT RISk BRSOk R R WE L] TR R
#,2020(20) : 142-144.

AO Lixin. Research on the removal of ammonia nitrogen in oily
wastewater by inflection point chlorination[J]. Henan Science and
Technology,2020(20) : 142-144.

AR BRG] A7 N A v A B BE A BIIR A AUR K (] T
AALT.,2013,40(20) :43-44.

LI Chanjun, HE Jianming. Break point chlorination advanced treat-
ment of low ammonia water[ J]. Guangdong Chemical Industry,2013,
40(20) :43-44.

CHEN Yunnen, GUO Lin, LI Chang. Fabrication of surfactant-
enhanced metal oxides catalyst for catalytic ozonation ammonia in
water [ J]. International Journal of Environmental Research and
Public Health,2018,15(8):1654.

BAAT BB i RS0 R SR A vk v A A B LT Ak R £ B K K
WF5E[1]. Talk kAR BE,2017,37(2) : 79-83.

HU Qi,HU Yujuan, GAO Dawen. Research on the enhanced treat-
ment of wastewater from cellulose ethanol production by ozone oxi-
dation process[]] . Industrial Water Treatment,2017,37(2) :79-83.
LI X Z,ZHAO Qingliang. MAP precipitation from landfill leachate
and seawater bittern waste[]]. Environmental Technology, 2002,
23(9) :989-1000.

MARTTINEN S K, KETTUNEN R H, SORMUNEN K M, et al.
Screening of physical-chemical methods for removal of organic
material , nitrogen and toxicity from low strength landfill leachates[J].
Chemosphere,2002,46(6) :851-858.

CHUANG Huiping, OHASHI A,IMACHI H, et al. Effective partial
nitrification to nitrite by down-flow hanging sponge reactor under
limited oxygen condition[ J |. Water Research,2007,41(2) :295-302.
CHEN Zhenguo, CHEN Yongxing,ZHENG Xuwen, et al. Compari-
son of complete nitritation—denitrification and partial nitritation-
anammox for iron oxide wastewater treatment [J]. Journal of
Cleaner Production,2021,294:126281.

SRV ISR AE A LA AR SR I]. AT,
2020,6(6) :117-120.

ZHANG Yuan. Progress of research and application of biological
nitrogen removal technology in wastewater [ J]. Biological Chemi-
cal Engineering,2020,6(6) : 117-120.

CHEN Yongxing, CHEN Haochuan, CHEN Zhenguo, et al. The
benefits of autotrophic nitrogen removal from high concentration of
urea wastewater through a process of urea hydrolysis and partial
nitritation in sequencing batch reactor[ J]. Journal of Environmen-

tal Management,2021,292:112762.

[24]

[28

[t

[30]

[32]

[34]

[37]

LI Xiaojin, SUN Shan, BADGLEY B D, et al. Nitrogen removal by
granular nitritation—anammox in an upflow membrane-aerated bio-
film reactor[ J]. Water Research,2016,94:23-31.

WANG Depeng,ZHENG Qi, HUANG Kailong, et al. Metagenomic and
metatranscriptomic insights into the complex nitrogen metabolic
pathways in a single-stage bioreactor coupling partial denitrification
with anammox[ J |. Chemical Engineering Journal ,2020,398: 125653.
WANG Zhibin, LIU Xiaolin, NI Shouqing, et al. Nano zero-valent
iron improves anammox activity by promoting the activity of quo-
rum sensing system [J]. Water Research,2021,202:117491.
KUENEN J G. Anammox bacteria : From discovery to application[ ] ].
Nature Reviews Microbiology,2008,6(4) :320-326.

X223 .y I AR A DR S A A B R B ik PERE T ST (D).
N 22 M S R, 2020.

LIU Andi. Experimental study on nitrogen and carbon removal per-
formance of partial nitrification coupled with anaerobic ammonia
oxidation[ D]. Lanzhou : Lanzhou Jiatong University,2020.

VAN HULLE S W, VOLCKE E I, TERUEL J L, et al. Influence of
temperature and pH on the kinetics of the Sharon nitritation pro-
cess[J]. Journal of Chemical Technology & Biotechnology, 2007,
82(5):471-480.

TOMASZEWSKI M, CEMA G, ZIEMBINSKA-BUCZYNSKA A.
Influence of temperature and pH on the anammox process: A re-
view and meta-analysis[]} . Chemosphere,2017,182:203-214.
WANG Yongfeng, GU Jidong. Effects of allylthiourea, salinity, and
pH on ammonia/ammonium-oxidizing prokaryotes in mangrove
sediment incubated in laboratory microcosms[J]. Applied Micro-
biology and Biotechnology,2014,98(7) :3257-3274.

YU Jinjin, JIN Rencun. The ANAMMOX reactor under transient-state
conditions : Process stability with fluctuations of the nitrogen con-
centration, inflow rate, pH and sodium chloride addition[ J]. Biore-
source Technology,2012,119:166-173.

CAO Shenbin, PENG Yongzhen, DU Rui, et al. Feasibility of en-
hancing the DEnitrifying AMmonium OXidation(DEAMOX) process
for nitrogen removal by seeding partial denitrification sludge [J].
Chemosphere, 2016, 148:403-407.

CAO Shenbin, DU Rui, PENG Yongzhen, et al. Novel two stage
partial denitrification (PD)—Anammox process for tertiary nitrogen
removal from low carbon/nitrogen (C/N) municipal sewage [Jl.
Chemical Engineering Journal ,2020,395:124810.

NI Shouqing, FESSEHAIE A, LEE Poheng, et al. Interaction of
anammox bacteria and inactive methanogenic granules under high
nitrogen selective pressure[]]. Bioresource Technology,2010, 101(18):
6910-6915.

ANTHONISEN A C,LOEHR R C,PRAKASAM T B, et al. Inhibi-
tion of nitrification by ammonia and nitrous acid [J]. Journal-
Water Pollution Control Federation, 1976,48(5) :835-852.

LI Wei, ZHUANG Jinlong, ZHOU Yuanyuan, et al. Metagenomics
reveals microbial community differences lead to differential nitrate
production in anammox reactors with differing nitrogen loading
rates[ J ]. Water Research,2020,169:115279.

JIN Rencun, YANG Guangfeng, YU Jinjin, et al. The inhibition of

the Anammox process: A review [J]. Chemical Engineering Jour-



T KA B 2022-11,42(11)

ERE,F

RA

2R R AL R BR R & RR K B R

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[49]

[50]

[51]

nal,2012,197:67-79.

HUNIK J H,MEIJER H J G, TRAMPER J. Kinetics of Nitrosomonas
europaea at extreme substrate , product and salt concentrations[ J .
Applied Microbiology and Biotechnology,1992,37(6) : 802-807.
AFES I, KA WA AR 45 . CANON J R #8328 7 8 2 Mk A il 7
il R )] FRERE2012,33(10) :3507-3512.

FU Kunming, ZHANG Jie, CAO Xiangsheng, et al. Performance
stability of CANON reactor and temperature impact [J]. Environ-
mental Science,2012,33(10):3507-3512.

DU Rui, CAO Shenbin, LI Xiangchen, et al. Efficient partial-
denitrification/anammox (PD/A) process through gas-mixing strat-
egy: System evaluation and microbial analysis [J]. Bioresource
Technology,2020,300:122675.

ALEHL , MARKVAN L. i 22 FEFF )} DOKHAVEN 75 /K 4 3 A
)], 4Kk ,2003,29(10) : 19-25.

HAO Xiaodi, MARKVAN L. DOKHAVEN wastewater treatment plant
in Rotterdam[J]. Water & Wastewater Engineering, 2003, 29(10):
19-25.

WETT B. Development and implementation of a robust deammoni-
fication process[ﬂ. Water Science and Technology: A Journal of the
International Association on Water Pollution Research,2007,56(7) :
81-88.

GONZALEZ-MARTINEZ A, OSORIO F, MORILLO J A, et al.
Comparison of bacterial diversity in full scale anammox bioreactors
operated under different conditions[ J]. Biotechnology Progress,2015,
31(6) : 1464-1472.

CHRISTENSSON M, EKSTROM S, CHAN A A, et al. Experience
from start-ups of the first ANITA Mox plants [J]. Water Science
and Technology : a Journal of the International Association on Wa-
ter Pollution Research,2013,67(12):2677-2684.

FRL, R B 5 BRI A A A T2 MBS S R
JELI]. EoK A, 2021,40(11) :16-27.

WANG Yin, WU Jiali, CHEN Yi, et al. Research and application
progress of mainstream anammox process [J]. Water Purification
Technology,2021,40(11):16-27.

HELLINGA C, SCHELLEN A A J C, MULDER J W, et al. The
Sharon process: An innovative method for nitrogen removal from
ammonium-rich waste water[J]. Water Science and Technology,
1998,37(9):135-142.

QIAO Sen, KAWAKUBO Y,KOYAMA T, et al. Partial nitritation of
raw anaerobic sludge digester liquor by swim-bed and swim-bed
activated sludge processes and comparison of their sludge charac-
teristics[ J 1. Journal of Bioscience and Bioengineering, 2008, 106( 5):
433-441.

GAUL T, MARKER S, KUNST S. Start-up of moving bed biofilm
reactors for deammonification: The role of hydraulic retention
time, alkalinity and oxygen supply [J]. Water Science and Tech-
nology, 2005 ,52(7):127-133.

WANG Ruixin, WANG Xiaojun, DENG Cuilan, et al. Partial ni-
tritation performance and microbial community in sequencing batch
biofilm reactor filled with zeolite under organics oppression and its
recovery strategy[ﬂ. Bioresource Technology,2020,305:123031.
Poh TEBEZE  F AR R RS A1 SBR T R A A K K Y

[53]

[54]

[55]

[56]

[57]

[58]

[60]

[61]

[fEER ] EBEZE(1964—

FOE WAHALLT]. K Ab B4 R ,2022,48(4) :93-97.

ZHONG Zhong, WANG Xiaojun, QIN Jiafu, et al. Continuous flow
zeolite SBR reactor for the stabilization of nitrosation in high ammonia
nitrogen wastewater[ J |. Technology of Water Treatment,2022,48(4) :
93-97.

B F A N ARG5S A AP R T 6 X R R AR Y )
B PERTSE (). FREERL2,2012,33(2) :511-517.

LUO Yuanling, YANG Zhaohui, XU Zhengyong, et al. Effect of
temperature on the response characteristics of shortcut nitrification
granular sludge[]] . Environmental Science,2012,33(2):511-517.
YANG Yongyuan, CHEN Zhenguo, WANG Xiaojun, et al. Partial
nitrification performance and mechanism of zeolite biological aer-
ated filter for ammonium wastewater treatment [ J]. Bioresource
Technology,2017,241:473-481.

GONG Lingxiao, HUO Mingxin, YANG Qing, et al. Performance
of heterotrophic partial denitrification under feast-famine condi-
tion of electron donor: A case study using acetate as external car-
bon source| J |. Bioresource Technology,2013,133:263-269.

CAO Shenbin, LI Baikun, DU Rui, et al. Nitrite production in a partial
denitrifying upflow sludge bed (USB) reactor equipped with gas
automatic circulation(GAC)[J]. Water Research,2016,90:309-316.
DU Rui, CAO Shenbin, LI Baikun, et al. Performance and micro-
bial community analysis of a novel DEAMOX based on partial-
denitrification and anammox treating ammonia and nitrate waste-
waters| J]. Water Research,2017,108:46-56.

DU Rui, CAO Shenbin,ZHANG Hanyu, et al. Flexible nitrite sup-
ply alternative for mainstream anammox: Advances in enhancing
process stability [J]. Environmental Science & Technology, 2020,
54(10):6353-6364.

CAO Shenbin, WANG Shuying, PENG Yongzhen, et al. Achieving
partial denitrification with sludge fermentation liquid as carbon
source: The effect of seeding sludge[JJ. Bioresource Technology,
2013,149:570-574.

GLASS C,SILVERSTEIN J. Denitrification kinetics of high nitrate
concentration water: PH effect on inhibition and nitrite accumula-
tion[ J]. Water Research, 1998,32(3) :831-839.

DU Rui, PENG Yongzhen, JI Jiantao, et al. Partial denitrification
providing nitrite : Opportunities of extending application for anam-
mox| J]. Environment International,2019,131:105001.

CHEN Zhenguo, ZHENG Xuwen, CHEN Yongxing, et al. Nitrite
accumulation stability evaluation for low-strength ammonium
wastewater by adsorption and biological desorption of zeolite un-
der different operational temperature[ J]. Science of the Total En-
vironment,2020,704:135260.

TEBEZE . — a0 % B P o 132 2 R0 /K O ) A 90 2 o
Bl AL AR S S A A 11 77 1% : CN202210080152.4[ P . 2022-07-08.
TR 25 . — B T b A B 2L 0 0 vt 52 B v (IR VR 32 2 R K
K A AL 5 1% : CN202210800151.X[P]. 2022-07-08.

) A #dZ . E-mail : cexjwang@scut.

edu.cn,

[WFsBEI] 2022-07-21 (&S k)



