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Well-Maintained Ponds Improve Water Quality
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(2) With management, phosphorus 
remains buried in pond sediments

(1) Runoff phosphorus 
(P) 
is trapped in 
pond sediment

(3) DECREASED phosphorus
in pond outflows

P burial
Improved pond-phosphorus 

management 

= 
cleaner lakes and streams

Graphic courtesy of Dr. Ben Janke
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Well-Maintained Ponds
Improve Water Quality

(2) With management, 
phosphorus remains buried 

in pond sediments

(1) Runoff 
phosphorus (P) 
is trapped in 
pond sediment

(3) DECREASED phosphorus
in pond outflows

P burial
Improved 

pond-phosphorus 
management = 

cleaner lakes and 
streams
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Photo credit: Poornima Natarajan Photo credit: Peter Olson
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Algae?

http://help.bioworldusa.com/kb/algae-treatment/is-this-algae-or-watermeal-duckweed Photo credit: Andy Erickson

Don’t try this!

Duckweed Filamentous Algae Cyanobacteria
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https://www.wzzm13.com/article/life/pets/a-dog-died-after-swimming-in-a-texas-lake-should-michigan-pet-o
wners-be-concerned/69-90357d2b-d405-47fb-9b97-418a69574917

https://www.cnn.com/2019/08/11/us/three-dogs-died-algae-trnd/index.html
https://www.11alive.com/article/news/local/marietta-couple-shares-warning-on-toxic-algae-after-dog-dies-les

s-than-an-hour-after-visit-to-lake-allatoona/85-b8c44ca2-a390-4c4e-82a2-0e67ab29dd94
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(2) Phosphorus released 
from sediment in old 

or failing ponds

(1) Runoff 
phosphorus (P) 
is trapped in 
pond sediment

(3) Increased phosphorus
in pond outflows

“Pea soup” water
Algae releases toxins

Old or Failing Wet Ponds 
Can Pollute Lakes and Streams

P release
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ce

Stormwater Characterization

Log-Normal Distribution
(Van Buren et al. 1997)

P Concentration
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P Concentration

O
cc

u
rr

en
ce

Stormwater Characterization
95% Confidence Interval
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O
cc

u
rr

en
ce

Stormwater Characterization
Upper 95% Confidence Interval = 97.5%

0.38 mg/LP Concentration
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O
cc

u
rr

en
ce

Stormwater Characterization
Upper 95% Confidence Interval = 97.5%

0.38 mg/L
For reference:
0.17 mg/L (Giblin et al. 2013)
0.10 mg/L (Anderson et al. 2018)

P Concentration
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RPBCWD Surface Samples

Janke et al. 2017
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0.17 mg/L (Giblin et al. 2013)
0.10 mg/L (Anderson et al. 2018)

RPBCWD Surface Samples
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0.17 mg/L (Giblin et al. 2013)
0.10 mg/L (Anderson et al. 2018)

RPBCWD Surface Samples

39%
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Why does this happen?
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Recent Research
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Publication Research Sites
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Intact Sediment Cores
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Photo credit: Poornima NatarajanPhoto credit: Peter Corkery



Experimental Setup
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8cm

½ of total water 
column length

Sampling location 
for oxic and 
anoxic phases

Sampling location 
for anoxic phase 
only

air line 
to air stone
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Sediment Oxygen Demand and Phosphorus Release
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Sediment Oxygen Demand and Phosphorus Release
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A B E
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Sediment Phosphorus Fractionation
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Redox-Sensitive Phosphorus Dynamics
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Oxic (≥1 mg/L DO)
Fe3+(aq) + PO4

3-(aq) => FePO4(s)

Anoxic (<1 mg/L DO)
FePO4(s) + e- => Fe2+(aq)+ PO4

3-(aq)

https://pixfeeds.com/images/science/chemistry/1280-516796706-fe-element-of-the-per
iodic-table.jpg



Sediment Phosphorus Fractionation
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Sediment Phosphorus Fractionation
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A B E

Redox-P = Loosely-Bound P + Iron-Bound P
Mobile-P = Redox-P + Labile-P
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When does P-Release Occur
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Design Assumptions
35
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•Indefinite phosphorus retention in sediments

•Shallow 

•Well-mixed

•Daily destratification

(<10 m; often 0.5-3.0 m)

(by wind and stormflows)

(nighttime cooling)



Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification
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Lasting Thermal Stratification
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Lasting Thermal Stratification
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Substantial Chlorides from Winter Deicing
40
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Bell Museum 2018



Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification and Low Dissolved Oxygen
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Lasting Thermal Stratification and Low Dissolved Oxygen
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Duckweed also contributes
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Photo credit: Poornima Natarajan



What can we do?
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Maintenance Recommendations
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PREVENTION is cheaper than REMEDIATION



https://www.tymco.com/sweepers/model-600/

Watershed Pollutant Reduction
50

https://stormwater.bae.ncsu.edu/

PREVENTION



Volume Reduction
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https://gardening-abc.com/rain-garden/

PREVENTION



Pretreatment
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https://upstreamtechnologies.us/

PREVENTION



Alum Treatment
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Photo credit: Joe Bischoff – Stantec

TREATMENT



Iron Filings Treatment
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Video credit: Poornima Natarajan

TREATMENT



Iron Filings Treatment
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Photo credit: Noah Czech – City of St. Cloud, MN

TREATMENT



Mechanical Aeration (Not Fountains)
56
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Customfountains.com

TREATMENT

DO

DON’T



Dredging
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Photo credit: John Carlon – City of Eden Prairie, MN

REMEDIATION



Human Impacts 
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create.umn.edu/toolkit



Thank you!
59
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