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What Weôre Gonna Do......

¸Briefly Discuss Current Phosphorus 
Removal Issues

¸Overview of General Approaches to 
Phosphorus Removal

¸Discuss Performance at Several 
Representative Plants

¸Discuss Bridging Conventional P Removal 
to Achieve Low Effluent Phosphorus

Disclaimer

Examples of Equipment Shown in 

Presentation is Not Intended to Infer Any 

Endorsement of That Equipment



Current Phosphorus Issues

¸NR 217 Promulgated ~1993

ïStandardized 1 mg/L TP Limit Statewide

¸2010 Revision Establishes

ïWater Quality Based Limits (WQBLs)

ïTotal Maximum Daily Load Allocations

ïAdaptive Management

ïTrading?

2010  Revisions

¸WQBLs

ï0.100 mg/L TP for Large Streams

ï0.075 mg/L TP for Small Streams

¸TMDLs ïPossible Limits

ï1.0 mg/L TP in When Already Meeting 

Criteria

ï0.4-0.6 mg/L TP Likely Range Through 

TMDL Process When Not Meeting Criteria

¸Up to 9 (+???) Years to Comply

Effluent Phosphorus Comprised of Two 

Main Components

¸Phosphorus Tied Up in Solids ïParticulate 

Phosphorus (PP)

¸Phosphorus in Solution ïSoluble 

(Reactive) Phosphorus (SP)

TP = PP + SP



Phosphorus Removal As We Know It

Standard Treatment

¸Chemical Phosphorus Removal (Chem P)

¸Enhanced Biological Phosphorus Removal 

(Bio-P, EBPR) with Chem P Backup

Both Approaches Involve Same Strategy

¸Convert SP to PP

¸Remove PP with TSS (in Sludge or 

Effluent Filtration)

Typical Chemical Phosphorus Removal 

Options

Preliminary

Treatment

Primary

Treatment

Secondary

Treatment

Tertiary

Treatment
Disinfection

Raw WW

Effluent 

Discharge

Metal Salt Addition Metal Salt Addition

Metal Salt or Lime Addition

Common Metal Salts Added

¸ Iron

ïFerric Chloride/Sulfate (Fe+3)

ïFerrous Chloride/Sulfate (Fe+2)
¸Pickle Liquor

¸Vivianite Issues

¸Aluminum

ïAluminum Sulfate/Alum (Al+3)



Enhanced Biological Phosphorus 

Removal

¸ A Newer Technology That is Now Well Understood

¸ Grow Microorganisms That Take Up Extra 

Phosphorus

¸ Often Requires Significant Modifications to Existing 

Tankage (Relatively High Capital Costs)

¸ Relatively Low Operating Costs

ïMinimizes Chemical Requirements

ïProduces Less Extra Sludge Than Chemical 

Phosphorus Removal

Bio-P/EBPR

¸Requires Anaerobic/Aerobic Cycling of 

Mixed Liquor 

¸Requires VFAôs in Anaerobic Zone

¸ Involves Growing MLSS Which Takes Up 

and Stores Excess Phosphorus 

ï(5-10% versus 1-2% by weight)

¸Phosphorus Removed in Waste Sludge

Anaerobic/Aerobic Cycling



With Biological Phosphorus Removal, 

Substrate Uptake/Storage Occurs in the 

Anaerobic Zone

Phosphorus Accumulating

Bacteria (PAB)

Carbon
Storage

Polyphosphate

Readily Biodegradable

Organic Matter (VFAôs)

PO4 Released Into

Solution Due to Cleavage

of Polyphosphate Bonds

(Energy)

While Substrate Oxidation and Excess 

Phosphorus Uptake Occur in the Aerobic Zone

Phosphorus Accumulating

Bacteria (PAB)

O2

CO2 and H2O

and More Cells

(Cell Synthesis)

Soluble PO4 is Taken

Up and Stored in Cell

As Polyphosphate

Molecules

Energy

Carbon
Storage

Polyphosphate

Stored Polyphosphate Serves as a ñBatteryò

The ñBatteryò is Discharging in the 

Anaerobic Zone

Carbon
Storage

Polyphosphate
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(Energy)



O2

CO2 and H2O

and More Cells

(Cell Synthesis)

Soluble PO4 is Taken

Up and Stored in Cell

As Polyphosphate

Molecules

Energy

Carbon
Storage

Polyphosphate

The ñBatteryò gets Recharged in the 

Aerobic Zone

Stored Polyphosphate Serves as a ñBatteryò

Commonly Assumed Phosphorus 

Removal Capabilities

¸No Effluent Filtration
ïChemical P Removal: 0.5 mg/L TP

ïBio-P: 1.0 mg/L TP

¸With Effluent Filtration
ïChemical P Removal: 0.1 mg/L TP

ïBio-P: 0.3-0.5 mg/L TP

¸Chem/Bio-P Plus Tertiary Treatment
ïWater Treatment Systems: 0.05 mg/L TP

ïIron Filters or R/O: 0.01-0.02 mg/L TP

Letôs Evaluate Some Real Data

¸Madison, WI

ïBio-P With No Filtration

¸Oconomowoc, WI

ïChemical P With High Rate Cloth Filters

¸Jackson, WI

ïChemical P With Sand Filters

ïPilot Test of High Rate Cloth Filters



Madison Uses the Modified University 

Cape Town (MUCT) Configuration 

Without Nitrified ML Recycle

MM

RAS From Secondary Clarifiers

Primary Effluent

Anoxic 

Recycle

Nitrified Mixed Liquor Recycle

Mixed Liquor

to Secondary

Clarifiers

Aerobic

Reactor(s)

Anoxic

Reactor(s)

Anaerobic

Reactor

X

Madison Activated Sludge System

Madison 2010-2011 Effluent TP Results
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Madison 2010-2011 Effluent TP vs TSS

0

1

2

3

4

5

6

0.00

0.10

0.20

0.30

0.40

0.50

0.60

E
ff

lu
e

n
t 
T

S
S

 (
m

g
/L

)

E
ff

lu
e

n
t 
T

P
 (

m
g

/L
)

TP
TSS

Oconomowoc High 

Rate Filters

Oconomowoc 2010-11 Effluent TP Results


