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Abstract Microcystins (MCs) are among the most pre-
valent and potent of the cyanobacterial toxins
(cyanotoxins) and their potential occurrence in waters
required for drinking has prompted investigations into
remedial water treatments for their removal. We have
investigated the suitability of local pumice, as a possible
low-cost material for environmental application for the
removal of cyanotoxins. Adsorption and desorption rates of
pure MC-LR, one of the most common and toxic forms of
MC and with crude extracts of the cyanobacterium. Mi-
crocystis aeruginosa containing MCs, were studied using
bench-scale, pumice-packed glass columns, with good
retention of the toxins being achieved. Research is in
progress to optimize MC removal and to determine the
applicability of pumice as a treatment material for cyano-
toxin removal.

Keywords Clean technology - Desorption -
Microcystin-LR removal - Pumice

Toxic cyanobacterial blooms commonly occur in lakes
which are used as drinking water sources (Codd 2000).
Their toxins can present health risks to humans via
untreated- or inadequately treated drinking water (Codd
et al. 2005). Several strategies for the removal of

F. Gurbuz (X))

Department of Biological Sciences, Faculty of Biological
Sciences, Suleyman Demirel University, 32360 Isparta, Turkey
e-mail: fatma_gurbuz@yahoo.com; fgurbuz@fef.sdu.edu.tr

G. A. Codd

Division of Molecular and Environmental Microbiology,
College of Life Sciences, University of Dundee,
Dundee DD1 4HN, Scotland, UK

cyanotoxins from water have been investigated. Water
treatment methods including chemical coagulation, floc-
culation and sand filtration may not only be insufficient but
may also enhance the release of cyanotoxins contained
within the producer-cells, thus requiring further treatment
of the water for drinking purposes (Feitz et al. 1999). In the
case of rapid filtration and slow sand filtration, these may
not always be efficient in removing cyanobacterial cells
and lysed cells on the filters may lead to release of cy-
anotoxins into the water. Chlorination has been shown in
several studies to be only partially effective in removing
cyanobacterial toxins. Chlorination is capable of oxidizing
and detoxifying cyanotoxins but also has the disadvantage
of generating toxic by-products such trihalomethanes
(Rositano et al. 1995). Ozone treatment of MCs and nod-
ularin has shown reductions in cyanotoxin concentrations
to below detection limits (Rositano et al. 1998). The latter
study also revealed that destruction of the toxins was pH-
dependent being less effective under alkaline conditions
which often occur during intense cyanobacterial blooms.
However, satisfactory removal of MCs by ozone in a full-
scale drinking water treatment was found to be achievable
following pre-ozononation and rapid sand filtration (Onstad
et al. 2007). Different sources of activated carbon have
been investigated for their ability to adsorb MCs from
aqueous solutions (Pendleton et al. 2001) but whilst
offering potential, these sorbents are expensive and in
limited supply in some locations requiring effective water
treatment. Another method was investigated by Lawton
et al. (1999): photo-irradiation is a promising method for
removing MCs from water by ultraviolet radiation at
wavelengths around 238 nm. However this process is also
expensive to install and maintain. More affordable and low
technology methods of drinking water treatment are needed
in many parts of the world. For example, Morris et al.
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(2000) have reported that more than 81% of MC-LR can be
removed from water by naturally-occurring clay particles.
A number of other natural and artificial materials that
possess a significant internal porosity may be used as
sorbents for drinking water treatment. Pumice has been
used as a filter medium in water treatment (Lura et al.
2004) and for adsorbing phosphate (Njau et al. 2003). Its
porous structure provides a large number of attachment
sites for microbial growth. This enables pumice to be used
suitably as a medium for bio-filtration in water treatment
systems. Pumice has also been reported to be used in dual
media filtration systems (Pumex UK Ltd. 2000). The use of
pumice for slow filtration to remove pathogens from irri-
gation waters at low cost has been demonstrated and is a
well-established procedure in horticulture (Wohanka et al.
1999). Deep filters of pumice, fine sand, rock wool or
mixtures of these materials are also used. Hexadecyltrim-
ethyl-ammonium bromide-modified pumice has been used
for the removal of pesticides in water (Akbal et al. 2000).

No work has apparently been performed on the potential
use of pumice for the removal cyanotoxins from waters.
The objective of this study was to determine the potential
use of naturally-occurring pumice particulates to remove
MC-LR both in dissolved form from water and when faced
with cyanobacterial cell biomass, as can occur during
bloom conditions in aquatic environments.

Materials and Methods

Pumice from the Pumice Research Centre, Suleyman
Demirel University, was investigated as an adsorbent for
the removal of microcystin from water. The chemical
composition of the pumice is given in Table 1. Microcystin
affinity onto the surface of pumice can be manipulated by
pre-treatment with alkali, acids and heat. This removes
impurities in the raw pumice. The pumice particulates were
treated in succession with 3 M HCI, 0.5 M NaOH and 6 M
HCI, then washed with distilled water and dried overnight
at 180°C. Samples were kept in desiccators until used
(Jones et al. 1986). Raw pumice contains various extract-
able materials which can affect adsorption and the large
proportion of silica sites exposed results in a negatively
charged surface. Washing with acidic and alkaline solution
will provide a positively-charged surface.

Cultures of Microcystis PCC7813, which produces MCs,
were grown under a continuous light régime (fluorescent
white light, irradiance on growth flask surfaces, about
25 uEm*2 s~! at 20-24°C, in BG11 medium with nitrate
(Stanier et al. 1971) and sparged with filtered air at 800—
1,500 mL min~". Cells were harvested by centrifuging and
lyophilized. MCs were extracted from batches of 40 mg
freeze-dried  cells suspended in milliQ  water
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Table 1 Chemical composition of pumice

Chemical composition Content (%)

Si0, 70.0-71.4
AL,0; 12.7-13.3
Fe,0;3 1.3-15
TiO, 0.1-0.2
MgO 0.3-0.6
Na,O 32-35
KO 4.0-4.3
Ca0 0.8-1.2
MnO 0.1

(18.2 Mohm cm), ultrasonicated for 5 min and cooled on
ice. After three freeze-thaw cycles, the supernatant was
collected by centrifuging at 10,000 x g for 10 min. The
toxins were quantified by high-performance liquid chro-
matography with photodiode array detection (HPLC-PDA,
Waters) using a Symmetry column (C18 Waters, 3.9 mm
internal diameter 150 mm, 5 mm particle size), maintained
at 40°C, with a mobile phase of acetonitrile + 0.1% TFA /
MilliQ water 4+0.1% TFA, using a linear gradient from
25% to 75%. The flow rate was 1 mL min~'. The UV
detector was set to 238 nm. The detection limit for MC-LR
was 5 ng on column (25 pL injection volume). For a 25 pL.
injection this works out to be 200 ng per mL of sample.
Microcystin-LR was purified from Microcystis PCC7813
as described earlier (Lawton et al. 1994). Microcystin
concentration was quantified by HPLC-PDA according to
calibration Eq. 1:

y = 48047 x (R =99.72) (1)

Batch and column experiments were carried out. The
batch experiments were conducted in flasks to determine the
effect of pH (2, 3, 4, 6, 7, 8 and 9) on toxin adsorption. For
column experiments, glass columns (6.5 cm long, 0.6 mm
internal diameter) were used, in which 1.0 g of modified
pumice was loosely packed above a layer about 10 mg of
glass fibre. The column was initially saturated with acidified
deionised water. The amount of toxin (ng) removed from
solution per gram of pumice at each toxin concentration was
determined by difference and plotted against the
concentration (jig mL™") of toxin at equilibrium using the
following modified equation (Zhou et al. 1998).

Ceq=(Co—C,)-VIM (2)

where Ceq is the amount of toxin adsorbed to pumice
(ug mg™h), Co (ng mL™") is the initial concentration and
C, (ng mLfl) is the remaining concentration of toxin in
solution at equilibrium. V (mL) is the volume of the
solution; M, is the mass of pumice.

In order that an adsorption-based process is feasible for
industrial application, the material used for adsorption
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should ideally be able to be regenerated for re-use. Col-
umns which had been preloaded with MC beforehand were
eluted with water. The eluate was monitored by HPLC-
PDA to monitor for MC peaks and the same column was
eluted with 2 mL methanol + 0.1 % TFA and the eluate
checked again by HPLC-PDA.

All tests were conducted three times and the data from
the replication of experimental treatments were analyzed
by ANOVA (SPSS 10.0).

Results and Discussion

The findings from the batch experiments indicated that the
MC-LR remained in the aqueous phase with increasing pH.
Maximal adsorption of the toxin by the pumice occurred at
pH 4. In agreement with wide findings that solution pH
affects the adsorption of many organic compounds; Miller
et al. (2000) have reported that MC adsorption onto soil
was greater at low- rather than higher pH values. Similar
results were obtained by Yuan et al. (2002) in investigating
MC-LR removal by coagulation and by Pendleton et al.
(2001), using activated carbon for MC adsorption.

A 100% adsorption of purified MC-LR onto pumice
particulates was achieved in the column trials at all loadings
tested (Fig. 1). In these tests, the concentration of MC-LR
applied to the columns was 2.15 & 0.19 pg mL™~'. The
volumes of toxin solution applied per run ranged from 1 mL
to10 mL. In total, 21.5 + 1.24 pg mL~" of microcystin-LR
was removed from 10 mL of toxin solution applied.

A 100% adsorption of MC-LR from the broken cell
extracts of Microcystis PCC7813 was achieved at up to
6 mL of extract applied per column. The percentage
removal of the toxin then decreased, probably due to other

compounds in the broken cell extracts competing with MC-
LR for binding sites (Fig. 2). Columns were overloaded
when applied with 7 mL of crude cell extract containing
MC-LR at 21.6 pg mL™" and started to bleed. The total
removed MC-LR concentration was determined as
17.96 & 0.3 ug mL ™" at this volume.

The concentration of purified MC-LR applied to the
columns (2.15 pg mL™) greatly exceeded that of the
provisional Guideline Value of the World Health Organi-
zation for MCs in drinking water (1 pg L™' MC-LR;
Falconer et al. 1999). Dissolved and cell-bound MC con-
centrations in raw waters containing cyanobacterial blooms
are frequently above this, e.g. from about 5 to at least
70 pg L' in the case of scum formation (Hart et al. 1998;
Welker et al. 2001; Young et al. 2006). Microcystin-LR is
seldom the only MC structural variant present in a toxic
cyanobacterial bloom (e.g. Young et al. 2006). Whilst MC-
LR is among the most toxic of the MCs, in some water-
bodies it is not the most commonly-occurring variant
(Falconer et al. 1999). Whether the removal efficiency of
pumice varies between MC variants needs to be investi-
gated. The regeneration of loaded adsorbents can be an
important factor in influencing the economic viability of
water treatment process costs enabling the reuse of the
adsorbent material. Some adsorbents are regenerated by
washing out with an appropriate solution, the type and
strength of which depends on the adsorbed materials.
Diluted solutions of mineral acids like hydrochloric, sul-
phuric, acetic and nitric acid, or sodium hydroxide are used
for eluting adsorbents for another cycle of application
(Karahan et al. 2001). For this purpose we examined
MilliQ water, 0.1 M HCI and 0.1 M NaOH but with no
success in removing adsorbed MC-LR from pumice.
However washing with methanol plus 0.1% v/v TFA as a
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Table 2 Desorption and recovery results of MC-LR by eluting with methanol + 0.1 % TFA (n = 3)
MC-LR Adsorbed MC-LR Recovered MC-LR Remaining MC-LR Percentage
volume (mL) concentration (pg mLfl) concentration (pg mL™! ) concentration (pg mLfl) recovery (%)
2 3.36 + 0.10 3.36 £ 0.17 nd 100
4 13.12 £ 0.24 9.45 + 0.29 3.67 £ 0.17 71.90
5 16.43 £+ 0.32 13.5 £ 0.25 2.93 + 0.08 82.10
6 18.53 £ 0.30 16.26 £ 0.60 2.25 + 0.07 87.70
7 22.14 £ 0.59 21.46 £ 0.70 0.67 £+ 0.12 96.90
10 34.23 + 0.68 3423 £ 0.72 nd 100

nd, not detected

* 1.30g pumice used for these tests

leaching solution was very effective. The average desorp-
tion rate found for different volumes of extracts was
89.7 £ 2.5% (Table 2). The recovery of MC-LR by elution
thus indicated that pumice can be regenerated for reuse.
Removal of purified MC-LR from water was greater than
MC-LR removal from crude aqueous extracts of MC-LR-
containing Microcystis cells, probably due to competition
for binding sites by other cell products. In this study
pumice also acted as a filter device. Minor peaks of non-
MC-LR variants were revealed in HPLC-PDA after pas-
sage through pumice columns, possibly due to the removal
of interfering compounds in the cell extracts by the pumice.

In conclusion, this work has demonstrated the possible
use of an abundant and readily available natural material
for the removal of cyanotoxins by water treatment. Pumice
may have particular applications where the availability of
low-cost materials for environmental and health protection
measures is economically critical. More research is needed
to optimize adsorption capacity and to screen different
types of pumice for cyanotoxin removal, both alone and in
combination with other adsorbents.
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