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Table SD-/1. Toxins produced by cyanobacteria and their documented human health effects
(Chorus and Bartram 1999; Svrcek and Smith 2004; Cooperative Research Centre for Water
Quality and Treatment 2007; Merel et al. 2010; Gutiérrez-Praena et al. 2012).

Cyanotoxin Mechanism of toxicity

Microcystins (MCs) in general (~60 Hepatotoxic: Protein phosphatase blockers by
known analogues) covalent binding and cause haemorrhaging of the
MC-LR liver

MC-LA

MC-YR

MC-RR

Saxitoxins (STXs) also known as Neurotoxin: STXs are potent voltage-gated
paralytic shellfish poisons in general sodium channel antagonists, causing numbness,
(~30 known analogues) paralysis and death by respiratory arrest. STX
Saxitoxin (STX) disrupts the nervous system via binding to the
C-toxinl & 2(C1 & C2) sodium channel and inhibits the sodium ions
Gonyautoxin2 & 3 (GTX2 & GTX3) transport

Cylindrospermopsin Cytotoxic: blocks protein synthesis
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Table SD-12. Guideline levels for managing drinking source waters containing cyanobacterial
cells proposed by World Health Organisation (Chorus and Bartram 1999).

Alert level Density of Cyanobacterial cells Action
Vigilance 200 cyanobacterial cells/ml e Non-bloom condition, weekly monitoring*
1 2,000 cyanobacterial cells/ml e Weekly cyanobacterial count
or e Weekly toxin testing to be initiated in
1 pg/1 chlorophyll-a with a drinking water supplies
dominance of cyanobacteria e Issue advisory notice to public
2 100,000 cyanobacterial cells/ml e  Weekly cyanobacterial count
or e  Weekly toxin testing in drinking water
50 pg/! chlorophyll-a with a supplies
dominance of cyanobacteria e More extensive advice to public

e Switching to alternative supply should be
considered if available

* Monitoring methods: Microscopic enumeration methods, continuous flow cytometry, high-resolution
digital photometry and real time quantitative polymerase chain reaction (QPCR) have been developed
and proposed as cyanobacterial monitoring tools. However these methods cannot provide rapid cost-
effective online results. These methods require highly qualified personnel and expensive
instrumentation, and they remain tedious, as several steps must be taken to prepare the samples and
the analytical methods (Daly et al. 2007; Gregor et al. 2007; Ziegmann et al. 2010). Furthermore,
microscopic enumeration measurements may be subject to considerable systematic and operator error,
particularly when filaments or colonies are present (Lawton and Robertson 1999; Ahn et al. 2007).
Current monitoring and treatment adjustments strategies are not capable of detecting the rapid
variation of cyanobacterial presence at the water intake and subsequent breakthrough events. This lack
of real time treatment adjustment led to the breakthrough of cells and toxins into drinking water as
documented by Zamyadi et al. (2012).
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Table SD-13. Guideline levels and recommended interventions for management of cyanobacteria

related issues at drinking water sources introduced by the “Ministére du Développement
Durable, de I’Environnement, Faune et des Parcs (MDDEFP) / Ministry of Environment” of
Province of Quebec (Canada) (Ellis 2009) in response to increasing presence of toxic

cyanobacterial bloom in drinking water sources*.

Characteristics of the
water body**

Characteristics of the
water intake***

Intervention

Necessary

Suggested

— Absence of
historical records or
sporadic presence

— Absence of
historical records of
cyanobacterial

Water quality
monitoring in the water

of cyanobacterial blooms body
blooms
— Historical presence | — Absence of

of cyanobacterial
blooms within

historical records of
cyanobacterial

200m of the blooms
drinking water
intake

— Absence of

— Historical presence
of cyanobacterial
blooms within
200m of the
drinking water
intake

historical records of
cyanobacterial
blooms and

— Water intake
situated over 3m
deep at any time
from July to
October

Water quality
monitoring at the water
intake prior to any
treatment

Protective measures

— Absence of
historical records of
cyanobacterial
blooms and

— Water intake
situated less than
3m deep at any
time from July to
October

Water quality
monitoring at the water
intake prior to any
treatment and
protective measures

Considering alternative
treatment options ****

— Historical presence
of cyanobacterial
blooms

Water quality
monitoring at the water
intake prior to any
treatment, protective
measures, and
implementation of
efficient treatment
barriers
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* Direct and indirect effects of climate change including combination of anthropogenic nutrient loading,
rising water temperatures, enhanced vertical stratification, and increased atmospheric CO, supplies,
could enhance the timing and proportional dominance of the cyanobacteria in different water bodies
(Elliott 2012; Paerl and Paul 2012).

** For a given water body, a test result showing an abundance of over 20,000 cells/mL in the water
column over a year in the last 5 years indicates a historical presence of cyanobacterial blooms.

*** For a water intake supplying a drinking water treatment plant (DWTP), a test result showing an
abundance of over 10,000 cells/mL in raw water prior to any treatment (including the presence of
potentially toxic genera) at least one occasion during the last 5 years indicates a historical presence of
cyanobacterial blooms.

**** The assessment of potential alternative treatment options is recommended if upgrade of the
DWTP is planned/ongoing, in order to provide immediate design elements needed to insure the new
treatment efficiency in removal of cyanobacteria and their associated toxin.
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