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NH,, -N 7] i 578 4% AL 1 (complete ammonia oxi-
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R A NI, TFESMIN RN R Bl 26 B <5
HMERIICIE, AR 7B AT AR, N T i Al A
Ity R (e 2 AR HE SR, ANR] T 7K AL B B b R
Hr.

20120 704EAR,  BLHLRE 8402 5K Broda 2 H
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BEE T HR LR, B 419954, KuenenfIMulderft
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NO, -NANH T34k, ZM A R 5 R [ B 44
FRE AR, KA G R T RS, iR EE
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Ca. Loosdrechtia, Ca. Wujingus, Ca. Wunengus, Ca.
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SRR ROT TR B L 3 AR, %R B AR R P
B AR S A5 eIk, BT AR B RS e 5
ForEs. [ R 2, AE TRE A Al 1 Ay v i v i b gk
AR SRR RT,  H K KR S
MUK, BTtz ST AR BTG RREA
THA S RV R B K S E WA AT AR o AR
EMEREIRK, #A1ENUASB/ICHEAFL LR A HL
W) e e e,

TURE Jsz W2 ) SR F AN [F A R A R R 2
i, F RS YIS, &R S P e
s ARAEURLR A, T4 [ S REEDRH (0 RS AR
Wb, [ A4 S5 ) B VF RN (WK aldnes B . 3K
PEAT e SEORL BREE) B L. HERIM R AR K
(PET). Jele. WM. =% ER LMMHDPE). &%
RIURL. BRI R EORL L
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T RAEYI G AR R (3) FLERA G, B s
FE, AR TAL BUNNR & (4) AIVE A DRER R A, dn i
WYKL, Wi1EFe;0,5%, G IRAnAOBYE VS kit
B4, Chens N BFe 0,40 K Bk o] LLBR Y hdh F
hzs 58 PR AR A A R O 35 DR RN ) 411 58 5 40 (extra-
cellular polymeric substance, EPS) 7 s K H#2 it 5 45 i 2
R, B AR B A 5K ()% FE, DUR] T e g
A RIS AT, BRI REFEIF ST S A A E
P B AT T Anammox R $8 6 T RHECE} O
107, ANFEIH SRIE BRI T TIEEL . AT
SRR RSLES KA B H ARSE R R AT L
BefiAt.

3 REAEEATEAR RAT kR K R R K
Kb ¥ T i

SR Anammox T 21 A LI [A] AR X B, H AR A
HAFTIMNAENURIR . 2T KA 74 R Re ke, 15
Jere g0 R E AR T RS, ITHRERWTS T
T2 FH A5 3845 T sk e, LR TE Mk FE U
KB AL 5T, Anammox 5% 5 S H M S5 = AF
Fo ) KB TARAC N 4k, IR R A7 1)is 4T
FAEM 545, HAT, Anammox TZfEZFIZEAI T
WK W38 BRI 2450, L CARA SRS TN
R, EEAE R R EnSBRY, MBBR™Y,
EGSB™%%), B I16 e SRR LU S AL T2
P IE R TTE. 15U RIS AGRAE N Anammox T F% 5.
MR s, HABR T R G2 ARE RS AW
T EREERE, &G RHEE MRS RAZ AL
(partial nitritation/anammox, PN/A)ESHARON-Ana-
mmoxZ 414 T EHT A, ZHESNT Bt
PN/A L Z A HE 20 R FE N 1000 mg/L 1) i5 e JH AL,
PN B 5 F Anammox [ B #% [ 7K 45 B i [8] (HRT)
BT dif, PBUEN B R L FRFN83.37%. BHF
Strassy5 7K ] AHT IO AR BB AR K AR N 2 T
Anammox FIDEMON "I 2 AU - AL 25 Ve Y A0 K.

REATIE, Wik 2R AR 25547
REERRW, 1ELIIUASBEIC IR A Tl b 3 2 B K6 45
BY WG, Anammox L2 Ti#—FSREBEE. %
KIR K H BABIF K BUKERENE, & AR AL
5 Ue R M. Chens AP*HiESZ/ECOD/N 40,631,
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TR SRR A TIORL A 2008 A i 24 R K R 2 R AR
FE AR AT AR, S0k, Btk BARES T2
FEHHER 1) R K & B R B I B o A 8 A
VIR, 8 TALEE PR A A WL S, Anammox
AR ETAER B AT BN AN A B R AR, B BRI
TRIFTHFE S RE

B4R, TSR Anammox 5 A IE T #Y 51 5 K HEL i
(I0). K HELED). MR (PCB)ZEHi&E 4TIk
RGP R IR B R
&4 AL T KB AMINRIR, 1 Anammox 1] A 2 %
RIBAT A S — BB . sl NI —
RALPN/A 2 B 23 AL FERR EPCBIR K, 223480 dff1is 1T,
I 8 A7 A 5 s 1.29 kg/(m” d). b4k, Anammox T. 254
BO MR RSB IEN . RN TEK. FigENgeR
IREESIR,  Eon AR 2 AT B0 G dil R )z E
PRI 7.

3.0 SERGE IR E R RUR A R AL TR
UTEER, ARIABUITRRR. F9RE. =R AIHF

F 1 AR RAEE A TR S

Table 1 Engineering applications of anammox across various industries

SRR K AL AR R SN, TR TR R A = A
WA VIR T ZNH T 2 0k 2 Z R KA T
FREGERD)

3.1 LEET AT b B R A RUR K
TR L6 T2 H F T BCE M SRR A g i

JEMERIBTALTE BE. SR 1T, 1% L&A A HE & <
TER RIS, SRR A KE A mIRER
B AR R 26 R K. XK R K& Rk L
1500~6000 mg/L, HAEHNMELT. KlETEmR T
S /MR HL R A B R 226K K, WAIE TR
ARAM T EMAT AT, AR5 L 7 A B A ik
500 kg N/(m® ) IRE R A T, LERERERE
WTET TS, 3 St 0 B /S RIS PR AR 2 A TR,
EH T AT A /NGRS 56 o TR B FH R A T
TESEER BEAE AR, SEBR TARAN 45 dit s )
JBsh. ZIHKREAREB ARG KA T2, it
PR E, BT CREIE TS, PR AL
FrEEN94.3%+2.3%, SEFEREEHN8I.4%+2.7%, KA

R KR E (mg/L) BATIRE pH MEEBRATT kg N/’ d) REEBRE (%)
W 26K 1500~6000 24°C~36C 7.4~7.6 1.0+£0.39 89.4+2.7
Ak ik 600~2200 =i 7.5~8.3 0.6 >80
BRI ) R ARAT A5 K 1000~1400 =i - 0.85+0.10 96
BIRB BT 2000~3000 =i 7.7~8.3 0.56 95
FHEIRIK 800~1500 =i - - 93
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Figure 1 (Color online) Process flow diagram of the anammox-based treatment system for liquid ammonia mercerization wastewater.
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AR G B R A BUGT 91.040.39 kg N/(m® d).
SfEg - A T2 b, AT H R0 B AR T
TR LR R BRI A, R TG4
Qe Tl AT R A R,

312 AT E IR E RAE A

FALBRL R — M T @M IRERI TN RL,
N R A R AR U < e L~ e SR e £ S N )
JE AR i FE R R PR K. SR B gt A A
YLVEARCEE, T 2B R K (e AR, (L i A P
I8 BR FE#E600~2200 mg/L)S Bk B FE K . BT
e seh = M T o Ok R R L T2
BRITACHE G R BRI BOK PR R, MR LR
70%LL EP7 7E B EERE b Sei T TR R BRI — AR
YRR A A E A R G, 2R, SR TR
HG I AR AR KT T oA 165 diiE Sz T I
I, 12 TRE 28 G006 W i P K 5 38 5t 28 B0 11 o PO 47
W tERE, BEEBRERTI0%, BRERERT
80%, ZFAMATILFN0.6 kg N/(m® d). BAEKEZ. T
HE . W% pH. HRT. &R KR T 5
A, AREEPEBENL A NP 70%)H T HL 8% S
Ik, HA30%H TR B as 2 SRR, g
XGBoostH 8% 5 > AL Sz B Hhonf 2 28 25 R
KA A 1 TR R B B A 3198%, IR A A AL L
T AR B AN e R TR IR A T St 456

3.13 S #p| £ EFEHT K
B 5 Bk I 2 AT MY R PR R DA R MR SR AR

W =, Tk EHE 0 22 il Bt 2k 1 B R,
A ERAE BT KA AE R Bk B 4, B kol Je 45 Fh HE
AL EE . Bk B AR AR T K I B RUIK JE A
1000~1400 mg/L, COD{H 7£600~1200 mg/L, % L™
FAR, RAEGHAO L E M B A R =, HARE
ik, L2Zamid WAs L5 A B A4 i b ik K HH 1 COoD,
PN RAZ AR TSE, &5k CcoDId &l
il J5 8:AnAOBYE M. A R G5 /K IR A SR &
B %43 3 3t 99% F196% .

3.14 HWIRHEIFBIRK

PR AR AR VE R IR ) — R R B, (HiE
Mg o e e K s DAL B H i FE TS B 1 b S8 D8 W
ELAR T A S LR R [ A ol b R B8 e R BT HRIR, (H
HET R FE 2= A K E RS IR T EA . BB
WA WAEIRR, SARS R ELZGREYRE: &
fEANY . THLA Y. EEEASMNEA LS.
PR ISR N R EIREE R, R BIRIB ISR T A
WPE L1000 mg/L, —B7E2000~3000 mg/L; HE&H
B COD, {HIHS o A LUV R BN, R
FAAE G RS A R A AL T 20k DL SR 35 B PR TR I 22 35F
e M A . T O S G = /N SR BRI AT, IR TR
AN L2 T RIS IR S B A I AT, B8
Wb G AR A A AT Ld e f B A T2 £
B, E G0 S 22 ) PRAEE A T2 AR AR IR, ASr)
AW A 0 AL IR SR U A R G 1 B U e R
/NP0 R b T DL s AT S A A
J7iE, BB IER T A R ARA LY, RS

-
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) _
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1
AR 4 1
| ,
1
1

Bl 2 (M2 D AR LR K R A AL B T A R G 2R, 10 I 2: IR AL, 3: B0, 4: 3EK; 50 WIRLR

K 6: BB 7: AFYEERL 8: HiK; 9~12: JREE AL

Figure 2 (Color online) Schematic diagram of the anammox engineering system for iron oxide red wastewater treatment. 1: Equalization tank;
2: anammox reactor; 3: centrifugal pump; 4: influent; 5: internal recycle flow; 6: aeration diffuser; 7: fiber media; 8: effluent; 9-12: anammox reactors.
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Figure 3 (Color online) Schematic diagram of the pilot-scale anammox system for landfill leachate treatment.

ITIRAR AT A, ik TAEREE W E3FTR,
A R B BB IR 5% K M A Y. A B B
TR HE, 5 530 B A R i R DA e 2 SR A
JEA PR T 2R XA V. HEl, oEwdb. HK
I 7R B3 S 3% 56 1R 22 Dby SRS D8 R A = A Ak
i AR,

3.1.5 #EMEEA

A IR R KA ML IR BE ), COD b
20000~30000 mg/L. Ny T BEARAL 3 F7 51 PR /K (1 B R
FE, Tk b m e BE AT LR KA A S R B BB PR AR
R REAT AL B, REEFE AR T U TR, HE
WA B I R AR . B K CODE 7E
3000~5000 mg/L, ZZIKELES00~1500 mg/L. 4 [4]FA
SRS AT R T RAE AL B 748 K #
REPATH, KA SRS TR & R =
WILE, BREBEBITII%, CODX: % Hid84% "

3.1.6  AERE EAK
THRR R 7 T 4 A — b 5 B e N IR B
FIE K, BEFMNO; -NHIHK E $°42000~3000 mg/L,

AECOD. JEAH R GK AL S i e ik T2,
Sk K TP R B AL INO, TN, FRE R SR Ak R
NO; -NEA N E MR, H T R K & B E =,
U ALY B R K IR R, ALY B U FE R &
R, Hr=E KEREGIMEE NG, KiEik
TR RO B AR B0 20 SO e —— PR A
H(PD-A)ACEE T2, i i 78 RAESCAE T HInasIR,
NO; -NI# L #7r EAAANO, -N,  F I R4
RAMHENO, - NERA B M NA S REHE, A
LA BRI R R A SR PD-AT 255k
itk S A T2 A0, BRI S PRk 80%, [FIRT, Mk
SRRFEAS YR A KIEREAIS, 1140 T REIEAT A,
WEE R AT EE. H AT E Codid TR

32 JRAEEMN TR KT A RR AR AL B

o8

REREAN T ZhEmSREEARE KN T ZE4
BONRGER, AR K R AALE HoA AT BEXT AnAOB = A A
YEF RIS, AT DR BT B AL, A o5 S PR AR
AL T ZHRANE B KA. i, MKk &6 54
VIR A NG 5, EANRAREN ARG TR T
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SEFRWEYS FERGEE, S KA R AR AR AT
s, FEURARAMIEERRR. TR A B &g
Wb ERYE, BCR AT E R R ALY, Atk
THRKENO,-N, W LURAH S R T E, @it
I ERRIEENO,™-NIE JF INO, =N, #E 1 F T J5 2211
RERE. L5 LATiA, 2T Anammox [ =& ZUK K
AR RO YT E, HAZOE T IRY ]
. WS RS DU R . R E A
EEFRRR ML 5 I LA i AR AL, 1R 2SI
SEEGE L e R OO TN . fERE, &F
Z FIMMR TN T Ao TAESL B, #HEi#E Anammox
TR T, WIRBIER . AR 2. g, B
B FRIESAT ) ARG R S R B A
R RIFHAR S5, &g = ik it
NIERTEL.

4 REAEEALRL TR R A RR KA
BRI AN

FHEL T iR R A K, IR E R R R K E A
WIE<150 mg/L)TE LM /KE HBUSHE S b3 5
SNz, JCHGR AR TS K AL B AR A BRI
Ak, EAESK, B UK B A A B0 K
(25~60 mg/LE &) N AL B R 1) R R A E B AL AR
(mainstream Anammox), CJSCABT RS, SR, BT
BEREAE S KR KIS A SRR, 32 i Anammox ¥
A TR R AT NG BRI EIRE . K
W TR B S G S N R S AR R 2 S [ AR B M 52 e
AnAOBIEHE. Zhus N*RII/E IR T, AnAOB
o R A EA N, 3T S B B s TR AR R B
I FE R, AnAOBTEAEFHT H X (FTWWTPs H1 27~
HOIRIR A E R . A, I AnammoxtH B8 A T2 i
Anammox$ K= 1) miE A, Bk, AfRER
NO, -NAER; i JEAnAOBAE W) & (1) S Al KR 1] T
T Anammox 5L, TERIRER ARG H, AI{EHR)
Ui 25 R (FA) B 25 T BR (FNA) I M RN IR
e HE 2 1) LA R G S/ B S A R T SR TR B, A A
NOB, SEHlfRE FAH L, MY B Anammox [ M. Bt
T INH, -N5NO, -NXUEY. 1 R T BTG K AR
WRIEEAR, R v TR B S 8 7K A A 47 i) SR ek e DA
N AR R A5 KA, RpA R TR SR TN
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MrpRaE ez, B, W ERR AR &I M2
e 7 AR TR A I SE LR S R S BARAE A3 75 7K
Kb PRATISN HT FRTHR, X H AT AR g e 57
2 R A DR SR A N P T A B S UK K AR B Y 5
BB

5 RBHHRIKE AR BOK KA REEAR
AT IR

FEAR R JEE 0 K Ak B A3 A Ao S B AR € 1Y)
NO, -Nfit&s, W51 7 EWANE BTN R A%
WEFL AR,

5.1 BRIRACAR T i A0 I R il SR

37 35 R s DR BN OOV I R Ak B A 9
15V FHINOBII SIS, 7E S50 = d A T PiA X b s B
B SIS AR A 22% I SBRYS Ve B A% S ] Ab 3L B
JG, #E471.35 mg N/LIJFNAAL 24 h, R)GEIRE
SBR. £5d15 dsesl T W AStL, WRSER EhAN 2R 1E80%
DA b, 98GR A28 3R B, SEER2H I B4 H FTNOBH
T Lo FEZH s B 33K 80%. & T-FNA AL FAN it 5
T LA R A DO i 78 4 2 50K P88 42 1) 1) SR s A 204 |
TNOBTEZURTF IR UL AR By tt, 76 HituK-F
FSEEL T Fm ARG AR R & Ak, KT R
A DAL K SR B /N T10 mg N/LIL gbah, #8
P BNt %2 Y ENSIE I 1 pHLA& AL T 1 4 o i 5 I
PR T S5 ARG VA B UK K R A A 1) T S

Bk ER BRAN K AL 25 70 B ) s K A B R
Gt AR BN ERN BEANG K AR B R S K U A
JCPEAE R R B, TE R K8 BNk 3k mT DA
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Low-carbon and energy-efficient biological nitrogen removal
technology for ammonia wastewater treatment
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This review provides a comprehensive overview of the development of biological wastewater treatment technologies, with a
particular emphasis on the progression of biological nitrogen removal processes. It highlights the transition from conventional
nitrification-denitrification pathways to anaerobic ammonium oxidation (Anammox), a low-carbon, energy-efficient autotrophic
nitrogen removal technology that has attracted increasing attention in recent years. For the treatment of high-strength ammonium
wastewater, the review integrates extensive literature analysis with case studies from recent Anammox engineering projects
conducted by the authors’ team, elucidating the process configurations and operational performances across various wastewater
sources. In addressing the treatment of medium- and low-strength ammonium wastewater, the review critically examines the major
technical challenges limiting Anammox application, with particular focus on the difficulty of maintaining a stable nitrite supply under
low ammonium concentrations. Several promising strategies for overcoming these bottlenecks are summarized, and three
representative process implementations for mainstream Anammox under low-strength conditions are discussed. This work provides
important theoretical and practical references for advancing the large-scale engineering application of Anammox technology,
particularly in municipal wastewater treatment.

anaerobic ammonium oxidation, medium-low concentration ammonia, nitritation, wastewater treatment,
nitrogen removal
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