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Bacterial community composition in activated sludge wastewater treatment bioreactors were analyzed
using 16S rRNA gene-based pyrosequencing for the four different wastewater treatment processes.
Sequences within the orders Rhodocyclales, Burkholderiales, Sphingobacteriales, Myxococcales, Xanthomo-
nadales, Acidobacteria group 4, Anaerolineales, Methylococcales, Nitrospirales, and Planctomycetales
constituted 54-68% of total sequences retrieved in the activated sludge samples, which demonstrated
that a few taxa constituted majority of the activated sludge bacterial community. The relative ratio of
the order members was different for each treatment process, which was assumed to be affected by
different operational and environmental conditions of each treatment process. In addition, activated
sludge had very diverse bacterial species (Chaol richness estimate: 1,374-2,902 operational taxonomic
units), and the diversity was mainly originated from rare species. Particularly, the bacterial diversity
was higher in membrane bioreactor than conventional treatment processes, and the long solids
retention time of the operational strategy of the membrane bioreactor appeared to be appropriate for
sustaining diverse slow growing bacteria. This study investigating bacterial communities in different
activated sludge processes using a high-throughput pyrosequencing technology would be helpful for under-
standing microbial ecology in activated sludge and for improving wastewater treatment in the future.
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Table 1. Characteristics of the wastewater treatment plants (WWTPs) used in this study

Guri WWTP Pohang WWTP  Dukpyung WWTP Seoksu pilot
Location Guri, Korea Pohang, Korea Yicheon, Korea Anyang, Korea
Capacity (m’/day) 160,000 80,000 1,100 500
Treatment process BNR CAS MBR MBR
Bioreactor configuration Anaerobic/Anoxic/Aerobic  Aerobic Deoxic/Anaerobic/Anoxic/  Deoxic/Anoxic/Aerobic

Anaerobic/Membrane /Membrane

Bioreactor HRT (h) 5.9 6.1 6 6.5
Bioreactor SRT (h) 8.5 6.8 90 64.8
Influent/effluent BOD (mg/L)  120.5/8.0 66.3/3.3 312/2.7 134.2/1.0
Influent/effluent SS (mg/L) 124.4/8.0 74.7/3.9 178/0.6 184/0.4
Influent/effluent TN (mg/L) 32.2/15.0 15.9/9.9 70.1/15.3 34.8/5.8
Influent/effluent TP (mg/L) 2.9/1.5 1.9/0.9 6.6/1.4 4.8/0.7

Abbreviations; BNR, biological nutrient removal; CAS, conventional activated sludge; MBR, membrane bioreactor; HRT, hydraulic retention time; SRT,
solids retention time; BOD, biochemical oxygen demand; SS, suspended solids; TN, total nitrogen
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Fig. 1. Taxonomic composition by phylum (A) and by class within

the phylum Proteobacteria (B) for the 16S rRNA gene sequences
retrieved from the four different activated sludge samples.
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Fig. 2. Heat map analysis of the 57 orders based on presence and
absence (A) and the number of detected sequences (B) for the four
different activated sludge samples.

Table 2. Classification of 16S rRNA gene sequences by different taxonomic levels

Total numbers

Taxonomic level Mean Standard deviation
Guri WWTP Pohang WWTP Dukpyung WWTP Seoksu pilot
Phylum 13 12 14 13 13.0 0.8
Class 27 26 27 26 26.5 0.5
Order 44 47 37 39 41.8 4.6
Family 65 69 52 63 62.3 73
Genus 105 108 75 101 97.3 15.1
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Fig. 3. Rarefaction curves of OTUs defined by 3% sequence
variations for the four different activated sludge samples.
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Table 3. Bacterial diversity indexes of the activated sludge samples
Samol Number of Observed OTU Chaol index Shannon index
ample
P sequences analyzed 3% cutoff 5% cutoff 3% cutoff 5% cutoff 3% cutoff 5% cutoff

Guri WWTP 2988 721 530 1,374 923 5.68 5.11
Pohang WWTP 2988 664 506 1,367 910 5.16 4.76
Dukpyung WWTP 2988 955 722 2,089 1,367 5.64 5.18
Seoksu pilot 2988 1,162 899 2,902 1,865 6.29 5.83
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