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Treatment of domestic sewage by CANON process under alternate oxic/anoxic
intermittent starvation
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Abstract: To explore the stability of the completely autotrophic nitrogen removal over nitrite (CANON) process in
the treatment of actual domestic sewage, sequencing batch reactor (SBR) was used to inoculate the CANON sludge
that is stably operated in the laboratory, and actual domestic sewage was used as the influent. Actual domestic
sewage has complex water quality, contains organic carbon sources, and has low ammonia nitrogen content, which
brings about the problem of proliferation of nitrite-oxidizing bacteria (NOB) and heterotrophic bacteria ( such as
denitrifying bacteria). It is necessary to improve the operating parameters in response to this problem. In this
work , the CANON reactor was operated in a hydraulic screening and alternate oxic/anoxic intermittent starvation
mode. In continuous dynamic experiment, the reactors ran in a cycle of 3 d starvation and 3 d recovery. During
intermittent starvation, two alternate oxic/anoxic ratios (1:1 and 2: 1) were adopted for the flocculent sludge
discharged by R1 and R2 for oxic/anoxic intermittent starvation. The contribution rate of autotrophic denitrification
of both reactors exceeded 80% , while that of the denitrification pathway was less than 1% on the 50th day. The
alternate oxygen intensification of intermittent starvation effectively inhibited NOB and denitrifying bacteria in the
system. The final ammonia nitrogen removal rate was stabilized at 87. 78% and 94. 14% , and the total nitrogen
removal rate reached 75.59% and 82.07% respectively, which can realize the stable operation of CANON process
for domestic sewage treatment with low ammonia nitrogen. The CANON sludge cultured by domestic sewage had a
darker color. On the 50th day, the volume average particle size of the R1 and R2 reactors reached 673 and 659 pm
respectively. The mass fraction of extracellular polymeric substance ( EPS) was affected by multiple factors such as
total nitrogen concentration and organic carbon source, and maintained a trend of slow growth.
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Tab.1 Water quality of domestic sewage
B p(NH; —N)/ p(NO; —N)/ p(NO; —N)/ con/ p(TP)/
KA ' ’ % . . oH
(mg-L™") (mg-L™") (mg-L™") (mg+L77) (mg-L7")
WA 40 ~60 <0.9 <2.0 150 ~295 4.1~8.2 7.0~8.0
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AT IR . ROV I8 1 738 2 o 4 I Gk
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FE BRI B B, B0 £ HE H 0015 Ve B A AE 4T
U P A TYUERERAE , 4 S0 F BB T, A R R
500 mL, Py RS AT AT AL IR
1.3 Z1T8H

ARSI S RSB B, SN A8 AT Ry 28 ~
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Tab.2 Operation status of each stage

Bt i Bt USRI
S1 $1~10 K —
2 11 ~52 K 3 ALk +3 dE

1.4 EHIERDNT

ARSZEG h NH, = N R 44 G700 6 B 2 7
NO, - N RHIN = (1 - Z5) - £ ZHOGRE R E 5
NO; - N RHIESM GG Rk s pH DO R i B2 R
fEHE L WTWpH/Oxi 3401 5 {0 5 5 ML MR &)
(EPS) Hh Z2 0% (PS) >R FH R HA Bl 1 125 00 5 , 2 11 o
(PN) 2R H lowry 33005 , J5 58 IR R A8 1E 19 lowry 3
I 5 H50RL T U 1R R A2 43 A R 0O kL B Y
( Malvern Mastersizer2000) ] 2 ; & & W 2 7 &4
vk BE (MLSS) i & M & W [ K BT & vk B
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1.5 IheeEEMES

FEALUE b2 8 AL 2R (specific ammonia
nitrogen oxidation rate, Ry, ) Al Ft Vil FR £k 1k 33 %
('specific nitrite oxidation rate, R, ) M %€ J7 %5 IR
SR WK AR 3 AR 3 AFATRE
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Tab.3 Synthetic wastewater composition of batch tests

MiEWH  p(NH ~N)/(mg-L™")  p(NO; -N)/(mg-L"")

Rspo0 50 0

Rsxo 0 50

T AL AR BRI PR P 4 B ek Bt A7 U, (1)
RFERHCE A AR, 2 (2) ISR E LA T

B
ln(%)
b: Zd (1)
1%&)
Ft
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td

b T PR, d s TR R A R,
d™" Ry AR S35 S LR T A4 R 0 T A %
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I .
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e =" TN x 100% (7)
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TR Z BRI TTIRAE s i A B (LA COD 3 1Y
FUTH ML, 0. 07 &/ g3ing 9 X, (LA COD i) IR
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Tab.4 Decay rate of AOB and NOB

DU TEl/d - AOB I HE R S /d ™" NOB i Vg s 5/ d !
1 0. 189 =0.007 0.674 0. 009
2 0.168 +0.008 0.422 +0.011
3 0. 169 +0. 006 0.339 +0.003
4 0.173 £0.010 0.343 +0.008
5 0.199 +0.004 0.322 £0.009
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Fig.2 Nitrogen concentration of reactor influent and effluent
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Fig.3  Nitrogen removal performance in reactors
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SEBR A 1 TS K RS A A HURR R [RS8k
(i) s g S A B A7, 78 R MR B Bt oy SR Ak TR
Z 5 R RAE T RTRE, L, 7RI — W B o S0
FEI LA R R AR, A HE Lan 250 35 i 4
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Tab.5 Analysis of total nitrogen removal path

MR AHAM/ (mg - L) BRERRR %

Ap(NHS -N) Ap(NO; -N) Ap(NO; -N) AFRBA B AHAL

o RI 31.50 0.03 10.16 54.83 11.49
R2 29.58 0.03 9.58 58.12 12.25

% RI 34.23 0.06 6.06 65.63 4.21
R2 40.26 0.04 6.45 76.92 3.60

% RI 41.91 0.01 5.28 82.74 0.92
R2 44.92 0 5.47 86.09 0.57
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R bR, T LA 1, PRI [ 75 M ST RkR AR, i
S RAR I Tk R B o flACF " R AT TS
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RSAL A AE K 0, A RE4E+F CANON T2k sE
4T B K DDA B AR SR R YLk s 1 T
5526 K, R1 Fl R2 SRy 2% 1 E S R 5Tk R 551
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Fig.4 Particle size of sludge in reactors
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