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Introduction
Saxitoxin is a very potent neurotoxin. This toxin binds to
the voltage gated sodium channels in nerve cells with high
affinity and prevents neurotransmission at both the neuronal
synapses and neuromuscular junctions, ultimately causing
respiratory paralysis and death (Kao 1993).

Saxitoxin is a tricyclic alkaloid containing two guani-
dinium moieties as depicted in Fig. 1. The toxin interacts
with a carboxylate group located in the mouth of the Na+-
channel through one of the guanidinium moieties present
in the toxin, thereby inhibiting the function (Stryer, 1988).
The interaction between the toxin and Na+-channel is con-
siderably more complex, involving a network of hydrogen
bonding and other favourable steric interactions.

The dangers of saxitoxin (STX and analogues) to pub-
lic health is twofold. Saxitoxin is produced by some marine
dinoflagellates including Alexandrium tamarense, Gymno-
dinium catenatum and Pyrodinium bahamense (Shimizu,
1977; Harada et al., 1982; Oshima et al., 1987). Filter-feed-

ing bivalves such as mussels and clams may ingest these di-
noflagellates, thereby accumulating the toxins. The toxins
may then enter the human body through the consumption
of contaminated seafood.

The second mechanism of toxicity to humans can occur
via drinking water. Anabaena circinalis, a cyanobacterium
found in Australia, produces saxitoxin (Humpage et al.,
1994; Onodera et al., 1996). In addition to saxitoxin, it
also produces related analogues which are toxic to a lesser
degree. These include C1, C2, GTX2, GTX3, GTX5 (B1)
and decarbamoyl STX, all of which have the same basic tri-
cyclic skeleton similar to saxitoxin but with different
substituents (Negri et al., 1997; Velzeboer et al., 1998;
2000). During a bloom, it is possible for these toxins to find
their way into water reservoirs, thereby creating a public
health hazard.

The standard chlorination techniques practiced in most
water treatment plants will not remove the toxin com-
pletely. During systematic investigations into algal toxins
in our laboratory, we have investigated the removal of sax-
itoxin and its analogues from drinking water by chlorination
under different pH conditions.

Materials and Methods
A freeze-dried sample of Anabaena circinalis collected from
a previous bloom was used in the study. (Coolmunda Dam
Queensland, Australia, 1997 bloom). A raw water sample
collected from a local reservoir was used in the study (Lake
Samsonvale, North Brisbane; GPS co-ordinates of the site
are 27°17.260 S, 152°54.627 E). This water had a pH of 7.6
and a chlorine demand of 2.0 mg/L and contained no de-
tectable levels of PSPs.

To the freeze-dried toxin material (250 mg), we added
milliQ water (30 mL) and the suspension was sonicated for
30 minutes. This was then centrifuged and the supernatant
liquid separated. The pellet was re-extracted with 50 mM
acetic acid (2 × 30 mL). With each extraction the sample
was sonicated for 15 more minutes. All extractions were then
combined and ultracentrifuged for 1 hour at 35 000 rpm at
4 C. The supernatant liquid was carefully separated and
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Figure 1 The structure of saxitoxin.
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lyophilised to reduce volume (final volume adjusted to 10.0
mL with milliQ water). (Preliminary work indicated that two
extractions of 50 mM acetic acid will release all the toxin.)
This material, which contained the toxins C1,2, GTX 2,3,
GTX5 (B1), decarbamoyl STX and STX, was used in sub-
sequent chlorination experiments. Chlorinations were done
in duplicate using NaOCl as the chlorine source. The aim
was to have a chlorine residual of about 0.5 mg/L after 30
minutes of contact time. A preliminary experiment estab-
lished the initial chlorine concentration to be about 7.5
mg/L.

Raw water (49.5 mL) contained in a Falcon tube was
added to the above toxin extract (500 µL). A subsample was
taken at this point, and the toxin concentration was meas-
ured to be as follows: C1,C2 = 226, dcSTX = 0.55, GTX2,3
= 26.0, B1(GTX5) = 17.2 and STX = 5.5 µg/L. NaOCl so-
lution was added to give an initial Cl2 concentration of 7.2
mg/L. The solution pH was immediately adjusted with 100
mM KOH to the desired level. The samples were stirred in
the dark (with caps closed) for 30 minutes. At this stage, a
portion of the sample (15 mL) was neutralised with a so-
lution of Na2S2O3 (25 µL of 1.0 M solution) to remove
excess chlorine. This process was repeated for all pH val-

ues. The residual chlorine was measured using Cl2 powder
pillows. These values varied from 0.3 to 0.85 mg/L. A por-
tion of the neutralised solution (10.0 mL) was then carefully
lyophilised to reduce volume. The final volume was ad-
justed to 1.0 mL. All toxin concentrations were determined
by pre-column oxidation using HPLC (Lawrence, 1991)
and fluorescence detection. The standards used were ob-
tained from NRC Canada. A toxin mixture kept at pH 8.0
but without chlorine did not show significant toxin degra-
dation.

The above experiment was repeated without removing
the cellular material (i.e., omitting the ultracentrifugation
step). An initial experiment established the chlorine de-
mand for this to be about 20 mg/L. Initial toxin
concentration was measured to be as follows: C1,C2 =
265, dcSTX = 0.63, GTX2,3 = 29.0, B1(GTX5) = 20.0
and STX = 5.7 µg/L.

Results and Discussion
The percentage of degradation of toxins with and without
cellular material at various pH levels is depicted in Figs. 2A
and 2B, respectively. Data for Fig. 2B are shown in Table
1; data for Fig. 2A are not shown.

Table 1 Degradation data for PSPs with cell free extracts at different pH levels.

Residual Cl2
C1, C2 dcSTX GTX2, 3 GTX5 STX Initial Cl2 Level after

Sample µg/L (% deg) µg/L (% deg) µg/L (% deg) µg/L (% deg) mg/L (% deg) Dose µg/L 30 min µg/L

Initial Toxin
Concentration 226 0.55 26 17.2 5.5
pH 7.6 121 (46) 0.03 (95) 11.4 (58) 1.2 (93) 1.2 (78) 7.2 0.28
pH 8.2 85 (62) 0.04 (93) 8.4 (69) 0.9 (95) 0.8 (85) 7.2 0.29
pH 8.6 58 (74) 0.04 (93) 6.1 (77) 0.7 (96) 0.6 (89) 7.2 0.31
pH 9.0 47 (79) 0.03 (93) 4.6 (85) 0.6 (96) 0.3 (95) 7.2 0.35
pH 9.3 39 (83) 0.01 (98) 3.1 (88) 0.4 (98) 0.2 (96) 7.2 0.85
pH 9.6 29 (87) 0.00 (100) 1.7 (92) 0.4 (98) 0.1 (98) 7.2 0.58

Figure 2 Degradation of PSPs at different pH levels. A, with cellular material; B, cell free extract.
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As shown by Figs. 2A and 2B, the removal of PSPs as
a function of pH was not linear, with the degree of removal
increasing rapidly at around pH 8.5. The more effective re-
moval at higher pH was not expected as chlorine is known
to be a weaker oxidant at high pH. However, this may be
attributed to the toxin molecule being present in an un-
protonated form at higher pH, and this form is more
susceptible to oxidation.

It is possible to conclude from these data that for high
level removal of saxitoxin and its analogues produced by
Anabaena circinalis, a pH of 9 (or higher) is required, with
a residual chlorine level of 0.5 mg/L after 30 minutes of con-
tact time. Water filtration plants using chlorine as the
disinfectant agent will therefore need to operate under this
relatively severe pH regime to ensure removal of saxitoxin
and its analogues during blooms of Anabaena circinalis.
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