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CANON [z R 25iE 1T R2 7 1% K im & 10 < B 55 Wi

fTERBAY 2, 56T, WAA?, 2247, e E?

(1. U TR B A 5 AR IR T R4 B IRTT I K R G S KRB A TR @ H S E S =, 6 1000445 2. LT
p R 2E G T AR =B, K iR 5K RS E TR AT 8 2 000 e, Jbat 100124)

WE . NEEKIBITAM T 2 AR (CANON) KON 27 B ATRCR , AN TR & ToHLm = 2 K K P58 T 8 52
CANON N 2 iz f 7R B . CANON SR AEFE il NI 9 35°C £1°C ,pH 7.39 ~8. 01, K 745 BT[] 3.7 ~5. 1 h &4
TLREIBIT T 1 a, RS MERE S DA A AL M RE SRR RRE P TN RBR A5 5 1. 8 kg (m’-d) =", T4 TN LR
H 65.09% , A TN ZBRE A3k 81. 65% . R i), B4R ANAMMOX K5 AOB #8432 BIMRIE AN E] 18 T ANAMMOX
TRV IR T I AURK , 52 20 A S ™, R sk N O, NP AR, JREETRE 35°C 5, CANON S a4 M B AR PR & IE#
BB AR R b AN 23 X CANON 2 0 #8880 8 P A4 L 5 ) 5 Y28 D5 1T 50°C LA b i e il i B, /R4S AOB I £E 1 K&
IEH {0 ANAMMOX [ 035 PR 58 2 3R, 81 CANON S5 B #4000 7 15t , I3~ LAk .

XK #ER . CANON 1.2 IREESAM; MR, WasRRE:; v, HE

FESES. X703. 1 XEFRIZE. A XEHKS . 0250-3301(2012)10-3507-06

Performance Stability of CANON Reactor and Temperature Impact

FU Kun-ming"*, ZHANG Jie’, CAO Xiang-sheng”, LI Dong’, MENG Xue-zheng’

(1. Key Laboratory of Urban Stormwater System and Water Environment, Ministry of Education, School of Environment and Energy
Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China; 2. Key Laboratory of Beijing for Water
Quality Science and Water Environmental Recovery Engineering, College of Architecture and Civil Engineering, Beijing University of
Technology, Beijing 100124, China)

Abstract: In order to study long-term effect of completely autotrophic nitrogen removal over nitrite ( CANON) reactor, performance
stability was investigated by using synthetic inorganic ammonia-rich wastewater as raw water with a continuous flow CANON reactor.
Both performances of short-cut nitrification and ANAMMOX were stable for more than one year. Under the condition that inner
temperature at 35°C +1°C, pH 7.39 and 8. 01, and hydraulic retention time 3.7-5.1 h, the average total nitrogen removal load was
1.8 kg-(m’+d) ™', and the average and maximum total nitrogen removal efficiency were 65.09% and 81.65% respectively. Under
sudden low temperature conditions, both ANAMMOX bacteria and AOB were inhibited, however, the ANAMMOX bacteria were
inhibited more, which caused highly accumulated nitrite. When temperature increased to 35°C as normal, the performance of CANON
reactor recovered soon, which means low temperature impact will have no significant influence on stability. When the temperature
reached more than 50°C ,the activity of ANAMMOX bacteria was completely destroyed, so high temperature must be avoided, though
AOB can recovered to normal in one week.

Key words: CANON process; anaerobic ammonia oxidation; short-cut nitrification; nitrite; stability; temperature
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TN RN ARNTRIALAS A 2 em x2 em x 2 em 4
OB BT ERN AT goem 7 FLBRAN 50% ,
LN 2 ~3 mm. BRI HA T IR
T SN P AT S 5 K T e 2 T A BROK AR B
T8, oK i XMT- 102 80365 3 45 R A HE A7 45
i, 8 52 g P IR BE B TR 35°C £ 1°C. SO A
pH 333 HI 931700 # pH = il H7E 7. 39 ~8. 01
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6. THIR/KAG; 7. BRI 8. HURE; 9. KIARE,
10. pH &Y ; 11. HUHED
E1 KREERIETHRERE

Fig. 1 Experimental apparatus and process scheme chart

1.2 CANON I 2$ia3h

CANON S i a3l e 45 AP AR SE 0 35 SBR v #h
() TG PEVS U8 , BLARAEA AR N IR 3, 7RIS S
AT DITCHL m a AR K R K IR e g
AORES A A BN RS R £ 5 B2 A ANAMMOX
B, B e S AR AR A AL, SRS B B 3R
ANAMMOX B, J3FF 210 d W3k 2] TN 25 BR G fif
1.22 kg- (m*~d) =" X% A= W ISR OB 2R AT
ANAMMOX i35, & IIHFERINO, -N | NH, -N 2™
HEHINOS -N LA R 1:1.36: 0. 22" | 5 ANAMMOX

RS RIS AR 1:1.32:0. 26 R 45230, 3iF B s
# AE £ ANAMMOX 2 B, b 2 5 N 4% )3 8
A,
1.3 K

G KR N TRLK, Fo/K B H K s i
W& NH,Cl, NaHCO, . NaCl 5 K,HPO, fit & i
A, Hed NH, -NK 300 ~500 mg+L~",NO, -N& 0 ~
10 mg-L~", Hok P T /08 NH, -Nf & 1L, NO; -N Ky
3~5mg-L", FERIET AKKAF, PO, -PAN
2mg-L"" ,pH A 7.5~8.5.
1.4 Bk

TEAE B AT IF 6] Y, CANON Jz o7 2% 78 Hh il (
F535°C +1°C) &AM Fizf7,210 ~300 d Z[A], S,
AR 14 ~42 m* - (w’-d) " Z ), BEK RN 18
Lod ™" AHREZK I35 BB 5.1 hy; 300 d DUJS B
KB RE, AN 1.5 ~2.0 m* - (m*-d) ',
HEK AR 25 Lod ™' AR K 345 B E R 3.7 h.
FE245 d 555491 d 4y B T T 21°C 5 15°C BRE
DR RS , 7F 548 d B TR AR IR IR &
I 50°C , FEBLAE PRI S , — I HIFoE.
1.5 sybram B A ik

NH, -N: 44 [ b i) NO, N N-(1-28
H)-Z O EE N0y N B A B OO
21 pH fE : pHTestr 30 % pH i1 VA% 4 . HI2400
RV A AN TN st B 5

TN = NH;-N + NO;-N + NO;-N

2 #R5itie

MRS TN Bk o far 19 A8 A A an & 2 B
73 NH, -N, NO, -N. NO; -N 2 TN #7281k 1 i 43
WANE 3 ~6 FR.
2.1 IEHBITEM R
2.1.1 CANON JZh g8 H)iaft

HE 2 FIE 3 T LI, NH, N R 53R
A ARGF (AR OGP, BB SR 38 n, NH, -N b %
Hahn, 2 IRER.

& 4 ATLLAE 76210 ~271 d, HH7KNO, -N&
PR AN#FA, 29 20 mg-L~' FTFE 60 mg-L~',271
d J&, 7K NO, -N ik B2 A7 32 i 1] 7% IF £2 2 7 30
mg-L™"; K5 ATLLE ), NOS -N By S A 3 b A
R FHIHIKNO, -NYRJE Ky 28. 88 mg-L~"; 300 d
J& ,NH, -NEY AR A 76. 72% |, e i NH, -NF5 4k
R A 96.99% ; F ¥ H K NO, -N % 4 21. 81
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Fig. 2 Variations of aeration rate and nitrogen removal
load during operation period
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Fig. 3 Variations of NH," -N during operation period
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Fig. 4 Variations of NO, -N during operation period
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X R T A R Ak ) BN AT 7, — R
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Fig. 5 Variations of NO; -N during operation period

FEHIRH 0 & X T CANON JZ B 241 & , AOB 5
ANAMMOX TV & 7 — 2, & [A] B H #E NH, -N,
H ANAMMOX if 23 #& NO, -N, B it J¢ % H
NO, -N/NO, ~-N Rt J B2 il Ab 0 A e v, 1 020
BT br.

FETHL R AREAKZM T, UL d(TN) FoR it i
K TN AR Ak, 2 W PO IR SRS AR T 5 300 TN i
2, d(TN) 5 ANAMMOX 15 i 77 £ i N, f 4
FHEE s LA d(NO, -N) FRn ik K N0, -Ng A8 1k,
‘B REALFE M U7 AR . O ANAMMOX B i AE
A4k CO, WA= N0, -N" @) il iR £h 4 AL 40 1
( nitrite-oxidizing bacteria, NOB) FE 1, ffiNO, -N#¥
AT A2 BUNO, -N. #F CANON S i ¢ v AT AE
NOB, Ul d (NO; -N) 25 , &% I T ANAMMOX &
[F fk €O, BF 4= j NO;-N, H 3 & i o] 42 98
ANAMMOX S Ji fbsife i 20 N0 -N5 N, 1)
Fefl R 0.26:1.02 118, Bl d (NO; -N)/d (TN) =
0.26/(1.02 x2) =0.127. U4 R a5 v i 2 1 8t
NOB, Ul d(NO; -N) &R 3& i, M d (TN ) 23 5 NOB
5 ANAMMOX [ [A] i} 38 4+ NO, -N 7 9 /b, B
d(NO; -N)/d('TN) W #R 34 i, P itk , w3 8 4] Deip
d(NO; -N)/d(TN) 5 0. 127 )22 {834l CANON
TZmremterfaett. mREEHEEERT O,
BG4, Z2(E K, JE RN AL R 1 22

TEREAS IZ AT 6] (548 ~ 571 d BRAL) , XSzl
d(NO; -N)/d(TN) #4758 1t, & B T H A (E
0.127,F¥{f K 0.09, Bl d(NO; -N)/d (TN) 5
0.127 B 2Z{E/NT 0, KW a5 NOB £ A 5
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Pt i B A7 76 > 1 N U SR fb i d (NO, -N)/
d(TN) 5 0. 127 2214 <0. F3RpHrii i, CANON
N A$TE 35°C +1°C ,pH 2 7.39 ~8.01 Z[i], /K /)
(=R R 3.7 ~5. 1 h 2504~ RS AL B A R 47
RS .
2.1.3 ANAMMOX ({4 5E

ANAMMOX [ PEBE 3= Z2i@ 1 TN K FRECR X
k. I 2 ATRAE H TN 22 B 6 for 5 R EUEAH
5K, X EEH Z AT B FT AR R AT, B OR
I IR A IR, TN 2 AR 205 2 Bt o W A< ) 185
3. A G L=, 7E 218 d, $i
J& ,NH, -NFEALZRPE T 5 96% , 1 TN ZBRE N BEA
BB B4, B K NO, -N ¥ ¥ L 28 BR & 63. 41
mg- L1 3K R AR SN A AT, B PR R
B/ B e o LR R S RS R A K
M A g 42 5 ANAMMOX /K 3F-, W f§ iR 1k 7K % 5
ANAMMOX 7R A, 36 B T 1 7KNO, -NAg R
R, 300 d Z AT, TN LERFE K 66% (#6).
25300 d I, TN LR 1.4 kg (m*-d) ' $2
FE 19 kge(m’-d) ™', 3 5 HEAK G5 8 A %
300 d J5, TN 2% B f A Uh & 4 <5 7 1.6
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Fig. 6 Variations of TN during operation period

kge(m’+d) ""DL B, fem TN 25 B g ok ) 2. 32
kge(m’-d) ', B TN £ B 7ok # 1.8
kg« (m’-d) 7', B R RN A AE A BRI AT,
ANAMMOX 1 RERS & 1 KL 4

TN % 5 ik #] 81.65% , 1 TN £ %R
7 65.09% , WK TN KB AR T — D48,
ARG, TN B 3 DA — 25 45 v 1 D R T
(DFE CANON T2  fA7E R TN KBR#E K 89% HH
PRI s QBN A o 8 1 5 B i, 5 Bl S5 1y o
N FRAEAE — & He BE 9 NH, -N 5 NO, -NUS BRI T
TN LBRRA#E— Pt m ; OB m A S8,
AR R o T 28 AR 4 28 ) [R) R AR Tt
I AR AEER I, TR T Ea s, #im
ST TN BRI BN. 5 RE S N 2% K R
H@ESENASER RS HA BT #—P4 TN
2.2 RO eh RS e P

15 7% JEOIR B o i, 3B RR R X T
ANAMMOX F5 AOB W52, T8 A SNk IR, Br
PUSCREARAE LT 0T L Z AT, BRI TN 25 B R
S T ANAMMOX [ 52 i FE () 52 ), (B2, T
AOB 5 ANAMMOX [# #HETH#ENH, -N, [ it AOB
2 U B ik 5 ) HAS Rl R B b DL NHL -N ) 3 4L
SRR A B 5 ANAMMOX [ NH, -N4 {1k iy
BE. ANAMMOX S b7 i b o 52 i =X H, N, -N:
N, B HE A 1: 1,021 PR T ANAMMOX B 4504k
ANH, -NHE{E =d (TN)/(1.02 x2) =d(TN) x
0. 49.
2.2.1 IR v g sZ e

F IR FIARI I CANON J2 W g v () B E 2
S HCETRER FE AR, R L, 7E A 55 AOB A2 i ¥
ST 1 AT 43 o 328 BSCHC I 3 i [v) B2 PN g A< it
AR REGIAT LU, ange 1 FirR.

£1 AEREHEHT ANAMMOX H5 AOB HIZ2H
Table 1  Different low temperature impact on ANAMMOX bacteria and AOB

BE] MR TN EBREE ANAMMOX i&¢: SEPRFEIENH,; -N ANAMMOX HHENH, -N  AOB H{ENH, -N  AOB 7% 1t FAI%
/d /C /mg'L’l FEAIE/ % /mg-If' /mg-]fl /mg-[fl /%

239 35 243.33 — 287.56 119.23 168.33 8 01

245 21 99.18 203.44 48. 60 154. 84

487 35 298.09 8.9 341.80 146. 06 195.74 s 6

491 15 50.72 170. 44 24.85 145.59

Al LLE Y, 2 R R & 21°C iF, ANAMMOX
TEPERE AR 59.24% , T AOB % PE B % A2 8.01% ;
15°C i}, ANAMMOX {55 P4 F Ik 82.99% , 1fii AOB i

PEREARAN 25. 62% . — 3 %HEJE whdy 5938 N A
FECT HIKNO, N K EF R, K 4 FrR. 5
gE R0 R v XT T AOB 5 ANAMMOX & #B
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AIEIER, B ANAMMOX B 5 58, 1X 5 % 7
L AE PP CANON J By #5% BT 459 21 i 25 2 2 — 3K
02 ROE B R IR vl XF T CANON S 7 £
(AR M A 3 AT AT AN R R M, 224 3k B WK &2 AE
o, R VEREINR A, Nl 2 ~ 6 R, BT
I Z R AL TR PR R T |, i 75 2 37 AU 1 A 12
R | ANAMMOX W RE B AEIRR AR T B P4
TR T 2t — 2P i ek IR k.

2.2.2 by

E R R AT 548 d, B TR pe sk
R RN AN TR R I 36°C B hin #E Vg A Sh Ik
L, 28 R BT B[] O 283K 51 10 h, B0 #% PR EE 2
Z M 50°C.

TE 548 d KA RIRIHCZ AT, CANON N # i
AT —YIER. Yeiipd o kA s, L2000
Jof 7 R B R 1 i, (o VL B B E Y, & 549 d AT
55, & BENH, -N AL R R Z1 T % 2 5. 74%
CANON JZ Jif #8 K By TN £ B R 2 5 F =
8.74% ,HH/KNO, N FFEE 2.6 mg- L™, iX
FWI R g ANAMMOX B 32 3] /57 ifit 1 ™ H IR
MNH, -N AR 2R T FER 9.97% , &KW AOB 1
ZE| T EMIR. EREE 1 RS T R, K
NO, -NJH EZE T 5, & 554 d Bf, H7KNO, -Nik
F]159. 84 mg-L~', NH, -N#4 4L R ik 5] 45. 66% , %F
bR 1 i AOB JiF & 1k B9 NH, -N {H 140. 06
mg-L~" RIS #RT AOB EZ Wik E ; Aid, TN
EBRFIIRLAEI T 0, Yl ANAMMOX JH A9 15 1
B AT, 2 571 d I, TN Z2 R B AR %A W
WS EIRME T 44 ANAMMOX 8 ¥ A Al 36
R, JE I P CANON 52 1 # 1 1 i 5w LAk
& X YA SR 16, 20]IA8 ANAMMOX B /Y38
HIREARE T 43°CHZ5e. B, CANON J b #57F
B AT IR R e R T

3 g

(1) ¥EHIRAEETE 35°C +19C,pH 7.39 ~8.01 Z
6], 7K S5 R I ] R 3.6 ~5. 1 h 5 HE/KNH, -N#k &
300 ~500 mg- LAY ZAF T, LA g o 0K Ji
FERY 1k 19 Fa 2 M 5 ANAMMOX 1Y & 22 PE B 47,
CANON S g R RS E , Je i TN R BRFT] A
] 81.65% .

(2RI rh i X7 ANAMMOX H 5 AOB #i4: 7
AEHRIVE T, {H ANAMMOX & oI Tt B hin ek,
BUNO, -NJ™E AR Bl ACEA IR I,

IO g P RE Rl B PK &

(3) 3t 50°C = L CANON 2 v #% /1 15t
ANAMMOX & P52 &R, il AOB 3% 1 n] 78
1 NI
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