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Disclaimer

The information in this presentation has been reviewed and 

approved for public dissemination in accordance with U.S. 

Environmental Protection Agency (EPA). The views expressed 

in this presentation are those of the author and do not 

necessarily represent the views or policies of the Agency. Any 

mention of trade names or commercial products does not 

constitute EPA endorsement or recommendation for use.
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Presentation overview

• Purpose:  provide an overview of drinking water 

optimization approaches for treating HAB-

impacted source water

• Multiple barrier approach

• Sampling, monitoring, and bench-scale analysis

• Treatment optimization

• Resources
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Multiple barrier strategy for cyanobacteria & cyanotoxin 

removal

• Cyanobacteria cell removal 

• Potential monitoring indicators include turbidity, particle counts, 
phycocyanin, chlorophyll-a, NOM, UV254, color

• Treatment options focus on particle removal

• Coagulation/flocculation, clarification, and filtration

• Membranes

• Cyanotoxin removal

• Analytical measurement by ADDA-ELISA, LC/MS/MS

• Adsorption: powdered activated carbon (PAC) and granular activated 
carbon (GAC)

• Oxidation / disinfection:  adequate concentration x contact time (CT) for 
pathogen inactivation and cyanotoxin oxidation 4
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Unit process sampling

YSI EXO sonde equipped with sensors:

• Chlorophyll-a (in-vivo, RFU)

• Phycocyanin (“blue-green algae”) (in-vivo, 

RFU)

• pH, temperature

• Turbidity

Sample in-situ at the following locations in the 

plant:

• Raw water

• Pre-sedimentation

• Clarifier effluent

• Top-of-filter

• Combined filter effluent
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Jar testing
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• Optimizing coagulant and polymer dosing can 

maximize cell removal through the treatment 

process. This can be effectively evaluated in 

most plants using jar testing.

• To evaluate optimal coagulant and polymer 

dosing for cyanobacteria cell removal, the 

following parameters can be monitored*:

• Turbidity

• ΔC/C0 DOC

• Pigments (chlorophyll-a, phycocyanin)

• Color

• UV254

• Particle counts

• Streaming current or zeta potential

6*Newcombe et al., 2015



Operational considerations for coagulation, 

flocculation, sedimentation and filtration

• Optimize coagulation, flocculation, and sedimentation process 

through jar testing

• Rapid sand filters that regularly achieve turbidity ≤ 0.10 NTU are 

typically better prepared to remove cyanobacteria cells 

• Backwashing filters based on water quality data, such as effluent 

turbidity, can lead to more optimal filter operation

• Trend water quality data regularly to understand baseline 

operation

• More frequent clarifier sludge removal may be necessary during a 

cyanobacteria bloom
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PAC treatment

• PAC effectiveness depends on:

– Type of carbon (wood, coconut, coal)

– Type of cyanotoxin or other compounds to 

be adsorbed

– Dose and contact time

– Natural organic matter (NOM interference)

• Jar testing best for assessing PAC 

type and dose

• AWWA PAC Jar Testing Protocol for 

Cyanotoxin Removal in Drinking 

Water

U.S. Environmental Protection Agency

Micropores: < 2 nm

Mesopores: 2 - 50 nm

Macropores: > 50 nm

vs. microcystin-LR: 1-3 nm
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Operational considerations for PAC

• Consider sufficient supply, 

storage space and safety prior to 

HAB season

• Consider operational impacts of 

adding PAC on sedimentation 

and filtration processes

– Potential need for more frequent 

sludge removal, higher volumes

– Potential for filter clogging

– Test higher PAC feed rates, if 

needed, prior to HAB season
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Oxidation treatment summary
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Oxidant Anatoxin-a Cylindrospermopsin Microcystins Saxitoxin 

Chlorine Not effective Effective (at low pH) Effective* Somewhat 
effective 

Chloramine Not effective Not effective Not effective at 
normal doses 

Inadequate 
information 

Chlorine dioxide Not effective at 
normal doses 

Not effective Not effective at 
normal doses 

Inadequate 
information 

Potassium 
permanganate 

Effective Data ranges from 
not effective to 
possibly effective 

Effective* Not effective 

Ozone Effective Effective Very effective Not effective 

UV / advanced 
oxidation 

Effective Effective Effective at high 
UV doses* 

Inadequate 
information 

* Dependent on initial cyanotoxin concentration, pH, temperature, and presence of NOM. 

Source: Ohio EPA and Ohio AWWA “White Paper on Algal Toxin Treatment”, 2015
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Impact of chlorination on microcystin concentrations
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> 2X 

increase in 

CT

> 3X 

increase in 

CT

*Figure based on data 

from Acero et al, Water 

Research, 2005:39:1628-

1638

CT for 3-log Giardia inactivation

@ 1.0 mg/L Cl2, t = 25° C:

• pH 7:  37

• pH 8:  54

• pH 9:  78
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AWWA CyanoTOX oxidation calculator
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AWWA CyanoTOX oxidation calculator
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Dose-decay based results: CT-based results:
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Operational considerations for chlorination

• Consider where chlorine is dosed and if any 

competing technologies would limit its effectiveness

• Consider the potential for formation of disinfection 

byproducts
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Membrane filtration

• Cyanobacteria cell removal 

effective with MF or UF

• Cyanotoxin removal possible with 

NF or RO

• Low pressure membranes, such as 

MF or UF are not effective for 

removing extracellular cyanotoxins

• High pressure membranes, such 

as nanofiltration or RO, can 

remove some extracellular 

cyanotoxins depending on the type

• Consider reevaluating backwash 

and cleaning frequencies during a 

cyanobacteria bloom U.S. Environmental Protection Agency

Photos courtesy of Oregon Health Authority
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Slow sand filtration

• Avoidance strategies:

– Evaluate how much DS 

storage. Filter to waste until 

bloom passes?

– Change intake location or 

depth

– Switch sources or blend with 

other sources

– Purchase water from 

neighboring systems

• Reevaluate disinfectant CT

U.S. Environmental Protection Agency

Ensure water quality 

compatibility if changing or 

blending sources and evaluate 

impacts to DS water quality

Photo courtesy of Oregon Health Authority
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Slow sand filtration

• Cyanobacteria cell removal by filtration

• Cyanotoxin removal by biotransformation/biodegradation

• Effectiveness depends on:

– Water temperature

– Filter contact time and hydraulic loading rate – longer/lower is better

– Abundance of specific bacteria capable of degrading the cyanotoxins present in source water

– Concentration of influent cyanobacteria and cyanotoxins

– Presence of organic matter

– Presence of metals

• Some studies have shown biodegradation products of saxitoxin may result in 

more toxic forms

• Lag period of up to 6 days

• No disinfectant residual prior to biological filter
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Conclusions

• When optimized, conventional treatment processes (coagulation, 

flocculation, sedimentation, filtration) are highly effective at removing 

cyanobacteria cells

• PAC effectively adsorbs microcystins; however, the exact carbon dose will 

vary depending on the type of cyanotoxin, type of carbon, and the NOM 

background concentration

• Slow sand filters can be effective if consideration is given to ripening/lag 

time and hydraulic parameters

• Low pressure membranes are effective at cyanobacteria cell removal, but 

need another barrier for extracellular cyanotoxin removal

• Chlorine effectively degrades microcystins, but the rate of degradation is 

temperature and pH dependent. Reevaluate CT.
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EPA document
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https://www.epa.gov/ground-water-and-
drinking-water/cyanotoxins-drinking-water
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EPA document appendices

Process evaluation for various types of treatment:

• For intracellular cyanotoxins:

– Conventional treatment (coagulation, flocculation, sedimentation and 

filtration)

– Membranes

• For extracellular cyanotoxins:

– Powdered activated carbon (PAC)

– Granular activated carbon (GAC)

– Membranes (NF, RO)

– Oxidation
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Questions?

Thomas Waters, P.E.

waters.tom@epa.gov

513-569-7611 

21


