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Effect of Intermediate-Setting Aeratlon on the CANON Granular Sludge Proc'ess
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CHENG Shuo', LI DongI *, ZHANG Jie'?, LI Shual {CAO Rui-hua' ,-LU Sal sai' W P

(1. Key Laboratory of Beijing for Water Quahty Scuipee apd‘I Water Environment Recovery Englg_eerm’g, College of AI‘ChlteCture and”
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Abstract y The Impact. of different aeration pOS}tlom on sfartup and operation of the connnuous flow CANON granular sludge process was
(onmﬁered hy 1n0cula‘t1ng flocculent ANAMMOX activated sludge’at room temperatire (25 +1)%C in two sets of AUSB reactors. The
aeration unit| of R¥ was installed 0. 3 m above the base’, white thﬂ aeration unit of R2 was set at the bottom. RI and R2 successfully
developed fthe granule CANON process on the 43rd d arid® 56th d, respectively. The mean particle diameter of R1 granular sludge
increased to 214.79 }Lm , and the eigenvalue (ANO; -N/ATN) was maintained at 0. 128 ; whereas, the granular sludge size of R2 rose
to 205.27 pm with an eigenvalue maintained at 0. 129. The nitrogen loading rate (NLR) was gradually increased in the low ammonia-
nitrogen (90 mg-L.~") wastewater within R1 and R2. This was more beneficial in R1, resulting in the persistent growth of CANON
granular sludge and the enhancement of the systematic nitrogen removal rate (NRR). The average particle diameter of R1 rose to
507. 46 wm in 88 d, while NRR reached up to 0.277 kg-(m’-d) ~'. R2 granule sludge particle size was 467. 72 wm after 108 d of
cultivation, and achieved a 0.243 kg-(m’-d) "'NRR, which was 87.73% of that in R1. During the course of steady operation, the
specific anoxic/aerobic mode of R1 effectively suppressed NOB microbial activity, the eigenvalue remained around 0. 127 +0. 003, and
the NRR of R1 was maintained at about (0.262 = 0.019) kg-(m’-d) ~'. However, NOB was propagated observably in the
continuously aerobic R2, whose eigenvalue rose to 0. 136 +0. 004, while NRR was merely (0.231 £0.015) kg-(m’-d) =" after 125 d
of long-term operation. During the whole experiment period, the intermediate-setting aerated AUSB accelerated the formation of
CANON granular sludge evolving from flocculent ANAMMOX sludge, and better nitrogen removal performance and operational stability
were achieved.

Key words: AUSB; granular sludge; intermediate-setting aeration; bottom-setting aeration; operational stability
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Table 1  Major wastewater quality and operational parameters during the experiment
. At )/ d NH, -N HRT NLR DO 4 ii/mg-L~"!
R1 R2 /mg-L~"! /h /kge(m’-d) 7' R1GHEIXKD  RIGFRIXD R2
S1 1~43 1~57 150 18 0.20 0.06£0.02  0.16 +0.04 0.15 £0.05
S2 44 ~55 58 ~70 90 11 0.20 0.05+0.01 0.19+0.02 0. 18 £0. 02
56 ~73 71 ~93 90 8 0.28 0.07 £0.01  0.24+0.04  0.22+0.03
S3 74 ~88 94 ~110 90 6 0.37 0.08 £0.02  0.28 +0.03 0.26 £0.04
89 ~98 111 ~118 90 4 0.56 0.13+£0.03 0.35+0.02 0.33 +£0.03
sS4 99 ~ 145 119 ~ 145 90 6 0.37 0.07 £0.02  0.28 +0.04 0.26 £0.03
DRI A SFR X5 R T 7 . BJ7 X
L3 M H STk ME 5 WURCRAR A9 RE (] Mastersize-2000 ZU#OE

DO . pH. JJER A pH/Oxi-340i & WTW fif
5 A 5 ; MLSS . MLVSS SR FH A 35 i 7%

FLRESMHTAL. AKEESMTHNH, -N NO,; -N, NO; -N
B 9 0 R 23 51 SR A0 ER R BE vk L N-(1-28
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Fig. 3 Variation of sludge mean diameter and SVI
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R2 {5 R ¥IRi 420 0 F 465 56 d, 25 70 d HE K =
323.68 wm. 311.08 wm. S3 BB, NLR i 0.28
kge(m®-d) ""4RTFE 0.37 kg- (m’-d) A FE

AL TALE AR DL AR R A U 22, it ¥ #5()%'_.‘

EFW%’IQE%EE/JjET;z] Wil AUSB ¥4 JeHe i &%ﬁh
F-bgpi b JZbFi*jt o E IR AUSBY IS ﬁ)&%&{i
% AhAOB E’Ji‘ﬁa_ZﬁTLﬁE’Jﬁi&%Hfﬁ“j g
ﬂEﬁﬁ%&‘%%&i&@(AOB) AL DO T, S A

F%ﬂﬂ@uﬁki@%@mgzﬁfﬁﬁﬂm,

T NOBYT) | BRI R1 5 YR A ) G
Fip 88 d MLVSS/MLSS BT % 0. 80, V5B
JEIRE] T 5.87 g-L7", KifRHE 2 507. 46 wm. JIKHB
BES AUSB 5 iR i it 108 d, HE R £ K &
467.72 pm, MLSS =5.44 g-L~' MLVSS/MLSS =
0.77, 15 PRI S v A P 38 K 1 5K F R
SR, NLR #f— 2527+ £ 0. 56 kg (m’-d) ' J7,
HRT 1458 (4 h), M4 AUSB V5 e ¥ B K kL
SR AR BT SRR BE A R, R1, R2 {5 84)
S5 98 d, 55 117 d URDRLAR B 2 434,17 pm |
412. 11 pm, {3 CANON k7 i35 e - K . R1.,
R2 V5 P FE ORI UG , DUREME BB H A s o hy ek
W, R J5IRAFIEE(SVI) T4 43 d & & 52.37
o RS IE AT R TE (54.96 £7.58)
s R2 V59 SVI B AE 5 e I 2% 3 (] m& A
Z, BT 56 d %% 58.78 mL-g ' J5 % 5 1E
(59.23 £7.92)mL-g ™", P4 #4412 17 ] 18] 1
* AT RIEIK.

mL-g
mL-g”

2.2 AUSB AS[a RS A7 B X R G MR MR )i 17
K e LR
2.2.1 FRALBY B R G A EREXT L
TURE RS 5 e ) B TR B A 4 et B LA A
JR AL 3 RSN I &R G K R B AT i ‘3
CANON Fkiiis A 3%. 72 BEHUARTR NLR T 7K
KRR E R —K, 8 Ti5e kS RGN A
PEREMRIAEE 2. W4 AUSB H' CANON ki i5 e &
NLR i1 0.20 kg-(m’-d) ""# % 0.37 kg-(m’-d) '
(Rt AR, 15 IR KOE SR AR, VA A 37
MRAEPEREIE . R RTG R E Y R 2, T
ETG U L BRAE T B BER AUSB B/ IR
S XAERAIE AnAOB T Sl & R BE Y [l s il
AOB“ M E&-WLIk” A B E pE 7, ik T CANON
%ﬁ*ﬁiﬁ%ﬁ%%%%%ﬁi%miﬁﬁ, ST A
B GG, 55 88 d, MLVSS HIVik B4, 67
g L7, AR (NRR) 35 0. 277 ke (mled) 1 ﬁﬁ
JRCHSMET AUSBJIR 108 d 5535, MLVSS J7 #7%
4.21 g- L1, [l A 1) B AR NRR ;{qo 243
kg+ (m’- d)“‘, W,ﬂjﬂﬂ;ﬁ*’ﬁ = AUSB M
87.73%. XTtl:u@ﬁﬁjﬁ SE RS AUSB ﬂ%lif
BTN T Zhang %fﬁi&ﬂ%m AUSB Elﬂﬁhmﬁi;@
NO, ﬁiﬂ:ﬁ%ﬁﬁﬂﬂ@jﬁ%ﬂﬁﬁ 0.234 Kg+ (m"-d)a"
m%ﬁﬁnm 5% NIR 3 — 2 TR 0456
kg- (m®-d)! l CANON k175 8 515 K 1A
xﬁl%@[ﬁﬁj‘lEﬂL , WA R AAN AN
PRARIET), PI4] AUSB AR REEAL, ORI U6
BpRidt K MLVSS [&1IK.
2.2.2 REBTTHE RGN AN st iae vk
53 AT
S4 BB, R1, R2 7305 T4 106 d, 125 d J55¢
IJ‘ETE%H%%E@%% izfr, E 4, NRR 235 K
(0.262 £0.019) kg-(m’-d) ™", (0.231 £0.015)
kg-(m’+d) ™", BEMEXT AT, 9\ ) Fb A LA T
T80 g 3, BB AUSB B AU BE S .
CANON T Z3ETXt NOB 1G4 A4 &cimfil, H AOB
5 AnAOB H:[A] 5 il 4 F [ 37 i &t A, ke,
il NOB 7 @%iﬂﬁiiﬁaﬁl%mj_ﬁé‘ﬁé
B OMRYE CANON T4 a7l it FRfE a5
FSMH 0. 127 My LkA, fifit A R MRS TRE T,
NF0.127, s F NI ST EG KT 0.127
D"J‘FEED% NOB 7 PEAC 3%, H 2 (A # A, JH i M i
wO RREBATIE], R1RFAE(EA 0. 127 £0. 003,
5}51@@%%% NOB 752 T4 &L #= 5 M R2 4§
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Table 2 CANON granular sludge diameter and systematic nitrogen removal performance under distinct NLR
NLR ThE RS AUSB JICTTRHE " AUSB
kg (m? -d) ! s} ] kit MLVSS NRR i} ] Rt MLVSS NRR
8 /d /um /g L7t Jkge(m®ed) 7! /d /um /g L7' /kge(mdd) 7!
0.20 56 323. 68 3.28 0. 149 70 311.08 2.91 0.135
0.28 72 431.92 3.91 0.214 92 404.91 3.79 0.205
0.37 88 507. 46 4.67 0.277 108 467.72 4.21 0.243
0.56 98 434.17 4.00 0. 143 117 412. 11 3.72 0. 101
0.5 0.20 0.5 0.20
(a)R1 (b) R2
) 04 F —#— NRR 40.18 ) 0.4 0.18
= —e— $¥iE( z
. 03 F 10.16 03 F ~40.16 4
g J@Wﬂvﬁ-ﬁm-ﬂ ey g & g
2 ?ﬁw & 2 ___*_____‘-*_*/'k—_#-‘*“-—-ﬁ--—-ﬁ"* &
25 02 F 40.14 5021 40.14
N 0.0 s st o 0127 % 0.127
- vt — ¥ 12
0.1 ¢ 40.12 0.1 0.12
0 1 1 1 1 I 0.10 0 1 ' 1 1 I L U. IO
100 110 120 130 140 120 125 130 135 140 145
e /d i /d
4 ERETHBNRR RSEE | | ) J
Fig. 4 NRR and eigenvalue during the steady runﬁing' period [
i ' = F ".m’
= ¥
y &3 & Hiﬁ}ir‘%ﬁqﬂ CANON %ﬁﬁ%l}%lzﬁﬁﬁ'tﬁmw s
== Table 3 Cnmpamsnn of nitrogen removal performancé" of jhe CANON granular %ludge Pprogess wnh a dlstmct single-stage reactor | 4
Vo, K NIRI # % NRR Rt
% ‘ ‘ & /C Py
}iﬁz%g ...'- 1—1‘]‘*5‘:4& /’3(}2’2:5/#( _’,.a‘ Amf_ ” /Ing'L’l ”.“l/kg‘:(m3.(‘1) —lﬂ. /kg'(m3-d) —1 1ﬁ£ -
UMABR" YLk wikosve S 25 70 #i0. fos 0.085 4] 4
SBR- (] B Eﬁ*ﬁ%‘i)ﬁj:‘ 20 #25 80 T 0256 0.216 [8]4F
AUSB g BRI | 3 / 1100~120 0.371 10.234 [20]
AUSB(R1Y | [ o |#8 LE INCH FORE SR 0.37 0.262 =0.019 EN TN
‘ _ ol = .
AUSB(R2) L Ry TRER 251 90 0.37 0.231 +0.015 EN I

I)UMABR:upﬂow membrane-aerated biofilm reactor

HE(E M 0. 136 £0. 004, = THIS{E 0. 127, 56T

NOB #4518 , 5 AnAOB 724+ W iERRER LI | Bl
B & G fr A1
NSLE R A SRR A R SR g st T, I

TR KRB (FA) | R4 2507 2RAIE
VB PR ER PR A KA 45 (HA IR % e 3 T
FRSZBRFPE, TH IR (25 +1)C T #4T, Tk
FULEEE AOB #5374 638 T (35 ~45°C) .
mE 4, BOEBTTHB R1, R2 HKFEIAR FA KT
NOB & #ll il 9 & /N k BE B fH (0.1 ~ 4.0
mg-L™") 2R LA O NOB 1A =AMl i
fift %8 /EN AOB 5 NOB By s FE i, DAEAFGEIA N

AOB X} % figt S 0 H g firpk, o 5 & W AKX DO 3f
BSOHAMRE RN, KISRERERNSET A

CANON k5 R K Miz1T, 724 K-XK (b

A AR, B SR IR ) E’J Nitrospira-

like NOB 75 LI3%8 , NOB £ i &m0 miAk
I AR Y AN e, Rtk Ezﬁjﬂhﬁa’ JESHD

S AUSB % [A Nitrospira-like NOB i £ 3% G A ,
RS 3 0. 136 +0.004, H NRR Hi (0. 249
+0.006) kg-(m’-d) ' F& % (0.231 = 0.015)
kg (m*+d) ~', AFEMAMERE MR e A E. K
FRBRE S AUSB th, 2FRaf AU KB AT 4L
it CANON BUkii5le REAAEMA Y HRA 5 A
TR R BT Z R 7 ) .

g RS AUSB T 25 0] b 7F B 900 2k i
CANON Jz vj #i o B 1 1 i S0/ 4 SN TR 431X, 4
Sk AOB | AnAOB 458 M A DI fe i) A #7818 T

18 FOA S, JRES B X 158 T AnAOB 7E[F] NOB
XoF IV il 2 5 36 o F5 22 36 4 b AR 40T se B Bk
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T NOBIEHERT* | fERRARUEY R, S8 A FRBLAL
4 REETHRHKEREEE(FA) RE

Table 4  Concentration of effluent residual FA during the steady operation period

T ST CANON Fikiis e & 40 K W v 2k 2 Hh

ThE RS AUSB

JRFRMES AUSB

P i) KA FA P 1] K& A FA
/d /mg-L~! pH /mg-L"! /d /mg-L~! pH /mg-L~!
112 17.49 7.26 0. 18 124 20. 88 7.21 0. 19
118 10.72 7.02 0. 06 129 21.72 7.17 0. 18
125 12.70 7.13 0. 10 135 12.70 7.02 0. 08
131 12.70 7.15 0. 10 137 15.52 7.06 0. 10
140 10. 44 7.13 0.08 143 15.52 7.03 0.09
145 10. 44 7.07 0.07 145 21. 16 7.07 0.14
2.3 AUSB AN[A|BES N E X EPS 43 WA R 500 SIRIER , 762 ~S3 M, I EES AUSB T
EPS XPEURLIG IR AL B . G5 4 X IReRT RO A% R A () L s e/ i SR AR TR 4 X, Ak T

AR HA EEAER, HA A8k T 4R R Bk TS
PIE R TE DR, Hod DL PN/PS SR AE (175 e 32 1
A 5 o T TR AR A AL 05N o) I AR 1]
508, 51 ~15d, R1I57 PN 84, PS AHAZE+F
g, %5 15 d B PN 3 & 68.36 mg-g ™' PSS H

mg-g"
36.18 mg-g~', PN/PS Hi 1.42 F}%-1.89; 4f 16 d

Jit, TEURTARBUERL U8 PN | PSRRMEAT 1 5527
~43d, lm}é ;.Ldelﬂﬁﬁﬁﬁaﬁm, PN/ PS; ﬁ\ﬂljﬁa
43/13 tig-g 7" 21.25 mg-g " ;%Féﬂéz, Il{ng T
33.40 mg-g 7. FAEBES AUSB ¥ CANON 75 @ Wi
ﬁﬁ&w%1wgzﬁmu PN/ AN 73
40580 | 55 8 JE T B /A kRt el e e e

ﬁﬁﬁ%wumﬁ%%ﬁm@é¢M4ﬁumwf

ARG5S REM -1 AU W 2 R,
Z%KIME%%/JA EPS! PN K PS HHH K AH PS
Wi F PN, PN/PY T[Sﬂ 25 887 PN/BS Pz
1.58, PN PS 53 5 48 2 90.74 mgrg 1‘;' 57.43
%ﬁmmﬁ£MET%ﬁ%FM%ﬁﬁ
FHXTM@%E’J”&MT»K% SO ARERT sz EPEH%
L AUSB HSE 50, Txﬂ%@%ﬁaﬁclﬂz B, fsufii'%
BH CANON %ﬁﬁm{}%ﬁﬁm%?‘ Hh%i'“m E.‘
PN PS PIRILHEER T , o s AUSE 37
F%ﬁ/ﬁifﬁ% 507.46 wm (12 R CANON
TORLTS V8. I HOME S AUSB 4 #4742 A7 IEL T

EPS H AR, 4 108 dH5FE, PN K PS K &

80.76 mg-g ™', 48.67 mg-g~", R2 {5 RRIAR HIIE K

MUNGIEOR. Ti2: ST BB 55, CANON ikl WS T RI.
150 , , 3.0 150 — 30
IO b @RI P (b)R2

125 F_o— pPN/PS oo 25 125 P 2.5
T sl Ps2 s3 T sl Ps2 S3
50 \ ] 2. &0 -0 @, ' 2.
2 100 P /HH 0 FRL . A 0
= @ A N w e P £
& 158 g N5 S & T P 15
4 !/./ . : o = £ !/._/. ' "T =

5 ! ' —a .5 .
2 50 : : D/O_._..o/ 1.0 ~ 50 \-\_\/ D P 10
& b—o—o L P = P | oo—C

2 o9 : s ° o\o /o/ ' -

25 ~o ' ' 4 0.5 25 —o___o 1 ] 0.5

0 : L e : 0 0 : : PR . 0

0 20 40 60 80 100 0 20 40 60 80 100 120
i i) /d fif i) /d
B 5 EPSAHTH
Fig. 5 Variation of the EPS component
3 i S8 i ik AR SR s A A T B R 5 il 2R R
Zale

(1) & | MRS AUSB 733 F5543 d, 56 d
WL 3l CANON k7 V5 U8 125, W0k Y5k 42 ik
214.79 pm, 205.27 pm, FEBES AUSB HA4FE K

ANAMMOX #1758 2 CANON ki s Je e 4 & 3
REAYTE AR,

(2) "PEBES AUSB ] 5 Ak i5 U « PRSI & -47
AU RSP 8, BB EPS 53, 2
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