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Toxin Rl R? R3 RS Net Charge Relative mouse
toxicity

R4 = CONH; (carbamate toxins)

STX H H H OH +2 1.000
neoSTX OH H H OH +2 0.924
GTX1 OH H 0S80y 0OH +1 0.994
GTX2 H H O0S0;0H +1 0.359
GTX3 H 080y H OH +1 0.638
GTX4 OHOSO; H OH +1 0.726
R4 = CONHSO; (n-sulfocarbamoyl (sulfamate) toxins)
GTX5 (B1) H H H OH +1 0.064
GTXa (B2) OH H H OH +1 -
C1 H H 0S0;0H 0 0.006
c2 H 007 H OH 0 0.096
Cc3 OH H 0SS0y 0OH 0 0.013
c4 OHOSO; H OH 0 0.058
R4 = H (decarbamoyl toxins)
no R" deSTX H H H OH +2 0513
2 deneoSTX OH H H OH +2 -
deGTX1 OH H 0S0;y OH +1 -
deGTX2 H H O0S0yOH +1 0.651
deGTX3 H 080y H OH +1 0.754
dcGTX4 OHOSO;y H OH +1 -
LWTX4 H H H H +2 <0.004
R4 = COCH; (Lynghva wollei toxins)
LWTX1 H O08%0; H H +1 <0.004
LWTX2 H 0S0y H OH +1 0.072
LWTX3 H H 0S0; OH +1 0.021
: LWTX5 H H H OH +2 0.139
= 3 LWTX6 H H H H +2 0.004
H O é R4 = COC:H,0H (Gymnodintum catenatum toxins)
C H 3 GCl1 H H 0S0; 0H +1
GC2 H 0S0; H OH +1
GC3 H H H OH +2

Figure SI-S1. General structure of (a) Saxitoxins* (also known as paralytic shellfish
poison) and its known analogues and (b) geosmin. These neurotoxins can be produced by
cyanobacteria (CB)** species including, Anabaena circinalis, Aphanizomenon
ovalisporum, Cylindrospermopsis raciborskii and Lyngbya majuscula (1, 2).
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The STXs molecules degree of ionization is a key factor in oxidation of these toxins.
STXs are molecules with a purine alkaloid nucleus which contains nitrogen atoms. The
general STXs structure has two guanidinium nitrogens of different pKa values (3). The
degree of protonation of these nitrogen atoms depends on different factors including the
water pH (2). Also there is a distinct difference in the net charge of these toxins (Figure
SI-S1), STX has the highest (+2), followed by GTX2 and 3 (+1) and C1 and 2 (0) (3).
This charge difference may also influence the degree of toxin molecule protonation in
different chlorination conditions (e.g. different pH values). Also, STX has two free
guanidinium ions whereas C-toxins have both and GTXs have one of these ions
sulphated. This difference in degree of ions sulphatation may be the source of the
difference in STXs reaction to chlorine (3).

CB also known as blue-green algae are prokaryotic photosynthetic micro-organisms
present in most ecosystems (/, 4). Some CB species are producers of a variety of potent
toxins (/, 5, 6, 7). The increasing frequency and intensity of cyanobacterial proliferation
leading to neurotoxin and hepatotoxin production is a universal problem (5, 6, 8).
Freshwater CB including A. circinalis blooms have been found worldwide, including
Australia and North American (7).
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Figure SI-S2. Geosmin release in Murray River water (MR) water at pH 8 with 3 mg/L

Cl.
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Figure SI1-S3. Toxin release and oxidation in MR water at pH 8 with 2 mg/L Cl, (a) STX,

(b) GTX2, (¢) GTX3, (d) C1, (e) C2.
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Table S1-S4. Measured concentrations of TTHM, HAA9 and NDMA as chlorination by-
products with the highest CT value (50.3 mg.min/L) in MR water without and with A.

circinalis cells.

Water tvpe TTHM HAA9 NDMA
P (ug/L) (ng/L) (ng/L)
MR without cells 40 39 6
MR with A. circinalis cells 49 42 11

S5




3.5

3.0 —— Ultrapurewaterat pH 8

5% -m- MR water at pH ambient

204

1.0

STX conc (ug/iL)

1.0 -

0.5 -

U:U T T I ‘I | 1 1 | ’_|
0 5 10 15 20 25 30 35 40 45 50 55 60 65

CT (mg.min/L)

Figure SI-S5. 122 pg/L STX extract oxidation with 3mg/L Cl, (a) in ultrapure water at
pH 8, (b) in MR river water at pH ambient
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