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Cyanobacteria (Blue-Green Algae)

Fresh water toxins are
produced by

cyanobacteria

Mixture of cyanobacteria

Cyanobacteria bloom



Cyanotoxins

HIGHLY TOXIC
HANDLE @
WITH CARE

m There are over 70 different cyanotoxins

m Intracellular or extracellular

B Neurotoxins (anatoxin, saxitoxin)

m Hepatotoxins (microcystin, cylindrospermopsin)

m Suggested guidelines.
Microcystin-LR: 1.0 pg/L
Anatoxin-a: 3 pg/LL
Cylindrospermopsin: 1-15 pg/L

(USEPA, 2001; NHRMC & ARCANZ, 2001; Health Canada, 1998)



Microcystins (hepatotoxins)

Produced by:
Microcystis,

Anabaena,
Oscillatoria,
Nostoc,
Anabaenopsis

Microcystis aerogenosa

Anabaena flos aquae Microcystis aerogenosa

Picture source: http://www.cyanobacteria-platform.com/cyanobacteria.html



Anatoxins (Neurotoxins)

Produced by:

Anabaena,

Oscillatoria,
Aphanizomenon,
Cylindrospermum,

Microcystis

Anabaena sp.

Anabaena variabilis Anabaena shceremetievi

Picture source: http://www-cyanosite.bio.purdue.edu



Microcystin Presence

B Detected in 80% of 677 sources tested in U.S. and Canada
(Carmichael, 2001).

m Only 4.3% of source water samples were >1ug/L in
concentration (Carmichael, 2001).

Picture source: http://www-cyanosite.bio.purdue.edu



Health Effects?

m Animals

m [ngestion of Untreated Water

B Humans
B Direct Contact with Recreational Water

® Ingestion of Untreated or Poorly Treated Drinking
Watet



Department of Natural Resources

Fetie

News Release: Avoid swimming in water
with mats of blue-green algae

For Release: June 11, 2004
Contact(s): Bob Masnado, DNR, (608) 267-7662
Mark Werner, DHFS, (608) 266-7480

Dane County health officials temporarily closed the beach at
Lake Kegonsa State Park Tuesday evening after initial analysis of
water samples taken from the beach, other locations on the lake,
and a nearby pond indicated high levels of blue-green algae.

DNR water resources staff had collected the samples earlier that
day after receiving a call from a woman who reported that her dog
suffered seizures after swimming in the pond on private land and in
Lake Kegonsa.

Source: Wisconsin Department of Natural Resources
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Coroner cites algae in teen's death

Experts are uncertain about toxin's role
By DON BEHM
Last Updated: Sept. 5, 2003

After a yearlong investigation, the Dane County coroner
has concluded that the mysterious death of a Cottage Grove
teenager last summer likely was the first in the nation
caused by exposure to a toxin released by algae.

Two days after swallowing water while splashing and
diving in a scum-covered pond at a Dane County golf facility
in July 2002, Dane Rogers went into shock and suffered a
seizure before his heart failed, according to Coroner John
Stanley's report .

Tests of blood and stool samples from both boys found
the common blue-green algae, known as Anabaena flos-
aquae, and its toxin, Anatoxin-a.

Source: JSOnline Milwaukee Journal Sentinel
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Microcystins in Wisconsin Lakes
and Drinking Water Utilities

m In 1998, microcystin algal toxins were

Lake Winnebago, WI

found in untreated surface waters in

Wisconsin (Karner ef al., 2001).

m At times, source concentrations

exceeded 1 pg/L.

B The concentrations of toxins

increased throughout the summer
and into the fall season.

m The drinking water treatment
facilities removed toxins well
below the 1 pg/L guideline.

There is also good news



Control of Toxic Cyanobacteria
Blooms

m Bloom Prevention
m Operational Controls
m Algaecides

m Coagulants

Anabaenopsis sp. bloom

Microcystis sp. bloom

Picture source: http://www-cyanosite.bio.purdue.edu



Drinking Water Treatment for
Removal of Cyanobacteria Toxins

LAKE |
'

A) METHODS EFFECTIVE AT REMOVING
INTRACELLULAR TOXIN:

m  Coagulation-Sedimentation-Filtration:

up to 90% reported removals for intracellular microcystin

m  Coagulation- DAF:

40-80% removal of microcystis cells

90-100% removal of anabaena cells

Picture source: http://www.epa.gov



Drinking Water Treatment for
Removal of Cyanobacteria Toxins

B) METHODS EFFECTIVE AT REMOVING
EXTRACELLULAR TOXIN:

m Powdered Activated Carbon Adsorption:
up to 85% removal of extracellular microcystin

up to 98% removal of extracellular anatoxin

B Granular Activated Carbon:

up to 95% removal of extracellular microcystin and
anatoxin

Picture source: http://www.epa.gov



Drinking Water Treatment for
Removal of Cyanobacteria Toxins

Free Chlorine:
up to 100% removal of extracellular microcystin

Ozone;:

up to 100% removal of extracellular microcystin, up to
92% removal of extracellular anatoxin

Potassium permanganate:
up to 95% removal of microcystin

Membranes:
up to 95% removal of microcystin with RO membranes

Picture source: http://www.epa.gov



A Chlorination Example

Chlorination is being used extensively
by water utilities in the U.S., and
therefore, it can serve as an easily
accessible means of microcystin
inactivation.

Microcystin-LLR chlorination studies
have been performed by Nicholson e#
al., 1994; Tsujt et al., 1997; Hatt ef al.,
1998; and Bruchet ez 4/.,1998. o Adda

DCH 4

The researchers studied different initial
toxin concentrations, chlorine doses,
and chlorine to toxin molar ratios.

Microcystin-LR

The researchers demonstrated that
under several conditions the destruction
of microcystin with chlorine is possible.




Research Objectives

I The main objective of the project was to conduct a
detailed evaluation of the inactivation kinetics of
extracellular microcystin-ILR by free chlorine at chlorine to
JLCTOCYSTIN._molar ratios_representative of water treatment practice

(1.500-150.000).

|]|]|:> The effects of pH, chlorine dose, microcystin-LR
concentration, temperature, and water quality on the
rate of inactivation were evaluated.

|]|]|:> CT values for inactivation of extracellular microcystin-
LR by free chlorine were developed (C=residual
disinfectant concentration, T= detention time).



Experimental Design

m Initial Toxin Concentration 1, 3, 10 pg/L.

m Chlorine Dose 1,3, 10 mg/I. as Cl,
= pH 6.0, 7.5, 9.0
m Temperature 11°C, 20°C, 29°C
m Contact Time 3, 10, 30, 100 min

m Water buffered MQ), 7 natural waters




Methods

Chlorination tests:

batch tests conducted in 11, toxin ascorbic
bottles chlorine acid
toxin added to buffered MQ

water

sodium hypochlorite added

chlorine residual quenched
with ascorbic acid at desired T=0 min T=t min
contact time

Parameters Measured:

pH, temperature, chlorine concentration, toxin concentration

(measured by ELISA and HPLC)



Effect of pH and contact time on microcystin-LR
inactivation for 1 mg/L initial toxin concentration and
1 mg/L free chlorine dose
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Relationship between inactivation rate constant and
chlorine dose at pH 7.5.

k'=k[free chlorine]

.
[Cl5] (mg/L)




Effect of temperature on inactivation rate constant
for 2 pg/L initial toxin concentration and 1 mg/L free
chlorine dose




Microcystin-LR inactivation versus CT for three different
pH values
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Relationship between inactivation rate constant and pH at
11°C and all chlorine doses tested (bars indicate
standard errors)

k _ kHOCl[H+]+kOC|— Ka
[H']+ K,




Microcystin-LR inactivation versus CT at pH 7.5
(DI water and 7 natural waters)
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Conclusions

Extracellular  microcystin-LR ~ was  effectively
inactivated by free chlorine.

The highest inactivation rates were observed at pH
6.0 and the lowest at pH 9.0.

At pH 6, 1 log (90%) toxin Iinactivation was
achieved at an average CT of 35 mg*min/L.

At pH 7.5 and pH 9, 1 log inactivation was
achieved at average CT wvalues equal to 169
mg*min/L and 496 mg*min/L respectively.



Recommendations Concerning
Drinking Water Exposure

B Source Water Protection
m Farly Detection

® Toxin (chemical measurements)

m Toxin producing gene (molecular techniques)
m Indicator parameters

m Bench and Pilot Scale Studies with Natural water



Source water protection
Early Detection
Pilot Tests
Water Treatment

Thank you

For more info: xagorara@msu.edu

Irene Xagoraraki , Assistant Professor, Civil and
Environmental Engineering, Michigan State University
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