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B E NEREAMLAN (organic loading rate, OLR) X4 5 ki 15 e 78 J¥ L 28 5 N #% (sequencing batch reactor,
SBR) 1 (1T J R g 22 P BB 19 5% ) B /55 OLR A% 44 1 1o AR W B 5 45 A IRV AU, SR P 0 00y 9 b 3 47 50 7 v
BIGIRTEA . KT, DL fE LA B EPS MR fL 17458 . 25 3R Wl: 7 OLR 2 144 kg-(m*-d)"' WY& T, Jk:
LRI, 43 d 58 BRI Ay ;I Ho s OLR 51 22K DA /E Uk R 18 K =&, 6 MU T % 1 8 0 7K J5i b 241
RE I ATRE ; B K TR IR & LRI 22 R A K, [ ARSI R A EN IR E RS IR
R, IR A R TR AR T B Mk (mixed liquid suspended solids,  MLSS). 1R & W% & P 2 1% B AR i & W B (mixed
liquid volatile suspended solids, MLVSS) Fifi OLR 34 Jiri 84 i, {H 32 220K B34 I i 52w 25 B, 0 76 220K B TS B
ZJ5, MLSS #1 MLVSS #2341 5 SVI B OLR (9 AN T B, 1052 2R R I A 52 e 2= 230 B3, feez
RE W BRI, Wk ULFEPEREMK &, SV,/SVLIE 1.0 G W sh; MEANE A& 9 (extracellular polymeric substances,
EPS) 5% OLR I 22k P 5% W 45 K o JU L J2 B 9% 45 6 UG EPS; Pk & 1E & 1 UKL 5 6 m] i 20 2 B k7K 7 i) COD
NH,-N FI TN, % FBR# 5518 91.5% . 92.0% F179.4%; K Fl MiSeq &8 £ I )3 19 77 1 & B 5 OLR T 47 4 ki I35
Ve 22 B ML AR WL 2B 118 Saccharibacteria . Bacteroidetes 1 Proteobacteria; 3 EAL . I I 1L & =F
R . HULTTLUE I, 73R -4l S i Ak 7T e 2 4 S BB TS R 1 R AU . ABFSR 45 7T 2 SBR &
Gy ABR G TR P 2R R AR, iRl SR R R e IR S %

KHEIR MRS AL MANRAY; MR RE

U EUBORLIS e Z PP O RE R Wy i AR, SR GEim RIS AT LL S EUBURL 5 e AE 15 /K Ak 3
Foh BA S ERE, a5 R% . TR RY . AYas . DRMEY S .. A HEY
i Sz e REAT AL L BRI R AER . I, A S ORT5 e 2 H BTG TE iR 2 Y15 KA B R 2 —
EABFEEY R, af SRS Je A AL 5 B A e ) MR 2R IR R, Aok ey | DORE
) B IRV R . HER A A A o X SRR AR R U E W RE v R A PLARE ™, 14 40 T
L 4h B4 W (extracellular polymeric substances, EPS) #4351, 42 i7F WOk Ak 25 72

AR IE Monod J7 F2, iG55 Mk BE XS A Wy i A K B OC B, TR B MR IR ) A D RE TR W 1Y
PR TRCHEAIERY, R, Y& E W 452 EPS i) 43 . ik, & A HL157fr (organic
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loading rate, OLR) #{IA A & P fig g R E B J7 i 2 — 1. ZHANG 5P 58 £ W1, 76 OLR K
24 kg-(m*-d)”" Al 12 kg-(m*d)"' 44T, 7hF124 h IEWORITG Y8 . SR1MT, & OLR %55 5| e iy 48 ik
HRARGBITATRRE, MKKETAEZE, 25ROk AT, MOY 41" #iR 18, #F OLR N
6 kg-(m’-d) ' S F TG FR ORISR, K BRI DA 22RO EREIEA, S BRI B
R . LIU M f s R RE R B, & OLR &5 & 2R A K, S 8UBUR UL M REAE 22 ATt 4
T b, VR R Y 3 RS E M i Y I . SCHWARZENBECK 45 M2 i I 55 ¢ B, 76 OLR Wy
59 kg (m’-d) KT, IEFR WA BB 2R E AR, B T BRI BOREEE . L, &
OLR 54 A7 85 il 22 IR 1 ) AR K T4 b SRS IR R MR S tE 2 R EZ . Barx T2k
B A G 4 ) SR W A B SE R DT TE T IA] . FRAIE O/N B $R s i M AR . R R AR e s AR 7
TRV M A AR, BEAS M S WU TS e b 220 0 AR . BRA SR R B, B AR BE S A R
2R TR AR TT A 0RL 3% SOHE . BRI, FSE AR IR T 22 R A R, A B T4 = RS
Je7E = OLR N iz 7T fae . & OLR E e 4 S8 Uk s I SRl T B i A7 38 T B, A 38 s o
WA LIS AT BA T Z R ET 1Y SR, B ETA OG5 OLR A5 T 4 8 BUR 15 Ye T8 1A
FeoE M B B e 2, JUIHJEAE B OLR 240 T 220K I A K R B L ol S s i o bk, &
OLR Z&1F N A Y 5 S5 i R E DA B, W PR Z IR AR BFSE .

AW GEAE 525 = AR B e Ik X & N #% (sequencing batch reactor, SBR) T, SR H i B £ gy
4.8~14.4 kg (m*d) "' WA a0, BEFRFARLIG R, 75 %8R OLR A% X 4 48U 0k 15 Y I8 1 Fn e
PEREMYSZ MR, RV OLR S50 T 22 R TR M AR S LAl S s, JT ik — 2D 48 R A W VR 45 0
XFF 5 OLR AYMA N, & 78 A i g 2 0 B #2800 R 48 9 200K B A KO R OB AR E MR IS |
1 #R5E%

11 LWEREREBITAR

S5 SR FH SBR AT 4 SR 15 U 1Y 3% 5%

(& 1) N4 A LY B Hla , 2 RAETE

oM 1000 mm, EfEHER 15, ARUAET N 251,

TN 7 0 7 455 B 200 mm 5% B 4N ECRE T, HY N
K LT BROEAR 12 4k, HEK B 50% . (2 K

PR E KR AT, AN P L 4 5 R =

SRERE R SR K 1 A R AR, o = b

17 (BT-300 BA, T PEAVIE ) 43l 3 K ik i il AT
0.08 L-min ', B 25 FEHL (GSX100, [ [ Ei@;f

J5 ) 38 ek PO S Sk MR T BRI AR, R H——— o

BOR R AR T O 2.5 Lmin ', R
N #Ris 1T A 4h, BRiE T 6 N EM .
A JE K 15 min, 046 #E S 213 min, ULJE
E] 10 ming. HEZK 2 min, B % WORLD0FE 3 2 00 59 I, B2 1] %7 A 213 min 34 1% 221 min, T
E B[] 328 90 AN 10 min 46 %80 $] 2 min. [N A% B9 FEOK L HEK B B R A B OGSk FH R A Bk
o
1.2 LK ISR

KN TRCOKAE R SL e it K, ARPE A MLAR J5 BT 1 vk BE AP 2R 09 AR [E], 4328 3 R B, B2
ULFE . BT BB, OLR K 48kg-(m*d)', NH,“N » 024 kg (m*d)"'. 0. KB, OLR N

E 1 SBRZ#IE
Fig. 1 Diagram of SBR structure
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Table 1 Components of synthetic wastewater

PR E (e L)

Be K 21 5
% 1 BrBe(1~26 d) 5 MBI BL(27~51 d) SEIIBTBL(52~76 d)
ZB4HCH,COONa 1.536+0.171 3.225£0.615 3.584+0.683
FEHEC,,H,0,, 1.037+0.115 2.117+0.475 y A
HAWE — 0.210.04 1.254022
NH,CI 0.1490.004 0.229:0.038 0.325+0.058
KH,PO, 15 15 15
K,HPO, 36 36 36

14.4 kg-(m*d)"; 51 By Bt , NH,NK 03~0.42 kg-(m’-d)"; 25 HIB B, NH,-N& 0.42~0.6
kg (m’-d)"'c DAEE B B9 OLR 4% MR 5 b Ar Bl U8, 55 1 B Bt , SR B K & R 81 (50%) Fl e B
(50%) 1 RIR Ao lE s 55 T B, RHITJC/K SBREN (45%) FEWE (45%) FIAEL 11 IR (10%) 15 R 1R G Bk
P UL B, RAITE/K SR (50%) FEE H R (50%) 1F AR Gaicili , LA 824 & B Be i &
U8 SCHGH 1 mg 85 R 24 T 29 1.04 mg COD,  Z W 0 B0 12.7% . i T R WAL T
0.43 g'L™' ZnSO,-7H,0, 0.014 g-L™' H,BO,, 0.99 g'L"' MnCl,-4H,0, 0.25 g-L"' CuSO,-5H,0, 0.19 g-L
NiCl,-6H,0, 0.24 g'L"' CoCl,"6H,0, A THC/K i o 2= W AR TR 80 3 mL-L' 5256 2 i B %
FHAe2 4l

ARSI TR FH A 4 Fh oIS ek A DR T MG e A 5 K MR, BRURLLR TS YR TE BN A ) R 24 h,
VTR A TR 7 [ 5T 1 6 B (mixed liquid suspended solids, MLSS) £ 5 g-L™' A4 J5 I #EK .

1.3 SRIEARAVIE

MLSS ., 1A W% & 1 B 77 [ A 5T 12 ¢ J& (mixed liquid volatile suspended solids, MLVSS) >k H #5
I A A .

15 P VLI R (sludge settling velocity, SV) B : #1000 mL MRS AR AL T 52 2R A IRE W
JesK, #EUINE S min 5, 1CsRIG JRTTRE 2 WAL & BE 5 AR TTVE 15 Ve AR o s R 5 AR AR Y LU (53
1% SV [FAIFEHL, #E 30 min, JCSRUCETTS IR IR Z S, RIETIIE 15 ARG IR A AR B L
EFAH SVye

15 R ARG L (sludge index, SVI) Ayt 7k W= (1).

Qz% 1

K QNI IRAFUEH (SVD), mL-g's S 30 min 5 R ITHE R (SVy), mL-L™s M Hyil & e
T [ M Jo B R B2 (MILSS), gL'
1.4 HShREIHIEZE

EPS 43 2 ¥ i 7l EPS(soluble EPS, S-EPS). #4H{4% & % EPS(loosely bound EPS, L-EPS) ' %
454 7 EPS(tightly bound EPS, T-EPS). S-EPS. L-EPS #l T-EPS 1Y 4% Bt 2 M LIANG 57 i JH] (19 J5
o B30 mL SV 2 RIS T S0 mL T ES O AE R, 7E 4.000g, 4 C A& E T ESD 10 min, F L
W, JA 30 mL PBS VR, FEREIJFIHVEANM 2 UK, Bl S ¥ F A 0 15 U8 TR R 48R P I B AR ML K T A
i (20 kHz, 40 W), SRJ57E 2 000g, 4 C 54 F &0 15 min, H B3 EI R S-EPS. #2345 ] B 0048
JA PBS #UCH 15 JE B E 30 mL, I [l ¥5 Y B A 0.06 mL(37%) 9 FH Bt C T3 5 L-
EPS M4 BUKCR), REWHEOEE T 4 CHERG & TG 1 he K5 HEEWAE 5000g, 4 C %
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PR B0 15 min, WO LIS, BN L-EPS. PR PBS HE V58 % 30 mL, & sw £ & T = 7 [ 4
SIRANA 70 g BB T2t BE, 7E 4 °C. 600 rrmin”' £ FHEFE 1 h, SRJ51E 10 000gy 4 °C 414
T E O 15 min, FrfS FiE W BN A T-EPS. £ M (polysaccharides, PS) & & K H A B2 - Ui v o 47 I
FE o #R [T (proteins, PN) % 3 K H Lowry i & 75 ¥ (Solarbio, HA) Ml . & EPS 7 & A PS Fll
PN 19 2 A0
1.5 BEEMNEHE

A W BE 9% 445 4 5 T MisSeq 15 i B 5 & 1-Sanger % A 11 25 & AE W E 25 BEE A IR A A (F
V) M AE o RE SR AL PO RE . BRI g R A BURLTS PR RE S 1 mL, ] E.ZN.A. ® soil i 7] & (Omega
Bio-tek, Norcross, GA, U.S.) fill #2# 7% DNA, #|H NanoDrop2000 347 i 1 1 J& A4l B /Ml , B J5 %
FH 1% 3t JIg W B8 e o Uk R I DNA B2 BURR & 5 2l 4k J5 19 FF 5 A 338F(5'-ACTCCTACGGGAGGC
AGCAG-3") 1 806R(5'-GGACTACHVGGGTWTCTAAT-3") 51 ¥Xt %f V3~v4 1] 4% [X 4T 16S rRNA
PCR " 4 , 4k J5 F AxyPrep DNA Gel Extraction Kit #f 17 4fi 4t . #] F QuantiFluor™-ST(Promega,
USA) #E47 % 1 22 & . #] JH Illumina MiSeq (Illumina, San Diego, USA)PE300 & #E47 % . K
Usearch 4% {4 (Version 7.0 http://drive5.com/usearch/) #£ 47 RIS 73 Mr, 1E 97% FA KT #1749 1E B
i1t FH Excel #1 Origin Z8 5044, X | A At K0 40 a4 15 2% 3 R0 47 o
1.6 oA E

WK EFE 5 NH,-N, NO,-N. NO,-N., % (TN). COD Ry4r#r ¥~ . NH,-N K H /K%
Mg - PR ARG BE 1L, NOy-N R S AM L B, NO, -N SR N-(1-25856)-& e e vk, TN R
FH o R 8 SR AL -5 A0 o B R BE VL, COD R A H 4% PR 8 A T ik o oR FH O 2% I 455 R 451 4 F 455
(SEM) X Uk 25 B SR 11 45 K EA T W o R P s o i v 000 i A 7 A% 43 A o
2 FER59H
21 SENAT TFEBASRNE K RIEEERE

1) G SAUBURE 5 e T8 S R AR A o K fel B S B 1S PETS JE LA MLSS o8 5 gL' #2F fE SBR ., #)
F2 A0 P T U6 S R (L B AR AR S ROBE T BE RS B TR R AT DA B b A A AR AR Sl AR
JErEEh Y, W T B, U sl OLR N 4.8 kg-(m*-d)'. NH,'-N J}y 0.24 kg-(m*-d)' J58h., &1k 23d
M RE3%, ROV A 5T A SR DL =, (VA DR B, BEREE/N. X —HERIK
OLR 4 fF Tk gehe o A o™ £, 1= OLR REMS I i S WOk 5 e 9T B, Tl A S —Fi e g
NS, F, ST OLR X EURDE B2 m, 55 11 Bz, 7€ OLR i 14.4 kg'(m*d)™". NH,-N
9 0.3~0.42 kg (m*-d)" KT, GRERIEFEPRIG e . X OLR $E M Je , SN e N H B0 B 6 19
Wi, WORLEE AR, M OAE A, AREWIR . CAE R, YRR AR T
0.2 mm HPURLAAR TR 5 1L 35 2] 90% B, I\ Ry R S8 B KL . 7R RN SR s 1T H 43 d B, RO g8 N RLER
KF0.2 mm [ FUKE &7 B L 90%, 3 B G S 0K V5 Ve T B o e 2R 1R T T BRI 80K R 42 7E 0.83~
118 mm 5 bk 2, K 29.6%; Fii2 KT 2.36 mm 4 i b R 13.9%(1&] 2(a)), X, & OLR KA
1 BE A 5 4800k TS U8 BB B, T HL RB 65 T BUR AR T R A R . NGUYEN 48P0 L & 9, 4
OLR M\ 2.5 kg-(m’-d) ™" & fin % 10 kg-(m*-d) ' B, 4 &0k TS P ki A2 i OLR (3 immisn, H&m
() OLR W] JE i EL 420 3~4 mm WY MURL . SR, AR BH, 76 OLR &0 T, HARBRIE A IA ST
U, ARSORL R T AN Ko 22 R TR S BORIR AR, BB R 25 R AN T . S SRS (K 3(a)~&] 3(c))o X
—ZE R, HAR R OLR RS PRI b 2t/ , (B2 A S5 RZREMKE EK, WM aEs &
U SRR TS U6 22 R R R B, I e = BUBURL A 1%

HWF T R, e 22 R K 00 G AR TS e o A B R, ATk B 22 R A K H



1666 ok L B ¥ W EEAVE S

Mo BARTESE UM B A EAMBMIMA, H5J0K TR RS EM L, EAKRW S ERACH
10%, FF¥E ) W EEH 2R E A K MR . Wik, 7658 LB B, M 52d JF45, OLR [E5E 11 BBt
PREE—20, KPR AR & 85 R &8 T 50%, 765 OLR #5395 F, WUk R ARt — 2 1
Jine fE60d, PRRAZTE 2~3.35 mm Y 7 FLik 3] 31.9%, KT 3.35 mm 19 F0RL S HEA 203%(FE 2(b)).
I B A 2 1T 22 R PR R AR K B IR AT B I o I R BT O ) 22 R TR o A A R 2 T 5 Y
AREEH, WU ZEFIPAEL (8] 4(a)~E] 4(c)). HBEE KL FR IR AY3E i, 22REE#E L. 7871 d, Bk
R CWEEARN22ARTE , DABRE A AT B 35, ORS00 25 SRS (B 4(d)~FE 4(f). BLiT, ks
PR Z /A B g/, LKA 0.88~1.4 mm A UK 32, 4 LA 3 20.65%; 1K T 3.35 mm A9
i, & HW A 60 d BFY 20.3% T FER] 72 d Y 12.03% (8 2(c)). X — B4R AU/ AR 7] fE &t T 2200k
WLTE SRR . SCIREE KR, EA MR H 2R E A K, (B0 7E = OLR T ORI 061 %5 52
AYARZS o 3K AT RE 2 K A 220K T T 25 5 R 87 R /N o A ALY B LS SR PR X 25 5 20 A L o5
Fe3t Z B, &S 8022 R R A B 57 SR AT HLA 0D, DA el A5 4 SR TS U8 L T 22 R TR 3
7, WURLRASE MRS LASR T, 25 BRI v OLR A SEa] DU sE UR AL E A, (HA 5 51 & 22 4R TR 1
KA B FOmE AR R E ALY T4 6 22 R A AR, 4ERF S OLR 254 T 4 U ki 5
AR s 8

2) W SRR Y5 VR AR Wi AN DT YE RE Y25 4k . MLSS Fi1 MLVSS A L4 52 it SBR N BURLTS U8 1 2 4
i, W 5a) Brac, 81 BB, 78 OLR Ny 4.8 kg (m*d) ' B &44FF, F¥ MLSS N 5¢g L' fEREY
Br, AWl B, HIERATREE, B Beal b o U875 U0 GE I 1] 07 0k 0k S YR B B, HE
KRG RESHRARKETREA T PR A 5 T B, X4 OLR #2752 14.4 kg-(m’-d)™!
B, AR EREE 1.8, Uil OLR M A B FRUEwA K, [FatA R F B0k fb ik & .

351 35r 251
20 X
.‘
< >‘
- 57 W&
- 2ol oRKEKR B
SRR kS
s RARIRIRARIRS . RS
s K 51 BB 61 R T k)
o [RSRS K B DX et <l K1 1<

i f%/mm FifE/mm i 4% /mm
(a)43d (b) 60d (¢)72d

B2 FEMALSIRAE 43, 60 M 72 d BIFARZE DT
Fig. 2. Particle size distribution of aerobic granular sludge at the 43rd, 60th and 72nd day

(a) BE1UCHAHE

Lt

(b) FH2UAHH () SE3UCATIIE
B3 FERKNSRERELRAENEHER

Fig. 3 Microscopic image of filamentous bacteria on the surface of aerobic granular sludge
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%

S v

: \ K Sl O P sy Tl 1 500 um
(a) 56 d5f5 1K HAHE (b) 56 d&f520k 4714k (¢) 56 d53UcHAEE

248 A ,*:_’i?;?\.pm S ¥
(d) 71 d5E 1A (e) 71 5204 (f) 71 A3k AAERE

Bl 4 FEBKISIRIE 56 A 71.d BRI S
Fig. 4 Microscopic image of morphology of aerobic granular sludge at the 56th and 71st day

14 . 80 . . 15
FIE FUME IR | BB | UG | BUIBE
~ 12 MLSS = 0T e sv sv, i E
2 ol EmMLVSS i 60
2 ; o
g '?D 50 ¢ %m
> i = 40 F 3
Q ‘ ; 1 E >
= . f H = 30 b ©n
g : : >
4 ] i i &
2 1L i il
2 i i ; 10 b
jLAL e B . ; 0 . N . N 0
0 10 20 40 50 - 607 70 0 10 20 30 40 50 60 70
Asf[a]/d i fi)/d
(a) {5 LEd (b) T5RLREE

Bl5 FEWMASREMEMSRAEMMNTK
Fig. 5 Variations of biomass and sludge settleability of aerobic granular sludge
SR, TE40d, MLSS:ZE TR, XAJaE2H T OLR 522 Rt B A KT W, 58
I BB, YK & AR s, PURK &R IE R, MLSS & b7t
SVI J& [ MLk V5 e TR M RE I 5 b, 25 SR N IE] 5(b) i o 16 PEI5 Je wI 4R 1Y SVI b 43.6 mL-g '
1B, SVLEZBAL FREMESE, XuiimRMTIREERETE AW S . 5 T B, NIJFIRAT,
SVIE & FJf, XAlAES OLR R & VI RE AL 24 X, M5, SVI AW TR, 2
43 K, HPRER SEME, SVIAE 163 mL-g', PR TIEERED R . SR, M 48 dIFA,
SVI AW T, 33X 02 HF 220K B T 0h B & 45 J00RE DT R e e T R o A Y B BIE 5 P A A AR ) A
O s LRGN B AR R AT AR R TR PR REREAR, &R o0 A BUMUR BE K HE 1, SVIH 60 mL-g™' FHim &
115.6 mL-g ' 755 I By BEwI, SVIAIHEE: B Fb. 76 54d, SVIFHZE 70.8 mL g™, ILHT S I 7% P it
PTG IRAAE T 22 R E I HOIRAS . BEJS SVIFFIR TR, 68 d B, BRI KE IEHIEA, SVIFE41.7mLg'
AT, VLB AR R Be OB K &2 R A M DTRE R B SV,/SV 1Y LU AE AT LU F 48 7 4 S Uk 5 11
M ULREPERER . 5 SV,/SV=1 J& WO TR A AF B bR o 28 TR EL, SV,/SVs R ETE 0.8~0.9 N,
TS T BRI SE T B Bown B0, B DA SSORE TR i 21 220K TR R i AR K B), SV, /SV I shii K. 7R 5
LB BOR I, SV,/SVSTE 1 4T3l , R BUBORL TR e 52 R 4F
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3) R BR G RN REY A 360_:|T_Epsps
EPS 9 A 2 42 HE 4 S8 I00URE 15 VB I R 2k 5 - s
R e PR Y B R ER A, anEl 6 PR, PAL-EPS PN
5 1B B, 35 23 KB R EPS I i 43 E ok
199.1 mg-g', HH PN FE/SECN 1577 mg-g ',
PSR 8N 414 mgg'. TEH N B,
B OLR # 7 £ 14.4 kg-(m’-d)”", EPS Jfi &4

W
(=3
S

e}

S

(=}
T

180

120

JIAP R Yy Bt /3K (mg - £7)

B KB E I 45 44 K, ORLIY EPS it N DS Y s
oy B ik 359.2 mgg !, Horh PN BT - Eh iffel/d

317.0 mg'g™", PS4 M 157 mgg's M B 6 FEFHISRNBIBESWHTL
EPS 944 ik &, T-EPS 1 PN Wy in& & N Fig. 6 EPS variation of aerobic granular sludge

BE. CAHVRP R, T-EPS 7 i A 0k
HIRMIE R R BEAEN, X R F A T-EPS 119 PN A F T4 &5 41 Il 22 [ Zeta H 057 A1 7K
PE. SRTMT, 7 50d, EPS Ay M B0 & 243.9 mgg ' 3X 0] fE S i T I I 2200 T A B B 1 B
22IRTA U AR 220K o B T i LU R AR, RE 08 TN PR DA K TR WO R B, R A TR A
JELRBE AR, W T EPS 3ilh . 55 LB B, Bl 22 R ROIH 2, 0RE Y EPS Ji it 70 5005 i Wk
. TE75d, EPS i/ 82 2903 mg-g ' fHAFTERE YIS, LI EPS H PS A B KR EESG I, ik
$ 854 mgg™. ZWERTE N A YA M R A R AR A, dEdr b EUBURL TS T 1Y 45 0 S8 PP
EPS H PS (13 i 7T 88 2 4 I F 3 i 4 S0 B0k TS e 25 M i R ok . LR A ST SR, 1R OLR A {2 ik
EPS, HEJllJE T-EPS (PB4, X AR AT Al (2 F J0URE Ak 2E 2 00 D8R M 22— o 22 R 1 s IR 25 e
ik EPS (9 R 40 50, T EUNUR 25 M B Fy . IR L, G S il 2R B B, 4ERE EPS i A B E
S PR E G S R T e R ) S
22 SANATETRMIFHKKEEKL

Pl 7 4 AN TR By BE SBR KK JB M9 7454k . 55 TRy B, COD Ml NH,'-N H 7K i & vk Ji AR5 Fa e .
COD £ BRBRIE 90% 247, /'NH,-N EBRZRIE 92% 247, TN EPRFBHRATE 80% LA M sh, XJEH X
7 #%HNO,-N R SR MY . 788 B BErri, H T OLR 4 i {45 K K B i 2y, (PLB 2%5 Jt
KRR, 15 QeI OR R B O B BRACR o K Th A ] 19 NO, -N F1 NO, -N U2, TN (1 B4R
ALK E] 90% DA &, X ATAESE B T Bl B WORL G AL TE G, HLAa SRS Ak BE T 0 ) BB B R BE A 38 i
SRAL T RN A R RCRS ARVE R o BAESE TR B 3, oK TS e e R A R O . AR
48 K, COD LBRHMEA NI, %% 81.7%, Hi/K NH,-N &k E &, 4205 NO, N Ay
B, TN EBRREF TR 483%, CA W il T 24 220k 5 K i E K i NH, N e BRag R As
AR IR B S . thIE 3 M 4 T, 22RP8 R A ENUR R E .t dbiEml, 2R
FERIURE T R e A 2 BHL A58 35 00 0 1) SR PN A5 3k, B AR ABORE X S U WU R A, 5 3R g
i PR AL TR S A AL TR R A T %, (AR RCRE D RRAIR . 25 T BB, K BN A 2 REAk . NH,-N
HOKJE B 2 R, COD £ FREE 71.5%, TN EBRRER 17.4%., —JITH, %42 H T It
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Effect of high organic loading rate on the formation and stability of aerobic
granular sludge
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Abstract In order to study the effect of high organic loading rate (OLR) on the formation and stability of
aerobic granular sludge in sequencing batch reactor (SBR) and the characteristics of microbial community
structure under high OLR conditions, continuous monitoring method was used to explore the changes in granular
sludge morphology, water quality, sedimentation performance and EPS during operation. The experimental
results showed that under the high OLR condition of 14.4 kg-(m’-d)”', the granulation process was fast and
completed in 43 days. And high OLR stimulated the growth of filamentous bacteria attaching to the surface of
granules, which resulted in the instability of sedimentation performance and effluent quality. Through changing
the proportion of peptone in the influent, the growth of filamentous bacteria was inhibited and the aerobic
granular sludge system recovered the stability. During this process, mixed liquid suspended solids (MLSS) and
mixed liquid volatile suspended solids (MLVSS) increased with the increase of OLR, but decreased with the
increase of filamentous bacteria. After filamentous bacteria were eliminated, both MLSS and MLVSS increased
again. SVI decreased with the increase of OLR, while it showed an upward trend due to the effect of filamentous
bacteria increasing. The sedimentation performance of granular sludge also recovered when filamentous bacteria
were eliminated, and its SV,/SV; fluctuated ‘around 1.0. Extracellular polymeric substances (EPS) fluctuated
greatly under the influence of OLR and filamentous bacteria, especially for tightly bound EPS. The recovered
granular sludge could effectively remove COD, NH,-N and TN, and the corresponding removal efficiencies
were 91.5%, 92.0% and 79.4%, respectively. Through MiSeq high-throughput sequencing method, it was found
that Saccharibacteria, Bacteroides and Proteobacteria were the dominant bacteria for removing organic matter
and nitrogen in aerobic granular sludge-at high OLR, and high abundance of heterotrophic nitrifying and aerobic
denitrifying bacteria occurred. The main nitrogen removal mode of aerobic granular sludge was heterotrophic
nitrification-aerobic denitrification. The results of this study can provide reference for SBR system to control the
growth of filamentous bacteria in aerobic granular sludge and maintain the stability of aerobic granular sludge.

Keywords acrobic granular sludge; high organic loading rate; extracellular polymeric substances; microbial

community; filamentous bacteria
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