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A New Model for the Treatment of Low Ammonia Nitrogen Wastewater by

CANON Process

WANYAN De-ging'*, YUAN Yi'** | LI Xiang'*,BI Zhen'~

(1. School of Environment Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2. Institute of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: Automatic aeration and recirculation of effluent were used to start CANON process with up flow sludge bed reactor, and the
start-up and operation characteristics of the process were studied. The results showed that the CANON process could be started quickly
and stably by the method of reoxygenation reflux under the conditions of sludge volume fraction 25% , NH," -N 157 mg+L~", HRT 2 h.
After 50 days of operation, the total nitrogen removal rate increased from 1.31 kg-(m’-d) ™' to 1.47 kg-(m’-d) ~'; the
reoxygenation reflux manner could effectively control the amount of dissolved oxygen in the reactor, resulting in DO <0.01 mg-L™",
which had a good inhibitory effect on the NOB in the system, and meanwhile provided a good growth environment for AnAOB; By
controlling the reflux flow, the production rate of NO, could be precisely controlled, reaching a good balance with NO, consumption
rates, and thus avoiding the accumulation of NO, and occurrence of nitration reactions. Therefore, reoxygenation reflux CANON
process showed a great advantage in the operation stability, which provided a new model for the start-up and stable operation of CANON

process.
Key words: ANAMMOX ; completely autotrophic nitrogen removal over nitrite( CANON) ; reoxygenation reflux; NOB inhibition
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1 #RE5RA®

11 $FE e &K

B U6 R A TR A LE 15 5% (14 B 1) S0 A i e 7Y
RAEFEATRTE e (KiAE 1.0 ~ 1.5 mm) FIEB4>
HUH B AT RRE IR Ak SN 2 LA 2R AR A Ak
1SR CRif2 0.3 ~0.6 mm) |, JF RS & E ALK £
WA E R K 3.5 kg (m’-d) ", JFE Al Ak 52 I £
NH, -NFEAL RN 2.1 kg- (m’-d) ™' FEAKRA
THEK,NO, #7580, NH, Ll NH,HCO, J& 4%
ft, B AN 0.5 mol- L™ () NaHCO, 445438 1)
pH {EH. LA K F2 W 4> KH,PO, K 27 mg-L~",
CaCl, 4 138 mg-L~", MgCl, -6H,0 & 200 mg-L™",
MEIITE I N 1.0 mL-L™", ETEL N 1.25
mL-L™". ffmIcE 1 415; EDTA 5000 mg-L~",
MgCl, -6H,0 5000 mg-L~". ffEIeE I ARk
1 JIi7s.

F1 METEI HAK

Table 1 ~ Composition of trace element Il

21 RSy W /mg-1~!
EDTA 5000
ZnS0, -7H, 0 430
CoCl, -6H,0 240
MnCl, -4H,0 990
CuSO, -5H,0 250
NaMoO, -2H,0 220

1.2 ESLSLR E

K B 5 Ve R B #% , el 1.

SRRV H0.2 L, FEERN ¢ 16 mm, B
HEHN @ 20 mm, 5= 80 em, Hi /K 1 ICHS 76
em. HIGZNZE MR ERHEIK , 175 W0 HH 7K 68 kA
24U TR TR T Ik DL S S AR 3R T L B ) R A )
K A A ARCR | A2 S A ) I S AR AR Kb T A
R RGBS 2R 1013 28 S Ny A , 1) S 2 PR B A

LR 2. 15082 3. RSB IX
4. BRI 5. 24 6. ML ;7. HKAT
Bl1 IBEETFE

Fig. 1 Schematic diagram of experimental device

VA4, SR i 1 e 2 K 3 A 460t 1 R T A
1.3

43 %l BB S A A 75 U8 20 mLL, TR R
61578 30 mL, V5 U AR FR 340 25% . SR I s A
15U AOB F1 AnAOB ¥ ¥, 21 #5408 FH G AR
TSR WG IR AnAOB 1EPERIME]. S 2%
TR R 32°C , #E/K pH A 7.80 ~8.20, &2 &t tf DO
4 6.50 ~7.16 mg-L~".

SEySE R HRT M 2 h, 1317400 3 T B,
AR5 VTG PR IR T B B, BB Btk /K I
SRR RN RS RRER , 47 5 R AL % %% AOB 1
PE5 AnAOB 1G4, 25 AN EE A A TR A T
RSB B, R sh I Brt ok R R A A, il %
AT RN R, %88 AOB {5 1ES AnAOB I PESh S
SERFRRIE. B AN BB RN A F R B B, B
Btk R A A, B8 A A% CANON T.
AR R K T AT
1.4 AT i Febn S gkt ab 5 %

SyHTINE I H 2 BOCHR[15] . NH, -NSR 44
FCAi 20 66 s, NO, -NRFH N-(1-2838) -2 —
W3 6C BE 7L . NOy -NSR I /M43 66 B . pH
KA pHS-3TC B B 11l %2 , DO R FH 5 45 =0 4
X Multi 3410.

HEAR (1) R AOB 1% 7= 4 NO, 1Y fE
(nitrite production rate, NiPR), I8 A (2) K
AnAOB % P 1H#E NO, HYHE JJ (nitrite consumption
rate, NiCR) , 7134 /2 20 (3) i NOB i 77 4= NO;
AHE ST (nitrate production rate,NaPR) , T B /Ax(4)



1124 2N 5%

Bt 2% 38 &

9 AOB 5 AnAOB i PV Fi b 1) B 2R 2R (itrite
accumulation rate, NAR) , 22 20 (5) b oA 2 B R
( nitrogen removal rate, NRR), # /K & & N
NH," -N| NO; -N., NO; -N B & A, B i 4t 2% 1 S A
#RE it ANAMMOX i #2742 N, B CHEH .

14
1.32 x (TN, — TNy, ) x 3

NiPR = oRT
(NO;-N) y = (NO;-N)
R + NaPR (1)
1.32 x (TN, — TN,,) x;—g
NiCR = RT (2)
_ (NOy-N) yy = (NO;-N) 4
NaPR = ART -
14
0.26 x (TN, — TNy, ) X =2
= 28 (3)
HRT
NAR = NiPR - NiCR (4)
TN, - TN,,
NRR = — (5)
2 KBRS

2.1 RS VAT PRI
TEER— B B, 1 e HE AR DR A 55 57 4 ) 1l

LUK ASALT5 Y8 20 mL, 38 A RS2 3, 4E5F DO A
0.52 mg- L' Ze 47, 7K pH 435124 8. 08 ~8.20,
8.00 ~8.10,7E HRT A2 h AYEN FRaEiatr 1 d,
HoE K A e W3 2. AOB 44k NH, 774E NO,
FIHES NiPR A 1. 01 kg- (m’-d) ~'.

TE2 ~4 d, 73 A2l 2 i) DR AU 2 e Ak R T
€30 mL, HRT K 2 h, ¥ & [0l 3 7 & 4 0.42
mL-s ™" W g NHEE DO <0.01 mg-L~", #E /K pH
A3k 7.95 ~8.05, 8.08 ~8.20. HpE sk Rk
ULFE 2 B I5 JR 1) AnAOB fie KB &0 % NRR A1l
NO, 1§ #&# % NiCR 43 318 1.31 kg (m*-d) 7',
0.86 kg-(m’-d) .

2.2 R B BUREE T

BB K HA 157 mg- L7 UNH, -N,
YEH 7K pH 4 8.08 ~8.20, HRT & 2 h. 45U
B2, 7£5~9 d, B &M 0. 42 mL-s ™" % 4
73 0.83 mL-s™", Hi/KNH, -Nt M 90 mg-L ™"
FEAK 2 34 mg-L~', & & K NO, -N/NF 5
mg-L°', LA DB R, K NO;-N M 8
meg-L™'FF & F] 14 mg-L™'. 7EEE 9 d Y BT fi
AnAOB fii & # X NRR M & %I &9 0.68
kg- (m’-d) "FFE ] 1.29 kg- (m’-d) 7", HEAR
IR T R K

R2  EMTIREERD

Table 2 Activity detection of inoculated sludge

NH, -N/mg-L~!

NO, -N/mg-L~!

NO; -N/mg-L~!

7 351 H AfiE/d - - - DO/mg-L"!
Pk K ok HoK ok K e
0.3 155. 34 65.30 0 56. 56 0 20.35 0.53
AOB T4 0.6 157.13 67.10 0 55.82 0 23.47 0.51
0.9 156. 41 66. 18 0 56. 18 0 22.65 0.54
A 156. 29 66. 20 0 56.32 0 22.16 0.52
2 158.63 67.91 47.27 13.36 0 14.89
AnAOB 5 3 155.15 66.48 45.56 12.67 0 13.92 <0.01
157.60 68.37 47.76 14.75 0 14.86
A 157.13 67.59 46.86 13.59 0 14.56

XA TEA NO, MR R, I H A U3
W12 A9 NOB 1, X 2 & H T AnAOB JHAE NO,
3% NiCR b AOB ;= NO, #*% NiPR K. %
A, 5 AR A T 3K 1) S A B A 1 i i AR R A B
1), X A 2L H T AOB P54 NO, A9 R NiPR,
£ AOB 774z NO,; HURALT AnAOB 5 KIHFE NO,
HF[0.86 kg (m’-d) 7' ] ZHI,NO, LIS E]
TR, UBH R A S Il ) =X B 45l T AOB
(35, 45 NO, 977 A4E 3% NiPR 5 #E %
NiCR A3 AP HPIRE , [F It TR AR Y DO A L

AP T NOB BY3& M, 6 G NO, MFS AL Y.
2.3 HEAMF CANON T 24k AR 428 A% /K i T
TitEsrir

7E AnAOB it & 4 #& NRR ik 4% FR i 9 K2
J& , RGEA B NO, FUEAN NO, pyad =, %
HZ S NiPR Fll NiCR 53] —4~ R4 19 R 2.
BB (10 ~55 d) fE R R = £ 0. 97 mLes ™',
AN AT I PR RE . R 2 AT LR, Y
Wl 2 5, 7k NH, FEA RS FRr
P FEPEKNH, -NJg 157 mg-L™" 00T, 7K #e &
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M 17 mg-L~ AR E] 12 mg-L~". 1 i K NOS -N JA
13.0 mg-L ™' AT 5 25 mg- L' Z 5 L4 &
W/ (HEXT T K BINO, -NHR BE AR AR K, M 2
mg-L ™' T35 mg- L™ BEGREMEEI 3 mg- L' 24

30
I fi/d

2 ZRMERRELW

Fig. 2 Change of nitrogen concentration during the experiment

IS AN, KL 3 0] DLE AR = B B
Hii NAR f 55355 0. 19 kg- (m’-d) =", NaPR i K
WikF T 0.13 kg+ (m’-d) =" X BLWIHTI NiPR B
2 I NiCR K.

F?Z}J'F.fffﬁl R EIB TR B
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LX) oo e gy
1.4 - ................................ltﬁooﬂ L] .
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f: oL SEEEEEEEEEEESgEEEES NN EEeEuipEg N EEEEnEuENEER
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R |
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Fig. 3 Nitrogen conversion rate during the experiment
7E 10 ~55 d Z A, NiPR SEARFEE —E (K4 hOIH).
EAfH 1.06 kg- (m’-d) ' {HJE NaPR £ B H & 4 ° NOB NOs™
i} 0,
R A B3, 0. 13 kg- (m*-d) ~'FEAK 2] 0. 04 _ AOB 2
3 1 NESERY A4 NH44’0 NO;
kg (m’-d) ', X FEZE A NO, Fibikam A :

b %, MWK 3 7] A4 A1 AnAOB f§ NiCR 7€ 10
~55 d Z A )\ 0.87 kg-(m’-d) ~' F & ] 0. 98
kg-(m’-d) ~',NRR M 1.31 kg-(m’-d) ' F+ &
F1.47 kg- (m’-d) ~'. HEXDEREP NO, 1Y
WA WA A 428 4k, Rl BF NiPR L fR H5
—AMEEAE , X BB T NIiCR B4 5, AOB 7=
A B NO, M# NOB FI FH 48 AL B NO, ik 45 (&
4 @ FE) B M A b 8 AnAOB LU
ANAMMOX #9757 X & fb NH,” £ J5p% N, /9% 4%

AnAOB ™k

B4 NO; MEWKER

A

Fig. 4 Transformation pathway of NO,
3 g
3.1 BRI I NOB 1A REm

CANON T Z st EE R #EZ NO, R
2 M NO, 152 B e HE R R Z T NOB
TEPENS . N TS R A TR T LR Y, AOB PR AR



1126 AN 5%

Bt 2% 38 &

NO, MHPRKTF AnAOB JHFE NO, 9%, Jf H %
Fhig 6 d A B B9 NOB 7£ 78, £ DO A 0.52
mg-L~" I, H % b NO,-N 8 BE f1 35 2 0.24
kg-(m’-d) 7' BRI NOB XF NO, Fo%4 4L
N A R 1B AT I T AT

TEE IR SAE T (30 ~359C) , NOB A5 38 it [a] 1
AOB @it #8 SRT Al LLiA ] ] NOB 1% 14 1)
HAY (R — CANON T2 ii5 e - Ao, Br
L SRT (77 X3l NOB 3G P A TTHLR). 5598, A
HRAEFE R EE Y FA (20 7T LA NOB B
PE, LLJE 3 CANON AR s {H /& Hawkins %[18]
IBFGE R FA X NOB 7= A= il 4 HI 9 = 2202 pH
AT FA, ZERBER) FA (2.1 ~2.2 mg-L™") /K
T, pH M 7.1 FHE 51 8.0 B, NOB By 41 1 45 FH M
18% F+ i3] 60% ; i 7E[A A% pH(pH =8.0) /K-F-
,FA 0.2 mg-L~'F+E%] 181 mg-L ™'}, NOB fY
HIVE N 69% fUAL T 3 73% , X KW FA XF
NOB B HIVE A K, I H. Liang 255 58 £ I AE
CANON T.Z vk it FA SA24H NOB fy H (7).
Jir LA, #E CANON T iz f7ad #2 i f DO ke il
NOB & M & i & B F-B, B AOB X 0, fyZEFI
FIHL NOB #5120 9 35 1) ¥ A G201 AR R 5000 A
0.6 mg-L™" 2.2 mg-L™""" | [a] ihts A5 B 57 35 W fi%
[ DO {E(0. 31 mg-L~") AT LAM#HI NOB %1, {H
ARH DO A ZERBE T ] NOB A3 1, 3 i A1l
AOB IYTHPEA £ Joss 21V (RBIFST & BR, 7 A BE
) DO 44 F (0.2 mg-L™") , 24 AOB 1% P45 404
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