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Study of CANON Process Start-up Under Aerobic Conditions
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Abstract The start-up of CANON process was studied to reveal adaptability and how to condense time of start-up with a lab-scale experiment.
During start-up stage temperature was controlled at 35°C + 1°C pH was 7.39-8.01 and free ammonium was 2.89-12.37 mg L™'. Partial
nitritation was first built up in 60" day and kept steady nitrite accumulation rate  NO; -N/NO; -N  was up to 98% . In the 160" day the
reactor started to show effects of anaerobic ammonium oxidation and in the 210" day CANON process was started-up under aerobic conditions
successfully and total nitrogen removal load was 1.22 kg/ m* d and 70% removal rate on average was attained. When using ammonium
wastewater without organic carbon sources as influent there are two signs to indicate the CANON start-up first nitrogen gas was produced in
carriers the other one was the ratio of total nitrogen loss and increased nitrate keep steady and in this study average ratio was 8.61 compared

to theoretical value 8.
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Fig.1 Experimental apparatus and process scheme chart

1.2
SBR
24 h

75% .
181 d".
NH,Cl NaHCO, NaCl
K, HPO,

50% ~60% NH, -N

ANAMMOX NO, -N NH, -N
<lgem”
>1g em™’

NH; -N NO; -N  NO; -N

~4 )
26 d 12.5 ~ 15.6
m/ m* h .
SBR
.0~94d NH, -N 120
~140 mg L™ NH, -N
9d  NH/-N 65%
NH, -N 180 mg L' NH; -N
30% 27 d
NH, -N 50% ~ 60%

NH;-N 280 mg L
2



132

30
350 70 NO, -N 25d NO, -N
o0 —o— K —o— ik —o— RRRFE 1 q
300 - s . 2 2 o 160 60 mg L~ 35 NO, -N 140
o d\/ \ Re & \.@/\o_ﬂf\"/\@@ [ 1 .
ol /a/ o x 150 mg L NO; -N 100 ~
T B RV N A /
2 \ A X/ “ Jao = 150 mg L' 3 NO; -N 35d
£ 200} K A e
% A " 130 & NO; -N 5mg L'
E" 150 | 4 z H |
2, @ f NO; -N 12 mg L™
PN [ / 420
100 F [ Se—a RS Y . NO; -N NO; -N 1.87
50 Dn%jj\n_u/ mg L' 4
R T R IR NO- N/NO- N 08
e/ : * '
60 d
2 NH{ -N
Fig.2 NH; -N in partial nitritation start-up stage
160
H 2
140 | - L, Ford B
] 7 { A \\
120 - N Tyt BN, NO; -N 30 ~36C
'Ijn 108 » e ammonium oxidation bacteria AOB
£ i
z 8- it nitrite oxidation
g cop ¢ o bacteria NOB 35C
40 +1°C NO, -N AOB
or . NOB . SHARON
0F il f el p s i e o gl NOB
25 30 35 40 45 50 55 &0 65 14
Ir} fed/d
free ammonium FA
3 NO; -N Anthonisen " FA 2
Fig.3 NO; -N in partial nitritation start-up stage . Anthonisen FA AOB NOB
NOB AOB .FA° NOB AOB
15 -1
Y 0.1 ~1.0 mg L 10 ~ 150
—o— K mg L', FA
L0k NOB AOB . pH
g
Z pH 7.39 ~8.01 FA
S s 2.89~12.37 mg L' NOB
AOB
0 15 16 FA
i i) /d
FA
4 NO; -N
Fig.4 NOjs -N in partial nitritation start-up stage NH! -N 1071
FA = H x 4—XH 2
14 K,/K, + 10"
NH, -N NH, -N K K,
NH, -N AOB
0.3 kg/ m* d 0.68  NOB FA  NOB
kg/ m* d . AOB



6 CANON 133
AOB  NOB AOB
0.2~0.4mg L' NOB 1.2~1.5mg L™""
2.2 ANAMMOX
DO DO ANAMMOX NH; -N NO, -N
3~4mg L DO NO; -N 1IN 5
45
4001 ys —— itk 8
350 35l —o— Kk /
300 - 30t Iﬁjﬁf\g
If'o 250 |- ':,D 25l &1
& 200 - £ 20} f
% %
+; 150 | 'o,,, 15+ 5
Z 10| “ 1t h f
50 st @ﬂfﬁ%w s g,
0r ok
40 6I0 8I0 1(;0 12IO 14IO 16I 1;30 2(I)0 22I 40 6I0 8I0 1(;0 12I0 14IO 16IO 12;0 2(I)0 22IO
200 | . o Bk 400 - 80
g —o— HiK 350+
150 i \EF\] o %\ 300 460
% AN [ . :
& g \ = 250 2
§ 100 & © g D\ g J40 %
5 AR Z 200 &
) L™ \ & #
“ sof i 150 120
PN AR 2 100
ob o A £ At \A% E sol 1o
40 60 80 100 120 140 160 180 200 22 40 60 80 100 120 140 160 180 200 22
i i)/d i fal/d
5 ANAMMOX NH/ -N NO; -N NO; -N 1IN
Fig.5 NH; -N NO; -N NO; -N and TN in ANAMMOX start-up stage
DO ANAMMOX <1
Strous g em™’
0.5% ~2.0% ANAMMOX NO; -N A
100 NO; -N ATN . 180d
mg L' ANAMMOX ”‘ NO, -N 20 mg L~ A
120 d 18.7  NO; -N 11.25 mg L' ATN 92.61
m’/ m* h 6.2 m'/ m* h NO; -N e 1L 1
163.73 mg L™ 70 ~80 mg L' ANAMMOX
ANAMMOX
ANAMMOX NH, -N 210 d NH, -N 380
" TN mg L' 24.9 m’/ m* h A NO; -N
ANAMMOX 36.58 mg L~' ATN 262 mg L™' TN
AOB » 80% 70% JIN
160 d 1.22 kg/ m* d Furukawa

0.48 kg/ m* d



134 30
CANON N 1:1.36:0.22
CANON 160 d NO, -N
CANON pH
210 d. ANAMMOX
160 d 2
3
ANOy -N - ATN 1 CANON 35C
160 d ANO; -N ATN £1C pH 7.39~8.01 210 d
ATN/A NOj -N CANON
- 3
8.61 1 ATN/A NOy -N = 1.22 kg/ m* d
0.44x2/0.11=8 NH; -N 2 ANAMMOX
CANON pH
ATN  ANO; - CANON 98% .
3 NH; -N
53 ANAMMOX CANON CANON
ANAMMOX © 2
ATN
8.61.
2 L
MISS 1250 mg L-! 1 Mulder A van Graaf A A Robertson L. A et al. Anaerobic
35C +1°C DO<0.2 mg ! ammonium oxidation discovered in a denitrifying fluidized bed reactor
_ J . Fems Microbiol Ecol 1995 16 3 177-184.
NO, -N NH, -N 6h 1h 5 |
. ) ) .
NH, -N NO, -N NO; -N pH 6 1997 19 4 25-28.
80 9.5 3 Strous M Fuerst ] A Kramer E H et al. Missing lithotroph
70 L a 7:7 Eg“j’g _:_ I:I? v N identified as new planctomycete. J . Nature 1999 400 6743
—a—NO;-N —e—
60 L 1°° 446449
0.
50 L / T g5 4 van Graaf A A Mulder A De Bruijn P et al. Anaerobic oxidation
_ 40 of ammonium is a biologically mediated process J . Appl Environ
oY L
& 30l '/§< \- {80 & Microbiol 1995 61 4  1246-1251.
® 5 van Loosdrecht M. DOKHAVEN
20 - 4175
><>“\l J. 2003 29 10 19-25.
10 | /,/v/
\ 417.0 6  Slickers AO Third KA Abma W et al. CANON and ANAMMOX
0+ A— A
in a gas-lift reactor J . Fems Microbiol Lett 2003 218 2 339-
.—10 1 1 1 1 6.5
0 2 4 6 344.
I i/ 7 Sliekers A O Derwort N Gomez J L. et al. Completely autotrophic
6 AN OX nitrogen removal over nitrite in one single reactor J . Water Res
Fig.6  Proof test of ANAMMOX activity 200236 10 2475-2482.
8  Furukawa K Lieu P K Tokitoh H et al. Development of single-
_ stage nitrogen removal using anammox and partial nitritation SNAP
6 5h NH, -N  NO; -N
H 2 and its treatment performances J . Water Sci Technol 2006 53
NO; -N pH 6 8391.
NH4+ -N 9  Strous M van Gerven E  Kuenen J G et al. Effects of aerobic and
NO; -N 1:1 N, NO, - microaerobic  conditions  on  anaerobic  ammonium-oxidizing
ANAMMOX  sludge J . Appl Environ Microb 1997 63 6
~ . ~ 2446-2448 .
NO; - NH; -N NO; -N o v
NO; -N 1:1.32:0.26 7 2002.



Pollution Control Fed 1976 48 5  835-852.

6 CANON 135
11 — 16  Turk O Mavinic D S. Maintaining nitrite build-up in a system
S . acclimated to free ammonia J . Water Res 1989 23 11  1383-
12 Strous M Heijnen J J Kuenen J] G e al. The sequencing batch 1388.
reactor as a powerful tool for the study of slowly growing anaerobic 17 Laanbroek H J Gerards S. Competition for limiting amounts of
ammonium-oxidizing microorganisms J . Appl Microbiol Biot 1998 oxygen between Nitrosomonas europaea and Nitrobacter winogradskyt
50 5 589-59. grown in mixed continuous cultures J . Arch Microbiol 1993 159
13  Balmelle B Nguyen M Capdeville B et al. of factors controlling 5  453-459.
nitrite build-up in biological process for water nitrification J . Water 18  Magri A Corominas L Lopez H et al. A model for the simulation
Sci Technol 1992 26 5 6  1017-1025. of the SHARON process pH as a key factor. J . Environ Technol
14 Heijnen J J Hellinga C Mulder ] W et al. The SHARON process 2007 28 3 255-265.
an nnovative method for nitrogen removal from ammonium-rich waste 19  van Graal A A De Bruijn P Robertson L A et al. Autotrophic
water J . Water Sci Technol 1998 37 9  135-143. growth of anaerobic ammonium-oxidizing micro-organisms in a
15 Anthonisen A C Loehr R C Prakasam T B. Inhibition of fluidized bed reactor J . Microbiology 1996 146 8 2187-2196.
nitrification by ammonia and nitrous acid J . Journal of Water 20 RE NE. M .

1984.





