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Fractal Characteristics of Mature Aerobic Granular Sludge Cultivated by

Different Carbon Sources

GAO JingHfeng 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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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

2.3
2.3.1
Fips2
4
1.866 +0.018 1. 880 +=0.015
3 5
SEM
2 4 6 T

1.835 + 0.006.

1.838 £0.010. 1.825 +0.012. 1. 825 +0. 009
.1

1. 825

1.794 £0.011.

2

Table 2 Box-counting dimensions of aerobic granular sludge

cultivated by different carbon sources

1 2 3 4 5 6
1 1.774 1.803 1.793 1.807 1.794  0.011
2 1.832 1.823 1.839 1.849 1.830 1.836 1.835  0.006
3 1.888 1.862 1.839 1.894 1.87 1.841 1.866 0.018
4 1.86 1.833 1.821 1.846 1.837 1.831 1.838 0.010
5 1.904 1.851 1.863 1.888 1.884 1.887 1.880 0.015
6 1.836 1.839 1.828 1.792 1.833 1.824 1.825 0.012
7 1.828 1.835 1.811 1.825  0.009
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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
1 2 3 4 5 6
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
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