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B E AHEREREHAFME T Y (completely autotrophic nitrogen removal over nitrite, CANON) Ji3 3 Fl /5 7 fif iz 17
I AR TP AR A W R R O A AR R R, ST B AR 18 1T 1Y IR %L 4Lk (anaerobic ammonium oxidation,
anammox) R4t , ML JH#E DO, pH FiFE Z , JF R IBUE Wi K ARNO; -N F4 FHNH-N 19 5t i % B2 14 07 206 A%
CANON T2, #Z55%EW . LI10~20mg L MIEEZE WS HHE, HIE DO K 02~0.5mg' L, pH N 7.0~72, A H
RO A R E AL TR R T, el PR TR A BOR R A R BR R (43 2 0.98 kg (m?-d) ! Fl 1.67 kg+(m*-d) ™),
N5 F] J5 2 CANON T.7Z. 5 anammox Al il £4 35 458 % NH;-N B 56 A L e R e 42 0.73 &4 SRR WK B (>1 800
mg-L™) A2 A 23 2 i anammox Tl Fe PR 32 BE 80, i 0 42 41 T B R = BE BRI s anammox 18 /£ CANON Ji 2 Hif 44
& 7 25 14 F 43 9 DL Candidatus- Kuenenia #1 Candidatus Brocadia 3 L 3 J& , M SM1A02 1E b 7 fE BY
anammox [ J& [7] 2 F AL B & Nitrosomona 1£ )8 3l i B h G 2N R H TR

XKia eBRAFRMA L, FAMLEE,; R et JLh%

42 HF M A 1.2, (completely autotrophic nitrogen removal over nitrite, CANON) A {H it % % 42
ko, THUer7 mAR, JeF AN AR, LR o A AR AR AR T A IR E AR HECD Y, I AR SR
IR T 57548 29 63% HIBRSa, Ei H AR AT S s U A T 2000, SR, Ll 2 ny it
A ) HE W2 A L A (ammonia oxidation bacteria, AOB) il JK 4 24 % ft. (anaerobic ammonia oxidation,
anammox) [# A K 212, BEME K, HIEMEN S Z AN F (WNH-N, NO;-N. DO #1 pH %) (1)
MR, ffifF CANON T2 5 sh Ffs e is A7 1 G B R BRI, A oFoe U™ R0, e Hh anammox 75
RIa, RAREMEA TR E 5 3 CANON T4 . #5048 i, SR AT anammox
15 U8 10 PR AE/RR S8R S U2 — AT Z AR SRl AR TR A W S nvy s v, Ll R T 9
15 e AR iz A7 7 B s sh b K 4a F8 29 72 do (HA Sz s & IR S48, W DO,
Wi HER: 2021-03-16; R HEA: 2021-04-27
EEWB: mAERHEITRI5I ST H (2019Y0076); Bl B3k 3R BEAT 58 BT 75 4E A A BT H (IUEQN201801)
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7 B3 % (free ammonia, FA) Fl1Ji7 25 W AH R (free nitrous acid, FNA) i B B 55, IKIRAEAE R KA,
frift— 5T

DO fE 5 CANON T.Z iz 47 1 i 7, Hia@ mmiHEEBE 245 m A G 2. AR E
fe i, 7F anammox {5 YRSEAN [, AP 3 o L' BUERAMHILTE VR, IS ShETHA DOK 0.5~1 mg- L™,
R E BT AEE 1.5~43 mg' L' (9 DO YL [, A LA CANON T. 2 &z 47, A 2R % (nitrogen
removal rate, NRR) 7] ik 1.22 kg-(m*-d)"!", LRI FE A9 5 S0, FANG &Nk, 8% DO N
1.5~2.0mg-L™", ZRAIIAIES CANON T.7;, fHNRR 12 120g-(m*d) ', FHAEMRELR, =T 0.7mgL"!
) DO 7K - 25 i NOsit & B AU, 75 22 )™ 4% #5 4il DO &y (0.35 + 0.05) mg'L™, 4" 1l SZ 3 AOB Fl
anammox B A Pp [A] 4= £, ffi NRR 35 0.51 kg-(m*-d)"'™, 1t 7, NH:-N Al NO;-N # 4% & AOB fll
anammox P I AE K FETT, (HAR 5 1 i AOB F1 anammox B (1) A4E 411 222 FA Fil FNA JE A H
B, i H Az AR R B pH s AR KU, oA 5T 45 R 3R AOB Fil-anammox [ 1 FNA 1)1 i 5
{85355 4 100 pg- L~ SVFT 15 pg-L7'"™, #Rifi7, PUYOL 25" & B, FNA XF anammox B # il i) Ji 1= ¥k
R 117 pge L' R, X FARID G B(E, AR RERERER. AR ERE, FAX
anammox [ 1Y #11  [B{E 2 20~25 mg L' &40 5 KW, 5 T 32.5 mg-L ™' i FA 25/ H 4l ifi] AOB
F1 anammox B AY 4L KU BAMR A KB, Hid 90 mg L' B FA A 2 4l anammox B 7% £, LA
R R IR, A K CANON T2 s 41 95 SR 2 ie ok — 4590 .

RE AW REINA S 2l CANON 120, FFhH T 56 br & K i9iG B . {HOG T CANON T

A BT R FA F FNA #5200 mJ\ﬁ BT T 0 AR PR S MR s AT AR

T e I8 1 ) O R AT A L BT IR A SE o N L ASHIF S LUK E 32 4T 1) anammox 3 4t 4 BIF 5
X, S 823 H anammox TE AR K I B A 55 F 5 P IE b R A T O R 0 AR SR A, R BB T IR
NO;-N FlI48 THNH;-N 3 B 195 25 2 CANON T2, FHER ST AN 5286 1ok 7 v s A W e 95 1) i 37
itk fa, AT CANON J3 shia frid #id, FA Fi ENA W &AL E R0, LI CANON
T2 SEbr i RS2

1 #MRlfEE
1.1 LEEEMEBITEH
i%%mﬂﬁﬁ%ﬁl%%ﬁm%,ﬁﬁ

BRI L A SR 100 L, iR arn i € DL
2 30 cm, V\]iﬁ L R R BORE TR 3% peiin ‘— i |
MR ET IR S5 %% &, L8223 DO, pH #k If: ﬁ Eannmm,;é%“g‘ i
B HES Flio BEEFEB 2 cm FITR L 10 cm A& 451 = |w Y =
BAT B AT o R B A 15 T ¥
i ; i
e Uil

FE L N 4% N ) DO Al pH 43 5] 3 1 1A 7
% (SC200, HACH Water Quality Analysis (] |

RS H

instrument Ltd, USA) 7l Tol #4% pH # (pH7203, | | 2§

A 0 DA R AT A ), ) 26 2 B “’X,& e i -J
DO 7 0.2~0.5 mg-L™ fll pH 4 7.0~7.219, 7k Sy ‘ L o = ‘mm
BEEFIR]OA 1 do R g #1040 28 f Jin #4ais LL A ﬂ_F HEARHR

BRI (542) C, FLBOGIET, DL -

anammox [ ifi B AT A K IR . Fig. 1 Schematic diagram of experimental device
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1.2 anammox H#LRSCIE
anammox It K SE 5 A 75 R L A A 52 %= 2 1 anammox H{R S5 AU BIT M

Fa € 35 17 180 d, Mt & P fiE R 4 1Y anammox
Fk R4 U2, % R 48 A i 7K NHZ-N FINO;-N
B W 4 4 300 mg LR, R A 2k BR R
(nitrogen removal efficiency, NRE) Fll NRR 43 4|
ik 89.88% 1 0.64 kg'(m’-d) ", M ik & Gi b %
VG IRRE S, FEHIRE N 35 °C, T 4 it
WLy, Jr % %8 DO, pH. FNA Fl FA X [t
RAR A A AL M (specific anammox activity, SAA)
(I, R E 3 AR E R H,
ARl Y DO P4 58 2 o I8 42 i 1R SRR
14 $ DK % 7 S B 5 pH 2 7E 45 i NH;-N FINO;-
N & W AR B & T, R HCLA
NaOH 15 ; FNAFI FA 2755 pH A 728 4 4%
TR, 25 P NO;-N FINH;-N i 5 v i 15
PASEEL; pH. FNA Fil FA XF SAA 150 52 56 1)
ETEAE (RR) & iktr, Biksir 248
TR, BN, SAA M E R BIRERE SRS
2 S HT A ST Y
1.3 CANON LEZRE#

1E Wik anammox RGN, HF20 LIRS
W27 [E4A (mixed liquor suspended solids, MLSS)
FNR & W 5 Kk M2 77 15 K (mixed liquor volatile
suspended solids, MLVSS) 4%l & 7.05 gL' Al
4.19 g L7 3T 5 K AR PR 36 s Ue, F A g
R, MR 2 B EAESF R 3 CANON 1.2
Ja B BRI L Iy 3 AN B Be: A EE 1 (0~69 d).
T PR32 5 B B 1L (70~149 d) FilEE 5 as 47 By BE 1
(150~162 d)s i A7 M 6] , >R 5 3 1K FE 5 &2
0.45 pm JEME LS5, 43 i) R FH 40 PG 7 ik
N-(1-Z856) & e 43 Y60 BE T M58 A0 4 ot
I E BE S T AYNH-N . NO;-N FINO;-N; 5
JeRE S MESS . MLVSS b5 ifi )5 3 24 5 .
1.4 DNA 2B, LB E 2 PCR 5 H MM E

1) DNA $£ Bl . 7£ CANON T. 25 2 3l id 72
i, SREE 0. 18, 44, 69, 77. 83, 89. 98,
131, 139, 143, 149 f1 162 d W5 R KE S, &
30 min # UL, FREL 500 mg 5 e BE A, Al
FastDNA™ SPIN Kit for Soil (LLC, MP
Biomedicals, USA) 2 U7 &, #47T DNA $#2H¢,

Table 1 Experimental set-up of the anammox batch test

% pH  FA/(mgL") FNA/(ug'L™) B3/ (rmin ™)
7.2 5.01 5.59 [41 11120
72 5.01 5.59 w1 50
7.2 5.01 5.59 Wi 1180
DO .
7.2 5.01 5.59 120
7.2 5.01 559 ML 180
7.2 5.01 5.59 L1250
6 0.04 175.97 150
6.5 0.13 55.71 150
7 0.42 17.62 150
pH
3.82 1.76 150
19.65 0.18 150
95 28.69 0.06 150
72 5.01 5.12 150
72 5.01 10.24 150
7.2 5.01 15.83 150
ENA
72 5.01 20.49 150
72 5.01 30.73 150
7.2 5.01 50.29 150
72 5.01 5.59 150
72 10.03 5.59 150
7.2 15.04 5.59 150
FA
72 20.06 5.59 150
72 30.09 5.59 150
7.2 50.15 5.59 150

*2 CANON LTZREadBMEITHR N
Table 2 Operation conditions of the CANON process

during start-up phase

T 5&7J<NH£-N/ iF?J(NOi-N/ DO/, o
(mg-L™) (mgL™)  (mg-L™)
0~17 350 250 0.35£0.15  7.10+0.05
I 1843 400 200 0.28+0.10  7.03%0.10
44~69 500 100 0.20+0.10  7.100.08
70~77 600 0 0.2120.02  7.08+0.10
78~83 800 0 0.20+0.02  7.13+0.07
84~88 1000 0 0.20+0.02  7.07+0.10
89~97 1200 0 0.20+0.02  7.07+0.09
I 98~131 1 400 0 0.20+0.02  7.10+0.10
132~138 1 600 0 0.22£0.02  7.10+0.10
139~143 1800 0 0.25£0.10  7.10+0.05
144~149 2 000 0 0.27+0.07  7.2020.05
I 150~162 2 000 0 0.37+0.10  7.20%0.05
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DNA 28 1% 37 JJg bl B¢ Jit F Pk F1 Nanodrop (ND1 000, Gene Company Limited, China) #£17 ik 5, —80 °C
tr, HTEZ5r.

2) SEHYE & PCR, EHL O, 18, 44, 69, 77. 83, 89, 98, 131, 139, 143 f1.149d f) DNA
mi, & FH Roche LightCycler® 480 II (Roche Diagnostics Ltd, Rotkreuz, Swltzerland) 5% i ¢ ) % & Z 4t it
17 QPCR 23 #7, LARE & % )2 W K 2 N anammox [# . AOB. K4k & (denitrifying bacteria, DNB) £/l
P fil TR £ 4 AL B (nitrite oxidation bacteria, NOB) H & %% b T RE L K #% U1 %0, qPCR B9 5L W ik & X #:4E
HRSFIER PR, R RGP 03 3,

#3 qPCREIYHENMEZERFIICA

Table 3 A summary of oligonucleotide sequences of the primers for gPCR

. PCR/=Y) f )
Bz 519 FF51(5'~3") Ktbp Bk b IS
amoA-F GGACTTCACGCTGTATCTG
amoA 135 25-26 iR ; AIEIR
amoA-R GTGCCTTCTACAACGATTGG [25-26] 94 CHIEYES min, 35
(95 CAEM:30s, 60 CiE k305,
NirS2F  TACCACCC(C/G)GA(A/G)CCGCGCGT :
NirS 164 [27:28] 72 CHEA45 5)
NirS3R  GCCGCCGTC(A/G)TG(A/C/G)AGGAA
R 808F ARCYGTAAACGATGGGCACTAA 95 CHANES min, 35 MEH
lénsm]:;\f: 262 [29] (95 CAEPE30's, 45 CRA30s,
r 1040R CAGCCATGCAACACCTGTRATA 72 CHEM30 s)
NSR1113F CCTGCTTTCAGTTGCTACCG
Nitrobacter 152 25,30 T AR i ANATETA
NSR1264R GTTTGCAGCGCTTTGTACCG [25.30] 95 CHUEHES min, 35-FF
(95 CAME30s, 57 CiRk30s,
Nitrol 198F  ACCCCTAGCAAATCTCAAAAAACCG .
Nitrospira 220 [31] 72 CHEAHI30'5)
Nitro1423R CTTCACCCCAGTCGCTGACC

3) Ilumina /58 &0 F . %H514 515F (5-GTG CCA GCM GCC GCG G-3') #1907R (5'-CCG
TCA ATT CMT TTR AGT TT-3") X} 0, 77. 139 1162 d i) DNA k&b 3, § 88 7= ¥ 28 2% B
RWEEEC UK T, 43 ~Afbfa, 47 Miseq SCFEMI AL, IR 1llumina Miseq #ll J37 7 15 X i 1
A e 3E Y
1.5 HiELE
G (1) A2 ()P 115 CANON T. 2532 177 FA F FNA B W . AR5, &S00
I R H IS I LA IR, ORI A P R R R DL anammox &R N 5. RGP RS LA
anammox & 124 & A LR i 2 3)~aL ()AL i L E Ak 2E I e R TS DL anammox 18
% S K NRR . 2 H 1k 4 % (ammonium oxidation rate, AOR) F1 NOB A4 fili fk. 34 3 (nitrite oxidation
rate, NOR); 40 (6)~=L (8)*% fizs .
17 Crpn X 10°P%

Cra = — - 1

BT e o M
47 Cro;-n

C =— X = 2

i = T3 X T @

s Caav Conav Ol Cno, w5310 FA. FNA, NHI-N FINO;-N iy i fE ¥k B, mg'L™'; T il
J;—H_: b KO
NH, + 1.32NO; +0.66HCO; +0.13H* — 1.02N, + 0.26NO; + 0.066CH,0, 5Ny 5 + 2.03H,0 3)

NH; + 1.380, + 1.98HCO; — 0.018CsH;NO, +0.98NO; + 1.89CO, +2.93H,0 )
NO; +H,0 — NO; +2H" (5)
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AC
VNRR = = (6)
THRT
AC:
Vaor = : - (7
HRT

L Varrs Vaor. ViorZ? 510 NRR. AOR F1 NOR, kg-(m*-d)"; ACyu:n+ ACxoNFTACKK S 5 0 #E
HK FNH-N, NO;-N Al TN i R E %, mgL ',
2 FBR5TE
2.1 IR X anammox 5 M AY S0

SAA J& anammox [ % {ENH;-N FINO;-N g N, (1 )2 v 3 3, W AE A PF i anammox 1o 72 14 Jid &
PEREMFE bR, HBUE I L VSS HPY, A5 5% H anammox # A CANON T 2 iy AR 4k 4611, & ot
R S8 % 5K T R DO, pH. FNA F1 FA %F SAA 89520 . & 2 a1, SAA Bl M O35S R
SRR I HT AR, 5 DO PR A 3 09 HUR DG OC R (P<0.01),  H 4% Ik 120 rmin”' (DO &
0.78 mg-L™") B, SAATE N ZE 22.39 mg-(g-d) (LA VSS i), %% 80 r-min”' i} (DO 4y 0.4~0.5 mg-L™")
TR 55.79%. X Ui CANON T2 Ja ghid # v i # il DO<0.5 mg-L™', LA {& anammox & HA7 8 5
BTG ME . IR, 24 pH K 6.0~8.0 Bf, SAA B pH 38 in iz #i 7 55, 24 pH M 8.0 B, SAA iK%=

Vior =

100 / 100 -
WEEL L AE
1
8ot '; 8T
5 77 5 60t
s 60 F ! o0
v y T 40+
g | g
1
Ef 40 ! E 20 F
5 ! 5
i % 0
1
' -20
0 h 7 o
50 120 180 250 120 60 65 70 80 90 95
¥ 3/(r - min™) pH
(a) DO(LA HAT) X SAAE M (b) pHXTSAAISZI
100 - 100 -
80 - 80 | j’ 2% j;
5 % %7 :’a 317 %%
é 60 & 60 F
2 &0
E 40} E a0}
<
5 3
20 20 +
0 7 / o LKL / % . %
5 10 15 20 30 50 5 10 15 20 30 50
FNA/(ug - L) FA/(mg « L)
(¢) FNAXFSAAF (d) FAXFSAARYEZ I

1 : SAA P-4y anammoxid B2 i B UM e b , HAUE I LAVSST
B2 FAEFEEFIEAT SAA Tk

Fig. 2 Variation of SAA under different environmental factors
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fH 77.16 mg-(g-d) s ZJ5, SAAZR N, 24 pH N 9.0H, SAA{LH 15.71 mg-(g-d)', & pH N
8.0 B T F% T 79.64%. FNA il FA XF SAA HA MUK EEAE i . Sk BRI /E, H FNAFI FA 735
£ 10 pg L™ F1 15 mg- L I, SAA KA FIEAE, 735 67.33 mg-(g-d)™ Al 90.52 mg-(g:d) ' 24 5 T
B )5, FNA X SAA #IHI ORI AR, i FA 5 SAA W5 53 i 1A 56 56 & (P<0.01). %45
5 LI U H YANG 26U i BF o0 45 R — 2, LI U748 H 32,5 mg- L' i FA £ 52 3% 30 il anammox
TEPE . YANG %5050t 48 H 5 1) FNA<I5 pg'L™'. FA<15mg-L™', W] DLk &2 28 s ma o i o ™ 50
A6 i anammox iF . UL E&5 R E M, £ DO<0.5 mgL"'. pH & 7.0~80. FNA J 5~20 pg-L' Fll
FA 7 10~20 mg-L™' M54, A R T = 16 1 anammox T 194 K .
2.2 CANON LZEshidfZKkRET

3 BT CANON T2 )ashid ik A8k . & 3 41, CANON LZEMBEs&l T
3ABYE: W ET B (BT, 0~69 d). TE MR R Y B (B BT 70~149 d) Rl E 32 4T B B (B B
M, 150~162d), fEME 1, ZEIFIABRS)G M 1~3d, DOZ) 0.40 mg: L', J I o5 i &1 fiE 2 38
1k, NRE Hi T U B2 RiT 4 80.78% T [ & 37.73%, i 7K NH;-N FINO;-N [ 2 ¥ JBE -t 55 T 0 B < i
TGN 3.16 451 21.14 4% ; (BB DO B AR E T 0.27 mg-L', 5 i A B A ) A1 38 ¥ 3t 7 g
SIEE, 85 17 KiF, NRE BYKE = 78.56%, TEH5 18 KMl 44 K, 7 2 Y i i /K 5L o vp o o vk 3
Jo, WS BNZ IS . ORI Ry, 7E B K G Y [R] B eE AiE, DO I vk B B 2 A
(0.51 mg-L™"), ATl anammox B G PE . Z )5t T AOB &5 4 40 B (9 P 14 78 . — Jy 1D T4 #E P
DO, iR 0.3 mg L™ LLF 5 55— J5 Hfie ik A W I sl S0 15 U8 19 0% B, 2 T 1 55 DO 9 3041
WA i anammox & 2 & B — 5 1 38 B PECT . A AP R B, #E CANON 1. 20 )3 2l 1 35 o7 B B

2500 | gzl | gzl B,
3 2000~ 1 ®HKNHEN S & GEKNOSN ?qq_,l
E soof o HUKNHN A HUKNOSN i - !
o ool o JKNO, N | - |
@ 500 | o Hi/KNO;-N ! :
Lb—é 0 AR B 7 "
-10 0 70 80 90
BT ll/d
(a) BRI

Kzl Vel | KB

LBREE %
5

1

! |

X X : ':* |

NH{-NERE 0 NOqNEKE | x INERRE !
|

PRI ISR NN (U NS NS ST Y PR I I U I N I 1 |
210,010 20 30 40 50 60 70 80 90 100 110 120 130 140 150 16
BT a)/d
(b) LT
100 | — 100
o 8 ! P 80 T
O I "
260 60 &
50 ! =
£ 40 | 40 3
£ 20 | g2 £
e el 'l e i [ u::}: ""}..: 0
100 110 120 130 140 150 160

0000 10 20 30 40 50 60 F0 80 90
BT a)/d
(c) FAFIFNAJR e ARk
B3 CANON TZEmEEHhKRER
Fig. 3 Variation of water quality during start-up of the CANON process
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S 7% N TENO; R B i B2, H 0.2~0.5 mg- L' (YA IR LA T AOB Y34 58 11 NOB (#0441, [l
P S AFAE— R BE 1Y SRS AR VE o

EHT B T rh, A5 IENOSH A AN, I 380 3k 328 7 15 NH-N 9 32E 7K 5T 5k B2 A4 FH CANON T 2511
KA, K IIZB B anammox I8 4E K T 75 BINO;-N 58 4 Al LI AOB 41k, H NRE — F4E+F
£ 70.12% 7247, JGNO;-N FINOG-N (9B i BAI G o (UAESE 102 dBF, Hi T DO 2 2 il #5% it
Frod g4 12h, SIS AR, DO L 6.84 mg L Zid . ILIF, FNA i ik 3 285 il 1
% 15056 mg'L™', BEJE T 1dNFEZE 10 ng- L' LIF, T FA 7R vk B 20744 %5 26.52mg L, JE454E
29 5d, 5% NREHMH 70.10% i # & % 24.69%, i 7K NH:-N 1 NO;-N 4 %] 35 #] 965.6 mg-L™" Al
143 mg' L™ H&F 2y 14d IH%, 46 DO 29°8 022 mg' L™, FA 5~2Omg~L1 SN A AE 122 d
i NRE B E & 70.14%, FiR%4EF LW, f anammox [1] CANON . 284k i1 #25Z DO Fl FA 50
K, FEEH DO N 0.2~0.5mg L', FA N 5~20mg- L', YANG %58 i, CANON T. 2 7F % Bl
WA, EEES FA<ISmg L™, A DLP Pk & H oA 1) anammox i . FEBY BN, FE#EK
NH;-N 23 2 000 mg-L ™' (9500 T, [ 2% NH;-N 25 [ 4 F1 NRE 43 511 %2 5 76 91.21% H1 82.77% 7=
Fro KGRI LT O SCHERIR T B 45 SR, X CANON I 28 E IR i 17 -
23 CANON LZEahidiZh R HERET K FA # ENA X @E L ERNF 0

1) CANON T2 JF shad B th ALt pg A28k . W 181 4 AIE ., 7EBTEC T, BlE NH;-N 5t vk

20 2.0
1.8 1 1.8
16 1.6
T 14t . ~ L4r
T a2t = S22}
E 1of & g 1or %
50 i T o8l <
%’ 8'2 o + % 2 o6l =
6 F > - %
Fulm s g ® S e
02} “T
[ =
0 L
02 b gy e 0 020
350 500 800 1200 1600 2000 350 500 800 1200 1600 2000
NH =Nt [ /(g - L) NH,-NJF ki /(mg - L)
(¢) NRRAME, (b) AORZEL,
anammox;&f2 [ ] WAKRIETRE
005 - 100 e BB e
H 1
0F :
1
-0.05 | * !
o S |
5 -otof E %, EI S ;
= 015} Q g\g !
by = S i
o -0.20 o
& &= &
2 =025F z
) % +:<
Z -0.30F Z
-035 |
~0.40 | oLt Shi R R
350 500 800 1200 1600 2000 0 20 40 60 80 100 120 140 160
NH, Nt (g - L) A
(c) NORZEAL (d) NH;-NEEAL Az 84k

Bl 4 CANON 3773 #2# NRR. AOR. NOR K& NH;-N # L B2 LL A3k
Fig. 4 Variations in NRR, AOR, NOR and the ratio of NH}-N removal pathway during the start-up of CANON process
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MOFETH, NRRIAZFE T (047 £0.04) ke (m*d) ', i AOR W& 4 4 11 % 0.28 ke (m-d) ' [,
[l 4(d) AT & L B B o 0 A Akt B R AL NH-N Y B AR L OF G R I A, 38 B B
A, anammox FIEfif§ fb AUNH-N Fe {42 HUASUE T 0.85 £ 4o XSl i iy Bt CANON T 20 il 2 )
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Fig. 5 Effect of FA and FNA on nitrogen conversion rate during the start-up of CANON process
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Abstract To explore the microbial response characteristics during the start-up and the high-load operation
phase and determine the effective regulation strategy of the completely autotrophic nitrogen removal over nitrite
(CANON) process, a stable anaerobic ammonium oxidation (anammox) system was conducted by adjusting the
environmental factors (DO, pH and free ammonia), gradually reducing the concentration of nitrite and increasing
the concentration of ammonia, then its transformation to CANON process was completed. The results showed
that when the free ammonia was 10~20 mg-L™', DO was 0.2~0.5 mg-L™", and pH was 7.0~7.2, the growth of
nitrite oxidation bacteria was inhibited, the ammonia oxidation rate and nitrogen removal rate could be gradually
improved to 0.98 and 1.60 kg-(m’:d) ', respectively, and start-up of CANON was successfully completed. In
addition, the NH;-N transformation ratio of anammox and nitrification pathway was finally stable at about 0.73.
High concentration (>1-800 mg-L™") of ammonia increased the abundance of anammox, but had an opposite
effect on the ammonium oxidizing bacteria. The Candidatus Kuenenia and Candidatus Brocadia were the main
genera of anammox bacteria under the early stage of the start-up and high-load condition, respectively.
However, the SM1A(?2, as a possible genus of anammox bacteria, and Nitrosomonas, as a genus of AOB, were
always the main genera during the start-up.

Keywords. ~completely autotrophic nitrogen removal over nitrite; pathway of NH;-N removal; free ammonia;
microbial characteristics; nitrogen removal rate
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