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Abstract:  Low stability of aerobic granular sludge(AGS) in long-term operation is the main
problem hindering its further application in practice. To investigate the impact of the mixing effect in pre-
anoxic phase on the stability of AGS, a sequencing batch reactor (SBR) inoculated with AGS refrigerated
for 6 months was set up with increased carbon and nitrogen load (C/N) from 200/40 mg/L to 600/150 mg/L

in this study. The mixing effect of the pre-anoxic phase was adjusted by adding and not adding an external
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circulation operation. The properties of the AGS, such as the performance, stability, and microbial
community structure, were examined. The results showed that when the C/N was 400/50 mg/L with no
external circulation, the removal rate of COD, NH,"~N and TN were 95%, 99%, and 20%, respectively,
after the seeded AGS revived. When the C/N was increased to 400/80 mg/L. and 400/100 mg/l. with
external circulation, COD and NH,"~N removal rate could still maintain at 95% and 99%, respectively,
but the TN removal rate greatly increased to 50%, although the settling ability of the AGS deteriorated
due to the mass production of gaseous nitrogen from denitrification, with SVI, fluctuating between 50 mL/
g and 150 mL/g. However, when the C/N was increased to 600/150 mg/L. with no external circulation,
NH,=N and TN removal rate decreased to 50% and 6%, respectively, although COD removal rate could
still maintain at about 95%. At the same time, the physical structure of AGS became loose and dispersed
with the average particle size increased to 791 wm and SVI,; deteriorated to 175 mL/g. High-throughput
sequencing analysis showed that the microbial diversity and richness of aerobic particles increased with
the external circulation in the anoxic phase, and the main genus were denitrifying bacteria, mainly
including Thauera and Rhodobacter. These findings demonstrated that the external circulation operation

in anoxic phase can improve the denitrification performance of AGS system and enrich a large number of

F41E FoOH

denitrifying bacteria by enhancing the mixing effect, thereby enhancing its stability .
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KA 1 em/s) , K J745 B I [E] (HRT) 24 8 ho ikt
BT A AMIE PR R IR, £ FH G 2 508 S 2 | )2
J2 7K 2o AN RS % N A IS . I B R R
AR HITE 60 mL/min , it UK 5 e J2 062 i v B8 42 il 7
— T [, RO RIS e R T A
1.3 EKKR

ARG KN TR K. A 5 i 60%
B Tk SRR AN, ARG A Bt PR i , Wi st Sl Wt — U4
I o BB IR SN IR pHTE 7. 5 /e Ay o HABAY &
FE WO JC R AL HE : KH,PO, 22, 5 mg/L, CaCl,-
2H,0 4 12. 5 mg/L., MgS0,-7H,0 j 15 mg/L, FeSO, -
7H,0 A 10 mg/L, MnCl,-4H,0 4 0. 12 mg/L, ZnS0,-
7H,0 4 0.12 mg/L, CuSO,-5H,0 4 0.03 mg/L,
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Fig.1 Change in morphology of AGS with time
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Fig.2 Biomass concentration and settling ability of AGS
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Fig.3 Particle size distributions of aerobic granular sludge
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2.2.3 TN LFrbERe
FEBTEE T ,NO, =N —5E 2B AR NO, -N
A FECTN L BRRARAT . R ITILIN 9 R 58 56 42 1l
LR . Rt BRI B 1R, BARA A AT

- 12 -



www. cnww 1985. com

AR A, 5 - B B KB R B KT BB A 75 RAS M8 v

FH41k FHoH

A, {5 NO, =N F&{% & 1 mg/L, NO, =N ¥ & 7} &
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Fig.6 TN removal by AGS during operation
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W25 I BeAS A 0. 11 me/g (5561 K)o T e
FEN BV ATV 20 & R 223, 7255 155 K5
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SRIME] T BBV, B T AME IR AR 1, PORLER E

PEH AR 22 R IR DL
2.4 HEBAGENMEDREEEETNL
2.4.1 RUEYIREE R ZAETE

ARG WAEEA R A T T o ZREETE 2L
UL 2. OTUs & 1o A: Wy A i 7 90 4 BRO 41 1] /) R
BT RIS TS5 5L FHORAE /R R T i V%
AR AP s oy 2 ot . 38 2 W, e b ok
15UERT OTUs 2 121, 7EB Bt 1 B2 101, " REZ R4
TREPERE 22 RIS IR ARG Il R AT LS,
TERT B T =B Be IV AT, OTUs #F 4k R AE 8K K- o
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TEBBEIV Ji5 1 OTUSs 34 i 22 127, 356 BH B4 B3 fin o
TEI AR ] DIAE— @ R b 32 A B b2 s
TERY BV A, R 58 OTUs FEZ 111, U6 240 1 7%
BN § A
F2 AEBEAE NREREYH o SHEEEE
Tab.2 Alpha diversity index of microorganisms

under different carbon and nitrogen loads

ifal/d | OTUs Ace Chaol | Shannon | Coverage
0 121 137.89 | 142.08 | 5.0249 | 09931

13 101 129.83 | 148.25 | 2.9463 | 0.9962
55 106 106.00 | 106.00 | 1.887 1 1.000 0
100 106 | 119.65 | 116.56 | 2.5882 | 0.9967
157 127 137.09 | 136.71 | 4.7555 | 0.9964
218 111 127.30 | 123.67 | 4.6631 | 0.9958

Chaol . Ace T8 ZC R W HE V% 1 & ), 5K
EB KRR Y SR L . A8 kLTS e iy
Chaol Fll Ace ZZfb i IEA 5 OTUs —ZL . Shannon

§ROE— M AR YIRS Z R R R SETHE b, HUE
RN G A 22 R R R 2 AT, R
ARG U Y Z R B TE ARG
ST B A TR T X 3R B AEUORL T e
AR AR 2o T IR R O B W R S L £
FEPER RN . FEBYBE V R GE B AR TR IR s it , (A 500
KL W 00 Z2 R T A BT T B X W (G
it A Y Z FEPESR BRIFAS BEH & ORI 75 58 2 A E o
2.4.2 WUEYIREK A AL

ARk B AT T ZRGET TS ACE A Y AR
FEAWWE 7, K L, ANFEBR A G R4
SEUNURL TS U8 TR W) ) TV L B AS T A 2 4, 341 LA
Proteobacteria(ZEJE ) ) Fll Bacteroidetes (FUFT R [])
NE . AR, Proteobacteria 1 Bacteroidetes H:
A BERAY COD M A IEMERE T , WA H) T 455 &
G RAFA AL FRPERE ™ RIS, FE RIS U T IR AETE
Firmicutes (JEBERE ) , Firmicutes " i) ZEH0FT 3 HAT
HLBTAM A KT HIRE 1, ELREE 12 EAH A T 2
YeF RG R EBAT Y YEHRIE , Firmicutes R7S 5 %
BRI BT S s e R X e AR B 1T
o R MR T R B

1 7 (b) T, H e UBORE V5 e 7R 8 /K- |
A B8 ) AR R RS 2 DL uncultured
bacterium_{_Chitinophagadeae . Rubrivivax ( £1. KA
J& ) . Chryseobacterium ( 4 B ¥ 1 ) Ml Ferruginibacter

A F . Chitinophagadeae BE 53 A H| FH 22 W5 1E A i
FIBEE KV . Rubrivivax 7 76 B IS 240 T #1716
AE A FR A, T A 28 Rl AT HLAL & W 2R AT 44k
e IR . Chryseobacterium REFEMURIA T A K,
Je— MU SR IR R PR URL BN BRE
B, Ferruginibacter 7 DPAO, Gg ) FH B R $hVE R
LT BEAR, AT PRAEURE RN 20 i Y D RE ™

100 T others
B Dependentiae
Armatimonaderes
® 80 Acidobacteria
RNy B Chlorofiexi
M Verrucomicrobia
p 60 Planctomycetes
'—H- — girmicu[?s
- acteroidola
= 40 B Bacteroidetes
E’E B Proteobacteria
20

0 13 55 100 157 218
t/d
a. [T

AR = BE 1%

0
0 13 55 100 157 218

t/d
b. JE 7K
E7 AEGBFTREGEIMEKEREDHENEEZTW
Fig.7 Relative abundance of microbial organisms at

phylum and genus levels under different loads

ZYi517 13 dJ5 , I AL T L Dechloromonas ( JIii
AP ) Pseudoxanthomonas (B FLLE ) o 1Y
MERETE , W0 Thavera (F9 JE IXH ) F1 Pseudomonas
(s ) T b s i B, Hor, ek
Dechloromonas (57% ) J&—Fi [ i b R W, J@ T2
AR, BERSTE B S IR h A N AR 2
WM ELAE Jy 58 1 R BRI , TR T RE R EhAE
HLF 2 AR AT RO AL o o P S M B A i T
(16% ) 72 4t % B iR Ak B Wi 1A, BE % 1) NO; =N Al
NO, -N BEAT 87 S S i AL HoAth /b A T
W, Thauera (3% ) U SE Wk 15 e RS H W, 8 T
S EPS UIRE IR . TREETE IR AR T iR D7
T RAL S W, I ) 20 6 N i A 8 ik R A B A
16122 Pseudomonas (2% ) . f& B Y (1) I A AL 1 , g
B 3E— 2144 NO, N FINO, -N AL A, kst
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AR A, 5 - B B KB R B KT BB A 75 RAS M8 v

F41E FoOH

1 Ja AT e T R R AR, G o b 22 mT LA ) O
RIAR AT UK S5 R 2 52, G S >

FEBTBE LRI (5 55 %), S S8 UKL 45 14 58 4 1k
2, RGBEWIE W T LA Thauera(80%) ) F S # b
JE TR S50 o AEBT BT ANV X6 50 it Jin S
WRAE, RGE Thavera {T) XL H T & |, (H 2
HBEE B Boz 47 i LB W R e . o 72y
Bt VAT Thauera itk 68% (55 100 KX) , J5 WIFE K
25% (5157 K)o i H., BEF B BLIV )5 91 s 2 4
M3, Rhodobacter (214015 J& ) Fl Dechloromonas
WAL S A 5 o i e 17% F19% . o,
Rhodobacter j&—F S i A AR AT , AT LAAE G IR S ik 41
SN HATRSPRER IR S . f AT LAE Y A4
Jiti fim ) B MG R A5 kA B e K A L FE AR A ROR
P T RHALRCR R IR, 2 FiiE 8 AR K
T A 0 280 A D 3 T B R RV 45 4, RO v 1 4
AR TS e 4 M N T RE RS E 1

TEB BV, AGS Z5 #0584l , 32 20 3wl i
Thauera . Acidovorax . Chryseobacterium . Pseudomonas .
Pseudoxanthomonas F1 Rhodobacter X} T4 157 K
U S IR 5 e e T 5 s I P T & 4544 , Thauera
I Rhodobacter A% == B Wtk [ A1, ol Lb 70 591 o 22
16% 1 4% X i S SMIEIRE | il S PR BT IR 524
RAFEARIN® T R AR A R, 5
I [F B, Acidovorax (16%) 1 Chryseobacterium (9%)
AR FE B B34 . Acidovorax 7 UkL 15 Je AR &
P ULHY S e 5 22 Z TR N TR (AHLs ) P AR T8 >
A BT R BURL T e 2 T B K P i v OB A R
FEE o AR A5 2 3G 0 AT BB 2 OB 45 14 8 22 7Y
WO o R, S 0 BRI R ¢ B R TR 4 4
W R ol 2 Wy 32 5 B}, Chryseobacterium 13 A Ff- K
Sh , kD E ORI AT E . TERTEV H
7 FEBE N, B A WURL 25 1 & 28 9iOR
3 “##

O & E MG EAEXT U S BOR TS U 1) COD
P RE 52 Wi AN K, {H B8 R OR 4 i3 X TN Y 25 B

@ TEZ B i), i B0 TS ¢ TB-EPS Hh
9 PN A1 PS % R i 48, $2 i 1 o S WORE TS e 1
B K VERNRER ), Al T HEE A

@ VBCE MG PR AE T A R T8 A K Y B

>

PS
45

7N

pusa )
[0y

S8BT A B R B TR ISR A R s T
I, 2R

@ eI B L L AR e Btk S o 2R T e i
BN MIE AR Ve K TR A A8CR , Al A 5 2R 40
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