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Release of Intracellular Cyanotoxins during Oxidation of
Naturally Occurring and Lab-Cultured Cyanobacteria
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Southern Nevada Water Authority

Alfred Merritt Smith Water Treatment Facility

600 Million Gallons/Day (MGD) River Mountains Water Treatment Facility

(300 MGD)



Previous bloom events on Lake Mead

Blue-green algae or cyanobacteria

Can produce cyanotoxins

Can produce taste and odor compounds

2001 – Pyramichlamys 2015 - Microcystis

Green algae

No cyanotoxins

No taste and odor



Des Moines Water Works
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Source: RAYGUN 

(www.raygunsite.com)

3 water treatment plants; 100 MGD total capacity 



Previous bloom event in Des Moines
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https://www.circleofblue.org/2014/great-lakes/lake-erie-
algae-bloom-hits-pelee-island-moving-toward-sandusky/

August 2014

https://www.circleofblue.org/2014/great-lakes/lake-erie-algae-bloom-hits-pelee-island-moving-toward-sandusky/


What are intracellular and extracellular cyanotoxins?
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toxin

Intracellular Extracellular

10-day drinking water health advisories are relatively low

• Microcystin: 0.3 μg/L (young children); 1.6 μg/L

• Cylindrospermopsin: 0.7 μg/L (young children); 3.0 μg/L

Release of intracellular toxin is important in water treatment
7



Treatment of extracellular toxins is well-studied
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Treatment of intracellular toxins has 
also been studied
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Consistent guidance across manuals….



Option A –
Switch 

Sources
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Option B –
Remove 

Intact Cells
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Management and disposal of cells is critical

Filtration

Dissolved Air Flotation

Lagoons, Clarifiers, Drying Beds

Source: Water Research Foundation 4315 & 4523



Guidance currently states to avoid or minimize use of 
pre-oxidants to prevent intracellular release
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Pre-oxidation is common in drinking water treatment

• Disinfection

• Control of invasive species 
• Zebra/Quagga mussels

• Biofilm control on intake pipelines

• Inorganic contaminants
• Iron/manganese 

• Organic contaminants
• Taste and odor compounds

• Micropollutants

Turning off pre-oxidant is not always an option
14



Option C –
Release and 

Treat 
Approach

15



Cyanobacteria introduce 
a LOT of variables
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Cultured versus natural cells

Morphology & mixtures
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Growth phase
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Cell lysis methods Cyanotoxin analytical methods 

ELISA  (Total Toxin)

Liquid Chromatography/ Mass Spectrometry

(Congener Specific)
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Cell damage Photo: FlowCAM

Now: ATP



Many different chemicals are used for 
reservoir and drinking water treatment
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Algaecides
• Hydrogen peroxide

• Copper sulfate

• Chelated copper

Oxidants
• Chlorine

• Chloramine

• Chlorine dioxide

• Ozone

• Permanganate

• Advanced Oxidation 
Process



Background: Water Research Foundation 
(WRF) #4406
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• 3 laboratory cultured strains of cyanobacteria

• Microcystis aeruginosa, Oscillatoria, Lyngbya

• 4 Oxidants were evaluated

• Ozone, chlorine, chlorine dioxide and chloramine

• Oxidant:DOC mass ratio = 0, 0.25, 0.50, 0.75, 1.0, 2.0 

• Time = 24 hours

• Measured oxidant exposure (i.e. concentration over time)

• Measured cell damage using chlorophyll and flow cytometry (FlowCAM)

• Measured microcystin-LR release using LC-MS/MS



Morphology effects cell damage
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Cell lysis ≠ total destruction

• Assessment
• All particles

• Results indicate cells are 

damaged without resulting 

in complete lysis or 

fragmentation 
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Microcystin was released in 24 h experiments
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Minimal MC-LR release occurred 
with 50,000 cells/mL

Majority of release 
occurred at dosages 

< 0.63 mg/L

Oxidation of 
released 

extracellular MC-LR 
followed literature0.0
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Oxidation of natural Microcystis was examined
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Image credit: Ann St. Amand (PhycoTech, Inc., St. Joseph, MI)

Sheath layer, 
up to 30.4 µm

10 µm



Revised Cell Degradation Model
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• A [Cl2]0:DOC0 ratio of 0.30 (t = 20 min) was found to completely 

release intracellular MC-LR

– With further verification, may be used as an indicator of intracellular toxin 

release when treating naturally occurring Microcystis

Develop “Release and Treat” Guidance



Response – WRF #4692 looks at pre-oxidation 
exposures and lab + natural cells

• Oxidants: O3, Cl2, NH2Cl, ClO2, KMnO4

• Reservoir treatment chemicals: CuSO4, 
H2O2

• Exposure times ≤20 min*, oxidant:DOC ratios 
less than demand

• Normalized doses by DOC

• *24 h for reservoir treatment chemicals

• Refine utility guidance for intracellular release

27



28

3 cell suspensions/water matrices 
were examined

• Lab-cultured 1.0x106 cells/mL Microcystis
aeruginosa in Colorado River water (CRW; DOC 
2.5 mg/L, pH 8)

• U.S. bloom: 2.7x106 cells/mL Planktothrix
agardhii-suspensa in Grand Lake St. Mary’s 
(GLSM; DOC 9.4 mg/L, pH 8)

• Canadian bloom: 1.6x105 cells/mL Anabaena 
spiroides, 1.0x105 cells/mL Aphanothece
clathrata brevis, and 4.0x104 cells/mL Microcystis
aeruginosa in Lake Champlain (DOC 6.1 mg/L, 
pH 7.9)



Cell suspensions were screened for microcystins

• LC-MS/MS used to screen for 8 different MC congeners
• -LA, LF, LR, LW, LY, RR, WR, YR

• U.S. bloom → only MC-YR found (~2 ppb)

• Lab-cultured cells/Canadian bloom → only MC-LR found (~6-10 ppb)

• Suspensions were also screened with ELISA
• Higher concentrations than just MC-YR in GLSM

• MC-LR only confirmed for lab-cultured cells

• Here, results focusing on MC-LR and MC-YR will be 
presented

29



What happens within 20 minutes or 
less with low oxidant exposures?

30
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Release AND oxidation 

at 0.5 Cl2:DOC

Lab-cultured MA; DOC = 2.5 mg/L U.S. bloom; DOC = 9.4 mg/L 

Canadian bloom; DOC = 6.1 mg/L
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No release at ≤0.5 NH2Cl:DOC

Lab-cultured MA; DOC = 2.5 mg/L U.S. bloom; DOC = 9.4 mg/L 

Canadian bloom; DOC = 6.1 mg/L
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Lab-cultured MA; DOC = 2.5 mg/L
U.S. bloom; DOC = 9.4 mg/L 

Canadian bloom; DOC = 6.1 mg/LRelease at ≥0.15 ClO2:DOC; oxidation of MC-YR
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MRL

Lab-cultured MA; DOC = 2.5 mg/L U.S. bloom; DOC = 9.4 mg/L 

Canadian bloom; DOC = 6.1 mg/LRelease AND 

oxidation at 

0.75 O3:DOC
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Hydrogen peroxide released minimal to no 
MCs within 24 hours
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U.S. bloom; DOC = 9.4 mg/L 

Canadian bloom; DOC = 6.1 mg/L

Minimal release at 

≥0.6 Cu(II):DOC



Preliminary guidance on effect of CT

• Results were consistent with previous work

• Goal was to provide some general framework regarding release

• Additional research needed to further validate/revise these 
conditions

38



What happens with longer stagnation times 
following 20 min low oxidant exposures?

39



0

0.5

1

1.5

2

2.5

0 10 20 30 40M
ic

ro
c
y
s
ti

n
-Y

R
 (

u
g

/L
)

Total MC-YR

Extracellular MC-YR

Example: MnO4
- caused MC-LR release 

(lab cells)

MRL

0.0

0.2

0.4

0.6

0.8

1.0

0 5 10 15 20

P
e
rm

a
n

g
a
n

a
te

 
re

s
id

u
a

l 
(m

g
/L

)

Time (min)

40*Controls did not exhibit MC release

0

1

2

3

4

5

6

7

0 5 10 15 20 25 30M
ic

ro
c
y
s
ti

n
-L

R
 (

u
g

/L
)

Stagnation time (h)

Total MC-LR

Extracellular MC-LR

No release at 20 min; 

nearly complete 

release at 2 h

Lab-cultured MA; 

DOC = 2.5 mg/L U.S. bloom; DOC = 9.4 mg/L 



Preliminary guidance on stagnation

• Significance of these results?
• Important to filter samples immediately after quenching

• Relevant to methods used in previous research studies

• Partially damaged cells may have applied impacts

41



Minimal cyanotoxin 
breakthrough can 
impact a utility’s 

ability to meet the 
Health Advisory

42

Recommendations:

▪ Multi-Barrier Approach

▪ Effective Post-Filter Oxidant

▪ More Frequent Backwashing



Final report and guidance 
document (~May 2019)
• Water Research Foundation Project #4692

• Project manager: Djanette Khiari

• PAC: Zaid Chowdhury, Sarah Page, Barry Rosen, Carol 
Walczyk

• Southern Nevada Water Authority (SNWA)

• Eric Wert, Brett Vanderford, Beck Trenholm, Janie 
Holady, Brittney Stipanov, Glen de Vera, Julia Lew, 
Shandra Staker, Yesika Otano-Alonso, James Park, 
Mary Murphy

• Polytechnique Montreal - Arash Zamyadi, Caitlin Glover

• Saint Louis University – Craig Adams

• Hazen and Sawyer - Erik Rosenfeldt & Graphics Team!
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Future research on “Release and Treat”
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Growth phase

Variables

Morphology

Water matrix

Mixtures

Full-scale systems

Threshold cell 

concentration

Validation of 

oxidant:DOC ratios

Process control 

strategies for cell lysis

Online ATP analyzer



Future research: WRF #4912

• “Developing Guidance for Assessment and Evaluation of 
Harmful Algal Blooms, and Implementation of Control 
Strategies in Source Water”
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• Project Team
• Southern Nevada Water Authority – Eric Wert
• Polytechnique Montreal – Arash Zamyadi
• University of Adelaide – Virginie Gaget
• Hazen and Sawyer – Christine Owen

• Utility and Technology Participants from 
US, Canada, Europe and Australia



Future research: WRF #4912

• Research approach

• Critical review of early warning systems 
and source water control strategies

• Summarize utility practices 

• Innovation evaluations
• ATP-based approaches

• Treatment of benthic cyanobacteria

• Guidance document and decision trees
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Ref: Greenstein and Wert, Water Research (2019)
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Katie Greenstein, Ph.D., P.E. 

(kgreenstein@dmww.com)

mailto:kgreenstein@dmww.com

