hE RIS R S 2025,45(8): 4256~4265 China Environmental Science

A AT WL, S TR IIEIR AL CANON T2 AERE [7]. PIEPREERIE, 2025,45(8):4256-4265.
Li D, Fu L, Lai H B, et al. Study on the optimization of CANON process for nitrogen removal based on long- and short-term cycles [J]. China Environmental
Science, 2025,45(8):4256-4265.

EFKEEHEIRIL CANON TE RS HaE

Zs & VA e R 32 ik A Y (b Tk K TR K R A TR T A 9
1001245 2.1 7RV T K &% 3517 7K B 5 7K PR 5% [l 5 T i S0 =, JE VL B VR 150090)

FAE: RIS QIR A (CANON) T 2 b SR A A 3128 % 14 7 2CA0 ] MU A 2 4 4014 B (NOB), £ 1K Ji) 3R FH U437 93 125 28U (FA) M NOB, >4 FA IR
1T NOB il i3 s, £ K5 Jo 87K FH R i () 7 U R3] NOB. PR Y A0 150 8 B AL AR B RS R2, 43 R FH AN [l (K o A A g
SRR R2 BHUE RAFFIBEAR,R2 MBS SRR T RILRL. R2 B LBRRNRE) D 510 78.73%. 85.41%,tH/K NOs-N K24
14.02mg/L I 7.21mg/L. R1. R2 [ LU A E A iid % (SNPR)TE 64d IH 7351 [ AIK A2 2.88,1.95mgN/(gMLVSS+h),NOB i #1543 3 T 4 243 M sh 2R 45
(EPS)&5 S50 M7 2% B, W 0 SU3 0 5 ) SR s A R T (R 86 380 490400 EPS,R 1. R2 () EPS 5 23 B N AZ I (1) 40.22mg/gVSS _E T2 86.41 #197.79mg/gVSS.
o 1 7 4 SRR W, R A N IR A TR T O AR TE T T (Proteobacteria) « fUUFT B ] (Bacteroidota) Fl V% 2 14 [ ] (Planctomycetota).R1. R2 L. Nitrospira F
Nitrobacter A3 1) NOB A K12 52 240, Nitrospira FEXT - BE HEERIG U1 2.05% % 22 0.18%(R1)F1 0.11%(R2), Nitrobacter 1] 3= FE 4 F5 e 1) 1.97%
FEARE] 0.06%(R1)F1 0.05%(R2),AnAOB(Candidatus_Brocadia) - F£ 53 7 1 8.92%(R1)Fl 9.14%(R2),AOB(Nitrosomonas) - F£ 43 7] - 4.28%(R1) Fl
6.56%(R2), T Ji R 4 (1 By R 4R .

KR KEFIEE, AR AFRMATZ: RN, TR SR

FESES: X703 XHRFRIRES: A XEHS: 1000-6923(2025)08-4256-10

Study on the optimization of CANON process for nitrogen removal based on long- and short-term cycles. LI Dongl*, FU
Liang', LAI Hui-bin', LI Yao', ZHANG Jie'? (1.Key Laboratory of Beijing Water Quality Science and Water Environment Recovery
Engineering, Beijing University of Technology, Beijing 100124, China; 2.State Key Laboratory of Urban Water Resource and
Environment, Harbin Institute of Technology, Harbin 150090, China). China Environmental Science, 2025,45(8): 4256~4265
Abstract: This study proposes a strategy to inhibit nitrite-oxidizing bacteria (NOB) in the completely autotrophic nitrogen removal
over nitrite (CANON) process by alternating long and short operational cycles. During long cycles, in-situ free ammonia (FA) was
used to suppress NOB, while in short cycles, substrate inhibition was employed to continuously suppress NOB activity when FA
concentrations fall below the inhibitory threshold for NOB. Two sets of SBR, R1 and R2, were operated with different long-short
cycle alternation patterns. The results show that both R1 and R2 achieved good nitrogen removal efficiencies (NRE), with R2 slightly
outperforming R1. The NRE for R1 and R2 were 78.73% and 85.41%, respectively, while the effluent NO; N concentrations were
14.02mg/L and 7.21mg/L, respectively. At day 64, the specific nitrate production rates (SNPR) of R1 and R2 decreased to 2.88 and
1.95mgN/(gMLVSS-h), respectively, indicating effective suppression of NOB activity. Analysis of extracellular polymeric substances
(EPS) revealed that the alternating long and short cycle strategy promoted microbial EPS secretion. The EPS content in Rland
R2increased from 40.22mg/gVSS at inoculation to 86.41mg/gVSS and 97.79mg/gVSS, respectively. High-throughput sequencing
results indicated that the dominant bacterial phyla in the system were Proteobacteria, Bacteroidota, and Planctomycetota. The growth
of NOB, represented by Nitrospira and Nitrobacter, was inhibited in both R1 and R2. The relative abundance of Nitrospira decreased
from 2.05% in the inoculated sludge to 0.18% in Rland 0.11% in R2, while Nitrobacter abundance dropped from 1.97% to 0.06% in
R1 and 0.05% in R2. Meanwhile, the abundance of AnAOB, (Candidatus_Brocadia) reached 8.92% (R1) and 9.14% (R2), and AOB,
(Nitrosomonas) achieved abundances of 4.28% (R1) and 6.56% (R2), establishing a well-coordinated synergy.

Key words: long and short cycles; CANON; partial nitrification; nitrite-oxidizing bacteria (NOB)
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Fig.1 Schematic diagram of the reactor setup
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Table 1 Oprational conditions of the reactor
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A EPS (1A B S R e PR B )5 ) A5
SE T AR N 2 PN AL PS 10 3, il 6 fr
NI, H A S A AN Y SR AR () PN A
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T AT 38 WA A D0 A SR R ) 3 1 e /e 4
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()T 7 B W Y AT 40.22mg/gVSS ETF
F] 86.41 F197.79mg/gVSS. 5 70d IF,R2 [¥] PN 1 PS
SR 68.32 Fl 29.47mg/gVSS, T R1 )
60.17 FI 26.24mg/gVSS. 57 2 B P70 o 0 () B 335
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bz A 2B R VR () LS 21 1. Ace FT Chao $REIUH
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B (R R 2L A Shannon F8 50T T A
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Table2 The a diversity analysis of sludge at different sludge samples

Ff b OTUs  Shannon Chao Ace Coverage
RS 2090 6.64 2123 1957.35 0.99
RI R 2280 6.88 2296 2284.80 0.99
R2 Jxvids 2330 7.09 2356 2408.24 0.99

K 7 R TR ST . R AT R2 NAEREVE 1)

1K RE 7K S50, 70 i T = AE e 2 11k
Ao B2 B 7(a) kTR R 25 R i A,
AT AR5 Y AE 17K B Ak A2 40 Tl A 2 A A AN
K, EZAFE TS Z L] (Proteobacteria) . U
A 18 '] (Bacteroidota) 1 7% 2 B4 | ] (Planctomycetota)
— 2K Proteobacteria | J{LFEZ FIXTHHLIY . R il
B 1) D BE Ak AR D TR 2 oA AR R R G i T
P ERO Y Proteobacteria [ V2 Fh 2k fik i i it
T A A FH K 2 A5 A o A R R (NOy ), FL A X 3= 5
TEPIAN Y g S8 B9 IR 5 IR I 29.87% 34
TnEI R1 ) 34.63%F1 R2 ] 39.44%).Bacteroidota | ]
135 7K it Gt R vt o 3 A PP s o
LA B AR A B T 0 IR B k25, DA 2 AL
A AR P I EPS AL REMAE Y 4 2 1)
(1) R0 P 1 2R 4, TV Jli e o 1) A 0 S 5 ), DT 8 v R
G0 1) Ak PR A AE E M RL ORI R2 32 AT )
Bacteroidota [ JAHXS = FEAH LG T HeRPv5 e i LT,
M 21.64% 43 5] T+ F] 25.58% F1 29.87%. Itk 4h,
Nitrospirota [ JH" ({41 & 3= 2 17 57 NO, 4L K
NOs A1 Lt T #: #4175 J¢ Nitrospirota [J7E R1 HLf
11.31% FPEE] 7.73%,7E R2 H 11.31% F R3] 4.58%,
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4.02%5 B A 0.24%- 0.16%, 45K 32 20,1
B TR R SR BB A B TR T s PO

Candidatus_Brocadia ! Candidatus Kuenenia 7&M
ol DL (1) R 48,58 S8 AL 1 IR P, Candidatus_Brocadia
FEEH 1.78% (A5 e ) B 42 8.92%(R1)H19.14%
(R2),1X A4 FI| T PRAA & S8 A | N R 3EAT . Candidatus
Kuenenia FHLAIR &R 2 BRRCE AETG /KA H
A7 T B N 9 BT A A R 1.97% (B Rh G
PN ZE 3.61%R1)F1 4.04%(R2).0BL12 J& M
2.58%(E 5 ) B R 1.20%(R1F 1.06%(R2),
Thauera J& M 3.82% K E] 1.43%R1) A 1.23%
(R2),0BL12 FI Thauera 7y AEAANTR L= 0K
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