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Summary of key findings 

1. PAOs, cultivated with acetic or propionate acids, can uptake acetic acid, propionic acid, butyric 

acid, valeric acid and iso-butyric acid. 

2. GAO, cultivated with acetic acid, can utilize propionate acids at the similar uptake rate as PAO, which 

has not been observed in room temperature (20 ℃) culture before.  

3. GAO, cultivated with acetic acid, seemed to be competitive since it can use many types VFAs at 

equivalent rates as PAOs. 

4. GAO, cultivated with propionate acid, did not seem to be competitive since it cannot utilize other 

types VFAs like PAOs did. 

 
Background and relevance 

Enhanced biological phosphorus removal (EBPR) has been developed to remove phosphorus in 

wastewater treatment plants because of its economical and sustainable virtue. However, the competition 

for the limited VFAs between polyphosphate accumulating organisms (PAOs) and glycogen 

accumulating organisms (GAOs) sometimes influence the performance and stability of EBPR (Oehmen 

et al. 2004, Oehmen et al. 2005, Whang and Park 2002). Many wastewater treatment plants would 

add the external carbon source for biological nutrient removal process. However, the feasibility to use 

fermented liquor for the high-temperature EBPR is uncertain. This study investigated the competition 

between PAOs and GAOs for the synthetic mixed VFAs uptake so as to evaluate the feasibility of using 

fermented liquid (Table 1.1) as carbon source. All the cultures were cultivated under tropical climate 

temperature.  

 

Table 1.1 Mixed carbon source for the study  

Batch test Composition        Concentration (mg COD/L) 

    1 Acetic acid + Propionic acid 200 + 200 

2 Acetic acid + Propionic acid + Butyric acid + Valeric acid 100 + 100 +100 +100 

3 Acetic acid + Propionic acid + Iso-butyric acid + Iso-valeric acid 100 + 100 +100 +100 

    4 Fermented liquid 600 

 
Results and discussion 

Four SBR reactors were operated for at least 6 months under high temperature to cultivate the 

PAOs and GAOs feeding with acetic acid or propionic acid respectively (Shen et al. 2017).  One litre 

of sludge was withdrawn from the parent reactors at the end of aerobic phase to carry out the batch tests. 
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Figure 1 Anaerobic VFA uptake: (a) C2-culture PAO, (b) C2-culture GAO, (c) C3-culture PAO, (d) C3 
culture GAO. *The COD of fermented liquid in figure was converted from the amount of VFAs 

 
 

Usually, the dominant VFAs in the fermented liquid are acetic acid and propionic acid, and a small 

amount of butyric acid, valeric acid and their isomers are also present. Therefore, this study investigated 

the competition between PAOs and GAOs for the synthetic C2+C3, and also other synthetic mixed 

carbon to examine whether other types of VFA in fermented liquid can also be utilized by PAO or GAO. 

Clearly, the commonly used VFA-C2+C3 can be completely utilized by C2-culture PAO and C3-

culture PAO, as well as the C2-culture GAO. However, C3-culture GAO could not uptake all VFA, and 

a large amount of C2 was left over (Figure 1d). It has been reported that for low temperature cultivated 

community, PAO can both utilize acetate and propionate while GAO enriched with acetate was not able 

to take propionate and GAO enriched with propionate was capable of acetate uptake (Oehmen et al. 

2006, Oehmen et al. 2004, Oehmen et al. 2005). One interesting observation in this study is that C2-

culture GAO can also utilize C3 and the uptake rate was as high as that of C2-culture PAO. One possible 

reason may be GAOs enriched with acetate in this study was found to be α-GAO while low temperature 

C2-culture GAO was Competibacter. PAO can completely uptake C2+C3+C4+C5 regardless of parent 

carbon source and the uptake rates of both C2-culture PAO and C3-culture PAO were relatively fast. 

C2-cultured GAO can utilize both C2 and C3 at a slower rate compared to that of C2-culture PAO. 

Oehmen et al. (2004) stated that C2-culture PAO and GAO at room/low temperature cannot 

anaerobically metabolise other VFAs which was different from high temperature cultivated community 

in this study. 

However, for isomers, almost all cultures cannot utilize iso-valeric acid while iso-butyric acid can 

be uptaken by PAOs and GAOs at a slower rate compared to other carbon source. VFAs in fermented 
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liquid can be used by all C2-cultures. However, it is worth noting that anaerobic activity of C3 cultures 

were somehow inhibited by fermented liquid. In particular, C3-culture GAO was seriously inhibited, 

with large amount of VFAs including propionic acid left over. In general, C2-culture organisms can 

utilize fermented liquid while C3-culture were not able to complete the uptake. C2-culture GAO’s 

anaerobic activity was strong, both acetic acid and propionic acid as well as other VFAs can be taken 

up. 

 

Table 1.2 C2-culture PAO and GAO anaerobic (PHA/C and Glycogen/C) and aerobic (Glycogen/PHA) carbon 
transformation (C-mmol/C-mmol) 

 
Table 1.3 C3-culture PAO and GAO anaerobic (PHA/C and Glycogen/C) and aerobic (Glycogen/PHA) carbon 
transformation (C-mmol/C-mmol) 

 

* The anaerobic carbon transformation of fermented liquid in table was the total PHA synthesized and 

glycogen consumed during anaerobic phase, not the ratio to VFA. 

 
      The amount of PHA synthesized by C2+C3 as feed was the highest for all cultures. Other types of 

VFA although can be utilized, were not effectively converted to PHA. For C2 cultures, although GAO 

can uptake other VFAs, all the ratios of PHA to VFA were lower than those of PAO meaning higher 

PHA production was observed for PAO culture. This suggests PAO can get more energy during the 

following aerobic phase. The total amount of PHA synthesized by C2-culture PAO was also higher than 

that of C2-culture GAO. For C3 cultures, the situation was opposite. GAO was able to convert carbon 

to PHA more efficiently than PAO. However, VFA uptake rates of GAO were much lower than that of 

PAO. As such, GAO may be less competitive in the carbon competition. 

 

 
References 

    Oehmen, A., Saunders, A.M., Vives, M.T., Yuan, Z. and Keller, J. (2006) Competition between polyphosphate and 

glycogen accumulating organisms in enhanced biological phosphorus removal systems with acetate and propionate as carbon 

sources. Journal of Biotechnology 123(1), 22-32. 

    Oehmen, A., Yuan, Z., Blackall, L.L. and Keller, J. (2004) Short-term effects of carbon source on the competition of 

polyphosphate accumulating organisms and glycogen accumulating organisms. Water Science and Technology 50(10), 139-

144. 

    Oehmen, A., Yuan, Z., Blackall, L.L. and Keller, J. (2005) Comparison of acetate and propionate uptake by polyphosphate 

accumulating organisms and glycogen accumulating organisms. Biotechnology and Bioengineering 91(2), 162-168. 

    Shen, N., Chen, Y. and Zhou, Y. (2017) Multi-cycle operation of enhanced biological phosphorus removal (EBPR) with 

different carbon sources under high temperature. Water Research 114, 308-315. 

    Whang, L.-M. and Park, J.K. (2002) Competition between polyphosphate- and glycogen-accumulating organisms in 

biological phosphorus removal systems – effect of temperature. Water Science and Technology 46(1-2), 191-194. 

 

 

 

 

Bacterial 

culture 
C2-culture PAO C2-culture GAO 

PHA/C Glycogen/C Glycogen/PHA PHA/C Glycogen/C Glycogen/PHA 

C2+C3 1.51 0.30 0.39 1.13 0.47 0.56 

C2+C3+C4+C5 1.41 0.42 0.26 0.31 1.04 NA 

C2+C3+iso-

C4+iso-C5 

1.17 0.37 0.08 0.23 0.48 NA 

Fermented liquid 2.35 0.14 0.08 1.07 5.04 NA 

Bacterial 

culture 

C3-culture PAO C3-culture GAO 

PHA/C Glycogen/C Glycogen/PHA PHA/C Glycogen/C Glycogen/PHA 

C2+C3 1.60 0.34 0.35 1.68 0.68 0.58 

C2+C3+C4+C5 0.88 0.17 0.29 1.55 0.62 0.78 

C2+C3+iso-

C4+iso-C5 

1.03 0.33 0.18 1.56 0.85 0.31 

Fermented liquid 1.34 0.45 0.56 2.44 2.27 1.06 



IWA Nutrient Removal and Recovery Conference 
18 - 21 November, Brisbane, Australia 
 
{Please see next page} 

Presenting Author 

 

Wang Li 

Is the presenting author an IWA Young Water Professional? No 

Bio: Wang Li obtained her MSc in Nanyang Technological University, Singapore. She is 

currently in her third year of PhD in Nanyang technological university. Her research focus 
on high temperature enhanced biological phosphorus removal and she works with Prof. 
Zhou Yan in Nanyang Environment & Water Research Institute. 
 
 

 

 

 


