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SABR
3
5min COD 1.0~3.6kg/ m* d lkg/ m* d COD
0% 99.9% 0.45 ~2.5mm SOUR 150mgDO/ gVSS h
EPS PN 28.0 = 1.9mg/gVSS PN/PS 6.5mg/mg 0.18¢/ ¢ d
PCR-DGGE
(- Proteobacteria  y- Proteobacteria  Flavobacteria Pseudomonas sp. Flavobacterium sp.
Q939 A 0001-6209 2007 04-0654-08
90
/ USB SBR iCycler thermal Cycler DCode
System  GelDoe2000 Bio-rad
1525 12487
/T17plus Waters
' DMLB/QCOLite Leica XL-30-
33 ESEM Philip UV-2401PC
6 Shimadzu MODELS52 YSI
1.2
SABR
74cm
Sem 8cm 6:1
5L
° SABR
1
AN 2- 2-CIA  3-
1.1 3-CIA  4- 4-CIA 3 4- 3 4
DCIA o7
3S DNA
V2.2 MLSS  3.5¢/L
PCR TaKaRa Goldviewna [I SABR 25+2%C PLC
/ / /
30470039 20050335133
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70% DO 7.6 6.2mg/L 1
1 SABR
Table 1  The operational conditions for sludge granulation in SABR
Operational parameter Slage .
I 1~15d I 16~47d Il 48 ~ 100d IV 101 ~ 120d
Cycle time /h 24 12 12 12
Influent/min 32 55 55 50
Aeration/min 1390 649 649 655
Settling/min 8 6 6 5
Effluent withdrawal/min 10 10 10 10
Influent COD/ mg/L 500 ~ 800 500 ~ 1000 500 ~ 1800 600 ~ 1500
" Influent AN/ClAs/ mg/L 5~10 10 ~20 20 ~ 100 70 ~ 100
Superficial air velocity/ cm/s 1.2 1.2 2.4 2.4
“ Influent AN/ClAs is mean of the respective concentrations of AN 2-CIA 3-CIA 4-CIA or 3 4-DCIA in the influent.
1.3 518r 5'-ATTACCGCGGCTGCTGG-3' PCR
1.3.1 pH COD MLVSS/MLSS SV SVI SOUR “GC " PCR 50pL

1.3.2
pH 7.6
43.22.521.25 0.9 0.45mm

8
1.3.3 7400 x g
10min 0.22pm HPLC
ZORBAX Eclipse XDB-C18 4.6mm
x 150mm Spm 240 nm /
pH 3.8 55/45 1.0ml./min
SpL 25°C
1.3.4 EPS PBS
50W 20KHz 4 30s
10s 14000 x g 20min
EPS - EPS
3
1.3.5
10mL PBS 3
8000 x g 20min
12000 x g 15min
9 (230 C120
10 11
1.4 16S rDNA PCR DGGE
1.4.1 16S rDNA DNA
DNA 1.0%
DNA -20C
1.4.2 PCR GC-PRBA338f

5’-CGCCGGGGGLGLGCCCCCGCGCCGEGCEGGCGGGCAC
GGGGGGACTCCTACGGGAGGCAGCAG-3' PRUN

94°C 10min 94°C 30s 55°C 30s 72C

60s 30 72°C Tmin 1.5% Agarose
-20C
1.4.3 DGGE 8% 80pL
10%APS  18uL. TEMED 30%
~60% 100% ™ 40%
15uL 30pL PCR
20 ~ 40V 30min 150 ~ 160V 60°C
5 ~ 6h Goldviewna [I
20 min dH,0 Smin
1.4.4 DNA
S50u. TE pH=8 4<C
16h 37°C 2h 4°C 0.5h 8000
Xg 1min DNA PCR
PRBA 338f 5'-ACTCCTACGGGAGG
CAGCAG-3' PRUN 518r 5'-ATTACCGCGGCTG
CTGG-3" PCR 94°C Smin 94°C 30s 55C
30s 72°C 60s 35 72°C 7 min
GenBank DNAMAN
version 5.2
Bootstrap
2
2.1 SABR
1 2
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sied sludge i aftd

1 SABR
Fig.1 Morphology of aerobic sludge during aerobic granulation in SABR.

2 SABR
Table 2 Characteristics of granular sludge in different operation stages
Results
Stage MLSS MLVSS/MLSS Effluent SS SVI SRT Minimal settling velocity
/ g/l 1% / g/L / ml/g /d / m/h
Seed sludge 3.5 61 - 140 - <8
1 Start-up 1.15~5.98 34.3~78.8 0.22~1.28 105.2 5.3 <8
Il Granules formation 5.33~8.90 74.1~79.6 0.5~0.83 60.2 10.7 > 10
Il Granules growth 3.51~8.46 70.6 ~ 80.5 0.44~1.24 61.2 6.8 >30
IV Granules maturation 6.34~6.69 86.5~88.1 0.95~1.00 56 6.7 62.1
2.1.1 SABR 8min COD
0.5~0.8kg/ m* d MISS
5~10g/ m* d 15d 3 1.15¢/LL 0.5mm
0.5mg/L 95 %
2 COD 100mg/L 3 Im/h 8m/h SVI  105.2mlL/g
3 4-DCIA 50% e
—tr= AN af Inf. -ae AN OMEM 3 AN Ol B3 —"—1-Cla of Inf. - QAo ET
CACIADIRE (%) —Z=3-ClA ofInl. -m-3-Claof Tff - 3 3-C1A of R H.(%0) == 2-CLA of lul
130 -4 2-C1A of G- 2-CLA of B (%) =0 1 XA of Inf - @ - DICTA of G O DOLA of RRE(M)
= T T T T o 120
48-100d
100 4 100
80 £
S FE g
L B
= -
2 6U4 -
2 2
& 404 ap =
200 4 20
04 Fu
] | (‘U 80 lDU ]20
sid
2 SABR
Fig.2 Removal performances of aniline and chloroanilines during sludge granulation in SABR.
2.1.2 3 3 4-DCIA
6min 4 10 ~20g/ m* d 65%
30d COD 90mg/L 3
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MLSS lkg/ m* d 1
142%  8.90g/1. 13.5m/h 0.180¢/ ¢ d
SVI  60ml/g 9%
2.1.3 ® 0251 —e— Specifilc AN/CIAs 4800
g degradation rate Ppts
SABR 48d é 0.201 —2— AN/ClAs loading / 1700 E
200g/ m* d g /\.\.ﬂ, foo0 2
b 0.05+ o E e
2.4emls  COD o Vi 2
22 {400 £
70mg/L g & 010F 1300 2
< <
3 4-DCIA 65 % 95 % 90d 2 oosl 1 222 g
99% % 1
’ A ook , éféf’:%/l‘ T
0 20 40 60 i 80 100 120
MLSS 6g/L 4 SABR
6.8d 0.5~2.1mm Fig.4  Specific AN/CIAs degradation rates of aerobic sludge during
30m/h SVI 60mL/g granulation in SABR.
2.1.4 SABR 100d 382mg/L
Smin AN  ClAs =99%
COD 1.2 ~3.0kg/ m* d 5 2h
COD 60mg/L 4 40% 2h 3
90% 3 3 4-DCIA
180 ~ 200g/ m* d MILSS 4h
6.34 ~ 6.692/L 62.1m/h SVI 3 4-DCIA
S56ml/g
6
80mg/L 2-CIA 3-CIA 4-CIA 3
e, = NECOD = efFCOD —a- COD loading —— RE. 4-DCIA k
e [ P 0.56 0.51 0.48 0.21h"! k
g o AT L,
A ~—% xS
:]_ LR \**/**_* w ? . Gj‘
T 2500, y '\ /\ / Al el k  2-CIA 3-CIA 4-CIA 3 4-DCIA
£ 2000] " s\ [T E k 0.52 0.48 0.45 0.23h""'
9 AYANN
o 15004 '\., [N} / . g
i 1000 / \."q’ R /‘\ j \L g \_/“-‘\j k30 ‘Ia
,A,Aa- f&% Lo 14H
SO0 N el )
o] hom-otmonnop_o—@ogrt.gs [0 LIE - : ;I;[ "
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i g 60 ‘nl_l 4CIA
3 SABR coD £ ‘;\:\5“. .
Fig.3 COD loadings and removal performances of SABR during sludge g | I\'\.\ ’ X ‘\.\\
granulation . % 04 i \‘t .\O
T ‘
2.2 N L Y T
1 Sd -1 T T T T T 1
U 2 4 o 8 10
0. OOSg/ g d Ulrme i ome evelsth
MLVSS 4 5

Fig.5 Degradation dynamics of chloroanilines in granulated SABR in one cycle.
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1.2mg/gVSS 4.3 £1.2mg/gVSS PN/PS

2.3 3.5mg/mg 6.5mg/mg
2.3.1 PN PS
6.7 3.6 PN/PS 1.9
0.45 ~2.5mm 87.6% EPS PN
212
60m/h 2 $
21 97.5% 2.3.4
99.6% 6-A

2.3.2 SOUR

SOUR  154mgDO/ gVSS h 6-C

SOUR 26mgD0O/ gVSS h 0,

SOUR  50mg/ g h '’ 6-B
2.3.3 EPS EPS PS EPS
PN
EPS PN

4.2mg/gVSS 28.0+ 1.9mg/gVSS PS

TR
; 3 :
fgi Btor

SROlMEY)  Da WD

AseA 3 Exp
100KV 30 40 SE 176 %03

Fig.6  Mature aerobic granule observed by scanning electron microscopy. A Whole granule B Inter surface C  Outer surface.

2.4 3 16S rDNA DGGE
Table 3 The sequences of several 16S rDNA DGGE fragments
280d SABR Band Datebase match with accession NO. in parentheses Identity/ % Phylogenetic_group
16S I'DN A V3 PCR_DGGE 1 1 A Acidovorax sp. JS42  AY228545 96 3 Proteobacteria
B Pseudomonas pseudoalcaligenes AB231158 97 7-Proteobacteria
C Pseudomonas sp. HPC1290  AY999062 95 7-Proteobacteria
D Pseudomonas sp. AN30  AY734880 9% Y- Proteobacteria
BlaSt GenBank E Uncultured bacterium  AB184982 9 3 Proteobacteria
F Pseudomonas sp. PHD-1  D(227339 97 7-Proteobacteria
3 BandD BandE BandF BandH G Comamonadaceae CDC Group NO-1 83 3 Proteobacteria
H Flavobacterium columnare AJ491824 9% Flavobacteria
S ABR 1 uncultured bacterium Dw-19 AF128792 97 unknow
J Comamonas sp. HBL6 ABO88541 93 > Proteobacteria
BandD Pseudomonas sp. AN30 K Ni is AF272417 9% B Proteob
96% BandF  Pseudomonas sp. PHD-1
97% BandH  Flavobacterium columnar 3
Rickard et al. 2003 96 % BandE
SABR
3
lkg/ m’- d
[ Proteobacteria Y- Proteobacteria  Flavobacteria 99.99

Pseudomonas Sp- Flavobacterium Sp- © FERFRBEDARMEATIRSHMIESL http://journals. im. ac. cn
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3-CIA 250mg/L
14
3-ClA Comamonas testosterone strain  12gfp
3-
ClA
15
SABR
Tay
2.5 kg/ m- d 40. Img/L
TBA 600mg/L
3~5 16
< 15min =>1.2cm/s SBR
7812
717
¥ 1.2cm/s 8min
SABR 15d
0.008g/ g d 4
lkg/ m* d
1
0.18¢/ ¢ d
99 %
EPS
18
ANI Pseud . multivorans
2- 3- 3- 4-

4-

20
7 8
280d
BandD BandE
BandF  BandH
Pseudomonas sp.  Flavobacterium sp.
8 Pseudomonas
Flavobacterium
3- A 8
BandB BandC
Pseudomonas sp.
BandG Bandl
Band] BandK
BandB C F H 7
DNA
I L SR SR
| -
N
=N
! ¢
Sl — O =
B e e — = —H E
i L |2
g
—1 | g
—k | A
60
7 DGGE

Fig.7 DGGE profiles of sludge obtained from different reactors. Lane 1
1" chloroanilines-degrading aerobic granules Lane 2 2’ anline

and chloroanilines-degrading aerobic granules M inoculum.

B_

FISH RTQ-PCR
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Agrobacterium sp.CICC10214(AY790533)

— Nitrosomonas communis(AF272417)
9L Thera spAIT(AY570693)

Comamonadaceae CDC Group No-1(DQ054782)
Xenophilus sp.PG-05(AY566578)

38

33

50
Uncultured bacterium(AB184982)

Acidovorax sp.JS42(AY228545)
Uncultured bacterium(DQ200780)

78 _|— Comamonas sp.HBL6(AB088541)
1

00 1 Comamonas terrigena(AB021418)

43

73

Band J
Band D

Band E
37 Band G

100l Band H

— Cytophage sp.(X85210)
100 | Flavobacterium columnare(AJ491824)

79
4|_7 Band I
JE— 96 L uncultured bacterium DW-19(AF12892)

Band A

44 Band B
41 -I_— Pseudomonas sp.HPC 1062(AY948254)
Band C
W|—_Band F

92

69 100

Pseudomonas pseudoalcaligenes(AB231158)

Pseudomonas sp.AN30(AY734880)
Pseudomonnas sp.HPC1290(AY999062)
Pseudomonas sp.PHD-1(DQ227339)

100 ' Pseudomonas putida sp Dsp-3(DQ482655)

Pseudomonas alcaligenes(AY297790)

Band K

8

Fig.8 Phylogenetic tree showing the affiliation dominant bacteria from aerobic granules. Numbers in parentheses represent the sequences’ accession

number in GenBank. The number ateach branch points is the percentage supported by bootstrap. Bar 5% sequence divergence.
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protect the structure and function of an activated-sludge microbial

Start-up formation and microbial community analysis of aerobic granules in SABR
for treatment of organic wastewater containing aniline and chloroanilines

ZHU Liang XU Xiang-yang" CAO Dan-feng LUO Wei-guo YANG Yan-ni
Department of Environmental Engineering — Zhejiang University ~ Hangzhou 310029  China

Abstract The granulation of aerobic sludges for high-rate biodegradation of organic wastewater containing aniline and
chloroanilines was investigated in a laboratory-scale sequencing airlift bioreactor SABR . Aerobic granules were
observed in 15days after start-up in SABR. After subsequent 83days SABR was operated sequentially in superficial air
velocity of 2.4em/s  COD loadings of 1.0 ~3.6kg/ m* d and chloro- anilines loadings increased stepwise to 1kg/ m’
- d a steady-state performance of aerobic granular SABR was achieved at last as evidenced by high and stable COD
and chloro- anilines removal efficiencies of above 90% and 99.9% respectively. Mature granules with median size of
0.45~ 2.5mm minimal settling velocity of 62.1m/h and SVI of 56ml/g were developed. Aerobic granular sludge
displayed noteworthy SOUR specific chloro- anilines degradation rates PN content and PN/PS ratio in EPS extracts as
154mgDO/ gVSS h 0.18g/ gVSS d  28.0+1.9mg/gVSS and 6.5mg/mg respectively indicating that they had high
activity and ability to withstand high chloro- anilines loadings. Phylogenetic analysis of chloro- anilines-degrading
aerobic granules indicated that 3 ¥-Proteobacteria and Flavobacteria were dominant classes and the predominance
bacteria were closely related to Pseudomonas sp. and Flavo-bacterium sp. Compared to chloroanilines-degrading aerobic
granules the population diversity was higher in the aniline and chloroaniline-degrading aerobic granules.

Keywords sequencing air-lift bioreactor SABR  aniline chloroanilines aerobic sludge granulation microbial

population structure
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