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Abstract: This article reported the start—up process of sludge digestion supernatants treatments by CANON process based on MBBR
reactor. The pilot system with a volume of 8.55m’ was used and filled with SPR-III filler, which had a filling rate of 44%. The
CANON process was successfully started after 70d with dynamic inflow of CANON sludge, and the inoculation ratio was below 1%.
After 200d, the TN removal volumetric loading was stable at 0.9kgN/(m®d), the mean value of the concentration of effluent
ammonia nitrogen was 63.9mg/L, and the removal rate of ammonia nitrogen and total nitrogen were 91% and 85% respectively. The
N-removal pathway ofdenitrificationand anaerobic ammonium oxidation occurred simultaneously due to small amount of organic
matter presence in the influent, which accounted for 5% to 7%and 93% to 95% of total nitrogen removal, respectively. By controlling
of pH and aeration intensity, the scaling of suspended carriers was prevented and the relationship among DO, aeration intensity and
biofilm thickness was balanced. As a result, the biofilm always maintained suitable thickness, which stabilized the treatment effect of
the system. The high flux sequencing indicated that AOB and AnAOB were dominant species on the suspended carriers, and their
abundance reached 17% and 14% during steady operation. There was no NOB in the system, indicating that the short-nitrification
effect was good. The denitrifying bacteria abundance was 2%~3% and relatively stable, indicating that the small amount of organic
matter in the influent did not affect the increase of anammox bacteria.
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Table 1  Sludge—-digestion wastewater quality(mg/L)
TiH NH, -N COoD BOD SS TN
HfH 650~800  100~400  100~300  30~100  700~900

BRI JE I, B N 24 L BEAE 30~35°C, -85
H31°CIESHRIEAT. RBIBATHIN, Bebpim K R4
A G e, SRR Bh,1e1TiE 4 MHE LT REA
LR AL BT IE 0. 7kgN/(m’-d). 14 5 3
Fem HeFh CANON /MR e g 7K i K &
34 52mg/L [l CANON A=W, i 84 34d,
FRA Ay 10L/h, St B i Ko 0.42kgMLSS.
1.3 ik
1.3.1 HEIERR  NH, N K9 Rk H1eeE
N0y N R N-(01-Z8 38 )- &4 & 7y 6ok %
5 NOs -N R 5 A3 0600 B2k i 152 K FH IR ik 41
718 7 7E ¥%;,COD K HH S R #1175 ;pH/DO/ORP/T
K WTW Multi3430 2520 € Ml E+H CM448 11:4;
M.
132 @ sy ey R &
(E.ZN.A Mag-Bind Soil DNA Kit, OMEGA)$ZHf#
AFEN ] DNAERE 1%350 IR BB o kR 0 i
PEIE 4L 52 240, BT Qubit3.0DNA IR 71 &k i
BEPKIZH DNA W JE.PCR 954 i H1 51490 4 341F/805R.
PCR N AKZALHE DNA Fiki(10ng),15uL 2xTaq
master Mix, 1 uL 514 314F(10pumol/L),1uL 514 805R
(10pmol/L), A A4l /K 48 30uL JLHEAT P48 PCR 3™
15— 4 PCR Y IGRE) P U1 R :94°C File#: 3min;5 /4
TEIRL S 3 ABBGED 94, 45 F1 65 CURLE F 20 )i
£F 30,20,308;20 MEHEL S 3 AN BRI 94,55,72°C
W R 2 B FE 20,20,308;72°C & SEAH Smin. 55 %8
PCR § 42740 95 C e % 3min;5 MG L7
3 ANETBLED 94,55, 72 CHAE R AR EE 20,20,30s;
T2 CAAEM Smin.PCR =W REAT B IE B H vk, 0 ik
DNA JiZ [l 71 £ (SanPrep)®f PCR =347 IRl
FIH Qubit3.0DNA Al 77l x) [H1 1) DNA K iff
SERL G 101 RIS 5 P, S5 m VRS i A
FEfh DNA = H 10ng, 528 LA TH R 20pmol,
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1.3.3 TR T SR usearch JEAT B4 A
OTU &M 30F el Fe il 1 T 45 91 4T J54%(QO0),
PALBRATF G ZER 5 )74 R B AR 7
F1 Kt BT 7 A EAT AFAAE 20 T, 11 43 54 40 25 B
JL(OTU, AHALPE>0.97).

% Mothur 2347 Alpha 2 FEPEM SHE A=)
Alpha ZFEMEFRE D678 55K . A ATEEL. Simpson
fR205 Chaol F5EAY M S 15 % (coverage) T 5.

C=1-N\/N 1)
AN S 1 AP S0 OTU 5 H N 4 741
HH ERIBHOIE AKX
H=-3PnP, ©)
AP R SR RIS FEA SR LA, 45 2R
A VR S T Simpson T BRI A 5 B0 Tk
Tl RS PR I 2 FEVE Chaol B H kAl vt
eV OTU B H 1983

i it RDPclassifier #4551 BEA T M 43 25121,

EEU J(phylum). %N(class). H(order). F}(family).
J& (genus) ok 73 S B, Ge V155 40 S SRS 6 NP A1 £
2R IRIR .
1.3.4 BAEEAUE BEHATINRIZE. T
PR 30 %0 AR Eh A MLARHE CANON L2 )it
XA 2 MR R EL R Riuna=ATN/ANO; =8,
Rnaa=ANO; /ANH, =0.11.

DRGSR 1) A R R 2R T B R A,
HENIA S hr i gt o0 A TH 508 T 20 B s R 4
PN SIS PR 56 2 e I A o R i R, 3 R R R
2R i CANON #4% iR #h K T B (R A 2
20 th Semr AR 25 bR, R G B IR IR A e

ANO; #ne=(ANH4 ~ANO,)x0.11 (3)
WIS A ISR 22 BRI TIN (1 L)
P itu=ANO3 21/ ANO3 5 4)
it CANON 42 L BRI TIN f EL 4
Peanon=1-P gt (5)

DL T CANON 3842 il Al Ak g 42 i 0 Ee
1], P Al I COD. B8 110 335 6 175 100 1 0BT O 222
1.4 WY BRI

TR0 AR Y5 P b T BN . R 2 e N oy
4 AEYBLIEER 2 Fos. 8 sh AR R A
(I0), 7 45 b 3 25 AT B, 49 B 1048 w3 (K030 25 20 (FA)
X RGP A AR Y5 KT i H KR R K
BEAT T ARRE ot S THIT (D A S g 32 AT W1 (1V), A
FREAT JROK R0 R, T 32 SR ) D 7K A 3 AR A H 7K 2
SR B i 8 A5 1 Ky e v A T LA
77 11 5 AN A2 5 W 2R 8 B g B K, B8 3 oK
e AL K= A AE 100mg/L ZKF, 5 H
Bt 5 2R 4 1) BB 0 BEAIG H K B B B T &R
AR EUHEM R4l MBBR JEIE1T, R4
P R B VR AT VR IR S (MILSS) U 4 B A1 . = N 2% 4
Tt ok P 92 ) VR B AR T AL, R IE BT SR AN
HER, K I BT U R 4T

T2 WEEMEFHKKREEITESH
Table 2 Influent water quality and operational parameters in each phase
M B BsATiHEd) DO(mg/L) #EKEH(mg/l) BEKFHE(m’/d) MLSS(g/L) FA(mg/L)  FNA(mg/L) &
I EEL 1~34 0~0.5 70~150 0.72 <1 3.19+1.47 1.55+0.38 K R
II R 35~69 0~0.5 50~100 0.72~2.00 <1 0.50+0.42 0.650.55 SRR
11 G SIR 70~198 0.5~2.0 650~800 0.50~12.00 <0.2 2.12+1.66 0.57+0.64 J5K
1% T EIBAT 199~233 1.5~3.5 650~800 12.00 <0.2 2.05+0.29 0.25+0.08 J5K

2 HRE5SH

R T RGEBH B 233d R, RSN
HEHIK NH, -N. NO, -N. NO; -N Zefk & 1 fiow,
ARG TOHVR LB 5 A TIN AR W 2 B s R Ak
A 3 .

RGAE 1~-34d(DEEFT CANON /Nt S5 28 58 43
VIR RIS AT, B 1B 2 NO, -N LR i B
K& NHy =N ZEK, 224 T RGN FAB
1EXF AnAOB P A4 FF LRI AT, IV 4 5 BH S5 (1)
AL H TIN BEATLH] B 2 34d, RGEH I
HA 3 1 B U O, ATIN GA 3 25mg/L, 158 1B 74,
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FRERAE T0~198d(TID), 14 FH W AL B v, AN A T 7
FE AR 22 BR O D my /KU i, TING 22
(NRLy) 1 0.02kgN/(m’-d) & T+ & 0.89kgN/(m’-d),
129d WH T 445 f5 RGHOKE A A BB,
60~170mg/L, H 7K A R £h AR S 1% 0 1 v K Rk 2]
40mg/L AW Bt B 135d, 7740 H L T A AS € IR AIE
2 B, Rnwa=0.05~0.08<0.11, Rryme=15~25>8, I 75 &

2t N 0] BEATAE SO B IR 6 28 i IR e T 2 R 4
AT 3] 100d I By ARSI CLk— 8 iR, JF vl e
BVF AR T2 R 21 (41 /NEURL I 5 . 42 180d I,
BT RRAR O AR B, R R P AE 150~
250um, (HAN [T $.4li ) ANAMMOX i F2,CANON
(1 LE RS () 2T (LM 7%

REAE 199~233d(1V), fit fuf AH ) 48 & NRLy 7
0.85~0.90kgN/(m’-d), Hi /K & F A E T 70mg/L, 5
FAET 120mg/L R B R E L BR 0 HIER] 91%
F185%.230d W, A= PR 5 B mT A 21 200um BA 2B
RS Ay s Sic SR IR E M RTIE 15.6g/m”, RGEN B
HA[IEH] 46.95kgMLSS, M T 1 By Bt R &1
0.42kgMLSS, #F LL 6 ¢ 5 4 0.89%.

N FIL AN FIL N 4
o5 BT BB BB 1 BHECIV_
—O0— Rnwa
—— R 50
0.2 Hll9 *
140
! 30 2
~ <
ol (T 120
0.0 (SR g
10
_0.1 L 1 1 1 0
0 40 80 120 160 200 240
I IE)(d)

3 Ruwa Il Ry FHAE RECE
Fig.3 Variations of characteristic coefficients of Ry, and

RTN/Na

LT - el G S G I NE I I A Wit
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Kk 3.5a, 4 3 )i KU an A B IR AL T
SIHE RN R B TR ) AnAOB 4
SN 2 ) JE B INETR) A 7] RELRE EE T L Ak
CANON il s TR, I3 3 Fros o T 1A
Bl Rl P 0 PR A AT PR = R R EOK,
A BT 46 /N JE B )R], B L Sjolunda V57K 42
il il ZA 1) CANON &I, LA 4.5% R4 F L Al 3
) 120d J5 BB k% 2 1.06kgN/(m’-d); i+ 1)
Glarnerland ¥57K) Rk PRAZ A AL RTRLT S5 I, BA
100% A 2, 3l o 28 ) 2E K i far, 285 55d BYI
I8 B35 B AT B2 T B AT AH 0 R B8 LA S /N (R BBl L
A81) SH A A OT J662 06 ERF T) N R B i3 3,56 1 TR 1 5
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HAT S br i AR B 28 i e 77 20, R A
FoAth S N 2 32 A e, 1 R o507 A S Y. 2% 1R 3s AT
RO R MBBR L& 6 5 I R 1 BT
(R4 B fie 00, A0 280907 1 T D RETAT R 3t 2K, 7 70d A Bk
A 2 CANON,Ji4: 200d,NRLy 1% #] 0.90kgN/

(m*-d), FLAERI LA 1%, 272 5% 0 J5 K 3 3, A
AWK TR S R4, Fe ASHIF T 1R a2 I 3 1) Ak
HHE ), A KB R A ARE 67%I (MBBR
BV RIE 78 %),NRLy °J 42713 1.37kgN/
(m*-d).

&3 EMS CANON A tbig
Table 3 Comparison of CANON pilot-scale operations at home and abroad

FM AREUK)R RMASAR(m’) TN Fi keN/A(m’ -d)] A BB E IR () Behhi5 R T2k Hh g5 SCifk
TFE THA 200 1.06 4 4.5%FE R MBBR it Sjolunda [15]
T BERERK 600 12 - - CANON  fif2% Olburgen [16]
BRNEY THA 3 0.74 4 V5K RS e SBR - [17]
TFE THA 500 0.68 - - DEMON B F Strass [18]
TFE THA 400 0.56 2 R REMNTHRSYE  DEMON it Glarnerland — [18]
AWE  HAH 8.55 0.90 6 CANON #4757  CANON o[

R SCERAR S

3 Wit
3.1 fEHEIN AT

AR B3 v, AN 5] A7 Aar B B 043 1 I )
S WA 4 PR AE NRLy<0.16kgN/(m’-d) I,
3% 38 15 1F) 7 10~15d NRLy>0.16kgN/(m>-d) I5F, £% 34
INf ] 39 i #) T 28d,NRLy A 0.32kgN/(m’-d) F
0.64kgN/(m’-d) i It} 42d.Bti % NRLy 18 K NRLy 1
USSRy E R s NP SIS RN KA R A
YIRS I R R e (R N N T
11d" ARG R 10~30d2% Joss 2575 it T
PR HLE R P R WA B RIFE 15~25d,0F HAE 4
AN s AT AR R R R T AP A R
B Bl PR R A R S A I 7] 4 10.8d. £
B 51247 T2 #HI2500E B EACAE -1V
B B AN I R K 2 BUIME N 66.15mg/L 7K H
7K NO, -N K54 10.17mg/L, RZE N 1] FALFNA 1l
R 2 R, A AOK B R AAEAERY BLE
O 1 R 25 AT AN A 3 A A7 i o B 3 K 5 5
I 1) 1 25 G K 1A 5 R G A 5 A5 56,10 5 A SR
FORFRA KN 5 PL A R T By Bk A S0
SIEEEYIEPS

) S, B AR A A% AR T R K B A
Wi o NIRRT, R G 22 LL AOB Al
TR TE, T S AR AN AE A A 1) 5 5, B 48 S
Futar S BB AT IR S, AR IS 0 1, B 4

TN ZCR I3 98, AnAOB 3220 & 48, A A8 D M A,
G (12— 2B M, I BL T BRI R S AL 0 5E
4, AnAOB $t iy FA A=W 1 £ 2507 A2 LR B B AR
GE A WA IR SR IR IR 4 BUR, JF AT B DO (1T
R L TE e RS HEN AOB (A= 250 TT RERIHT
o, DA 4G RO GR (RIS WA AL
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Fig.4 Multiplication time at different stages during system

operation

3.2 BIFEMGE G 1 A

T A BB E B R g, vT ik 2000~3000mg/L
(BL CaCOs ), i3 7K o — FLAE 5 i A8 iyl 2 7
P R £k o R A B (1% 38 MAP) LT, TiE —
B T BV 80 g s 38 KL% %, — 7 1 3 3%
R BAR TR ZE, Ty — T TR 25 5 WAL B i 44
BB AR 72 S H BT C A NIZITINZ) 100
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e F R P 5 e TR 25 MR A Rk - 1k, pH>8
[N, VA 23 R COS%  WETIT 7 A B R ke
DA i 45 5 (1 B B i 4 R AN 1Y pH H. R 5
IR pH (BRI AR Pl S B B S T DU,
AR FRET, RGN pH (HFEALE 7.5 LR R
(A A 3 2, T 0 A 2050 AR R 7K R 3, B R
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3.3 BRI R

ASCFIFFE CANON T2 25T MBBR T
LA & MBBR T Z %0 T £E,— J7 T Ak &
AR ) JE 0 A A 465 o — T T B PR A AL 2 Tk
T I VT 3R A JE (1 ME — & 42, BT AR (1) 35 59 0% &R
BT B HAE MR IEPT CANON R 400 it #
TR B B A= 1 2T A Ak R R R
Y, 5% AnAOB,fH & — H AL H it h AN 4, ) 7%
O PR A AR S R R A RS
SRR AR 1A 20 b 3 TR B A, FLE 1 3R T K
8K 33 11T 53 M A T, AR 2 o 208 IR i L i) 2 A b
A 2805 R G O 75 AR AR B0 i, AR
R (S e RPN G TR 4 B B m/ (> ) R 28
b (VR / 2 0 38 25 A A m’ (hem? ) R S 40 7
HATRAE, WK 6 Pros.

ML 6 1] DUF H 7 R AR 2 S8 A R BB B,0~90d
SE TN 1 A W N R S B R SV (30 = S W NI ) X 3 €
W) AT, I N R IR, 4 R VR AR AR T A LA

AL ELR DO R AT BEAE TN 225 far (3 LA
J AOB AT SR (3 I, B4 =TT 4a 38 In. e ob,
BV TR KA IATE P, A T8k o A P it I,
FH IS P Ak B P T8 20 346 55 IR <5 5 +H 0.9 189 )
T 5.9m’/(m*h), A 0.2 8% T 1.3m*/(hem?).
CANON id 4, 1T AnAOB A48, 5T L DO At
e, T B IE R (AL R F LS &
P T DO MR LA AR =3 2 )1
KRN RGUSAT R U, B4 24 A 35 B 1)
JERE S R B 1T

105

. . 0.0
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Fig.6  Aeration intensity and gas to volume ratio

34 JREEAI T

A4 H 135d,CANON FHE RS Ruwa FEATEE
£ 0.05~0.08 2 8] BEAK T-HEAS I 0.11;Rrama FEA
FAGELE 15~25 2 8], 06 = T HLR A 8, R A & 5K
B r s A AR T HLR P AR, T e I AL IR AR

KPS — W EMA,COD £ 100~
400mg/L,B/C £ 0.2~0.3 353 HIAELE, ]y )
i A I FR PR AL T B U, A 1K R e N &0 IR A L AL
P R A B S A A A R AE R &3 i Ak
WA 22 B, AT A A 285 60 1) S B 7 A 8 PRI, [ I 4
TUHR 7 — 8B R R L bR N R CANON &
R A IBAR ) TN 22k b et 7 s, A 7RI
B A BRI 93%~95%, SN AY i & 5T ik F 43 1)
5%~7%. BB T JH46, R GeE K 43R A,
I, HE7K COD Y1 315mg/L, i f5 1 7K 4 (1 AN T
TH ARG N COD M E4E 180 ~235mg/L 2 7], [d] &
G A RO AR E R B TV R 1s 4T ), R 4t
HEHIK COD ZE {48 4 91mg/L AR B ML Y 255
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