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• Biological nutrient removal (cont’d)

: Conventional strategies to improve P removal efficiency in 

the secondary treatment

• Biopolymer production
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• Involves incorporation of P in the biomass produced in the 

treatment system and subsequent removal of the biomass as 

waste sludge

• Biomass of heterotrophic bacteria contains ~0.015 g P/g VSS

– Insufficient to remove P from influent wastewater (only 10~20% 

of total)

• Use phosphorus accumulating organisms (PAOs) for 

enhanced  biological phosphorus removal (EBPR)

• Reduced chemical costs and less sludge production compared 

to chemical precipitation



4PHA: polyhydroxyalkanoates
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• Place an anaerobic tank ahead of the aeration tank

– Provide selectivity for growth of PAOs

• In the anaerobic tank, PAOs consume energy stored in the form of 

polyphosphates

– The energy generated is used to convert volatile fatty acids into carbohydrate 

storage products (PHA)

• In the aerobic tank, PAOs consume COD & stored PAH for biomass 

growth

– Use some of the energy for enhanced P uptake to store polyphosphates

• So:

– Anaerobic tank: PHA accumulation & P release

– Aerobic tank: excessive P uptake & PHA utilization

• PAOs form very dense floc with good settleability – additional 

benefit
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• Process occurring in the anaerobic zone

– Volatile fatty acids (VFAs) are produced by fermentation

– VFAs are assimilated by PAOs into PHAs by energy available from stored 

polyphosphates

• Typical PHAs: poly(3-hydroxybutyrate) (P3HB) & poly(3-hydroxyvalerate) (P3HV)

• Some glycogen contained in the cell is also used

• Processes occurring in the aerobic/anoxic zone

– Stored PHA is metabolized to provide energy for cell growth

– Some glycogen is produced from PHA metabolism

– Soluble orthophosphate in solution in taken up by PAOs to form 

polyphosphates in the existing cells and the new cells

– Portion of the biomass is wasted  P removal

– The process can occur in the anoxic zone as well (NO3
- or NO2

- as e- acceptors)
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R = CH3 Poly[3-hydroxybutyrate] (P3HB)

R = C2H5 Poly[3-hydroxyvalerate] (P3HV)

R = C3H7 Poly[3-hydroxyhexanoate] (P3HHx)

R = C5H11 Poly[3-hydroxyoctanoate] (P3HO)

R = C7H15 Poly[3-hydroxydecanoate] (P3HD)

R = C9H19 Poly[3-hydroxydodecanoate (P3HDD)

SCL = short chain length MCL = medium chain length

Poly[3-hydroxybutyrate-co-3-hydroxyvalerate]
(P[3HB-co-3HV] or PHBV)
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BG11 (nutrient sufficient condition)

Phosphate deficiency condition 

Ammonia deficiency condition 

Nitrogen deficiency condition 

Magnesium deficiency condition 
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NMB (nutrient sufficient condition) 

Phosphate deficiency condition 

Ammonia deficiency condition 

Nitrogen deficiency condition 

Magnesium deficiency condition 

Deficient 
condition

Biopolymer accumulation
(mg polymer/mg cell dry wt)

NMB (nutrient-
sufficient)

0.96±0.11

TP 3.05±0.21

TN 2.40±0.42

NH3 2.39±0.17

Mg 2.59±0.09

Deficient 
condition

Biopolymer accumulation 
(mg polymer/mg cell wt)

BG11 (nutrient-
sufficient)

0.38 ± 0.11

TP 1.88 ± 0.53

TN 2.8 ± 0.80

NH3 2.37 ± 0.67

Mg 1.65 ± 0.62

Phosphate deficiency condition 

Ammonia deficiency condition 

Nitrogen deficiency condition 

Magnesium deficiency condition 

M. parvus MK
Utilizes CH4

M. putida MK1
Utilizes CO2
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