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Disclaimer
The purpose of this presentation is to provide 
information for awareness and to describe various 
approaches for managing harmful algal blooms (HABs) 
in a waterbody as they are reported in the literature 
and other publications (e.g., state reviews).

The EPA has not conducted its own independent, 
systematic, scientific review or technical analysis of 
these approaches.  Therefore, the EPA does not 
endorse or recommend any particular approach.
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Watershed Management

Waterbody
Management
• Suppress HABs

• Remove pollutants

• TMDLs, Nutrient Management Strategies

Point 
Sources

• NPDESNonPoint 
Sources

• BMPs

What is Waterbody Management?

Source: Hudnell, K. H., “A Systems Approach to Freshwater Management: Waterbody Treatments”, U.S. EPA Webinar, 
May 14, 2014.
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Source: Hudnell, K. H., “A Systems Approach to Freshwater Management: Waterbody Treatments”, U.S. EPA Webinar, 
May 14, 2014.



5

Legacy pollution

https://uwaterloo.ca/science/news/phosphorus‐legacy‐causes‐recurring‐blooms‐according‐ela‐lake

Legacy pollution (e.g., phosphorus) is a challenge for many waterbodies.  Even if new 
inputs can be prevented or limited, there can be sufficient amounts of nutrients in the 
system (e.g., in the sediments) to support harmful algal blooms into the future.
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Blog: Partnering with States to Cut Nutrient Pollution, Joel Beauvais, Sept 22, 2016

Memo: Renewed Call to Action to Reduce Nutrient Pollution, Joel Beauvais, Sept 22, 2016

“This memorandum highlights the continued need for action to address this challenge, 
calls upon states and stakeholders to intensify their efforts in collaboration with EPA, 
and announces support for state planning or implementation of watershed‐based, 
multi‐stakeholder projects to reduce impacts to public health from nitrates in sources 
of drinking water and from nitrogen and phosphorus pollution contributing to harmful 
algal blooms.”
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Waterbody Management Approaches



8https://www.epa.gov/nutrient‐policy‐data/control‐and‐treatment

A. Bloom prevention – before a bloom occurs
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Floating Islands

http://www.prlog.org/11132852‐biohaven‐floating‐island.jpg

http://www.lowtechmagazine.com/images/2008/11/12/floating_island_rhizome_collective.jpg

http://lake‐savers.com/wp‐content/uploads/2013/03/feature‐floating‐island.jpg

http://www.wef.org/assets/0/86/108/668/773/6442452995/6442453001/1cf66293‐
bbae‐4476‐8f88‐5d76eaef71fc.jpg
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A. Bloom prevention – before a bloom occurs
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A. Bloom prevention
A. Bloom prevention – before a bloom occurs
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Aeration and Oxygenation

http://www.vertexwaterfeatures.com/sites/default/files/imagecache/billboard_frontpage_aeration/billboard‐
frontpage/billboard_A1.jpg

http://www.vertexwaterfeatures.com/sites/default/files/bdm_both.jpg

Bahia Del Mar Lake, St Petersburg, FL
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A. Bloom prevention – before a bloom occurs
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Mechanical Mixing (Circulation)

http://www.vitalbodies.com/blog/wp‐content/uploads/2009/04/solarbee_bga2.jpg
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Jordan Lake (North Carolina)
WRAL.com By Tyler Dukes, Posted, May 5, 2016
http://www.wral.com/environmental‐regulators‐to‐end‐solarbees‐pilot‐
project/15684958/

Copco Reservoir, Klamath River (California
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A. Bloom prevention – before a bloom occurs
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A. Bloom prevention – before a bloom occurs



http://www.teachengineering.org/collection/usf_/lessons/usf_flocculant
/usf_flocculants_lesson01_figure3web.jpg

http://sinarindahcentral.files.wordpress.com/2011/11/aluminium‐sulfat‐solid1.jpg
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http://www.chemspider.com/ImagesHandler.ashx?id=58204&w=200&h=200

Chemical flocculants (bind, aggregate and sink)
Chemical flocculants (dissolved and particulates)
aluminum sulfate (alum)
polyaluminum chloride (PAC)
polymeric flocculants

Alum Treatment in Lake Stevens (WA)

http://aquatechnex.com/wp‐content/uploads/2013/06/IMG_5531.jpg
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http://www.cygnetenterprises.com/ftp/productimages/Pics/Phoslock%2055lb%20bag_300x375.jpg

http://www.phoslock.eu/en/phoslock/about‐phoslock/
http://www.sepro.com/phoslock/images/HowPhoslockWorks.png

http://elements.geoscienceworld.org/content/5/2/99/F2.large.jpg

http://www.sepro.com/phoslock/images/PhoslockSideBySide.jpg

The Netherlands Lake Lorene, WA
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A. Bloom prevention – before a bloom occurs
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Barley Straw

http://aquatic‐solutions.co.uk/wp‐content/uploads/2012/04/Barley‐Straw.jpg

England

http://www.mankysanke.co.uk/assets/images/autogen/a_Barley_straw_reservoir.jpg

http://www.metuchenmatters.com/IMG_3585.JPG

Tommy’s Pond, Metuchen, NJ
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B. Bloom control and remediation – when a bloom is present
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B. Bloom control and remediation – when a bloom is present
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Drawdown and Desiccation

https://www3.nd.edu/~aseriann/Lake_Drawdown.pdf

Note: Causes increased 
methylation of mercury 
– a big concern in many 
western lakes from gold 
mining history
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B. Bloom control and remediation – when a bloom is present
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Mechanical Removal
Skimming

Austria
Swan River, Perth, WA

Lake Sediment Removal

Note: Disposal of 
surface scums or 
skimmed material 
may need to meet 
regulations when 
toxins are present 
(could be considered 
hazardous waste) 
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http://www.sonicsolutionsllc.com/images/SonicAnimat630pxforDisc%20‐%20Optimized.gif

http://www.smokytroutfarm.com/Sonic%20Solutions%20Ultrasound%20Algae%20Control.jpghttp://www.marylandbiochemical.com/images/WildingAcres.jpg

Ultrasonics

http://cdn2.hubspot.net/hub/227988/file‐201537022‐jpg/images/effectsOfAlgae.jpg?t=1371692499000

Note: Cell lysis may result in release of toxins 
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B. Bloom control and remediation – when a bloom is present
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Algaecides (Kill or inhibit cells)

Inorganic chemicals
• KMnO4, FeCl3, chlorine, alum, flocculants
• NaOCl (bleach from electrified seawater)
• Hydrogen peroxide

Organic chemicals
• Aponin (from alga Nannochloris sp.)
• Sophorolipids (from fungus Candida bombicola)
• Phlorotanins (from brown alga Ecklonia kurome)
• Barley straw bales and extract

Nannochloris sp. Candida bombicola Ecklonia kurome
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https://www.epa.gov/nutrient‐policy‐data/control‐and‐treatment

B. Bloom control and remediation – when a bloom is present
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Clays (bind, aggregate and sink)
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Clay treatment

Sarasota Bay, FL

South Korea China

http://www.gangpan‐environment.com/kindeditor/attached/image/20130514/20130514100056_3017.jpg
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B. Bloom control and remediation – when a bloom is present



34

Biological Control and Biomanipulation

Viruses

Bacteria

Parasites

Competitors
(including allelopathy)

Grazers

http://wilsonlab.com/images/daphnia.jpg

http://cfb.unh.edu/phycokey/Choices/Prymnesiophyceae/PR
YMNESIUM/Prymnesium_02_600x448_nies.go.jp.nies‐
1397.jpghttp://www.quebec‐ocean.ulaval.ca/_images/Marine_microbe_A._Comeau_Jed_Furrman.jpg

In marine brown tide, Aureococcus anophagefferens

Parasitic dinoflagellate, Amoebophrya sp., 
in host dinoflagellate, Dinophysis sp.
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Waterbody Management
Pros
• Prevents/Limits the impacts of nutrient pollution and HABs over the shorter term in 

order to deal with real‐time or impending threats to recreation, drinking water, 
and local economies.

• Allows time for criteria development and implementation, including policy challenges.
• Low costs relative to watershed management, particularly in the short term.

Cons
• Benefits may be temporary;
• Treatments may need to be repeated or maintained over time;
• Cost effectiveness can distract from addressing the problem itself (i.e., sources);
• Implemented in small scales.  Some technologies untested for larger scales.



36

Watershed Management
Pros
• Addresses the sources of nutrients (both point and non‐point), and aims to prevent or

minimize excess nutrients from entering the system in the first place.
• Improvements over the long term and over a larger geographic scale, affecting multiple 

waterbodies.

Cons
• Not designed to address imminent or existing HABs.
• Generally does not address the issue of legacy phosphorus in the sediment.
• Developing watershed management strategies and plans can present many technical and 

political challenges.
• May take time and resources to implement.
• Cost may be higher relative to waterbody management depending on size, number of 

inputs, and complexity of the watershed.  
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Resources

http://archives.lib.state.ma.us/bitstream/handle/2452
/36455/ocn244302727.pdf?sequence=1&isAllowed=y

Publications, manuals, reportsEPA CyanoHABs Website

https://www.epa.gov/nutrient‐policy‐data/cyanohabs
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Resources

Link to the report:
https://www.epa.gov/sites/production/
files/2015‐04/documents/nutrient‐

economics‐report‐2015.pdf

Link to the data spreadsheet:
https://www.epa.gov/sites/production/files/2
016‐03/nutrient‐impacts‐control‐costs.xlsx

See Chapter III. 
Costs of Nutrient Pollution


