
1 

ENVE 302 

Environmental Engineering Unit Processes 

 

 

 

 

 
Assist. Prof. Bilge Alpaslan Kocamemi  

Marmara University  

Department of Environmental Engineering 

Istanbul, Turkey 

  

CHAPTER 10 

Biological Phosphorus Removal (BPR) 

 



Phosphorus removal is done to central eutrophication. 

 

 

In early designs       chemical treatment using alum and iron  

         salts is the most currently used technology           

for phosphorus removal. 

 

 

Advantage of biological P removal         reduced chemical cost 

                                                                 

          less sludge production 

                                                                 as compared to chemical  

                                                                 precipitation. 

BIOLOGICAL PHOSPHORUS REMOVAL 
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In anaerobic reactor ; 

 

  Short chain VFA, particularly acetate play central role. 
      (Acetate   produced by fermentation of bsCOD ) 

 

  Phosphorus  Accumulating Organisms (PAO) are encouraged to grow. 

 

   PAO using energy available from stored polyphosphates  assimilate acetate and  

 produce intercellular polydoxybutyrate (PHB) storage products.  
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In aerobic zone; 
 

 The PHB stored in aerobic zone is used as  source of organic carbon for new cell 

growth and thus providing energy. 

 The energy released from PHB oxidation is used to form polyphosphate bonds in 

cell storage so that soluble orthophosphate 

(O-PO4 ) is removed from solution and incorporated into polyphosphates within 

the bacterial cell. 



Under stressed condition        Poly-P microorganisms use  

 (anaerobic condition)             polyphosphate as energy source 

 

 

Poly-P microorganism         ability to store PHB in the anaerobic 

 (PAO organism)                  zone is provided thruogh release of P. 

 

         

PHB stored in the anaerobic zone is utilized as the source of organic C and also used as 

the energy source for the fermentation of poly-P thus an excess P uptake occurs in the 

aerobic zone. 
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Therefore,  

biological phosphorus removal is not used in the systems that are 

designed with nitrification without including a means for 

denitrification to minimize the amount of nitrate in the return 

sludge flow to the anaerobic zone. 

If sufficient amounts of DO and NO3
–enter the aerobic zone 

 

The acetate can be depleted before it is the up by PAOs and the 

treatment performance will be hindered.  
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RAS denitrification  

To control NO3
–  enterance to anaeorobic Bio-P basins via RAS:    
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The amount of phosphorus removal        estimated from the amount 

                                                                 of bsCOD that is available 

                                                                 in ww influent. 

 

Most of bsCOD           will be converted to acetate in the short 

                                     anaerobic hydraulic retention time. 

STOICHOMETRY OF PHOSPHORUS REMOVAL 



Assumptions used is evaulate the stoichometry of BPR; 

 

 1.06 g acetate /g bsCOD will be produced  

     as COD fermented                VFA s 

                                                                 

 

 a cell yield of 0.3 g VSS/g acetate 

 

 a cell phosphorus content 0.3 g P / g VSS 

 

 Using these assumptions,  

 

about 10 g of bsCOD will be required to remove 1 g of phosphorus 

biologically. 
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1) Wastewater characterization: 

 

Wastewater characterization including rbCOD measurement 

 

Biological P removal         iniatiated in the anaerobic zone where  

                                           acetate is taken up by PAOs and  

                                           converted to carbon storage products (PHB) 

       

 rbCOD       primary source of  VFAs for the PAOs 

 

Conversion of  rbCOD    VFA occurs quickly through fermantation 

                                         in the anaerobic zone. 

PROCESS DESIGN CONSIDERATIONS 
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7 – 10 mg acetate       results in about 1 mg P removal 

 

 

The more acetate, the more cell growth, more P removal. 

 

 

Diurnal  variations in ww strength       important 

   low influent ww strength       may effect BPR process 

 

 

Wet weather ,especially winter, conditions       

   BPR may be diffucult to achieve due to cold, low strength ww 

that does not readily become anaerobic. 

11 



2)Anaerobic contact time: 

 

Detention time of 0.25-1 hr are adequate for fermentation of rbCOD 

(typical 1.5 -2 hr) 

 

  

1 d SRT    is recommended  

 

  

Too long SRT       potential for secondary  release of  P which is P 

release not associated with acetate uptake.  

 

 

When secondary release occurs        bacteria have not accumulated 

PHB for subsequent oxidation in aerobic zone. 
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 Longer SRT                          Shorter SRT  

 biological   are less efficient than                  biological    

 nutrient           nutrient 

 removal systems                                                     removal systems 

 

Two adverse effects of  long  SRT 

 

 Final amount of P removed is proportinal to the amount of 

biological P storing bacteria wasted. 
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For BPR; 



    If intercellular glycogen is depleted; 

            

         less efficient acetate uptake 

  

         less PHB storage in aerobic zone 

  

         overall BPR process will be less efficient. 
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 Long SRT        causes more extended endogeneous phase of 

                  phosphorus bacteria    

                              

                             bacteria in endogeneous phase will deplete 

       more of their intercellular storage products 



 

Thickening of waste sludge by DAF 

 

                                                  → gravity belt thickeners 

 

                                                  → rotary drum thickeners 

 

 is preferred over gravity thickening of waste sludge to minimize P 

release.  

 

Also, wastage from aeration tank, not from RAS line preferred 
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4)Waste sludge processing: 

 

Anaerobic conditions in thickening and/or digestion   result 

in release of P 



Methods to improve phosphorus removal efficiency in BPR systems 

 

 Provide supplemental acetate by direct purchase of exogenous 

carbon source or by primary sludge fermantation in hydrolysis 

tank. 

 

 Reduce the process SRT 

 

 Reduce the amount of NO3 and /or oxygen entering the anaerobic 

zone 
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BIOLOGICAL PHOSPHORUS REMOVAL 

Ref: Metcalf & Eddy 
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Typical mainstream biological phosphorus removal processes 

a) Phoredox (A/O) 
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 Phosphorus and Carbon removal 

 

 No nitrification 

 

 Low operating SRT values are used to prevent initiation of nitrification 
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If nitrification occurs; 

 NO
3
-N enters to anaerobic zone by RAS recycle 

 

 heterotrophic bacteria will use NO
-

3
 to consume rbCOD in the anaerobic zone 

 

 rbCOD available for phosphorus-storing bacteria will be less 

 

 biological phosphorus removal treatment efficiency decreases 
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b) A
2
/O 
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 Phosphorus - Carbon - Nitrogen removal 

 

 Use of anoxic zone minimizes the amount of NO
-

3
 feed to anaerobic zone 

through RAS recycle  



Ref: Metcalf & Eddy 
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 Phosphorus - Carbon - Nitrogen removal 

Ref: Metcalf & Eddy 
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c) Modified Bardenpho (5-stage) 
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d) University of Cape Town (UCT) 
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 RAS recycle to anoxic zone  

Mixed liquor recycle to anaeorobic zone drawn following to anoxic zone: 

                   to minimize NO
-

3
 concentration entering to anaerobic zone 

are used for relatively weak ww where NO
-

3
 would have a significant effect on BPR 
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d) UCT (modified) 

To minimize NO
-

3
 concentration in the 

mixed-liquor recycle to anaerobic zone 

Major portion of NO
-

3
 removal 

occurs in this zone 

Ref: Metcalf & Eddy 
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Ref: Metcalf & Eddy 
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Side-stream process 
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PhoStrip 

Phosphorus-rich 

supernatant of 

anaerobic tank is 

then precipitated 

with lime 

Avg SRT 5-20 hr 

A portion of phosphorus-rich 

return activated sludge is diverted 

to an anaerobic stripping tank 

where phosphorus is released in 

solution 

Ref: Metcalf & Eddy 
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Fermentation products for the PAO :  

 May be derived from the metaboism of hydrolyzed solids 

 

 May be derived from organics released from lysed bacteria 
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In PhoStrip process, phosphorus - removal efficiency depends less on the influent rbCOD 

concentrations than for other biological phosphorus – removal processes 

Can be easily incorporated into exsiting activated sludge plants. 

 

Significantly less chemical usage than main-stream chemical precipitation process 

 

Effluent concentrations of less than 1 mg/L total P can be achieved with less dependence on 

the BOD strength of influent ww. 
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