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Presentation Overview
• Introduction to harmful algal blooms
• Importance of HABs
• Causes & effects on ecosystem, recreation, and drinking water
• Identification and monitoring
• Water Quality Standards and Drinking Water Health Advisories
• Resources

The views expressed in this presentation are those of the author 
and do not necessarily represent the views or policies of the U.S. 
Environmental Protection Agency. 
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Disclaimer



What are harmful algal blooms? 

• Algae and cyanobacteria are natural 
components of any aquatic ecosystem
– Primary producers that serve as the base of 

most aquatic ecosystems
• However specific environmental conditions 

can lead to their excessive proliferation, 
resulting in a bloom 

• Most frequently occur in the summer to early 
fall
– However blooms have been observed in the 

winter 
• Blooms resemble spilled paint, thick scum, 

and pea soup
– Generally green, can also have red or brown tint
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Microcystis aeruginosa

Anabaena



Why ‘harmful’?
• Certain algal and cyanobacterial species 

have the potential to produce toxins (i.e. 
cyanotoxins) that can lead to adverse health 
effects, including: 
– Gastrointestinal distress, kidney and liver 

toxicity, skin rashes, respiratory distress, muscle 
and joint pain, adverse neurological symptoms 

– Exposure routes: dermal, ingestion, and 
inhalation

– Effects to humans, aquatic life, pets, and 
livestock

• Most commonly reported and researched 
cyanotoxins include: 
– Microcystins
– Cylindrospermopsins
– Anatoxins
– Saxitoxins 4



Why are HABs important? 
• The prevalence of HABs in freshwater 

is increasing globally in intensity and 
frequency 

• Cultural eutrophication and the 
environmental conditions that 
encourage bloom formation are 
becoming more common with climate 
change

• HABs, especially those producing 
cyanotoxins, can be a threat to:
– Ecosystem 
– Recreation (swimming and fishing)
– Pets and livestock
– Drinking water
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Causes
• Optimal bloom formation and growth conditions includes: 

– Increased nutrients (nitrogen and phosphorus) inputs
• Quantity and forms

– Rising temperatures 
– Light penetration
– Increased frequency and magnitude of extreme precipitation 

events 
– Stratification, then mixing
– Sediment overturn

• Of note - environmental conditions conducive to bloom 
formation varies from those that increase the likelihood 
of toxin production 
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Ecosystem effects

• HABs can lead to extensive ecosystem shifts by:
– Shifting from macrophyte- to phytoplankton-driven

• Difficult to reverse 

– Altering food web dynamics

• Increasing algal biomass decomposition results 
in hypoxia events
– Low dissolved oxygen can lead to fish kills 

• Potential for fish kills due to toxins
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HABs & Fishing
• Cyanotoxin persistence in fish tissue 

is poorly researched 
– The levels in edible fish are highly 

variable depending on trophic level 
and fish organ/ tissues 

– Some non-cyanobacteria HABs produce 
toxins that can kill fish

• Many cyanobacteria produce taste 
and odor compounds that affect the 
taste of fish 

• Loss of suitable habitat for fisheries 
due to low dissolved oxygen levels 
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HABs & Recreation

Beach closure notice in Marion 
Reservoir, Kansas from 2006

• HABs can pose a serious threat to the 
enjoyment of surface waters for recreation  

• Toxin producing cyanobacteria are primary 
concern to the health of beachgoers, their 
pets, and livestock

– Most common health effects are gastrointestinal 
distress, kidney and liver toxicity, skin rashes, 
and respiratory distress

– Cyanobacterial cells alone have been linked to 
skin rashes

• “When in doubt, stay out”

• Non-health related effects: 
– Beach closures 
– Major economic losses to fishing and recreation 

industries
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HABs & Drinking Water

Sample glass of water from the City of 
Toledo’s drinking water intake in Lake 
Erie in August 2014

• Health effects reported following acute or 
short-term exposure to cyanotoxins in 
drinking water include: 

– Gastrointestinal distress
– Liver and kidney damage

• HABs can pose a series of problems in 
drinking water, including: 

– Presence of harmful toxins
– Causing taste and odor issues

• Excessive organic matter can further add to 
treatment costs by: 

– Increasing chlorine demand
– Shortening filter run times
– Reacting with treatment chemicals to create 

disinfection byproducts (DBPs), which can be a 
public health concern
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Identification and Monitoring of HABs  

• Field monitoring methods and concerns:
– Common water quality parameters: nutrients, chlorophyll-a, 

cyanobacterial cell count, cyanotoxin concentration, temperature, pH
– Sampling location 

• Bloom community composition is generally determined through 
microscopic analysis
– EPA’s Office of Research and Development, in partnership with some 

state agencies, are researching the potential of genetic analyses to 
ascertain which species (whether toxin producing or not) are present

• Toxin detection in the lab is performed through either enzyme-
linked immunosorbent assay (ELISA) or liquid 
chromatography/mass spectroscopy (LC/MS/MS)
– Both have their own drawbacks
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U.S. EPA Region 1 Cyanobacteria 
Monitoring Collaborative

• http://cyanos.org
• Three coordinated monitoring projects to locate and understand 

HABs
– BloomWatch!

• crowdsources to find and report potential cyanobacteria blooms
• uses smart phones and App available for download and includes 

training
– CyanoScope

• engages trained citizen scientists, professional water quality 
managers, and the public to understand where and when 
cyanobacteria species occur

• includes CyanoScope kits (e.g., microscope, plankton net) and 
training

– CyanoMonitoring
• involves professionals and trained citizen scientists to monitor 

freshwaters for cyanobacteria to determine environmental 
factors that cause blooms

• includes sampling kits, forecasting, and training
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http://cyanos.org/


Prevention & Protection

• Preventing HABs through nutrient runoff control 
and stormwater management:
– Conservation practices on agricultural fields 
– Green infrastructure for capturing runoff 

• Planting native trees, shrubs, & tall grasses
• Decreasing impervious surfaces

– Smart residential landscaping
• Lawn care, fertilizer, rain gardens, 

pet waste
– Optimization of wastewater treatment

plants for nutrient removal 
– Proper septic system management
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Water Quality Standards 

• The Clean Water Act (CWA) provides two routes for HAB 
management at the federal level: 
– Eco-regional 304(a) criteria for nutrients

• Not adopted by many states
• Model-based nutrient criteria under development

– Recreational criteria for cyanotoxins under development, to be 
used as either criteria or advisories

• Certain states, several countries, and the World Health 
Organization have their own guidelines and thresholds for 
cyanobacterial cell count, chlorophyll-a, and/or 
cyanotoxin concentrations
– Guideline values for cyanotoxins in rec waters are not 

consistent across states
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HABs & Drinking Water

• There are no regulations for cyanotoxins in drinking 
water under the Safe Drinking Water Act (SDWA)
– However, work has been underway to evaluate the 

need/ability to regulate these contaminants

• EPA published a recommendation cyanotoxin 
management document as a companion to the 
health advisories designed to provide information 
that public water systems can consider to inform 
their decisions on managing the risks from 
cyanotoxins. 
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https://www.epa.gov/sites/production/files/2015-06/documents/cyanotoxin-management-drinking-water.pdf


HABs and Drinking Water (cont’d)

• In June 2015, EPA developed 10-day drinking water health advisories 
(HAs) for microcystins and cylindrospermopsin
– HAs are non-regulatory values that serve as informal technical guidance to 

assist federal, state and local officials, and public water systems to protect 
public health from contaminants. 

– The HAs also include information on methods for analysis and treatment 
techniques. 

Age Group Health Advisory Value (µg/L) Short-term Health Effects

Microcystins Cylindrospermopsin Microcystins Cylindrospermopsin

School-aged 
children and 
adults (six 
years and 
older)

1.6 3 Liver Kidney

Children pre-
school age and 
younger (and 
sensitive 
populations)

0.3 0.7 Liver Kidney



Questions & Feedback

• Source water protection & recreation: 
– Meghan Hemken, U.S. EPA Region 5, Water Division, Water 

Quality Branch
• hemken.meghan@epa.gov
• (312) 886-6833

• Drinking water:
– Wendy Drake, U.S. EPA Region 5

Water Division, Ground Water 
and Drinking Water Branch 
• drake.wendy@epa.gov
• (312) 886-6705
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Resources & Research

• Regional 
– EPA’s Office of Research and Development in 

Cincinnati is conducting drinking water 
treatment research and has been assisting Ohio 
(e.g., see YouTube video EPA scientist Nicholas 
Dugan works to safeguard our drinking water). 

– Region 5 convened a HAB CWA/SDWA workshop 
in April 2016. 

– Ohio EPA HAB response strategies for Public 
Water Supplies and Recreational Waters
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https://www.youtube.com/watch?v=mnok5G0HBgM
http://epa.ohio.gov/Portals/28/documents/HABs/PWS_HAB_Response_Strategy.pdf
http://epa.ohio.gov/portals/35/hab/HABResponseStrategy.pdf


Resources & Research
• Algal Toxin Risk Assessment and Management Strategic Plan for 

Drinking Water (2015)
• U.S. EPA CyanoHABs website: https://www.epa.gov/nutrient-policy-

data/cyanohabs
• Fact sheets

– Cyanobacteria and Cyanotoxins: Information for Drinking Water 
Systems (2014)

– Climate Change and Harmful Algal Blooms (2013)
• Monthly newsletter Freshwater HABs News
• Inland HAB Discussion group website and archived webinars

https://www.epa.gov/nutrient-policy-data/inland-hab-discussion-
group

• Field and Laboratory guide to Freshwater Cyanobacteria Harmful 
Algal Blooms for Native American and Alaska Native Communities 
Field and Lab Guide to Freshwater CyanoHABs

• Using Stressor-response relationships to derive numeric nutrient 
criteria - Numeric Nutrient Criteria Guidance Doc
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https://www.epa.gov/sites/production/files/2015-11/documents/algal-risk-assessment-strategic-plan-2015.pdf
https://www.epa.gov/nutrient-policy-data/cyanohabs
https://www.epa.gov/sites/production/files/2014-08/documents/cyanobacteria_factsheet.pdf
https://www.epa.gov/sites/production/files/documents/climatehabs.pdf
https://www.epa.gov/nutrient-policy-data/research-and-news
https://www.epa.gov/nutrient-policy-data/inland-hab-discussion-group
https://pubs.usgs.gov/of/2015/1164/ofr20151164.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/P100IK1N.txt?ZyActionD=ZyDocument&Client=EPA&Index=1995%20Thru%201999|1976%20Thru%201980|2006%20Thru%202010|1991%20Thru%201994|Hardcopy%20Publications|2000%20Thru%202005|1986%20Thru%201990|2011%20Thru%202015|1981%20Thru%201985|Prior%20to%201976&Docs=&Query=Using%20Stressor%20response%20Relationships%20Derive%20Numeric%20Nutrient%20Criteria%20&Time=&EndTime=&SearchMethod=2&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D:%5CZYFILES%5CINDEX%20DATA%5C06THRU10%5CTXT%5C00000034%5CP100IK1N.txt&User=ANONYMOUS&Password=anonymous&SortMethod=-|h&MaximumDocuments=15&FuzzyDegree=0&ImageQuality=r85g16/r85g16/x150y150g16/i500&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x


Resources & Research

• Current projects on HABs and Drinking Water
– Drinking water cyanotoxin management risk communication toolbox 

(U.S. EPA)
– Cyanotoxin management plans for drinking water treatment facilities 

(U.S. EPA) 
– Modification and implementation of the Comprehensive Performance 

Evaluation (CPE) for optimizing drinking water treatment when 
challenged by toxic cyanobacteria (U.S. EPA and Ohio EPA) 

• Projects on HAB-related Source Water Monitoring 
– Cyanobacteria Assessment Network (CyAN) Project to develop an 

early warning indicator system with satellite data (NASA, NOAA, 
USGS, U.S. EPA)

– National Aquatic Resource Surveys (NARS) 
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https://www.epa.gov/water-research/cyanobacteria-assessment-network-cyan-project
https://www.epa.gov/national-aquatic-resource-surveys
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