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Fractal Characteristics of Mature Aerobic Granular Sludge Cultivated by

Different Carbon Sources

GAO Jing-feng,SU Kai, ZHANG Qian, CHEN Ran-ni, WANG Jin-hui, PENG Yong-zhen

(College of Environmental and Energy Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract:In order to characterize the dense and regular level of aerobic granular sludge ( AGS) which was cultivated by different
carbon sources, the SEM images of mature AGS were used in the study. The calculation process using Photoshop and Fips2 on fractal
characteristics of these granules was built. The lowest box-counting dimension was bulking aerobic granular sludge cultivated by glucose
(No. 1), which was 1.794 £0. 011 ; the box-counting dimension of AGS cultivated by peptone (No.3) and domestic sewage (No.5)
were reached up to 1. 866 +0.018 and 1. 880 +0. 015. The boundary box-counting dimension of the AGS was also calculated and the
average value was 1. 14. The AGS cultivated by beer (No.6) was more regular in shape and the boundary box-counting dimension was
1.115 +0. 003. The AGS cultivated by landfill leachate (No.7) was the most irregular in shape. This study indicates that fractal
dimension provides an approach for quantification of dense and regular level of AGS, furthermore, it could be used to characterize the
status of AGS, such as bulking.
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Table 1  Characteristics of scanning electron microscopy (SEM) images

of aerobic granular sludge cultivated by different carbon sources
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Fig. 1 Treatment process and analysis of fractal calculation

for SEM images of aerobic granular sludge
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Fig.2 SEM images of aerobic granular sludge cultivated with different carbon sources
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Fig.3  Treatment process of SEM images of

typical aerobic granular sludge
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Table 2 Box-counting dimensions of aerobic granular sludge

cultivated by different carbon sources
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Fig.4  Average box-counting dimensions of aerobic granular

sludge cultivated by different carbon sources
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Table 3 Boundary box-counting dimensions of aerobic

granular sludge cultivated by different carbon sources
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1 2 3 4 5 6 FHE e
1 1.139 1.152 1.126 1.129 1.137  0.009
2 1.124 1.167 1.129 1.130 1.139 1.127 1.136  0.011
3 1.117 1.144 1.144 1.145 1.124 1.129 1.134  0.011
4 1.144 1.089 1.131 1.132 1.136 1.134 1.128 0.013
5 1.128 1.101 1.123 1.127 1.132 1.119 1.122  0.008
6 1.114 1.122 1.117 1.112 1.116 1.109 1.115 0.003
7 1.150 1.172 1.18 1.147 1.162 0.014
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Fig.5 Average box-counting dimensions of aerobic granular sludge

boundary cultivated by different carbon resources

3 EHMNSRENFEESSHERX RSN

BB R KR 2 550 SBRrh 47 48 Wk Ak 1y 3 B2
PRI . I 40 B0 35 D REE 22 AR ] B R T IR R, 45
VR 28 6 5, a2 00 0o BB R A R R R T o AR
ORI, R A [ Bt Y52 437 3 1 4 S IR 5 6 11y SEML iR
Fr B0 S [ 6 A 0 2 0 DA S A R i
DRI A B R 78 25 T — b AR W e B I AT LR AT
R B AR W TR I T R T R 4 4 LA % B A R
b 2 S ASHIEE A 43 T X AR ) Bk YR B 5 9 1 4
TGO 5 U 9 43 T 4 85 LA B 301 3R T A B AT T % 1
SEHT, A TE 4 B 4 445 L 1T LIS SE A 4 SO T TR
(T & dEBE 1.825 LA I, B O 5 S0 WUk WA, L
B — Rl U, R RRZS (15, 2 %) M 4F ok 5
U8 09 23 TF 4 K, RO B R R X A A
TR 5T I i R RS E W 55, WL S
B G UL S TR A 2 R A TR AR 5 R K

SR TURE 9 B S A L BB IO 1 RE D
5 0 R ORI R B S5 A B U AT G . T B AR 6 T
SR V5 U8 B AL T 1 3 0F B L 48 A U SRR TS
PE MR AR UTH R FLB R WL B S
o 1 2 T W I 0 25 7 T« L 25 AR B R ORE 35
WA E B TB MR 20 SR B Li 55 %
SEM A T 15 8 1 40 UKL Ak 3t 72 o 10 IV 550 0 25 4
A 5 Mu 2500 g Sy Jy 3 ) 1 4 460 I0RE 35 8 B4 FL B
B 7 2 K05 Su 45 R T 43 I LA 2% 1 3 B 45 WOR:
15 18 ) AL A 5T s Mikkelsen 2524 fof 4 90K 35 I8

I I Ao A SR A S P, 8 A PR R S B,
5 VR AE BT Y SRR R, K Rk B S 1, 55 1)
3 B R 2 AE JURL S U8 BE AL 4 P 9 T 45 AR ; Zheng
242 ) A BUHE BEL €533 ( SEC) I 5 4 4 B0k 15 T8
(LB R B T 4R BORE TS R LB R 9
Adav 25V FI ] SEC W5 T 4 480 0k 15 8 1 K 1 4
1 5 Chen 45" FII ] 2 T OL Y AHF 5 T M 4h £ 8
Wy Yo - A TR 35 D8 R S M Y B IR SR T, 33K B B 5 i
e X G D e — % TR g R 9 R 7 S [ Rk
S F R B 3 0 G S URE 5 U8 B M R A T
Y T o 2 L R 5 4 AR ] 5 4% 2K L 1 4 4 R
5 16 B BAL R R RS A TR T 3 e 43 4 B g AR
i iF 4 SO 35 U8 9 SRR MO AR AT LA
BT U BEAE R A bR, Sk — 25 T G S Ok TS I
OB A 1 A I R G 0 I A 2 5 R 3 T8 4
iy 2.

4 #Hig

(1) Gy RS e SEM [T & 43 T8 4E X e 1% B
WL HE AN [R]) Bl 5 97 14 Gy S8R ¥ 8 A 4 S AR
AT, A E G UKL TS U8 1 T B YRR 1. 825
DAL I, R Sy s S JURE 5 45 2R 3% W 2R 1 M R A1 522 B
A 15 K RURE B Ry % S, W R I BORE 45 44 A
e

(2) AN [R] Bk 5 5 3% UKL 175 8 301 57 B T & 4 B g
% FAE U S URE T T 3% 1T %) R0 00 A . HL e R
KLY Y8 5 A 15 15 A WURE 35 8 2 T B ML, 457 3598 Uk
TR IR 0 R ¥ 1€ 114 3% 1 d5e AN R

(3) 73 J0 4B REAR U b A 4 S WORE ¥ 18 1Y) 5
SERERE LI R B O BT 5T d UKL T U8 10 AR E 4E
R AL BT B R I e 45 5 R T TR 45 A 1 G &
Pt T B R

S 30k

[ 1] TayS, Moy B, Jiang H L, et al. Rapid cultivation of stable
aerobic phenol-degrading granules using acetate-fed granules as
microbial seed[ J]. J Biotechnol, 2005, 115(4) ; 387-395.

[2] TayS, Moy B, Maszenan A M, et al. Comparing activated
sludge and aerobic granules as microbial inocula for phenol
biodegradation[ J]. Appl Microbiol Biotechnol, 2005, 67 (5) :
708-713.

[3] TayJ H, Liu Q S, Liu Y. Microscopic observation of aerobic
granulation in sequential aerobic sludge blanket reactor [ J]. J
Appl Microbiol, 2001, 91(1) . 168-175.

[4] SunF Y, Yang C Y, Li J Y, et al. Influence of different

substrates on the formation and characteristics of aerobic granules



1876 EZ S - S - 31 %
in sequencing batch reactors[ J]. J Environ Sci-China, 2006, 18 WsE[J]. %4 5354, 2006, 6(1) :91-05.
(5): 864-871. [16] ERIJy, SRSt dr%75 U8 2K 5 R EUBURL TS U8 i 55 1 £ e
[5] w5k, SRaFk, 3R, 4. ) BRBR B 4 U B0RLTS 8 PEAHTLT]. T EEREERL A, 2009, 29(4) :380-385.
N AR AR B [T]. R ,2008, 26 (1) :15-18. [17] @, &, &R, % SEM BR3P 4 50y 5% m ] R
[ 6] w5k, AR, BksR. Ab B 9B AR I i K S R4l Ak 4 4 ML), WA B R, 2007, 23(3) :27-30.
WORLTS Je g D 5 5% [T]. FRE R 4% 242 k. 2007, 27 (10) : [18] Li X Y, Yuan Y A. Settling velocities and permeabilities of
1604-1611. microbial aggregates [ J]. Water Res, 2002, 36 (12) . 3110-
[ 7] Gonzalez-Gil G, Lens P, Van Aelst A, et al. Cluster structure of 3120.
anaerobic aggregates of an expanded granular sludge bed reactor [19] Li J, Chen Y, Li J, et al. Morphological and structural
[J]. Appl Environ Microbiol, 2001, 67(8) : 3683-3692. characteristics of aerobic granulation [ J]. J Chem Technol
[ 8 ] Schwarzenbeck N, Borges ] M, Wilderer P A. Treatment of dairy Biotechnol, 2006 ,81(5) :823-830.
effluents in an aerobic granular sludge sequencing batch reactor [20] MuY, Ren T T, Yu H Q. Drag coefficient of porous and
[J]. Appl Microbiol Biotechnol, 2005, 66(6): 711-718. permeable microbial granules[ J]. Environ Sci Technol, 2008,
[9] Zheng Y M, YuH Q, Liu S H, et al. Formation and instability 42(5) . 1718-1723.
of aerobic granules under high organic loading conditions [ J]. [21] Su K Z, Yu H Q. Formation and characterization of aerobic
Chemosphere, 2006, 63(10) . 1791-1800. granules in a sequencing batch reactor treating soybean-processing
[10] Ni B J, Xie W M, Liu S G, et al. Granulation of activated wastewater[ J]. Environ Sci Technol, 2005, 39 (8 ). 2818-
sludge in a pilot-scale sequencing batch reactor for the treatment 2827.
of low-strength municipal wastewater[ J]. Water Res, 2009, 43 [22] WMikkelsen I H, Kelding K. The shear sensitivity of activated
(3):751-761. sludge: An evaluation of the possibility for a standardised floc
(1] M, TR, B4, 5. ABR WEE kTS I8 1 70 B 4% strength test[ J]. Water Res, 2002, 36(12) ; 2931-2940.
MESRBEERN[J]. BRI ,2005,26(4) :118-123. [23] Zheng Y M, Yu H Q. Determination of the pore size distribution
[12] #hEE, ZAH. HEFEE R HIM]. S8 b EEHE K and  porosity of aerobic granules using size-exclusion
H R, 2006. chromatography[ J]. Water Res, 2007, 41(1) ;: 3946.
[13] Serra T, Logan B E. Collision frequencies of fractal bacterial [24] AdavS S, Chang C H, Lee D J. Hydraulic characteristics of
aggregates with small particles in a sheared fluid [ J]. Environ aerobic granules using size exclusion chromatography [ J .
Sci Technol, 1999, 33(13) . 2247-2251. Biotechnol Bioeng,2008,99(4) . 791-799.
[14] Mandelbrot B B. The Fractal Geometry of Nature [ M]. San [25] Chen M Y, Lee D J, Tay J H, et al. Staining of extracellular

Francisco: Freeman, 1982.

FIRE, BRI, BRIE. BT KR U ok ek i e B i

polymeric substances and cells in bioaggregates [ J ]. Appl

Microbiol Biotechnol, 2007, 75(2) :467-474.





