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Cyanobacterial toxins: cylindrospermopsins
Background document for development of WHO Guidelines for drinking-water quality and

Guidelines for safe recreational water environments

Executive summary

Cylindrospermopsin (CYN) and its variants (CYNs) are naturally occurring alkaloids
produced by strains of various species of cyanobacteria, primarily in freshwater
environments. Drinking-water is the most likely exposure route. Limited data suggest that
CYNs may also accumulate in some food items. Country- or region-specific assessments
should therefore take into account whether food may significantly contribute to exposure
— particularly molluscs, fish and shellfish from bloom-ridden water bodies. Recreational
activities in lakes with cyanobacterial blooms may also expose individuals intermittently
to high concentrations of CYNss.

The main driver of high amounts of cyanobacterial biomass is nutrients from
anthropogenic sources such as agricultural runoff and wastewater. Hence, control of these
sources is the primary long-term management option. Drinking-water can usually be
treated to acceptable levels by a well-run conventional treatment plant implementing
coagulation, flocculation, filtration and chlorination. If this is not sufficient, ozonation
and activated carbon filtration or addition of powdered activated carbon can be effective,
and such steps are more likely to be necessary for removing CYNs than for other
cyanotoxins because of the high proportion of CYN that is released from cells into the
water and so not removed during filtration.

CYN was first identified in a cyanobacterial strain isolated from a drinking-water

reservoir that was the likely cause of a mass human poisoning incident. CYN is a potent



inhibitor of protein synthesis, and also has cytochrome P450 (CYP450)-dependent effects
on other processes — for example, DNA damage and induction of cellular stress responses.
The provisional guideline values (GVs) for CYN (lifetime drinking-water GV: 0.7 pg/L;
short-term drinking-water GV: 3 pg/L; recreational exposure: 6 pg/L) are based on studies
in mice that demonstrated adverse effects in a range of organs (including liver, kidneys
and testes), as well as perturbations of protein and cholesterol metabolism. The
provisional GVs are based on effects in the kidneys, identified as the most sensitive organ.
Limited evidence suggests that the CYN analogues 7-deoxy-CYN and 7-epi-CYN may
be of similar potency to CYN. It is therefore recommended that they be included in
calculations of total CYN when comparing against the GV.

The provisional short-term drinking-water GV is intended to indicate the extent to which
the lifetime value can be exceeded for periods of up to 2 weeks until water treatment can
be augmented to bring the concentration of CYN back under control. It is not intended to
allow for repeated seasonal exceedences of the lifetime value. The short-term value is
derived for adults. As a result of their higher water consumption per unit body weight, it
is recommended, as a precautionary measure, that bottle-fed infants and small children

be provided with an alternative water source if the lifetime GV is exceeded.
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8 Conclusions
8.1 Derivation of the provisional guideline values
The point of departure has been identified as the NOAEL of 30 pg/kg bw/day from the
Humpage & Falconer (2003) study. By applying an uncertainty factor (UF) of 1000 (10
for interspecies variability, 10 for intraspecies variability, and 10 for the lack of chronic
toxicity studies and deficiencies in the overall toxicological database), a provisional
tolerable daily intake (NOAEL/UF) value of 0.03 pg/kg bw/day can be derived. The value
is provisional because of deficiencies in the CYN toxicological database, essentially
related to the limited availability of studies with purified toxins, lack of in vivo data on
reproductive end-points and the unclear role of metabolites, especially related to potential
genotoxicity. The Sukenik et al. (2006) 42-week drinking-water study provides
supporting qualitative evidence for CYN toxicity, but the experimental design does not
allow derivation of a robust reference value (Funari & Testai, 2008). The study by
Chernoff et al. (2018) observed many of the same effects as seen previously and
demonstrates that the NOAEL is below 75 pug/kg bw/day.
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Calculation of provisional lifetime drinking-water GV for CYN

NOAEL*bW*P_ 3060 % 0.8

GVenronic = UFsC = ~Tooorz M8/l =072ug/L ~ 0.7 pg/L
W olonie = GV for chronic (lifetime) exposure
NOAEL = no-observed-adverse-effect level (30 pg/kg bw/day, based on
Humpage & Falconer, 2003)
bw = body weight (default = 60 kg for an adult)
P= fraction of exposure allocated to drinking-water (80%, because other

sources of exposure, such as air, food and soil, are considered minor)
UF= uncertainty factor (1000 =10 for interspecies variation x 10 for
intraspecies variation x 10 for database deficiencies, including use of a

subchronic study)

C= daily drinking-water consumption (default = 2 L for an adult).
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mEME (NOAEL) (X, Humpage & Falconer (2003) FRE&/H 5 30pg/kg AE/H &
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v _ NOAEL+bw«P _ 3046008 . _ . . . _ .
chronic — UF ¥ C - 1000 * 2 p'g/ - . ug/ ~ 2 p'g/

GVenonic=9EEHA K54 {E (ugl)
NOAEL-E&M=E (30ugkg AE/R)
bw=AE (WHO TIEXRA 60kg)
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