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i EREABMUBAEN —HHAMEBK, EEREYMEABRLARTHLATE, N4
TREABAHANE, HF Wik T RELKEAAMN(ANAMMOX) B 5 89 %ok B 4 547 T B 5 K R A R
B R A 8 R B R R AT ANAMMOX B 5 & S A& AT aF Rt &, 3 R B B 74 & S B 18] L AR B 3D
IR FIAR A BT R R AT T A

XBiE - REAEL BB R EWBLE

hE S %S X 703 SCERARIARG : A

BOKEMBAR, b7 (LK AREERURKIGRER SR — M REL . RRE YRR LR
FALARSS & AT ik (BRT I R TERER A (REFER, M MAYUmRE) . bt i+ F~_%3L
IR ER MR R NE A T, TR R T2, YN B MEY RN . BTFSm%
ARMHEYR B FRBAEY), ERRIAVIRE, ERERS 5, RENT, RN R E K55, #
ik HATBAEF AR A LZ . AR H 8 R AR A 8 S BR R E 32 6+ H I8 K H R 3hBr B, LR E
EFREZAMME N A KEFM0.072d 7,32 C ) URAMERERWEYBMRIKO0.088 g5 ),
HURAEET A 11 d, o, — B3R5 s oK U A R T2 E R ST R KRB . 25 EM
FOETT BB ST, 5 ANAMMOX [ i B2 R 3, A [l 98 I S S LA FE 3 ANAMMOX. [ R B9 7 95 L B4 —
LR,

1 ANAMMOX #13%

Mulder''! %75 S0 s BRSO RALIFALR I B2 R, B0 T EURIRSEER A TRIB V2% I R 5 AR
5NH, + 3NO; — 4N, + 9H,0 + 2H* G’;= -297 kJ * mol "
Van de Graaf'! % XGFHR AR G BRE— MY ER MR, BEES N RIS M, ik
WS RR L A R G B TR AR B FRAE W RSN, He R i
NH, + NO, — N, + 2H,0 G’y = -358 kJ - mol '
Hop B AR T R4, SL 5 B AR B ER R AT LUE # ANAMMOX .

Strous’ AR PEALE H B AR BGE R E R AN B MR B :
NH; + 1.31NO, + 0.066HCO; + 0.13H"— N, + 0.26NO; + 0.066CH,0, ;N, s + 2H,0

2  ANAMMOX S0 FE =

2.1 ®RERE
pH {H \JREE PR FURSE 00 ANAMMOX SR EE R T, Jetten'” %A pH JE I} 6.7 ~ 8.3, Itk

W R 53 :2008 — 11 — 10; %[5 B #§:2008 — 12 - 19,
EEET FAH(1985 - ), &, BERFIRER N, LR A, NBREHR S5 EHHR.
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8.0, REAFEIMITZ A EREILE N30 ~43 C,HiEHN40 C, MEEEFTHT, ANAMMOX B3 FR5E &4
ERAIRAH X, Kazuichi'™ 455 R L WR B R HF 20 ~22 CHf, ANAMMOX {E MR w3 HL AT MR FF R
RIRaE B, BAEBRBATAS. 1 kg/(m® - d) . RSP > %8, ANAMMOX B 2R A28, A
ANAMMOX B B 8018, 24 KON #% 7776 75 i 0T, 0 i) B0 1) 1E 8 kAT, (HR L RO & AT 336 9, Sitong
Li""’ Z F The non — woven rotating biological contactor (NRBC) FZ i £§ , & B 4 /K hAEfE E it , IF B HAEK
hi R, IR E S E RIS REF S, KAV HHEA T ET ANAMMOX RN R, Kb QAR TRE X
B2~2.3kg/(m’ -d),
2.2 BERRE

Moreno G'® B 57 £ 1 : B ¥k NO, N/VSS(Sy/X, ) LA = B be A B WA, S/ X, HAE B A Py IE 1
B, A. Dapena — Mora'® iR & BIW) 5 S,/ X, 7E 0. 018 — 0. 140gNO; - N - (gVSS) ' R4k ANAM-
MOX ) o

BB MR R AR E RN, AR ER AR AIERZ LAERELIRE AR, Stous & ABF
FTIE A T A BR EL #8427 mmol/L #4] ANAMMOX JR Jif, Egli'"! 2 A BF5T#5 1 Candidatus“ Kuenenia stuttgart-
iensis” GBI 52 W ABEEEL A 13 mmol, '

#7K NH /NO, HEKRTTLIREEAR LR R, — &S 2 A L A R LR E, 7T AW/ TR
% ANAMMOX B4l 5 55 41 5 20 AT LARH 1F WU SR Eh 3 F AL B R 8k o Tkuo Tsushima'''! %5, #¢ HRT =
8 h, #E/K B E R 800 mg/L,NH,; /NO,; HAE#(0.95 ~1.05) B, AFFT4E %%%:ﬁﬁ%éﬁt%%%iﬁﬂ
BAHNLS kg/(m® - d),

2.3 koY

Boran Kartal!"*! %A y ANAMMOX 33 78 R 6 B0 85 A SR b B B 26 B K , (B 2230 — Bt IR A D4
7 3 AR B RR VR N S B W LR o, ANAMMOX 75 Y8 B¢ 5 7] 7K 32 £k 9K 9 30 mg/ Lo Van de Graaf ™) % A
R & HEALWTE 50 mmol/L AT, BEEREE 1 mmol/L i % ANAMMOX ¥ B Wi , 85 AR 5 7€ Smmol/L B
ANAMMOX JE#: FF&, Hilg £k 1 5% Smmol/L 7] L2 #f ANAMMOX, A. Dapena — Mora'®! 2 B 5% % B 8%
B4k 15 mmol/L At Xt ANAMMOX B2, Egli''® BF4T#5 #} Candidatus“ Kuenenia stuttgartiensis” B it 3%
BEEREL 5k 13 mmol/L,

2.4 HHB®

RARENGRPFEEERFIBUE, ANV FESSBHSREAEMEZ MR RES, N
Chamchoi!'> %857 789 COD YK EE7E 100 ~400 mg/L ZJalf, % ANAMMOX X W% W, Van de Graaf X3
ARG PIEAEBEAREL 1 8L 5 mmol/L, AT{2# ANAMMOX, A. Dapena — Mora'®! 4 5 £ B Bt & 5 710 mmol/LLJ
P%t ANAMMOX f Ji7 3 50
2.5 HittE%x

WS GRS AL SR AL R B 1 R R R VLB K, 76 1 mg/L LIPI Xt ANAMMOX #5398 s mi ™
HRT XTTU{EJ&B%%E%%%E#,ﬁ%%?@ﬂ?lmTLlﬁﬁalzﬁé@ﬁ%mﬁ,%%,Béﬁﬁ%fbﬂlﬂ‘faﬁﬁ
B XF BB AN A o R 7 g B L K B o Kazuichi'® 25 7E 3R BF 37 °C,HRT 7E 90 min f},40 d J5 K SR
JEHR 50 kg/(m® - d),BE/G 24 HRT 4556 4 40 min Bf, B EIKE N 19.1 kgN/(m’ - d). BREBREN
11.5kg-N/(m* - d) , HEEREAEGENEAMEMHERKE T, BEE HRT B, BB EHM,

3 ANAMMOX TEZRI#§

B F ANAMMOX A K848, 7 T REAE YR G RM A G WM, FF RIS ANAMMOX [ 252
+ArEEM,



24 A %5 REBALKEBREGEAHARRE 119

*1 FERMEEEH ANAMMOX 01"

B3 NLR(g/(L-d))  NH;: NO;: NO; {4 EATE I/ d
SBR 1 1: 1.32: 0.26 11 331
WAL R 1.8 — — 84
B E R 1.1 — — 115
S 2 1: 1.28: 0.26 19 200
SBR 0.6 — . — ‘ 120
MABR 0.77° -— — 116
UASB 0.059 1: 1.16: 0.15 10.6 220
MSBR 0.71 1 1.22: 0.22 18 375
tia M B EEBRE
MR 1 JIAFE RN 2580 LUS 3 ANAMMOX KR, B TRV 254 B8 & B IG s s, BT LA RN 2%
Ja shetElASE] .

(1) SBR, SBR S #% H #li/5 31 ANAMMOX J i i IR £ B —F . SBR RE B KB BERER AN
A F oK F(0.6 kg/(m® - d) ), {H SBR [ #8 X 3% 77 1 7 o ¥ G248 ity ANAMMOX 3§ B A AR A IR %o
FEREVUREESIT | bAYERER(HE 10% M KMMEDSEDS) REER, SEYERBEIR
K E R E A TRML R AT RE , I SBR 25 ANAMMOX B B R B8,

(2) UASB, UASB fz i #% H R E BRI U 1 T8 2R 2 45 3] (B 3B 1058, KONs& T RN 28 I TR,
MTTARAE T B R % 7 3 OB Wk B, (EUJE S I 2% P A 1l 3 b FH Rk, B A K S L BTRLS
B, T R LA A N EBEE AR 2 L B 7 AR 5%, B A SR LA f i — 2B 5K o

(3) HEYIER RS, AW B2 Al T a5 BB R, 45 ANAMMOX f [ 28 #4 Ja st ja], A8
=02 3| W SE A T R BB T , BF 5T 3 W A Ay BB I 7 2% L8 SR I HL L IR W SR A b ik E 7 L (R
Pk i e whehi BB 1555 ; BEAh, A R R AR B BE BRUR B i K ) S e vp i B BE 3R T SBR i AR, (H
SBR Mg B AR BB A TAEYER M. RAMAEYERNFESNELS R, EERERAS, A
MR 5 5 G B A E YR AR

(4) MSBR, Bl Hi{R 68 4= & i — P B R R A 4 SN 28 , BAR BRI LA OB TS S v E 30 I 4%
B HE A e i AR 8 Rt T A KA 18 i ANAMMOX 40 (3535 140 #2004 4, HAMNHSE
EIFRT %I AMBTE, Trigo C 445 5 R W4 ] MSBR R4 45 /3 shit i, H B A LB R ik
0.36 g/(g - d) (BE, LA VSSit) , MTEFALIR P B EERFEFIK0.15 g/(g - d) (AE, LA VSS i) , ILAME
MSBR & i 2§ P A& ELS R Ak , A WA A B AL R, 72 ANAMMOX (¥ MSBR R ) & T8 BEA B B9
FURLIRYS U8 , XA ANH AT AT/ B TS 5 , B S 58 A 2 BURLAL 1y i e ANAMMOX T #8 4k 1o 7 A 98 358 1m) RE R 44k
THIEE,

(5) HAb 2%, Huiping Chuang[24] & WY W RS B — ANAMMOX BX& T2 &8, K Down - flow
hanging sponge W #FtLEM T RIFAHA YRGB FHEAEMHED0.12 g/(g - d) (HA,LL VSSit),
Tkuo Tsushima'"’ 3% Fil_b 1 2K [ 28 PR Ak M BRI 48 7E 250 d BATH B A £BHK 26.0 kg - N/(m’ - d) X2
Y24 SCHRR B B B R R B R EAL R NE R, ZE AN BB BRI R R 2% 8 B S R o, T
2 ANAMMOX B 5 S L& (70% ) .

4 ANAMMOX I Ei5iRiE

H &, BN SEEXT ANAMMOX J i #7775 Y8 K U A1 8 55 07 18 © G TIRR I BERR
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%2 FESRERZ ANAMMOX g R %

R 72 #hitEl/d NLR(g/L/d) Fa i€ 2BR%% (NH; -N) NH/: NO;
7 B GERRL T U8 110 0.034 1.12
REBRLTS T8 225 0.3 80.7 0.76
THJEI5 R 250 0.4 80 1.17
E ARG T 51 2.12
HERETRISTR + 7RISR 220 0.6 80 1.15
T1ki5 R 120 0. 109 86. 68 1.16
RAHALTS IR 90 0.143 1
RETHALT R 100 — 81 1 1.5

-7 2 FULAIS R BB RIS 3 ANAMMOX 257, M B Bk 0 K H A AL 508 TS U8 7 i i i 8 4
IR A R A BRI U8 b B e IR 5 VR SR TS VR MK B S L S RIS M IR AR E M R A R R
HNo REFE%E R ASBR RRL2E, R I LUTF E RTS8 N 15 TR R 57 R A B AL 5 R AE B L IR 4 I8
GRS HR i AR 15 YR A 15 R IR B A B MR BB EAE . SIS UR)3 Shnd a5, il BE R B TRk
AL A R R LE R LR B e R B A Tt A RE B LR

20 %0 BIEY] ANAMMOX B AL s R ML 5 R A R E L iIA %, JFEUURmLIS R
RIGVTESE 3 ANAMMOX = 17 A Ak 15 UE B PR (B1 6 o ey G T 260« L A0 B R R RS AL B ZE R BB F
FERMHR AT A, M ERER L RO RE R BRI &R Y
6.37 mg/ (L« d) , XA EMBAFIFHERN 3. 34 mg/(L - d); i T5 U8 (9 2 {1k L RS ZE RIS M4 Bl ok
3.22 3.36mg/(g(VS) "d).

5 ANAMMOX & Bh Y 4F4E I Bk

FERAA BN ARG ST, Ed e NH BERE 5 NO, REREMLLIE A8 N5 IR B (i
R B KAE BRI fE pH (AL, W] T K AR B N AR 18 Shife AL

FEREARMRNARE SIS NH 2 NO; : NO; B R REB AR R B HEREA A, Van
de Graaf* F Ry, FERBER AT EE CO, BT MRERFEF /15 A % NO; - N #% NO; , Ff 1A NO;
- N R RIER AR LRk T REE AR . B FARTSRIE, AR VA, & H i
SURMASAHE, —BOACH NHS @ NO, @ NOy SCERIGEMLLME (1: 1.32: 0.26) #:58, BiIA N ANAM-
MOX J3 5 B 2% A B 3 o

REACMETEFSHMRER o TURALEMITRERL 0, RIER NS RA S R GHT
RO ER AR AEE R A PR RN EH R R, B, 24 R0 28 ALAE a5 Rt Al Ak E
BIE By ANAMMOX [ i .

H ANAMMOX J 1 2 ] 1, ANAMMOX B 7E 4 KB % BN FERR , P88 h pH 775 3% Lk ik
pH (HZEF45/N, BT ANAMMOX 1E TR #8 B A RS MR A g . REAA Y RIS TN %
FRER 5 HK pH E3A1E —E MBI NAFTEIEAHR R R, K pH B MIZRBE % 8% TN KBRS ek B9 B sh
A4k, pH AT VR R SRS IB AT IR S 40
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Mo 2R ANAMMOX B (21, JTifili BE 55 , 3 H XSRS 25 8 20 (IR i . IR ) 55, X B4 29
#H ANAMMOX #iRH & B,

BT ANAMMOX AR BB EH, e REERAEREG G TENERBR AT A K —FEh 5,
RFH LENATE 2RSSR ERTIEER . RKREH S iEx ANAMMOX #F5E, Hooh £ 2
5% ANAMMOX S R HLEE ARISHRAS M R AR FR R T AT S, L TZ BT 4, e BT R ES
B, UM T LR AL R T Z ML AUARIIRE BT, VR AR A BRI KA H b iz R A T 2
WHER

Xk
[1] MULDER A, GRAAF V, ROBERTSON A, et al. Anaerobic ammonium oxidation discovered in a denitrifying fluidized bed reac-
tor [J]. FEMS Microbiol ecol,1995,16(2) .177 - 183
[2] GRAAF V, De Bruijn P, ROBERTSON A, et al. Autotrophic growth of Anaerobic ammonium oxidizing micro ~ organisms in a
fluidized bed reactor [ J]. Microbiology,1996,142(8) :2187 -2196
[3] STROUS M,HEIJNEN J J,KUENEN J G, et al. The sequencing batch reactor as a powerful tool to study very slowly growing mi-
croorganism [ J]. Appl Microbiol Biotechnol,1998,50(8) :589 - 596
[4] GRAAF A,MULDER A, PERTER B. Anaerobic oxidation of ammonium is a biologically mediated process [ J]. Appl Environ Mi-
crobiol ,1995,61(4) :1246 — 1251
[5] STROUS M, KUENEN J, JETTEN M. Key physiological parameters of anaerobicAammonium oxidation [ J]. Appl Microbiol Bio-
technol 1999 (65) :3248 - 3250
[6] ISAKA K, SUMINO T, TSUNEDA T. High Nitrogen Removal Performance at Moderately Low TemperatureUtilizingAnaerobic Am-
monium Oxidation Reactions [ J]. Bioscience and bioengineering,2007(5) ;486 —490
(7] SITONG L, FENGLIN Y, XUE Y, et al. Evaluation of oxygen adaptation and identification of functional bacteria composition for
anammox consortium in non — woven biological rotating contactor [ J]. Bioresource Technology,2008(99) . 8273 -8279
[8] MORENO G,CRUZ A, BUITR'ON G. Influence of SO/X0 ratio on anaerobic activity test | J]. Water Sci Technol, 1999,
40(8):9-15
[9] DAPENA A, FERN’ANDEZ I, CAMPOS J L, et al. Evaluation of activity and inhibition effects on Anammox process by batch
tests based on the nitrogen gas production [ J]. Enzyme and Microbial Technology, 2007(40) ;859 - 865
[10] EGLI K,FANGER U,ALVAREZ P ] J. Enrichment and characterization of an anammox bacterium from a rotating biological con-
tactor treating ammonium rich leachate [ J]. Archives of Microbiology,2001,175(3) :198 —207
[11] TSUSHIMA I, OGASAWARA Y, KINDAICHI T, et al. Satoshi Okabe Development of high - rate anaerobic ammonium - oxidi-
zing( anammox) biofilm reactors [ J]. Water research,2007(41) ;1623 - 1634
[12] BORAN K, MARIANA K, ROUMEN A, et al. Adaptation of a freshwater anammox population to high salinity wastewater [J].
Journal of Biotechnology,2006(126) :546 —553
[13] CHAMCHOI A, NITISORAVUT S, SCHMIDE J. Inactivation of ANAMMOX communities under concurrent operation of anaero-
bic ammonium oxidation ( ANAMMOX) and denitrification [ J]. Bioresource Technology,2008(99) : 3331 —3336
[14] STROUS M, VAN G, KUENEN ], et al. Ammonium removal from concentrated waste streams with the Anaerobic Ammonium
Oxidation ( Anammox) process in different reactor configurations [ J]. Water Res, 1997b(31): 1955 ,L 1962
[15] CAMPOS J, MOSQUERA A. Stability of the Anammox Process in a gas — lift reactor and a SBR [J]. ] Biotechnology,2004a
(110) :159 — 170
[16] DAPENA A, ARROJO B, Campos J L, et al. Improvement of the settling properties of Anammox sludge in an SBR [J]. J Chem
Technol Biotechnol,2004b,79(12) ;1412 — 1420
[17] ZHENG G, FENGLIN Y, SITONG L,et al. Feasibility of a membrane — aerated biofilm reactor to achieve single — stage auto-
trophic nitrogen removal based on Anammox Chemosphere [ J]. Bioresouvce Technology, 2007(69) ;776 - 784
(18] BhaLE, F &, SR 77, &. Wifh UASB RE B LA KNI AR )8 ST FBFTRRIEXT b [T]. /b T4k, 2007,58 (11);



122 ERTHAFFR(EARZER) %26 %

2798 - 2804 .

[19] TRIGO C, CAMPOS J L, GARRIDO ] M, et al. Start — up of the Anammox process in a membrane bioreactor [1]. Journal of
Biotechnology ,2006 (126 ) :475 - 487

(20] &4, 8%, #F2, % REFEMSN B NREELHEMEN (1] £BETRPZER: B RBER, 2006,
34(9).121 - 127

[21] A2, BRI R, 57 BIFF Anammox [N SR HERERIXT LLBFAE [J]. BREERLE#4),2005,25(4) ;545 - 551

[22] DEXIANG L, XIAOMING L. Enrichment and granulation of Anammox biomass started up with methanogenic granular sludge
World Microbiol Biotechnol { J]. Journal of Biotechnology,2007(23) .1015 — 1020

(23] W, E8IE . AR RIR ARSI NS ME 35817 [T]. FEER,2004,22(3) :3 -7

[24] PING Z, FENGMEI L, BAOLAN H, et al. Performance of ANAMMOX granular sludge bed reactor started up with nitrifying
granular sludge [ J]. Environ Sci,004,16(2) :339 -342

(257 FRMUE, sk REAENR AR SRR EWDFR (1], RIETTR¥24R, 2008,30(2) 101 - 104

[26] Fg/HE, KT Xk RIAEYER SIREREMRBIRHDIR [J]. FER#ER,2004,24(2) :220 - 224

[27] NUTCHANAT C, SUWANCHAI N. Anammox enrichment from different conventional sludges [ J]. Chemosphere, 2007 (66) :
2225 ~2232 '

(28] &=k, KF, %2, % IS RBAARERSHREEALRMSFREN [J]. FEBR5814,2006,28(10):
772 -775

[29] K&V, HER. ARGRERAEAATRALLE [1]. 35 TR ,2007,1(6) :130 - 134

[30] BEH . BT, HEY. RABEMFEMGRAEEEFABIR (J]. FEIR¥R,2007(2) 39 -42

(31] #5280, B EHE, Anammox [ I #3898 3 R H BRI ROBIST [T]. Rl TR ,2005,21(7) :107 - 110

[32] %8/, A%, BR. UASB RN REFAEMEMBAREDI [1]. B IREMR, 2008, 2(1):11 -15

[33] TOH S, WEBB R, Ashbolt N. Enrichment of autotrophic anaerobic ammonium2oxidizing consortia from various wastewaters
[J]. Microb Ecol, 2002(43) : 154 - 167

Reserch on start — up and operation of anaerobic ammonia oxidation reactors

ZHOU Jun' , DAl Hong - min' , LU Qing®

(1. Chongqing Technology and Business University, Chongqing 400067, China;
2. Jangnan University, Wuxi 214122, China)

Abstract: Anaerobic Ammonia oxidation ( ANAMMOX) is a promising process of biological nitrogen removal in
wastewater treatment. The mechanism of reaction and the effect factors on its activity were reviewed in this paper,
the start — up of Anammox process and operation were discussed among different sludge and reactors, the time of
start — up process, the criteria of start — up process, and the condition of operation were compared.

Key words: Anammox; reactor; biological nitrogen removal
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