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• Granular structures, settle fast 
 

• Allows high sludge concentration 
 

 

• Suited for biological phosphorus removal 
– > chemicals saving 2 
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• Conventional microbial process in wastewater 
treatment plants 

• Floccular structures, settle slowly 
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Microbial processes for wastewater treatment 



Phosphate accumulating organisms (PAO) 
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Anaerobic Aerobic 

PAO model organism Ca. Accumulibacter 
Tetrasphaera 



• Are fermentable or polymeric compounds  responsible for 
this difference ?  

 

• How do they impact  - the settling characteristics, 

                        - the nutrient removal, 

                        - the microbial communities of the AGS? 
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Aerobic granular sludge (AGS) for wastewater treatment 

AGS fed with simple synthetic 
wastewater … 

… and with raw municipal 
wastewater 

500µm Eawag- DPE 



1st experiment (DPE-Eawag) 

• Start-up AGS from activated sludge 
 

• 4 reactors in parallel with different 
wastewater 

– Simple synthetic (VFA) 

– Complex synthetic  (VFA, glucose, amino acids, 

starch, peptones) 

– Primary effluent wastewater 

– Raw wastewater 

 

 

Influence of particulate substrates on AGS  

5 
lab-scale reactor 
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The bacterial communities from inoculum to AGS 
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Principal component analyses of the bacterial 
communities from activated sludge inoculum to AGS 



Influence of particulate substrates on AGS 

2nd experiment at EPFL (LBE) 
 

• Progressively change the wastewater 

composition 

– From simple synthetic (VFA) 

– To complex synthetic monomeric (VFA, 

glucose, amino acids) 

– To complex synthetic polymeric (VFA, 

glucose, amino acids, starch, peptone) 
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lab-scale reactor 
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 The bacterial communities during the transition from 
simple to complex polymeric wastewater 
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PAO distribution depending on wastewater 
composition 



Wastewater  Dominant  PAO N-removal P-removal Settling 
properties 

synthetic 
simple  

Accumulibacter ++ +++ +++ 

synthetic 
complex 
monomeric 

Accumulibacter 
Tetrasphaera 
(Dechloromonas) 

++ +++ +++ 

synthetic 
complex 
polymeric 

Accumulibacter 
Tetrasphaera 
(Dechloromonas) 

+ ++ + 

municipal 
wastewater 

Accumulibacter 
Tetrasphaera 
(Dechloromonas) 

+ ++ + 

Properties of aerobic granular sludge treating 
different wastewaters 
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flocs 



Dynamics of Ca. Accumulibacter OTUs 
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Dynamics of Ca. Accumulibacter OTUs 
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Conclusions  

• AGS fed with complex synthetic wastewater is more 
similar to AGS treating municipal wastewater than 
the traditional simple synthetic wastewater. It offers a 
tunable model to study AGS systems.  

• Ca. Accumulibacter was the predominant PAO with 
the simple wastewater. With the fermentable and 
polymeric compounds, the guild of PAO was more 
diverse.  

• Different OTU affiliated to a single genus can have 
different dynamics. 
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wastewater compositions 
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Medium COD  
[mgO2/L] 

VFA Glucose 
and amino 
acids  

Starch 
and 
peptones  

Phosphorus 
[mg/L] 
(filtered) 

Nitrogen 
[mg/L] 
(filtered) 

EPFL Simple 
synthetic 450 100 % - - 22 56 

Complex 
synthetic 
monomeric 

600  33 % 66 % - 22 56 

Eawag Simple 
synthetic 600 100 % - - 6 44 

Complex 
synthetic 
polymeric 

600 33 % 33 % 33 % 6 38 

Primary 
effluent 
wastewater 

370 10 % NA NA 3 28 

Raw 
wastewater 800  5 % NA NA 3 30 



OTU dynamic of Ca. Accumulibacter 
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