F43E F2H
8 2017 4 2 H

IKALEREI AR
TECHNOLOGY OF WATER TREATMENT

Vol.43 No.2
Feb., 2017

DOI:10.16796/j.cnki.1000-3770.2017.02.003

BAEEEFRA T ZMRER

XTI 2, | FL, TR &g
CLT PN RSB R R B S AT 58 43 i, 5114585 2. F9 KBS 24057, 510632: 4% 74D

i E PRt A RBA (CANOND A 2 — R 1 it 2 A M BOR RLHARFE sy RO B AT 9%, fE i 25 20 248
(VAT RAF AR, 20 SIS 5E [ S PR LR . 25T [ A AMBIIT AR & (SR Fe R, 12—k 7 L Z R
HLRHE AR R A B S IEAT, SR RDE T AT L2 S EUIR BLR AR LE R BRI R 2R (R SR X T Z Rt

W7 IR MR IR SR i 1 R 5

XK HEIA  RAKBLA AR IR %Mk CANON L2
X E %S :1000-3770(2017)02-0008-006

hE 535 :X703 ERFRIRAD : A

20 20 90 AR K JE ALK 1 B2 B 77 it
% T & (Completely autotrophic nitrogen removal
over nitrite, CANON) ¢ 23 W\ Ay /& — T 7 284 fia] B pR
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AREMNIER G, FiEd RAR SR IR AOB, BL#H
B — e s LIS Ve K JE 3 CANON; =&
BRI A CANON V598, FFERE &M it
1T & SE IR Bl o R, e 11 ot SR AN R (PR B % )3 30
WA o> EE W,

CANON 2T ¥R — @2 R HOR T R B
BN A A T A S B ARSI, T RS WL R
HEi5le (AMS) B R A 2 A5 (FAS) H
fits e RS R SE AL TS5 Ve (SAS) 1E 4R ¥ty s oh J3
BT RN HALL KT N FAS>SSAS>AMS, 254
LR HAME LR N A, 2 5B R A
REMBRAELER, &FHEBIRER AR
FRIRH 1] LR 208 72 ds PARK H 25043 5 78 B AN s
AR B BRI B RS R 12 4T 1 ANAMMOX %
o7 2% RS E EATS TR RTER B 4140 R d 75 K Ak
B RE SR, RILETE [V EE N I AnAOB fi
H R 1A] B J5 5 45 3.6 d, BE IR ATH 5 3l CANON 44
R E , WIEE S A KEFFRMEDT
TE, X AEY N E R E A N AR
CANON H W3 ML A BE AN IE 22 R AR AR L1 it
RN AR S I Bh A FE R0 B TR A /K A 300 T e %
W amE s, T A E AT e AnAOB {1
WIHE, THAKBEDTRE, BaErREE. b1
CANON T. 25 )5 3y IS (8] 1 4 J2 52 e o S 1 s
IR & ThRE WA= 2 . 3P R T5 T A I+ 46
¥i CANON T2 ash A, EmMRARE 5T
P LY W pri

N T BN A B AR AR 5 Ve IR FE, BE R A
(BT AAR RN R, B 7038 A TG R FH A A S g B
KEMGVE, WAPIEL 55 CANON MR R, 7
HLORSENS S L KL L SR = Be 4R (0.5 mm FL142) F
RlgM4n (Imm L) AEREEHERNE IS 3
CANON T2, BHFiRM, Bk 5 R AN 115k
FFEA B8 REUAH S, (B R A BRI 4R IR 6 DO [13E v
Y 9 T PR kL, MERE AR, 20 60 d RIAT 5E % CANON
T2 )a3h, R4 ANE &1 N CANON T2 1)
IR, 1% 2 BT ALK, 5 T R AR Y A v
i DO It 53515 21 A= Y5 P4 5 10 B 38 ANAMMOX
1 S IR, AT 52 00 AN S S 25 IR R . AT B
B DLE4S O R IR AT KL S ERR R 5, K
DRI AR K LA 55 Ve R Bt B8 0 UM 5] 2051 10
FEAE45 )8 BT R, AR &, R CIRRE 2=, R
AR /N HAS B8 KL AR 22 TR RS e 52 i

BRFFESCRM TR, BE CEPYE UASB KM
NI AEEE R AR RIER, &0 80d A 1iE
17, BRINIIE T B B 3R i5 K AL EE T K RS TR, TN
FERFATIL 80%~95%. %&b, B RUFWRFER K
TORL, iR g K LA RO 1 R S T I A A B
TR TN P LIS, T AT 4 S N 28 N 3 =
FR A i, S BB K B A
22 HmEE
221 H B

CANON T. Z L %% i Fh = 2 v AOB #
AnAOB, T 3 B Rl 14 (18 38 B3 Bl A7 7 22
5, DA e 7t 2 DR B AR A 52 0 AN [
£, HHT CANON HIZAT I E — M4 FF{E 30~35C
Z 0], FEIXAN X (8], A F) TR FE R G ) s AR A R0 R
AREMNIR L AN AP . — 7 T, I B AR
M AR IERR B RS AL, R A A 3 i R A
AOB AW fiF B2 %0 1L B (Nitrite oxidizing bacteria,
NOB) MJAKHEAREZ, % HEBE NOB, #iH
AOB, SZHL AR 2, HELLINGA C 5045 1 2435
JE KT 25 CHY, AOB 5 NOB A H Bl AE Kl R 22,
AR TSR w0 R R B, A
ANAMMOX J M ERHEFETT . KA B 2 i 5 B
K3 20 CHf, REAZ AN RERZ B E W, RS
NI R RER NO,, B EILE] 15 Ch, R4
2 3 B IR R, 5 — 5T, SR AN e R
UF, FRENFASE 2 BRFURIL, B EiRETEE N,
CANON £ Gt )2 Z % ALl R AN it 2 R e B 5 R
Fh i It s (2 2R A 2 35 CHY, AnAOB V& HEAZ
03] 7 A5 2B T B AR 22 5 3 4, B NOy B R
N 2% P Y NOB %8469 NOy, 1 31 18 B i e AR T
K RGN K NOB i1k & 2B SRR B, ml I,
EEXT CANON T2 il taE R E MY
Wi, ok ) P S IR AN Ak, T AR IE
AnAOB ()35 /2 CANON LZ AR E L2 —,
222 DO

DO #& CANON . Z ) B il K, A5
R A YERE, T H I AR — e A2 FiEm] b
R AR AR, —J7 T, BT AOB 244
W, AnAOB & R&E W, U _#HLHFT—PREBAR
i, 25k & o DO AHEANFEESR; H—J7m, BT
NOB 0 NUF4 B, Rk AOB 2 [HH %X DO HI3E
FrxRF, T UL, 7IFFH AOB A1 NOB (142
PN EEANE (435004 0.6 mg/L F1 2.2 mg/L) , ¥
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A &I DO % E AR DO %14, ff AOB i
ANZFM 78 R DO 47 - AR AL, 1 NOB
T 1 52 380 5 1 AT 4 1 A e SR AR, ek, R
Wk s Ve B AE MR A AR ) DO BERE 2, RIVEURLIS IR
RIMBAEYERT DO B, BIFEIEE; Bkiis ik
PR S AR I P R DO AR, BRI, 76 Bk TS
PR AE YR & 5 AOB, fERURLYS Y8 P 3 5%
AW A E R AnAOB,  SEFIL I P A [ 410 24 i b
TE[Fl— R Bk & T AR A7, X T DO Bz
B, EEAFAZE0HA NS DO N 1.5 mg/L i, B EK
RhfE, N 81.1%; ZEXAZIR 5 T DO 7E 0.2.0.4
A1 0.5 mg/L Bf CANON (1) it & &4 fg, 24 DO<0.4
mg/L I, CANON LZ¥ [ IEHE1T, HMNMEFE
b DO KM -G Frderm, 14 DO=0.5 mg/L K,
HHT AnAOB V5 11 52 21 USR5 i 35t s AT 5500
W5t %, DO N 0.8 mg/L, i B HRE R it 4
DO KT 2mg/L i, HFEM AL R . 2% b, &%
W 9EE X i DO (Eu A WA 2 7, RS R
NI RE %, {H)E5) CANON T2 #/# DO #
AE I, HEFKT 0.8 mg/L,
22.3 pHAIFA

pH X} CANON UG #7511, — A& X% 4=
W R KSR R, R X K R S & (Free
ammonia, FA) WREEIFZM . FEXH A A RIEVE 5
W 7 T, 55 - AU SR B AOB W id& H pH
7.0~8.6,pH 7E 8.0 i}, NO, f{A= BEE % f% ks STROUS
M SFURfE TR B, PR E A IE B pH YN 6.7~
8.3, Bu KR MIH K INE 80 i, ZFEFNESL T pH
N 8.0 I, 5% Lt B R 5k Bl KA, LI R G5
FR— AP R e IR ISR, 1847 R UE, Bk H
FRBARGHIEEE pH N 8.0, 1EXT FA ¥R EE IR 5
M, HTAER pH &2 5KPHRA S T&
(NHy) B ¥ (NH) Z%RREKREE,
ANTHONISEN A C £ 2 (D 1HEHE 25 CHY
24 pH 7354 7.0.8.0 A1 9.0 I, FA 1150 Fid B 43 ELAK
W 0.56%.5.30%F1 35.90%, iIFSZHE s pH <3940
FA 73 BCE 7 bt AR FA 2% AOB Al
NOB [P A A FIFE B s ER . Bk, & pH
51 R IK A FA WAL T BUE P iE 2 B it AN
KB, FA FEREST AOB Al NOB H#1#i J5 Fl
394 10~150 mg/L.0.1~1.0 mg/L2, Z [} [ 52!
RILH pH EHITE 7.8, /KB EZHITE 168~392
mg/L i, FA 4EFF7F 3.4~9.36 mg/L, HHl#] NOB,

REFENRARFFLE 80~99% 2 [H]; ZRF &5 T
pH M 6.0~9.0 B} B I AR Z AR, KIL 4 pH
N8 B, RGE R ThREE SRS LA pH 2 H 1~
ANEER, ARENERE, N 93%~100%; 4
pH 5 9 B, FA WK BEiA B 52.73 mg/L, 5e44f] T
AOB B, RGP BRMERIR . 56 & ik
#iE, CANON 5 i& B ¥ pH 7£ 8.0 15,

_ 17p(NH,)x 10"
PEEA) 14exp[6 334/(273+1)]+10™ L

2.2.4 BRI

CANON 2584 BFR MR BOERE, I Kk
EEVAAFAERT AnAOB R85 RAHIL B A7 I AH ELAR
b, BB SRt R H AR S ANAMMOX X BE
T BT, DREIENPHAEE RS HIL—E
T2 Y A6 VB B = AR B AL B, AT AR
ANAMMOX J BT o (EIR B i 24011 AnAOB
HEPE, [R5 N R e s e I = ) R AiE AL
T LR R SR 75 A 1T B RS (472 kJ/moD
T REEEAL (<335 kI/moD) , At 5 kA4 5
Ab, RIS A — O 7R B, A= 2 2R R
Y=03) i T AnAOB (Y=0.066) , 7 3 Ji A11%5 [d]
T AT L, 7R A T2 A B S R R K,
TR A LB B R E 2 TS R 2R
Tt 3R COD HITEA BB Y, AR AN [F) Sk
i, i AnAOB A KA WDKK EREAR
LIZ G %P9 70IA N, COD N 133 mg/L I X 5 3 %%
HIREMEREA T E I, LANCI % P9 B R B, 76
C/N & T 05 i, AnAOB &t 2 52 2 H WL i #01,
GUVEND &PH5H, 7F C/N =T 1 i, AnAOB ANREWS
5 R IR 44N BE 55 4, 1 TANG C J Z5P93% R, /£ C/N
N 2.9:1 B, REEAGEE SO RS R, Rl CANON A
IEEHANEE C/N B R K
22,5 HAWEE

HEEET: DIRKPEESE S RKES)E,
IXUUEE 4 R BT 4 CANON (52 0 5 Hoph S Ak
HR, Cu.Zn* K Fe* TEARFIUE T X CANON [
SEMAAS [R] , TEARHR P I 3885 35 RAE A S AH STE =
EAN K S UL N NE 2 s - T il G Al
T, RevEREdRRESEE FIRE S
WA, AR R I Cu® W 0~1 mg/L
Zn® W 0~4 mg/L i, b5 3K 48 B 7 W B 13
0 B A e P B2 B R, 2 R R IR I,
HEK Cu? IREEIEE] 4 mg/L A Zn* 1A% 8 mg/L HT,
TEVEKESZ B0 BI ZPVSELE = A Bt R B s iR
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DO ¥R FE ) Fe*  (R,:0.03 mM, R,: 0.06 mM, R,:
0.09 mMD J32h T2, RIL T 21 )5 3 J& 9w 4655,
R,.R; J& B (8] A 70 d 45 %8 2 58 d A1 50 d, A
q-PCR Hi AAG M 25 TR B Fe v 0.09 mM B, 78k
I 47 3 R R S P B i, DR B Fe
R 3 5t ST Ak It 40 2 C R A T I R PR AR
HF AnAOB K, 54k, BIZ @ 5058 | H4EJE
Cd.Ag.Hg.Pb X ANAMMOX A= 4 i (1) #0152 0
R ILHEANHFLE T N : Cd>Ag>Hg>Pb., H: Cd Al
Ag %I AnAOB {455 F /& R 2L 1K), T Hg AT Pb 1)
AR KRR ET RS, EE BT T, M ER
C PGS0 M0 S (19 1k PRI, IX AT R A BE AR 4 1
MUK — A& B A

BHL BT : CANON T EEAH &K EH
HEEETIEKE, BT DR EEE W, B4R
T TERIURY), X CANON T2 R4a
17 e kA B R e X T M U
CANON R&ANM T, JRWIIE R E it — 2%
BT Ve 1 é A% A R T ROy Je K TR B, X A —
SEFERE BRI AR R 2 A w1 HX T A
CANON RAMM T, VRV EEE o EE
RABAFLBRR TR, B %R, SRS
PRAEREAE 22 . AT RIIZECI7E CANON R4 H A6
F| CaCO, B4 TR, X e T AR A 1) T BR AT ik A
VIR BE A, TN KBREBE TR T 25.32%, 3 HAg it
TR — BAE AW CANON 2 5 3% T 7 B AR Xk i
B, RGAMELUIR S, BT DUBE G

3 CANON T. &N HiE

E 1999 4= THIRD K A &5V 4532 HH T CANON
T2, #2002 FiA FHE-ANULEARREA TS
TGN K AR FE A Z RS, A2 S
ih, 124 R 1k, At 5 O IE 1 AR B IR RS K AL
A 114 B CELEE 10 BRAERD , HA KA TRk
W, PEA 13 B, LA RET T REA L
C/N JR/K, B R 7 SIS I8 15 Ve il AL T

JEI FRTEIR K ORI K CBRRG BRE  BE RS (R
HPRIK UL S B LG 245 17K o 72 TR R H B 2 1R 3%
Btz M 2§ (Sequencing batch reactor, SBR) |
B R YIRS Y 2% (Moving bed biofilm reactor,
MBBR) S BRGSO N 2%, T3 a4 0 B A %%
i (Rotating biological contactors, RBC) Al_I i K
HIGTRRIR N & (UASB) 45, HiH, SBR M IR
R B, R it A TR — Bl BB, KRl
LA HERA AR AT S T, SBR B A = R AL W B B
JTRIA R I B TS5 TR IR O, T A K2R 1
AnAOB B AMUKFIRT, 5 T T U 71 S e
YR 35 5353 A1 AR g i B8 00, TG R5 (Rl
VAR A ) [T 2 BB B, L L3 Jo Ak B 47 A e
o R RE /73255 s MBBR R4 A ) 56 4 480 B AE s
F5 A, V5V I [A] AT DAJG R SE R A4S S 28 ) B B
(A e A 22 A, LT U T ) AR AN I G
Vet Al s UASB AR A B, il 2 sk ik
A DA S SO T AR I E A S TR 7K BT )
JIWERAEZURTZYE b, IR T BRI Y i) TR BGd  +
TC T B FE R B AR}, (HE M A Gk, HERER
IRII=ART B i, 25 5 BRI, [ A4+ CANON
THRESEHINE 1,

4 CANON L H RIAEAER ] 8

CANON T Z BARFH 17155 AW A 1 &
P&, 52 B FE B AT HESS (B E R TAR IR AR AE
— L R R 4 o 45 40 JE B R G, DRAR R AL s R B
HIZIRER AnAOB HFE S, tHARHK (8] 9 7~14 d¥,
RS TR I L+ » DR b R 0% 77 R o, tHE 57 128
—/NMEFE ARG E R BT KA 3.5 AEE KR
BEoR i, BLEARIER CANON T 23 A4S 2 30 CLL
b AR TA R K E RIS BN bR A, 5 I A 2
R BEFENIN; BrL 2 41, CANON T 27 is47id 2
HHHS T I BT )

D BEFRIEFIH] . PRAAEAAE AT 2
T Y R R R AR £ T A R R NH E

#1 EMSNEZE CANON TEH T2 F)

Tab.l1 Engineering application examples of CANON process at home and abroad

SN ARERXT R AR /m? BRI J(kg-m-d) E B f(kgm?-d) LR % K
SBR VSRR 1 400 0.44 0.40 >90 35
Tk 600 1.12 0.73~0.87 73 36
VSRR 400 0.44 0.40 90 37
UASB V5V TH IR 50 0.60 0.36 60 38
RBC VSRR 50 1.00 0.42 42 39
iR TolkEK 600 2.00 1.17 59 40
UBR +EInTEK 600 2.08 1.30 63 41
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%436 52

RN 8 S RS ) NOB (534 74 NO5 -,
H A I FE RS AL SE IR A =Fh, 25 2 FFH AOB
I NOB MAKIREAR . X MER DA FE L %Z
TEE L (FAD [P0 R B A [R]  Re St 1) e B 2%
PELEEE AOB £ K K [FII #) NOB, {Hi@ T 2.2
ANFTRT AL AR R ERENEE 25 C) , —
IR K SEBRIEABIXANREE,  an SR AsA 0 &7 ok
ResEit N, vk, DO Hl FA X NOB ()40 /E FH &
PR, AN [R] B 3 T ZUAR R RS AR W RR JE 5 22 A
BELEFEERAR, SRR E DO K& [ A7
FEZ 5t FEX, FIH FA /T AOB A NOB &
PR AR L R R AR e 1, HARED
IR A REXTIX A = AL i 52 e, Rl b DL R IE AR
SE PR 0 SRR RIS FE RS AL R T S, 2 (il 48
ANH] 20, DAPENA-MORA 1 2845t 58 % Bl NO, ¥k
4 350 mg/L I}, AnAOB 3% 14 F#A% 50% ., i3 &I
TR 2> P B B B (5 1, — 7 T 3 e AR
WAZBH, 7R R E G R A R E A
X AnAOB 1 i WU il 7, A 4 LA PRI 7 e W R
TR 2] NO, [ EL B HITE S5% A4 AH .

2) IE17 5 %Fa, CANON & —ME A Y
W Z, TSR PR KK R 2%, AL B T IE R 5 5 %2
B ZREZMN T F B LA ZERE, &
RGMAEREE, B T A& DO pH. B %
E Y N E iRl a P S/t L 1be 7 € A AP S S SEAT KA
TSS, #h WK K EBLEEFY . JOSS A W
SBR J% % #8428 i i i) TSS fdii o, i+ T AE R £h
METRATHE, 45 RS T IR BLAS I 2E P ik
BERAGR KR RREAGT S, WEDEKEIGE
3K SRT 8k, Frie MHKAEE T JE . AR E T
1SRk, kK SRT 5 HRT 40FF, fRiEHK SRT
B FEEURN BB E BT AR AV,
BATHPE ALY, M LRt s R
gidka, WAERR,

3) HERGRE = 54A N,O, CANON T2 5eAf] 32 £
BRI — RV — P B B AR H A 14088
FEVDFENRE AT O TR EE A RIS . T IAT A 045
th CANON L ZI Tt fE 2™ 4k N,O, N,O X 43k
TRIEASE CO, Al CH, 1 190~270 {51 4~21 {549,
KT HR R, EFEWEF RN N HlE s T
EGAEYIIR B T, SLIEKERS A O 2505 i1 2 5 42 IR
AREMNE T3 CANON i N,O A /N T
S EBRI 0.1%. TEREREFHR5KACER) K 2] N,O

FIHECEAE SRR ANAMMOX MBS 45 2 2 1
T 1.7%801 0.4%, 2% FEXHR ZE RN N TTRkE, Al e
E—EREE FHRH CANON 2N I

5 #giE5REE

CANON L. ZJ&I24 N1k g B AE i
ik, SEG AR T 2 EE A BRI,
AT MM AR, B CANON C& 4 A 9 fr
TR, (BE A — U B R T2, A fE — ik
i 5 1 T O S, B R N D ik
TER T 52 P 5 e RO R PRI T RE A, F 72 %5 Y e Bt
Re 1t FRREIREES YR B A K B B R 2) 1
W T EZSHAEIESRME, 1 CANON T 2817
;3 Hal TZNHEHS FRa&8EK, iR
TS AR FE R R K I AL B R0 T T2 I
FSEER A EEE 4 FR TS N0 1L
B R ORI 2 2N DTk, T HRAE S NLO HEB A 2K
BT CANON L2 ek B A RWIER .
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Treatment and Precaution Measures of the Ion Exchange Resin Polluted by Organic Substances

CAO Shunan',YANG Yuanlin', ZHENG Guanwen?
(1.School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China;
2.Department of Production and Technology, Zhanjiang Electric Power Co., Lid, Zhanjiang 524000, China)

Abstract: Based on the structures and characters of the resin and organics, the mechanism of the resinous organic pollution was analyzed, and its related

characteristics were elaborated as well. Then the resuscitation method of the resin polluted by organics and the countermeasure to prevent organic

pollution were particularly introduced. Finally the research tendency with respect to dealing with the organic pollution of ion exchange resin was

clarified, which was helpful for the following study in the future.

Keywords: ion exchange resin; organic pollution; resuscitation; precaution measures
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Research Progress in Single-stage Completely Autotrophic Nitrogen Removal over Nitrite

LIU Zhuhan'?, YUE Xiu'!, YU Guangping', JIN Lahua®
(1.Shenyang Institute of Automation in Guangzhou, Chinese Academy of Sciences, 511458;

2.School of Environment, Jinan University, 100044: Guangzhou, China)
Abstract: Completely autotrophic nitrogen removal over nitrite(CANON) has attracted increasing attention because of its essential advantages of low
consumption and high efficiency. CANON as a novel biological nitrogen removal process, has been continuously studied and applied to practical
engineering over the past two decades. The paper reviewed the technological mechanism, feature, influence factor, start-up species and operation on
CANON process which based on the latest progresses have been achieved by researchers. Current application situation and the existing problems in the
technology were also introduced. At the end, some suggestions were provided for the development of this technology in the future.
Keywords: wastewater denitrification; partial nitrification; anaerobic ammonium oxidation; CANON technology



