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Abstract: 1In order to investigate the applicability of the aerobic granular sludge (AGS) process in
actual municipal wastewater treatment, municipal wastewater from a wastewater treatment plant in Luzhou
was used as the influent substrate, and flocculent sludge from the existing biochemical section of the plant
was inoculated to cultivate AGS in a pilot-scale sequencing batch reactor (SBR) system. The system was
operated for 210 days, starting from autumn and continuing until the end of the following spring. The
results showed that AGS could be successfully cultivated using actual municipal wastewater from
southern China at temperatures ranging from 10 ‘C to 20 “C. The sludge granulation ratio stabilized at over
50%, reaching a maximum of 56%, and the SV,/SV; ratio was maintained at 0.8-1.0. After stable
operation of the SBR, the average removal rates of COD, ammonia nitrogen, and total phosphorus reached
90%, 97%, and 93%, respectively. Meanwhile, high-throughput sequencing analysis of the microbial
communities in mature AGS and flocculent sludge revealed that Proteobacteria was the dominant phylum

in flocculent sludge, while the relative abundance of Actinobacteriota was significantly higher in AGS.
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The genera involved in nitrogen removal, phosphorus removal, and carbon removal, such as Tetrasphaera,
Rhodobacter, and Azospira, exhibited higher relative abundances in AGS than in flocculent sludge.
Microbial community analysis also revealed a decrease in microbial community diversity and significant

changes in community composition in mature AGS.
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Fig.1 Schematic diagram of pilot-scale SBR system
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Tab.l1 Influent quality of pilot-scale SBR system at different phases
Wi H COD/(mg/L) NH,—N/(mg/L) TN/(mg/L) TP/(mg/L) pH
Mz 1 (0~60d) 116.9~297.9 9.9~30.9 4.3~45.1 1.1~8.7 6.5~7.8
Bz Il (61~140 d) 146.3~485.1 19.7~40.0 10.9~60.0 1.2~11.3 6.5~7.9
BBl (141~210 d) 204.2~449.8 23.3~39.7 12.6~60.0 2.8~12.6 6.5~7.9
S5 268.5 26.5 35.9 4.4 7.1
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Br T (0~60 d) : AR HEME A B ALK H Y 38 4 4E
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Tab.2 Duration of each operating phase in a single
cycle
BT EEd | E L H K /min #8</min YLYE/min
0~30 60 120 30
31~60 45 135 30
61~150 30 150~170 10~30
151~180 30 170 10
181~210 30 175 5
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Fig.2 Macrophotographs of sludge
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Fig.3 SEM photos of AGS
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Fig.4 Changesin SVI,SV,/SV.,MLSS and particle size
distribution of sludge
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Fig.5 Removal efficiency of COD by system
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Fig.6 Removal efficiency of NH,'~N by system
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Fig.7 Removal efficiency of TP by system
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Tab.3 Diversity index of three samples
BE] Ace5%L | Chao?B%X | Coverage | Shannon$5%%
AS 2930 2930 1.00 6.46
AGS 2114 2114 1.00 5.94
SD 2818 2818 1.00 6.57
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Fig.8 Venn diagram of three samples

2.4.1 T IKV-HRBER S5 50 B

1K A REVE G5 A0 A LA P 9 7 o AT
B AT T HE A4 R U T2 5 B S AR IR R T
(Proteobacteria, 29. 19%~49. 1%) % 2 % '] (Actino-
bacteriota, 10. 6%~22. 7%) .U i ] ( Bacteroidota ,
11.5%~23.4%) . 2% %5 @ '] (Chloroflexi, 4. 2%~

11.1%),
_

100

M Proteobacteria
I Actinobacteriota
M Bacteroidota

M Chloroflexi

[ Patescibacteria

80

M Firmicutes

Acidobacteriota
M Nitrospirota
60 B Myxococcota
Planctomycetota
M Verrucomicrobiota
M Bdellovibrionota
M Synergistota
M SAR324_clade

[ Armatimonadota

XS/ %

40

M Campilobacterota
M Desulfobacterota

20 B Gemmatimonadota
M Fusobacteriota
mwps-2
M others

0
AS AGS SD
R

9 AEEFERPREDTKFERBEELEN
Fig.9 Bacterial community structure of different samples

at phylum level
1 AS.AGS #1 SD = #E 5 77, Proteobacteria £
X fe L 43 A B 29. 1% .49, 1% Fl 44. 7%
Proteobacteria B | 15341 |12 , & 15 /K A 3 v g UL 1Y

-84 -



www. cnww 1985. com

P EAE S SBR P 5 R BT KR AGS 8 R,

FA2h HOH

WY AR E Y £ bR R b oA S EAE A
R EALHTEE TIZ W], Rt e A R 1k
Y46, Bacteroidota £l Chloroflexi 7E AGS 5 AS H 1 4H
XEBEAE—EES . £ AGS ', Bacteroidota Fl
Chloroflexi F A 25 73311 0 11. 5% A1 4. 2%, i #¢
AS RS R U 4353 4 23. 4% 111 1%, %45
RH, 5 ASH L, TERUGARY AGS P X AT 7] 1Y
ARRS 2 B Y B T o XM 22 S T B S AGS HARAL
BRI AESTERA K, Bl AGS h g L3 ET]
Actinobacteriota, 5 AS A It , FoAHXT = B #E AGS
B W BT, 7E AS R AGS WY AR X S B 4y S
10. 6% H122. 7%, & AGS S AR BT w8
R E TIXW ], R AGS B A W35 1Y B o
BOR,
2.4.2 RAFAEIE AT

JaR KT 240 TR RE 7 45 R 8 2EL I an 181 10 s CR A
KIFHNEA BRTERT)

|  o—

=g

W Saprospiraceae

W Saccharimonadales
M Tetrasphaera

M Rhodobacter

1 Azospira

80

W Trichococcus
SC-1-84

M Acinetobacter

M Bosea
Terrimonas

W Caldilineaceae
Gemmobacter

W PeM15

M JGI_0001001-HO3

W JG30-KF-CM45

W Flavobacterium

W Ferruginibacter

W AKYH767

W Zoogloea

mC10-SB1A

W others

60

AHX A BE 1%

40

20

AS

AGS
FEbh
B 10 AREERBPHBENEKTHEZEN

Fig.10 Bacterial community structure of different

SD

samples at genus level

ME 107 H1, Saprospiraceae Fl Saccharimonadales
FEAS O LS I M 5350 13. 0% F18. 2%,
I AE AGS FAGE 2 5 W T B, 235314 3. 0% Al
3.3%. Saprospiraceae 1 Saccharimonadales I 5 A
TE TG KA B R GE b %) SO AL bR i 7 B AT 2
YERY . 1 AGS i AR R JE N Tetrasphaera,
HAXTFBEIE 10. 0% % & W 0L T 9 Ak A My Bk
T TR G R BB R SRR T W O R A L)

R FERRE b R B m bRk 1. w2
HEI SBR & 4t i 7K I B - SRR I E R —
IV 2 () YA 3 T DR A - AR AR TR B AGS B 2
P A7 DR A~ B S A7 19 A B L 3X 1] B J2& SBR
A BLHENS & 4E Tetrasphaera BRI o Rhodobacter 1
Azospira 16 AGS i WP R AH XS 2 B L8 AS A Jr
B A E 3. 5% A1 3. 3% , F W AL AGS 7 it A
J7 AT A ROR

3 &

© e ECE AN R 7 XS PR TS KA R B
FRELTT A AE BB B B R K IR A IR
45 0 DR AR TR B AN T U, Wi 38 2 4 e D
JEIE] A7 3R AGS, 23l 30 disdT, M Ih R
HRIAETE 200 wm DA ERGFURL . 280 210 d B9 IB 1T,
UKL AR BE 38 B 56% , K /3 URLARL AR 7E 0. 2~1. 5
mm 2 0] o B2 AY UKL TS R UL R T BE W R
SV.,/SV, M 0. 8~1. 0, SVI{EFREE 28 mL/g /247 .

@  TEI5 R R AL 2 5 i R R R 4B AT
A, AT LS ELAE 7K COD  NH,'=N . TN F1 TP ¢ J&
15 /2 GB 18918—2002 — 2 A HEIUHR i Ay [, 245
15 e FEAE 6 000 me/L LA B4 B K, SVI U5
1628 mL/g iAo BR T {5 /K AL HE/K & e 1 5
K AT B AKOK & AR T W sh A AR IR 4
RN AR E TR E HAE R R AT

@ HEARIGVA L, AGS LT Actino-
bacteriota B A7 X} = & 5 5, LI Tetrasphaera J& ,
HAE AGS Hh AR 4 B 535 10. 0% % & TE 4T
S AEAAE T RE A RO W RN R , W] AGS TE R
sy T B AR # . [E B, Proteobacteria 7E AGS
H )RR X B A BT AR i R A JE KT
I+, Rhodobacter Fl Azospira 55 BAT =30 A % AL BE T1 00
W BB E . WFT a5 SR A 2 A B IE
TR GRG0 AGS 18 [R) A5 1 &R i 7 1T 1)
AR

S

[ 1] CHENG W, MA C, BAO R L, et al. Effect of influent
ammonia nitrogen concentration on the phosphorus
removal process in the aerobic granular sludge reactor
[J]. Journal of Environmental Chemical Engineering,
2023, 11(5):110476.

[ 2] SEPULVEDA-MARDONES M, CAMPOS J L., MAGRI

« 85 -



B4E oM

OE 4 K HE oK

www. cnww1985. com

(5]

(8]

[10]

A, et al. Moving forward in the use of aerobic granular
sludge for municipal wastewater treatment: an overview
[J]. Reviews Bio/
Technology, 2019, 18(4): 741-769.

WANG L, LIU X, LI Z W, et al. Filamentous aerobic

in Environmental Science and

granular sludge: a critical review on its cause, impact,

reuse [J]. Journal of Environmental

Chemical Engineering, 2023, 11(3): 110039.
EKHOLM J, PERSSON F, DE BLOIS M, et al. Full-

scale aerobic granular sludge for municipal wastewater

control and

treatment—granule formation, microbial succession,

and process performance [J]. Environmental Science:
Water Research & Technology, 2022, 8 (12) : 3138-
3154.

COMA M, VERAWATY M, PIJUAN M, et al
Enhancing aerobic granulation for biological nutrient

removal from domestic wastewater [J]. Bioresource

Technology, 2012,103(1): 101-108.

LIN L, CHEN S, HOU Y, et al. Study on the formation
process and mechanism of aerobic granular sludge in the
reactor  [J].

sequencing batch biofilter granular

Environmental Science and Pollution Research, 2023,
30(49): 107661-107672.

BASSIN J P, TAVARES D C, BORGES R C, et al.
Development of aerobic granular sludge under tropical
climate conditions: the key role of inoculum adaptation
under reduced sludge washout for stable granulation[]].
Journal of Environmental Management, 2019, 230:
168-182.

LI, FREH , VRS T, A5 L ARBR IR TS 7K B S A Ok
5 B A RREE AT sE [T ], T E KK, 2019, 35
(23): 12-16.

WU Y Y, HAO X D, XU X Q, et al. Pilot study on
nitrogen and phosphorus removal from low carbon source
sewage by aerobic granular sludge [J]. China Water &
Wastewater, 2019, 35(23): 12—16 (in Chinese).
CHENG L, WEIM Y, HU Q X, et al. Aerobic granular
sludge formation and stability in enhanced biological
phosphorus removal system under antibiotics pressure:
performance, granulation mechanism, and microbial
successions [ J]. Journal of Hazardous Materials, 2023,
454 131472.

ALVES O I M, ARAUJO J M, SILVA P M, et al.

Formation and stability of aerobic granular sludge in a

[11]

[12]

[13]

[14]

[15]

[16]

[17]

sequential batch reactor for the simultaneous removal of
organic matter and nutrients from low-strength domestic
wastewater [J]. Science of the Total Environment,
2022, 843: 156988.

DE SOUSA ROLLEMBERG S L, FERREIRA T J T,
FIRMINO P I M, et al. Impact of cycle type on aerobic
granular sludge formation, stability , removal mechanisms
and system performance [J]. Journal of Environmental
Management, 2020, 256: 109970.
Al N, YANG Z H, LOU B C, et al. Impact of
stepwisely reducing settling time on the formation and
performance of aerobic granular sludge [J]. Journal of
Water Process Engineering, 2024, 60: 105117.
ZAGHLOUL M S, ACHARI G. A review of mechanistic
and data-driven models of aerobic granular sludge [1].
Journal of Environmental Chemical Engineering, 2022,
10(3): 107500.

FAEM, R, PhEEAK, A% . il SBR 4 UMUK TS
PR R B RS AL LT ], R E g KR, 2019,
35(7): 1-7,14.

WANG J W, GAO Y Q, SUN L X, et al. Aerobic
granular sludge culture and microbial community
analysis in pilot-scale SBR system [J]. China Water &
Wastewater, 2019, 35(7): 1-7,14 (in Chinese).
ZHAO L J, SUC Y, WANG A L, et al. Comparative
study of aerobic granular sludge with different carbon
sources : effluent nitrogen forms and microbial community
[J]. Journal of Water Process Engineering, 2021, 43:
102211.

JIN Y, XIONG W, ZHOU N, et al.

bacterial community in the aerobic sludge granulation

Role of initial

and performance[] 1. Journal of Environmental Management,
2022, 309: 114706.

GENGMY, YOUSJ, GUOHJ, etal. Co-existence of
flocs and granules in aerobic granular sludge system:
performance, microbial community and proteomics [1].

Chemical Engineering Journal, 2023, 451:139011.

- 86 -

YEZ A 50 EIE (2000— ), 2, WS BT A, Wit
WA, FEE T ) R A E AR5 e 1.2
TET5 AR AR 8

E-mail : 15548060567@163.com

75 H#A:2025-07-30

& Bl H #§:2025-08-25

(Gt AEAE=)



