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Presentation Overview  
 

• Describe what are harmful algal blooms  
• Discuss routes of exposure and adverse health effects  
• Provide a summary of the causal factors  
• Provide an overview of the surface water and drinking 

water treatment practices 
• Describe public health guidelines in place 
• Briefly describe the activities at EPA relating to 

cyanotoxins in drinking water. 
• Opportunity for Questions 
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Why are we talking about HABs? 
• The prevalence and duration of Harmful 

algal blooms (HABs) in freshwater is rapidly 
expanding in the U.S. and worldwide.  
 

• Some algal blooms can produce toxins at 
levels that may be of concern for human 
health and ecological impact.   
 

• HABs have caused economic losses to the 
fishing and recreation industries while 
increasing costs for managing and treating 
potable water supplies. 
•   
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Overview of Harmful Algal Blooms 

• Algal blooms are natural in marine and 
freshwater ecosystems.   

• However, some algae species can form 
blooms that can produce toxins, 
known as Harmful Algal Blooms 
(HABs). 
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• HABs tend to occur in late summer and fall in temperate zones 
and potentially year-round in tropical and subtropical zones. 

• The problem with HABs is: 
• Cause hypoxia and anoxia, leading to fish kills 
• Odor and taste problems 
• loss of drinking water recreational, fishing use/sustainability 

 



Cyanobacteria or Blue-Green Algae 
• In freshwater, cyanobacteria or blue-green algae, are the most 

common “algae”, some of which produce highly potent 
cyanotoxins. 

• One species can make multiple toxins and different toxins can be 
produced by a number of different species making visual 
monitoring difficult. 

• More than one toxin may be present 
• Intra vs extra cellular toxin 
• Microcystin 

– Group of at least 80 toxin                                                                          variants                                                              
– Primarily affect the liver                                                                        (hepatotoxin) 
– Most studied and                                                                                            widespread 

cyanobacterial                                                                                                                                           
toxin (Microcystin-LR) 
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Exposure and Health Effects 
  
 

•   Potential routes of exposure: 
•  Dermal contact  
•  Inhalation of aerosolized toxins  
•  Ingestion during recreational activities  
•  Consumption in drinking water and food   

• Health effects related to exposure to cyanotoxins in freshwater:  
•  Hepatotoxic (affects the liver) 

•  Microcystin and Cylindrospermopsin 
•  Symptoms of exposure: Vomiting, diarrhea, fever 

•  Neurotoxic (affects the nervous system)  
•  Anatoxin-a and Saxitoxin 
•  Symptoms of exposure: Paralysis, seizure  

• Dermatoxic  (affects the skin) 
• Lipopolysaccharides and Lyngbyatoxin 
•  Symptoms of exposure: Irritation to eyes, ears, throat, rashes, skin lesions 

• Toxicity data (needed to determine thresholds) are not available for many 
cyanotoxins 
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Factors that Promote HABs Formation 
 

Causal factors of 
bloom formation: 
•  high nutrient 
input (Nitrogen and 
Phosphors) 
•  low water flow 
and mixing 
•  high 
temperatures 
•Light intensity 
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We do not fully understand the environmental factors (e.g. concentrations of 
nutrients) and the role climate change will have on bloom formation and 
toxin production.  
 



Overview Surface and Drinking Water  
HABs Management Techniques 

 

 

• Surface Water 
– Intracellular Toxins 

• Circulation 
• Aeration 
• Flocculants & oxidizers 
• Floating artificial wetlands 
• Biological manipulations 
• Hydrologic manipulations  

– Extracellular Toxins 
• Awareness and get ready to treat 

 

• Drinking Water 
(Coagulation/Sedimentation) 
– Intracellular Toxin 

• Oxidants (not often used, afraid of 
lysing cell) 

• Flocculent aides  

– Extracellular Toxin 
• Activated Carbon 

– Powder (PAC) 
– Granular (GAC) 

• Filtration 
– Conventional 
– Biologically Active 

Multi-barrier approach for each toxins 
 



Guidelines and Regulations for  
Recreational and Drinking Water 

• No federal regulations or guidelines for cyanobacteria or 
cyanotoxins in recreational or drinking water in the U.S.  

•   World Health Organization (WHO) Guidelines: 
• Drinking Water: 1 μg/L for microcystin-LR (MC-LR) 
• Recreational Water: 
 
 
 
 

• Guidance values for drinking water have been adopted by many 
countries and some states based on WHO guidelines.   

 

 Minnesota:  0.04 μg/L   MC-LR      
   Ohio:    1µg/L Microcystin 

                    20 µg/L Anatoxin-a 
                    1 µg/L  Cylindrospermopsin 

   
 

 
 

Oregon: 1 μg/L MC-LR Tox Eq. 
     3 µg/L Anatoxin 
     1 µg/L Cylindrospermopsin 
   9 



Safe Drinking Water Act (SDWA) Requirements  
*SDWA Section 1412(b)(1) 
 

• Contaminant Candidate List (CCL)  
• Develop a list of unregulated contaminants that are known or anticipated 

to occur in public water systems and may require a drinking water 
regulation. 

• EPA publishes the list every five years. 
    Unregulated Contaminant Monitoring Rule (UCMR) 

• Collect data to help determine which, if any, of the listed contaminants EPA 
should regulate, based on their measured levels at selected public water 
systems and their potential health effects. 

 

    Regulatory Determination  
• Determine whether or not to regulate at least five contaminants from the 

CCL with National Primary Drinking Water Regulation (NPDWR) after 
evaluating criteria specified under the SDWA; Publish determinations on a 
five year cycle. 

 

    Regulation Development 
• If EPA decides to regulate, the Agency has 24 months to propose and 18 

months to finalize the health goal and the NPDWR. 
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CCL Process for Cyanobacteria/Cyanotoxins 

• Cyanobacteria included in CCL 
• CCL 1 (1998) includes Cyanobacteria (blue-green algae), other freshwater algae, 

and their toxins 
• CCL 2 (2005) includes Cyanobacteria (blue-green algae), other freshwater algae, 

and their toxins 
• CCL 3 (2009) includes Cyanotoxins (anatoxin-a, microcystin-LR, and 

cylindrospermopsin) 
• CCL 4 (due 2014) – EPA started evaluating contaminants for CCL 4  

• Universe of potential drinking water contaminants. 
• Identifies contaminants that should be further 

evaluated (the preliminary CCL or PCCL).  
• Select contaminants based on more detailed 

evaluation of: 
• Known or anticipated occurrence in PWS 
• Adverse health effect 

• More information at: www.epa.gov/safewater/CCL 
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http://www.epa.gov/safewater/CCL


Regulatory Determination for Cyanobacteria/Cyanotoxins 
SDWA requires EPA to promulgate a NPDWR and to publish a Maximum Contaminant 
Level Goal (MCLG) for a contaminant if: 

• Can cause adverse health effects; 
• Known to occur in public water systems with a frequency and at levels of 

public health concern; and 
• Regulation presents a meaningful opportunity for health risk reduction. 

 

Contaminants MUST meet all three criteria for a positive regulatory determination. 
 

Regulatory Determination for cyanobacteria and cyanotoxins 
• EPA is evaluating algal toxins for regulatory determinations 

• RD 1  and 2 (2003, 2008) – No Regulatory Decision - not sufficient 
information 

• RD 3  - to be published 
Unregulated Contaminant Monitoring Rule (UCMR) 

• EPA is evaluating algal toxins for inclusion in future UCMRs 
• EPA will need to develop analytical methods with sufficient sensitivity and 

precision and evaluate sampling protocols that will capture the episodic 
occurrence 

• EPA expects to have the method for microcystin ready for UCMR 4 (2016), 
monitoring period will be from 2018-2021. 
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EPA Activities Related to  
Cyanotoxins in Drinking Water  
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Cyanobacteria Harmful Algal Blooms Webpage 
• Launched on July 18, 2012, updated periodically  
• Webpage to help inform the public, states, tribal and local governments, and other 

federal agencies about key issues regarding cyanobacteria blooms in recreational 
waters and drinking water. 

• Includes information on: 
• Causes, prevention and mitigation 
• Human health  and ecological effects 
• Detection methods 
• Available policies and guidelines 
• Past and ongoing research 
• Links to states HABs programs  

•    Many resources available  
 

 
 
 

 

OST’s Outreach Efforts 
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OST’s Outreach Efforts 
Webinars 

• 7/12 - Cyanobacteria and Cyanotoxins Occurrence and Detection Methods 
• 10/12 - States Updates on HAB Monitoring Programs 
• 1/13 - Guidelines Development 
• 4/13 - Control and Mitigation of Cyanobacteria and Cyanotoxins  
• 5/13 - Health Risks Associated with Cyanobacteria and Cyanotoxins  
• 1/14 - New Research on Cyanotoxins Detection  
• 5/14 – Prevention, Control and Mitigation of cyanobacteria and 

cyanotoxins   
Fact Sheets 

• Cyanobacteria and Cyanotoxins:  Information for Drinking Water Systems 
• Climate Change and Harmful Algal Blooms 

International Partnerships 
• Coordinate and Guest Edit (OST/ORD/CDC) Special Issue on “Harmful Algal 

Blooms and public health: progress and current challenges” to be 
published in Toxins journal 
• 22 papers submitted from EPA, CDC, NOAA, USGS, Argentina, South 

Africa, Germany, and US states, universities, and NGOs.   
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OST’s Partnership and Guidance  
Development Efforts 

DW Health Advisories (HA) for Cyanotoxins: Microcystin-LR, 
Anatoxin-a, and Cylindrospermopsin 

 

• Joint collaboration with Health Canada to develop science basis for HAs. 
• Informal technical guidance for unregulated drinking water contaminants to 

assist federal, state and local officials, and managers of public or community 
water systems in protecting public health as needed. 

• HA are non-regulatory concentrations at which adverse health effects are not 
anticipated to occur over specific exposure durations: one-day, ten-day, and 
lifetime.   

• Status:   
 External Peer Review of the Health Effects Support Document for 

Cyanobacterial toxins 
 Draft final HA to include: 

o Quantification of Toxicological Effects 
o Analytical Methods  
o Treatment Techniques 

 Peer Review 
 Publication – End 2014/Early 2015 
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Cyanobacteria Assessment Network (CyAN) ORD/OST 
• ORD/NERL, USGS, NOAA and OST 
• Approach to detect and predict the probability of cyanobacterial blooms 

developing over the next several days and whether the bloom may intensify 
or diminish using remote satellite technology. 

• Status: 
• Mobile application development: test piloting the prototype mobile 

applications (software than can be loaded onto an Android phone).   ORD 
will likely buy test phones to try the application.  

• Expected end date: June 2014 
• Predictive algorithm development -  use of water quality data, stream 

gauge data, atmospheric measures, and satellite data to standardize the 
formats and prepare the algorithm to incorporate it into the mobile 
application.   

• Expected start date: Summer 2014 
 
 

 

OST/ORD’s Research Efforts 
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 Lake Erie Cyanobacterial Toxin Water Treatment Plant Sampling Project 
 

• EPA’s National Risk Management and Research Laboratory in partnership 
with the Ohio Environmental Protection Agency (OEPA) and participating 
utilities. 

• Sampling of drinking water treatment trains of seven Lake Erie drinking 
water treatment facilities for a number of water quality parameters 
beginning in June 2013 to follow the propagation and control of toxins 
through the treatment process.  
• cyanobacterial cells, cyanotoxins, chlorophyll a, nitrate, nitrite, ammonia, phosphate 

and trace metals 
• Preliminary evidence indicates: 

• Oxidant doses sufficiently high damaging cells and releasing toxins, yet too low to 
completely degrade the released material. 

• High removals of chlorophyll-A (proxy for intact cyanobacteria cells) combined with 
lack of finished water detections. 

• 2014 sampling campaign will focus on determining an optimum trade-off 
between ELISA and LC/MS use. 
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OST/ORD’s Research Efforts 



Summary 
• Many cyanobacteria species are capable of producing 

different toxins but not all cyanobacterial blooms are 
toxic.  

• It is unclear how often toxin-producing blooms occur 
in drinking water supplies.  

• Research is needed to understand causal factors of 
bloom formation, and to determine which 
conventional drinking water treatment configurations 
sufficiently reduce algal toxin concentrations. 

• A multi-barrier approach for each toxins is needed. 

• Control of point and non-point source nutrient 
pollution.  
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Questions? 

 

Contact Information 
 

Lesley V. D’Anglada, Dr.PH 
U.S. Environmental Protection Agency 

Office of Water / Office of Science and Technology 
Health and Ecological Criteria Division 

202-566-1125 
Danglada.lesley@epa.gov 

 
 

CyanoHABs website 
http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/cyanohabs.cfm 
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