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Aerobic Granular Sludge Operatlon and Nutrlent Removal Mechamsm from

Domestic Sewage in an Anaeroblc/ Aerobic Alternatlng Contlnuous Flow System

LI ang 5 YANC ng -wei', LI Yue' LI Shual.1 4 ZHANG Shi-rui' WANG- Wen qlang ZHANG Jie'?
(1. Key Laboratorl_y bf | Beijing for Watey Quahty 45/ cience”and Water Env1r0nment Re(overyJ‘Engmeermg, Beijing Umverblty of *

Technology, Bel]lng 100124 China; 2w State Key Laboratory of Urban Water Rgéource an(r | Environment, Harbin® Institute of
Technology, Harbin 150090, China) ' J , &

Abstr; fact Mature aérobic granular sludge was moculated al room temperature in‘an anaerobic/ aerobic alternating continuous flow
system. The system consisted of two independent anaerobic. and <aerobic tanks. Actual domestic sewage was used as the influent to
explore theinfluénce of the gas intensity and hydrauhc rﬁsxdence time on the continuous flow system. The results revealed that the
conditions’ of a reflux ratio of 2, lower aeration intensity (0.6 mL-min~"), and proper hydraulic residence time (9 h) were more
conducive to the removal of pollutants. Under such conditions, the average removal rate of TP was 80. 43%, the average removal rate of
TN was 83. 6%, the average removal rate of COD was 90. 39%, the sludge concentration was approximately 2 100 mg-L ™",
volume index was maintained below 50 mL-g™', and the particle size was 700-800 nm. The EEM-PARAFAC model was used to

characterize and analyze the EPS at different stages. The results revealed that changing the parameters could change the composition of

the sludge

EPS. The hydraulic residence time had a greater impact on the continuous flow system than the aeration intensity. In addition, a
preliminary conceptual reaction process model in the anaerobic/aerobic alternating continuous flow system was built using high-
throughput pyrosequencing and phylogenetic assignment. Eleven major functional bacteria related to nitrogen and phosphorus removal
were found in the system.

Key words: continuous flow; aerobic granular sludge; nitrogen and phosphorus removal; anaerobic and aerobic alternate; parallel

factor analysis; preliminary conceptual reaction process model
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TiH X AMAEE/L HAR/em ®E/em ERK
A R 20 18 100 5.55
ML DIEX 2 6 85 14.17

I HAIX 12 20 59 2.95
F2 EWIBITMEREH
Table 2 Operational conditions of the reactor
Bt W /L min 7! K F345 R B[] /b

FrEx 1 1.0 13

il 0.6 13

F B T 0.6 9

KBt IV 0.6 6
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Table 4 Components of the PARAFAC model developed in this study

Ay E_/nm E,/nm LY/

I-C1 390 480 JE R

-2 370 460 JE R

I-C3 290 350 R EEN
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m-c3 435 470 [ 5 R

I-c4 350 435 S 8iKRA &

IV-c1 325 370 IR RGN
IV-c2 290 350 G FRE

R5 BITHFEA HIX 1 FI ERTHIER

Table 5 Variation in the HIX and FI during the procession of operation
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Table 6 Key functional groups involved in nitrogen

and phosphorus removal at the family and genus levels

s

S AN E
Ui # R /%
Rhodocyclaceae Zoogloea 8.06
AOB  Nitrosomonadaceae Nitrosomonas 0.51
Nitrospiraceae Nitrospira 6. 67
Nitrospiraceae Nitrospira 6.67
NOB Comamonadaceae 9.07
Rhodocyclaceae Zoogloea 8.06
Rhizobiales_Incertae_Sedis Rhizomicrobium 0.73
Sterolibacteriaceae _ Sulfuritalea __ =" SN 11
Rhodocyclaceae Zoogloea .-‘_.'f":-" 8/06
Halomonadaceae Halomonas ; ' 07512
Comamonada-ceslle ' Comamonas y i 0-50
Flavobdctériaceae 1 Flavobacterium ,"‘ 5.3
DNB  Thiotrichaceae " Thiothrix “
Halinang_iaceae' 1 L Haliangium i ,#0. 71
Planctloinycet(?_s- SM1A02 0. 66
Burklr;(}lruieriaceae # 4 Lautropia 0. 54
Slerqlii)aclen'&cea“e 5 Denitratisoma 1. 185
Chitinophagaceae 7 Ferruginibacter 0. s J
Flavobacteriaceae 536
PAOS Saprospiracea-(.e 7.18
Halomonadaceae .Halomonas 0.512
Comamonadaceae 9.07
GAOS Rhodocyclaceae Zoogloca 8.06
Saprospiraceae 7.18
Xanthomonadaceae 0.78
HN-AD Chitinophagaceae Terrimonas 0.55

5B IRETE R S8 R | T B4R USRS
PRSI FR G S BRI AR 1 15 2K 175 G KBRS
e 7, E e R K PR E 2 A LY el i
Ferribacteriu J& Fl Ferruginibacter J& /K fit &1 VFA. i5
KRS A HLAMTCHLA, 15K A L EGE
11 Bdellovibrio J&Fl OM27 _clade J& ) & fLAE FH 43 fift
SRANLE YR NH, -N | 33 46 41 15 HA 15 20 F)
FAEBLVERIVER, Horh OM27_clade J& )& T BT
£l ( Bdellovibrionaceae ) [} OM27 #ALEL A 01 | B AR L
KRR, 15K P FINH, -Nl i Zoogloea J&
J& f5 fb R NO,-N, H i
Comamonadaceae B}, Zoogloea J& ' Rhizomicrobium
JE@ i — 2 i A UNO, =N, 7] B 3 A 4 A2 A Ak 4 3
Nitrospira J& [F) I 4 A7 28 4801 2 BE I 1 1R AL A6
fE K NH," -NAF AL il A B 15 K P NO; -N
AR N, , 7E WURL 5 8 b &2 3 1 LA S il A6 20

M Nitrosomonas
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Fig. 7 Conceptual reaction process model in the anaProl)lc/ aerobic

alternating continuous ﬂow system fed with real domesll(’ wastewater
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