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Analysis of Epidemiological data and Human Reports

• Human effects ascribed to the presence of cyanotoxins in the 

various vectors (drinking- or recreational water, food) such as 

gastrointestinal illness or skin irritation may well be due to 

other unknown cyanobacterial metabolites or closely linked to 

pathogens or other substances associated with the bloom

• Epidemiological studies: indicative value only because (i) 

uncertain, retrospective(!) exposure estimates;  (ii) other 

contaminants in surface water; (iii) demographic info is limited

Can individual cases support the derivation of GV?

• “… mere co-occurrence of cyanotoxins and unspecific symptoms (skin irritation, 

gastro-intestinal, etc. …) is not indicative of the known cyanotoxins having caused 

the symptoms…..

• Important to understand cause–effect relationships 

and then dose-response relationship (for the 

quantitative aspects – then role in GV)
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Derivation provisional TDI MC-LR
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Derivation provisional life term drinking water GV MC-LR
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Cyanobacterial toxins

Hepatotoxic cyclic peptides: 
microcystins and nodularins

• Characteristic Adda amino acid

• > 250 variants for MCYST

• Nomenclature based variable 
amino acids positions 2 and 4

• Water soluble

• OATP membrane transporter to 
enter cell (liver)

• Slow detoxication liver

• Inhibtion protein phosphatases, 
destabilization cytoskeleton

• Tumour promoting
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• Producers MCYST across all 
cyanobacteria, main genera 
Microcystis, Planktothrix, 
Dolichospermum, Nostoc

• Nodularia for NODLN

• Produced via nonribosomal
peptide synthetase and 
polyketide synthase pathway

• Cell quota dependent on 
temperature, light, pH, N, P, 
Fe, salinity

• Positive correlation growth rate 
and MC content

• Tens of µg / L in lakes, up to > 
100 mg / L in scums

• Dynamics linked to strain 
variation



Cyanobacterial toxins

Cylindrospermopsin

• Alkaloid

• 4 structural variants

• Hydrophlic

• Various modes action, low dose 
inhibition protein synthesis, ROS

• Genotoxic

• Unclear whether CYN production 
constitutive or not

• Species from Nostocales, 
Oscillatoriales, genera Raphidopsis
(Cylindrospermopsis), 
Chrysosporum, Aphanizomenon, 
Anabaena, Umezakia

• Planktonic and benthic

• Per unit biovolume 0.6 – 3.5 µg / 
mm3 22 march 2022

• In lake water 10 – 20 µg / L

• Substantial share (up to 90 %) 
CYN found extracellularly (in 
contrast MC)

• Environmental conditions 
change cell quota, ratio 
between variants and intra vs 
extracellular



Cyanobacterial toxins

Anatoxin-a

• Secondary amine alkaloids

• Anatoxin-a, homoanatoxin, 
dihydroanatoxin-a

• Pre- and postsynaptic depolarizing 
agent in nerve cells, increased 
simulation 

• Brain and cardiovascular system 
target organs

• Muscular paralysis and respiratory 
failure

• Inadequate data GV, bounding value 
= provisional health-based reference 
value, NOAEL 98 µg / kg bw

• Producers Dolichospermum, 
Anabaena, Oscillatoria, Planktothrix, 
Raphidopsis …
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• Environmental factors like light 
and temperature 2-7 fold 
variation ATX

• Like MCYST worldwide 
distribution

• USA concentrations in 
literature 35 – 1170 µg / L

• Important production benthic 
cyanobacteria like Phormidium



Cyanobacterial toxins

Saxitoxins

• Shellfish poisoning toxins (PSP)

• 57 analogues

• Mainly hydrophyllic

• Na, Ca and K channel blocking in 
neural and cardiac cells, prevents 
electrical transmission 

• Twitching, convulsions, muscle and 
respiratory paralysis

• LOAEL based upon review human 
cases PSP: STX = 1.5 µg/kg bw, UF 
of 3, NOAEL estimated = 0.5 µg/kg 
bw (acute reference dose)

• Allocation factor drinking water vs 
food, risk co-incidental exposure

• Produced Nostocales, Oscillatoriales, 
including.. 22 march 2022

• Dolichospermum, 
Aphanizomenon, Raphidiopsis, 
Planktothrix, Microseira
(Lyngbya)

• High cellular content 
Dolichospermum circinale
(Murray-Darling 1000 km 
bloom)
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Derivation provisional life term drinking water GV MC-LR
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Derivation provisional short term drinking water GV MC-LR

22 march 2022

COULD

WHO: short-term guideline values 

are necessary to avoid mis-

interpretation of lifetime GVs !



Derivation provisional recreational-waters GV MC-LR
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The newly derived GV

• GVs be applied to total MCs, total CYNs and 
total STXs (lack of data for variants)

• Allocation factors: drinking water 80% for life 
time (!), 100% for short time or recreational

• Life time food or recreation only 20%, short 
term can be up to 100 %. Adapt AF local 
circumstances, be mindful other health-effects

• Water intake: 2L for drinking water 

• 250 mL for a child as recreational, daily -
incidental - water intake

• UF : 

o MC: 1000 LT, 100 ST, 100 Rec

o CYN: 1000 LT, 300 ST, 300 Rec

o STX: 3 Acute, 3 Rec

• Provisional: data base deficiency

• Short-term exposure refers to about 2 weeks, 
until measures can be implemented to achieve 
concentrations < lifetime GV
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Potential exposure routes

5.1 Drinking-water and the Alert Levels 
Framework (ALF): now includes the   short-
term guideline values 

5.2 Recreational exposure and the  
related ALF. Emphasis is on adapting ALF 
locally or regionally.

5.3 Food exposure: emphasis to the need 
of good quality data for assessing exposure

5.4 Renal dialysis: less frequent exposure 
but at high risk (susceptible subpopulation 
and kinetics)

5.5 Dietary supplements: increasing 
consumption expected - good quality data 
needed
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Alert Levels Framework (ALF)

An Alert Levels Framework (ALF) is a monitoring and management action 
sequence (“decision tree”), which can be used to provide a rapid response 
to a cyanobacterial bloom

Adapt ALF to local conditions:

• Parameters used to trigger alerts (e.g. visual 

assessment, turbidity readings, quantification of 

cyanobacterial biomass- either biovolume or 

pigment concentrations-, cell number, cyanotoxin 

levels) 

• Providing they are periodically “calibrated” 

against toxin levels. 

• Indeed, the toxin/biomass ratios can vary not 

only between waterbodies but also between 

years for one-and-the-same waterbody



Adapting the ALF to local situation

• Extent and duration of cyanotoxin exposure in relation to other hazards: 
when pathogens are present and cyanobacterial blooms are short-lived 
events, a decision might be to tolerate somewhat higher concentrations 
(as an interim solution) in order to prioritize available capacity and 
resources on controlling hazards causing the highest risks

• The amount of drinking-water consumed and the fraction of cyanotoxin 
allocated to uptake through drinking-water in relation to other exposure 
pathways. (GV were derived with an allocation factor=1, assuming each of 
these exposure to be the dominant source during the short duration)

• Meteorological data, indication of drought or heavy rainfall (often 
associated to cyanobacterial blooms) should be recorded and considered 
when following the ALF

• Local adaptation : consumption freshwater seafood
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ALF recreational waters



ALF recreational waters continued
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Alert Levels for biovolume and chlorophyll-a

• The proposed values are derived 

on the basis of conservative –

“worst case” - assumptions on 

ratios of MCs to either biovolume or 

chlorophyll-a 

• Available data on low 

concentrations of CYN, ATX and 

STX found in water indicate that the 

toxin/biomass ratios derived for 

MCs can be assumed valid for the 

other cyanotoxins.

• For ATX, GVs are much higher i.e.

much less toxic – MCs valid

• However, when Alert Level 2 is 

exceeded, careful with respect CYN 

(box 5.1) and STXs: toxin 

concentrations should be 

determined for blooms when STX-

or CYN-producing species are 

dominant 22 march 2022



Exposure through food

• The great majority of papers deal 

with MC, and more specifically to 

MC-LR

• Little availability of robust 

analytical methods for matrices 

other than water

• Covalently bound MC

• Only about 25% of the available 

studies applied reliable analytical 

methods (especially dated 

studies do not report recovery, 

matrix effects etc…)

• Food preparation (cleaning) 

important, cooking inefficient

Testai et al, EFSA Supporting 

Publications 13(2):998 (2016)
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Cyanotoxins in food: potential sources

• Animals grown in aquaculture or harvested as food in 
freshwater or brackish rivers and lakes

• Blue-green algal food supplements

• Food prepared with contaminated water

• Crops irrigated with contaminated water
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Cyanotoxin concentrations in various food sources
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Cyanotoxin concentrations in various food sources
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Cyanotoxin concentrations in various food sources
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Checklist assessing risk cyanotoxin exposure food

• Blooms potentially toxic species present?

o Toxin content cyanobacteria

o Recent period? 

• Are organisms harvested?

o Filter feeders?

o Viscera removed?

• Are crops irrigated?

o Cyanobacterial cells present on surface?

• Toxins likely from other sources (drinking water)

• Seasonal or year round? Amounts consumed local setting?

• Clarify possible toxin dose

o Necessary to restrict access to food contaminated food?

• Measures for protection?

• Raise public awareness
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Guideline values food

• MCYST 5.6 µg / kg bw fish and 51 µg / kg bw molluscs
(France)

• CYN 18 µg / kg bw (AUS), 70 µg / kg bw (California)

• STX 800 µg / kg bw (AUS, CAN), 5000 µg / kg bw (Calfornia)
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What defines a risk?
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