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Why Remove Phosphorus?Why Remove Phosphorus?

EutrophicationEutrophication
Impacts on EutrophicationImpacts on Eutrophication
Where can it Occur?Where can it Occur?
•• WatershedsWatersheds
•• ImpoundmentsImpoundments
•• International ImpactsInternational Impacts

Transportation of PhosphorusTransportation of Phosphorus
Soil / WaterSoil / Water
Plants / AnimalsPlants / Animals
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EutrophicationEutrophication

Trophic StatesTrophic States
Oligotrophic Oligotrophic –– minimum biological activityminimum biological activity

Mesotrophic Mesotrophic –– more biological activitymore biological activity

Eutrophic Eutrophic –– high biological activity, loss of some specieshigh biological activity, loss of some species

Hypereutrophic Hypereutrophic –– highly productive, many clearwater highly productive, many clearwater 
species cannot survivespecies cannot survive

Impacts of Phosphorus on EutrophicationImpacts of Phosphorus on Eutrophication
Overstimulates GrowthOverstimulates Growth
Restricts Recreational ActivitiesRestricts Recreational Activities
Upsets Balance of OrganismsUpsets Balance of Organisms
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Eutrophication, cont.Eutrophication, cont.

Where can Eutrophication Occur?Where can Eutrophication Occur?
WatershedsWatersheds

•• National National –– Mississippi River BasinMississippi River Basin
•• Local Local –– Hawk Creek WatershedHawk Creek Watershed

ImpoundmentsImpoundments
•• Regional Regional -- Minnesota River at ShakopeeMinnesota River at Shakopee
•• National National -- Lake Pepin, MNLake Pepin, MN

International ImpactsInternational Impacts
•• Hypoxic Zone Hypoxic Zone ““Dead ZoneDead Zone”” –– Gulf of MexicoGulf of Mexico
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Mississippi River BasinMississippi River Basin

US EPA

Willmar
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Mississippi River BasinMississippi River Basin

USGS

80-90% of Lake Pepin’s Sediment Load 
Comes From the Minnesota River

Willmar
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Hawk Creek WatershedHawk Creek Watershed

Minnesota Pollution Control Agency

•Why Remove 
Phosphorus?

•Eutrophication

•Trophic States

•Impacts

•Where can it 
Occur?

•Transportation of 
Phosphorus

•Tutorial

•Phosphorus Levels

•Remove Phosphorus

•Chemical Control

•Biological Control

•How to Reduce?

Montevideo

Willmar

Raymond

Priam

Granite Falls

Maynard
Clara 
City

Olivia



ImpoundmentsImpoundments

Regional Regional -- Last 22 Miles of Minnesota Last 22 Miles of Minnesota 
River at ShakopeeRiver at Shakopee
National National -- Lake Pepin, MNLake Pepin, MN
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Last 22 Miles:Last 22 Miles:
Minnesota River at ShakopeeMinnesota River at Shakopee

Turbidity & SedimentationTurbidity & Sedimentation
Phosphorus Attached to SedimentationPhosphorus Attached to Sedimentation
InterInter--Related to EutrophicationRelated to Eutrophication

Turkey River, Iowa  August 2001
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Lake PepinLake Pepin

22 Miles 
Minnesota 

River at 
Shakopee
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Lake PepinLake Pepin

Minnesota River
At Shakopee
Impaired Waters
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Hypoxic ZoneHypoxic Zone
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Hypoxic ZoneHypoxic Zone

Nancy Rabalais 
(Louisiana Universities Marine Consortium) 

Jacques Descloitres, MODIS Land Rapid Response Team, 
NASA/GSFC, January 2003 

Photo courtesy of NOAA 
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Hypoxic ZoneHypoxic Zone
““Dead ZoneDead Zone”” 8,500 mi8,500 mi2 2 in 2002in 2002

Larger than State of MassachusettsLarger than State of Massachusetts
Anaerobic Conditions (without oxygen)Anaerobic Conditions (without oxygen)

Caused by Overabundance of Caused by Overabundance of 
Nutrients & TurbidityNutrients & Turbidity

Absence of Dissolved Oxygen for Small Absence of Dissolved Oxygen for Small 
AnimalsAnimals
Turbidity Reduces Sunlight, Loss of Turbidity Reduces Sunlight, Loss of 
Photosynthesis for Plant GrowthPhotosynthesis for Plant Growth
Settling Allows Sunlight Penetration Settling Allows Sunlight Penetration 
Triggering Excessive Algae Growth Triggering Excessive Algae Growth 
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Transportation of PhosphorusTransportation of Phosphorus
Soil / WaterSoil / Water

Runoff / LeachingRunoff / Leaching
Soil ErosionSoil Erosion
Agricultural FertilizersAgricultural Fertilizers
Onsite Sewage Systems LeachingOnsite Sewage Systems Leaching
Municipal Wastewater DischargeMunicipal Wastewater Discharge

Plants / AnimalsPlants / Animals
Absorption / ConsumptionAbsorption / Consumption
Death / DecompositionDeath / Decomposition
Animal WastesAnimal Wastes
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TutorialTutorial
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http://www.discoverbiology.com/ch44/ch44a04.html
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TutorialTutorial
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TutorialTutorial
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Phosphorus LevelsPhosphorus Levels
Limiting Algae Growth Limiting Algae Growth 

0.02 mg/l Phosphorus0.02 mg/l Phosphorus

WWTP Effluent LimitWWTP Effluent Limit
1.0 mg/l Phosphorus by 20151.0 mg/l Phosphorus by 2015

Willmar Effluent LimitWillmar Effluent Limit
1.0 mg/l Phosphorus by November 20101.0 mg/l Phosphorus by November 2010

Future Effluent Limits UnknownFuture Effluent Limits Unknown
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How to Remove PhosphorusHow to Remove Phosphorus
Chemical Phosphorus ControlChemical Phosphorus Control

DefinitionDefinition
Advantages / DisadvantagesAdvantages / Disadvantages
SchematicSchematic

Biological Phosphorus ControlBiological Phosphorus Control
DefinitionDefinition
Advantages / DisadvantagesAdvantages / Disadvantages
SchematicSchematic
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Chemical Phosphorus ControlChemical Phosphorus Control
Addition of Metal Salt to Liquid TrainAddition of Metal Salt to Liquid Train

Alum, Ferrous Chloride, Ferric ChlorideAlum, Ferrous Chloride, Ferric Chloride

Metal Salts React with Dissolved Metal Salts React with Dissolved 
Phosphorus and Settle in the Phosphorus and Settle in the 
Treatment Plant Clarifiers with other Treatment Plant Clarifiers with other 
WastesWastes
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Chemical Phosphorus ControlChemical Phosphorus Control
AdvantagesAdvantages

Easy to OperateEasy to Operate
Very ReliableVery Reliable
Achieves Low Effluent LevelsAchieves Low Effluent Levels

DisadvantagesDisadvantages
Chemical CostsChemical Costs
Produces More Produces More BiosolidsBiosolids
Reduces AlkalinityReduces Alkalinity
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Chemical Phosphorus ControlChemical Phosphorus Control

Secondary
ClarifierAeration Tank

Influent Effluent

RAS WAS

Chemical
Addition

Chemical Addition Point for Chemical Addition Point for 
Phosphorus RemovalPhosphorus Removal
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Chemical Phosphorus ControlChemical Phosphorus Control
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Biological Phosphorus RemovalBiological Phosphorus Removal
Modification of Activated Sludge Modification of Activated Sludge 
(Biological) Process Designed to (Biological) Process Designed to 
Select for Bacteria that Uptake Excess Select for Bacteria that Uptake Excess 
Amounts of Phosphorus.Amounts of Phosphorus.
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Biological Phosphorus RemovalBiological Phosphorus Removal
AdvantagesAdvantages

Low Chemical CostsLow Chemical Costs
Low Solids Production Low Solids Production 
Improves Secondary Clarifier PerformanceImproves Secondary Clarifier Performance

DisadvantagesDisadvantages
Less Reliable than Chemical RemovalLess Reliable than Chemical Removal
Prone to Upset, Requires Backup Prone to Upset, Requires Backup 
Chemical AdditionChemical Addition
More Difficult to Operate than Chemical More Difficult to Operate than Chemical 
RemovalRemoval
Requires Careful Control of Recycle Requires Careful Control of Recycle 
LoadingsLoadings
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Biological Phosphorus RemovalBiological Phosphorus Removal

Aeration Tank

Primary 
Effluent

To Secondary
ClarifierAnaerobic

Zone
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Phosphorus

““BioBio--PP”” Bacteria Selected by Passing Bacteria Selected by Passing 
Activated Sludge through an Anaerobic Activated Sludge through an Anaerobic 
(no oxygen) Zone Followed by an (no oxygen) Zone Followed by an 
Aerobic ZoneAerobic Zone

““BioBio--PP”” Bacteria Uptake Food in Anaerobic Bacteria Uptake Food in Anaerobic 
ZoneZone
Release Phosphorus in Aerobic ZoneRelease Phosphorus in Aerobic Zone
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How to Reduce?How to Reduce?
Limit Fertilizer and Application TimesLimit Fertilizer and Application Times
Control Runoff & Soil ErosionControl Runoff & Soil Erosion
Plant Trees & Grass StripsPlant Trees & Grass Strips
Maintain Septic Systems & Maintain Septic Systems & 
Wastewater Treatment PlantsWastewater Treatment Plants

•Why Remove 
Phosphorus?

•Eutrophication

•Trophic States

•Impacts

•Where can it 
Occur?

•Transportation of 
Phosphorus

•Tutorial

•Phosphorus Levels

•Remove Phosphorus

•Chemical Control

•Biological Control

•How to Reduce?


	The Phosphorus Story
	Eutrophication
	Chemical Phosphorus Control
	Chemical Phosphorus Control
	Chemical Phosphorus Control
	Biological Phosphorus Removal
	Biological Phosphorus Removal

