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ABSTRACT

This paper describes the occurrence of toxic cyanobacteria along the Guadiana River over its course between
Mérida and Badajoz (Extremadura, Spain). Water sampling for phytoplankton quantification and toxin
analysis was carried out regularly between 1999 and 2001 in six different locations, including two shallow,
slow-flowing river sites, two streamed river sites and two drinking water reservoirs. The cyanobacterial
community differed significantly between these locations, especially during the summer. The predominant
genera were Microcystis, Oscillatoria, Aphanizomenon and Anabaena. Using an ELISA assay the total
microcystin contents of natural water samples from the most eutrophic locations ranged from 0.10 – 21.86 µg
mcyst-LR equivalent·L-1 in Valdelacalzada and 0.10-11.3 µg mcyst-LR equivalent·L-1 in Vitonogales, and a
seasonal variation of toxin content was observed. The amount of microcystins produced by each strain was
determined by ELISA assay and the detection and identification of microcystin variants of three toxic strains
of Microcystis aeruginosa was performed by high performance liquid chromatography (HPLC). The analysis
of microcystins of the cultured strains revealed that toxin production was variable among different strains of
M. aeruginosa isolated either from different blooms or from the same bloom.
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INTRODUCTION

The frequency, intensity, and geographic
distribution of toxic episodes in the aquatic
environment seem to be increasing in recent
decades due to the proliferation of harmful
algae (Gago-Martínez et al. 2003). One of
the major problems arising from harmful
algae blooms is the production of toxins
(Rivas et al. 2000; García et al. 2003).
Cyanobacteria, also called blue-green algae,
are common and natural phytoplankton
components in most freshwater ecosystems.
However, their massive proliferations, often
caused by the high nutrient loadings
resulting from fertilizer run-off and
livestock, industrial, and human wastes, may
have a detrimental effect on both the
ecosystem and terrestrial animals, including

humans (Bartram et al. 1999). The
hepatotoxic microcystins (mcyst) are
amongst the most frequently reported
cyanotoxins (Sivonen and Jones 1999), as
they are not only associated with Microcystis
blooms, but also with blooms of Anabaena,
Hapalosiphon, Nostoc and Oscillatoria
(Brittain et al. 2000). These compounds
represent, by different exposure routes, a
significant health hazard to humans and
livestock (Kuiper-Goodman et al. 1999),
being involved in several intoxication
episodes throughout the world, and even in
death of humans exposed through
haemodialysis (Jochimsen et al. 1998). The
observed hepatotoxicity of microcystins is
based on their specific inhibition of protein
phosphatase 1 and 2A in liver cells, leading
to acute liver failure via disruption of
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hepatocyte cytoskeletal components (Fastner
et al. 1999). Furthermore, microcystins have
been shown to act as tumor promoters
(Nishiwaki-Matsushima et al. 1992) and
have been considered as a major risk factor
contributing to the high rate of
hepatocellular carcinoma in south-east China
(Ueno et al. 1996).

Although in recent years,  toxic
cyanobacterial blooms have been reported
with an increasing frequency in different
countries worldwide, often associated with
the production of microcystins, such toxic
occurrences are poorly documented in
Spain. Most work has been done in the field
of water bloom ecology (Quesada et al.
1998; Garcia-Pichel and Pringault 2001)
and taxonomy (López-Rodas and Costas
1997; Abed et al. 2002), although some
authors have recently developed new
analytical methods to determine these
toxins in Spanish and Portuguese waters
(Barco et al. 2002; Aguete et al. 2003;
Gago-Martínez et al.  2003). This is
particularly striking given that toxic
cyanobacterial blooms are very common
events in Portugal, particularly in some of
the transnational rivers that flow from
Spain (Ferreira et al. 2001; Vasconcelos,
1993; Rocha et al. 2002).

The Guadiana River (810 km), located in
the southwestern part of the Iberian
Peninsula, is one of these trans-boundering
rivers used for different purposes, including
agriculture, drinking water, and recreation.
In fact,  the Guadiana Valley is
characterized by its great fertil i ty,
dominated by the vast irrigated land, and
with an exceptional emphasis on
agriculture. The river is one of the most
important, although highly eutrophic,
sources of fresh water in both the arid area
of Extremadura, Spain, and the dry region
of southern Portugal. In the summer period
the river-flow usually decreases
significantly, and the volume of water in
the several dams constructed along its
course through Spain and Portugal drops
considerably. Blooms of cyanobacteria,
generally dominated by the potentially toxic
Microcystis spp. have been frequently
reported in the Guadiana River, along its
downstream course through the Portuguese

territory (Vasconcelos et al. 1996; Pereira
et al. 1999, Rocha et al. 2002). However,
little is known about the phytoplankton
communities and associated toxicities
occurring upstream, i.e., along the river’s
course from Mérida to Badajoz
(Extremadura, Spain). This is important not
only to identify the most problematic sites
for cyanobacteria proliferation in the
Guadiana River in its Spanish course
through Extremadura, but also to elucidate
the origin and the causes for the frequent
bloom occurrences detected downstream.

This paper reports the first screening of
cyanobacterial blooms and associated
toxins in the Spanish portion of the
Guadiana River, done during the summer
periods of 1999-2001.

MATERIAL AND METHODS

Sample Collection

Water samples (2 L) were collected
between June and December of 1999, 2000,
and 2001 from the surface near the shore of
the Guadiana River along its course
between Mérida and Badajoz. Six sampling
sites were selected in order to include two
different shallow slow-flowing river sites
(Vitonogales and Valdelacalzada), two
well-streamed river sites (Barbaño and
Pescadores) and two water dams used for
agricultural, recreational, and drinking
purposes (Alange and Montijo). These
locations are shown in Figure 1. The
samples were stored and transported to the
laboratory in an ice chest.

Phytoplankton identification and
quantification

Subsamples (100 mL) were preserved in
lugol solution and observed under an
inverted microscope using 5-25 mL
sedimentation chambers for phytoplankton
identification and quantification (Utermöhl
1958). Cyanobacterial genera and species
were identified by microscopic observation
of distinguishing morphological characters
cited in the literature (Baker 1991, 1992;
Komarek and Anagnostidis 1986).
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Figure 1. Map and location of Guadiana River and its reservoirs.

Cyanobacterial cultures

Fourteen different strains were isolated from
the natural water samples under the
microscope using a sterilized Pasteur pipette
to collect single cells or small colonies from
a small drop of the water sample. These
rough isolates, with little surrounding
medium, were rinsed in several drops of
sterilized Z8 medium (Skulberg and
Skulberg 1990) to remove the contaminating
cells and suspended particles.

For the isolation and characterization of
microcystins only three Microcystis
aeruginosa strains (two from a 1999 bloom
sample located in Vitonogales and one from
2000 bloom from Valdelacazada) isolated
were used. Each single cell or colony was
transferred to a 250mL sterilized glass
Erlenmeyers containing 100mL of Z8
medium and maintained at 20±1ºC with a
16/8 h L/D cycle (light intensity 30 µE m-2

s-1). Stock cultures were obtained by
transferring 1 mL of these start cultures as
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an inoculum to new Z8 medium (100mL).
10mL of each stock culture were used as
inoculum (initial concentration of 2-5·103

cells·mL-1) for mass cultivation in 4L Z8
medium bulks. These were maintained with
constant air supply under the light and
temperature conditions described above.
Aliquots were taken once a week and
preserved in lugol solution for cell
counting; other aliquots were also taken for
toxin determination by ELISA assay (see
toxin determination). Cultures were
harvested at mid- to late-exponential phases
and concentrated by centrifugation or
decantation under natural l ight.  The
concentrated algae material was preserved
at –20ºC until lyophilization.

Toxin determination

The determination of microcystins in both
the natural water samples and in the
cultured strains was first done using a
commercially available competitive ELISA
kit for the determination of microcystins in
water (Envirogard®, Strategic Diagnostic
INC, Newark, USA). This assay uses
antibodies against microcystin-LR, the most
common microcystin, and detects the
presence of other microcystin variants to
differing degrees. Samples from natural
waters and isolated strains treated twice by
freeze thawing followed by filtration over
non-sterile 0.45 µm filter (Millex HV13,
Millipore, USA), were diluted to fall within
the range of the kit standards (0.1 to 1.6 µg
microcystin-LR equivalent L-1) and added
in duplicate to the 96-well microtiter plate.
Spectrophotometric measurements were
performed at 450 nm.

Further identification and quantification
of microcystins variants in the cultured
strains was done by HPLC-UV. Extraction
of microcystins from the lyophilized culture
material was done according to the method
of Lagos et al.  (1999) with slight
modifications. The cells (50 mg) were
extracted with one volume (10 mL) of 0.1
M acetic acid and two volumes (20 mL) of
methanol:chloroform (1:1 v/v) solution.
After sonication in an ultra-sound bath for
15 minutes and stirring for 30 minutes at
room temperature, the cell suspensions

were centrifuged. For a quantitative
extraction of the toxins, this procedure was
performed three times. Supernatants were
combined and concentrated in a Speed-Vac.
The toxin-containing fractions were eluted
in 0.5 mL of methanol. The resulting
extracts were immediately used for analysis
or preserved at -20ºC until used. HPLC-UV
analysis was carried out on a Varian liquid
chromatograph (Varian, Walnut Creek,
USA) equipped with a 9012 pump and a
9050 UV-Visible spectrophotometric
detector.  Chromatographic data were
processed with Star Chromatography
Workstation (version 4.5 Varian Associates
Inc, Walnut Creek, USA) software.
Analytical separations were performed
under reversed-phase isocratic conditions
with a C18 reversed phase column (5µm,
250x4 mm, LiChrospher®100, Merck,
Darmstadt, Germany). The mobile phase
consisted of 65 % 5mM phosphate buffer
(pH 2.8 adjusted with phosphoric acid) and
35 % acetonitrile (Cameán et al. 1997). The
wavelength was set at 238 nm and the flow
rate was 1 mL·min-1. Sample injection
volumes were typically 20 µL. All solvents
and chemicals were of HPLC grade or
analytical grade. Distilled, deionized water
(Milli-Q Water Systems, Millipore
Corporation, Bedford, MA, USA) was used
to prepare all  aqueous solutions.
Microcystin-LR (mcyst-LR), mcyst-RR and
mcyst-YR standards were purchased from
Calbiochem-Novabiochem (Nottingham,
UK). Standard solutions were prepared in
methanol (500 µg·mL-1) and were diluted as
required with methanol for use as working
solutions (0.5-5.0 mg·L-1 of each toxin).

RESULTS

Cyanobacteria community and potential
toxicity

Figure 2(A-F) shows the relative abundance
of cyanobacteria compared with other groups
of phytoplankton (such as diatoms and
chlorophytes) found in each of the six
sampling sites, during the summer periods of
1999, 2000, and 2001. In all locations, the
dominant species were cyanobacteria, with a
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Figure 2. Relative abundance of total cyanobacteria compared with chlorophytes and diatoms
detected in (a) Valdelacalzada (b) Vitonogales (c) Montijo (d) Alange (e) Pescadores and (f)
Barbaño in the sampling period.

(a)

(b)

(c)

(d)

(e)

(f)
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relative abundance range between 50-95 %.
Microcystis aeruginosa, Aphanizomenon spp,
Oscillatoria spp. and some species of the
genera Anabaena, such as A. spiroides and A.
inaequalis were the predominant species
detected in the Guadiana River. A high
incidence of cyanobacterial blooms was
found in two of the six locations studied,
namely in Valdelacalzada and in Vitonogales,
the two shallow and slow-flowing river
sampled sites (Figs 2A and 2B, respectively).
Cyanobacteria cell density in the blooms
ranged from 106 – 1.4x107 and 3x105 – 3x106

cells mL-1 in Valdelacazada and Vitonogales,
respectively. On the other hand, the
cyanobacteria densities were always much
lower in the river reservoirs Montijo and
Alange (Figs 2C and 2D, respectively), with
maximum concentrations of cyanobacteria of
31x103 and 2.4x102 cells mL-1. The two well-
streamed portions Barbaño and Pescadores
presented an intermediate situation (5x104

and 15x104 cells mL-1) where cyanobacteria
were the predominant organisms within the
phytoplankton community but never formed
massive bloom proliferations (Figs 2E and
2F, respectively).

Although showing significant differences
in terms of cell densities, the blooms
detected simultaneously in Valdelacalzada
and Vitonogales showed great similarities in
terms of species composition (Figs 3A and
3B). Whereas in July 1999 the blooms were
composed mainly of Microcystis aeruginosa,
Aphanizomenon flos-aquae, Anabaena
spiroides and Oscillatoria spp, two years
later, in June 2001, the blooms detected in
both sites were mainly formed of M.
aeruginosa.  On the other hand, the
occurrence of mass proliferations was not
always coincident in both sites. Whereas in
Valdelacalzada a massive bloom composed
of M. aeruginosa and Oscillatoria spp.
occurred in June 2000, at Vitogonales the
only cyanobacterial bloom detected that year
occurred 4 months latter and was dominated
by M. aeruginosa.

Seasonal variations of microcystin
contents (ELISA analysis) in natural waters
from Vitonogales and Valdelacalzada were
shown in Figure 3. In both cases peaks in
toxin content were recorded during mid-
summer periods and coincide with peaks of
cyanobacterial biomass.

Figure 3. Seasonal variations of microcystin contents (ELISA analysis) compared with
cyanobacterial biomass in natural waters from (A) Valdelacalzada and (B) Vitonogales.

(a)
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Cyanobacterial strains

Different strains of M .  aeruginosa ,
Aphanizomenon flos-aquae and Anabaena
spiroides were isolated from the natural
bloom samples collected in July 1999
(Vitonogales) and in June, October, and
November 2000 (Vitonogales and
Valdelacalzada) (Table I). A screen for
mcyst content performed by ELISA on
freeze–dried cells of these strains grown in
Z8 medium showed that only three strains
of M. aeruginosa contained levels higher
than 0.1 µg mcyst-LR equivalent·L-1, which
is the detection limit of ELISA assay.
Consequently, the real percentage of toxic
M. aeruginosa isolated strains was 33 %.

Toxin determination in these three
strains was measured by ELISA throughout
the period of cultures growth and the cell
quota was calculated (Fig. 4). While
ISACYA 2C (from Vitonogales 1999)
achieved the maximum level of toxin
content per cell in five days of culture (341
fg mcyst-LR equiv·cell-1), ISACYA 13
(from Valdelacalzada, 2000) reached the
highest level of toxin per cell at day 19 of
the growth period (300 fg mcyst-LR

equivalent·cell-1). ISACYA 10A (from
Vitogonales 1999) showed an extremely
low level of mcyst per cell throughout the
period of culture growth (≤1 fg mcyst-LR
equivalent·cell-1) (data not shown in Figure
4). The average of cell quota (x) was not
significantly different in ISACYA 2C and
ISACYA 13 (x ISACYA 2C= 124.3 fg·cell-1

and x ISACYA 13= 141 fg·cell-1, p =
0.754).

HPLC/UV analysis of the extracts from
these strains was carried out in order to
confirm the results obtained by ELISA and
to determine the toxin profile of each strain
(Fig. 5). Chromatograms of ISACYA 13
revealed the presence of mcyst-RR, mcyst-
LR and mcyst-YR (Fig. 5A). The levels of
mcyst detected (average of triplicates) were
164 µg·100 mg dry cell-1 of mcyst-RR, 40
µg·100 mg dry cell-1 of mcyst-LR and 8.2
µg·100 mg dry cell-1 of mcyst-YR. The
analysis of ISACYA 2C (Fig. 5B) revealed
a similar toxin profile with mcyst-RR being
the dominant toxin (300 µg·100 mg dry
cell-1) followed by mcyst-LR (110 µg·100
mg dry cell-1) and by mcyst-YR (73 µg·100
mg dry cell-1). On the other hand the
extracts of ISACYA 10A did not show any

(b)
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detectable peak corresponding to mcyst-LR
or mcyst-YR, but one peak was observed
with a retention time identical to mcyst-RR
standard (Fig. 5C). Moreover, spiking the

TABLE I

Cyanobacterial strains isolated from the natural bloom samples collected
in July 1999 (Vitonogales) and in June, October, and November 2000

(Vitonogales and Valdelacalzada)

Strain Species Origin Mcyst (ELISA) mg/L

ISACYA 2C M. aeruginosa Vitogonales (July 99) 1.74

ISACYA 6A M. aeruginosa Vitogonales (July 99) NDa

ISACYA 9B M. aeruginosa Vitogonales (July 99) ND

ISACYA 10A M. aeruginosa Vitogonales (July 99) 0.12

ISACYA 1A A. spiroides Vitogonales (July 99) ND

ISACYA 3A A. spiroides Vitogonales (July 99) ND

ISACYA 4A A. flos-aquae Vitogonales (July 99) ND

ISACYA 7A A. flos-aquae Vitogonales (July 99) ND

ISACYA 11A A. flos-aquae Vitogonales (July 99) ND

ISACYA 12 M. aeruginosa Valdelacalzada (June 2000) ND

ISACYA 13 M. aeruginosa Valdelacalzada (June 2000) 1.56

ISACYA 14 M. aeruginosa Vitogonales (Oct. 2000) ND

ISACYA 15 M. aeruginosa Vitogonales (Nov. 2000) ND

ISACYA 16A M. aeruginosa Vitogonales (Nov. 2000) ND

a ND: Not Detected

extract with the particular standard, we
could identify mcyst-RR and the toxin
content obtained from comparison of peak
areas was 0.75 µg toxin·mL-1 culture.

Figure 4. fgMC-LR equiv/cel average of the triplicate of Microcystis aeruginosa ISACYA 13 and
ISACYA 2C strains.
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Figure 5. Chromatograms of the extracts of: (a) the ISACYA 13A strain in culture (in triplicate)
and the standard solution of MC-RR, MC-LR and MC-YR.; (b) of ISACYA 2C strain (in triplicate)
in culture and the standard solution of MC-RR, MC-LR and MC-YR; (c) of ISACYA 10 strain in
culture, the extract spiked with a standard solution of 5 µg/mL, and the standard solution of MC-
RR, MC-LR and MC-YR (5 µg/mL).

(a)

(b)
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DISCUSSION

The first conclusion from the results
presented here is that cyanobacterial
blooms are frequent phenomena in the
Spanish portion of the Guadiana River,
occurring not only during summer periods,
but also in colder months (Fig. 2).

It seems that these mass proliferations
do not spread extensively throughout the
entire river’s course between Mérida and
Badajoz. Instead, the cyanobacteria
communities differed significantly, both
qualitatively and quantitatively, among the
different locations sampled and the blooms
tend to form especially in the slow-flowing
parts of the river. In fact, sudden changes in
phytoplankton density and composition
depending on temporal and spatial
distribution of the collected samples were
observed both within and between sampling
sites. This fact could be explained by the
ability of cyanobacteria to change their
concentration and position in the water
bodies within very short time (only a few
hours) (Codd et al. 1999). Moreover, the
relative availability of resources in the
aquatic environment may play a major role
in structuring phytoplankton communities
(Rocha et al.  2002). This variability
demands careful attention in establishing
the correct sampling strategy for the
truthful assessment of risks associated with
cyanobacteria proliferations.

(c)

On the other hand, in two shallow and
slow-flowing sites, Valdelacalzada and
Vitonogales, located more than 10 miles
apart from each other, blooms composed by
the same dominant species formed
simultaneously on several occasions (1999
and 2001), suggesting a common origin for
these occurrences and a rapid dissemination
of the bloom-forming species from one site
to another. Although cyanobacterial blooms
were not detected in Barbaño and
Pescadores, the regular presence of
Microcystis, Oscillatoria, Aphanizomenon,
and Anabaena in these two well-streamed
river sites suggests the possibility for these
cyanobacteria to pass through these regions
and travel along the river course. Bloom-
forming species will then proliferate in the
slow-flowing river sites after encountering
the most favourable conditions to grow.

The majority of cyanobacteria comprising
the summer blooms occurring in the Guadiana
River throughout its downstream course in
Portugal (Vasconcelos 1994; Pereira et al.
1999; Rocha et al. 2002) were the same
potential toxin producers found here
(Microcystis aeruginosa, Aphanizomenon
spp. and Anabaena spp.) and their presence
has been related to the production of
hepatotoxins and to fish mortality in that
region (Vasconcelos 1993). Taking into
consideration the results obtained in this
report, it can be thought that at least some of
the blooms observed in the Portuguese
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portion of the river may have their origin in
Spain.

Blooms detected in the Valdelacalzada
and Vitogonales sites were either
monospecific or composed of several co-
dominant species. The toxin content of the
natural cyanobacteria blooms collected in
both points (ELISA assay) showed a
temporal variation with the highest level
detected in July 1999, June 2000, and 2001.
Moreover, marked differences in toxicity
were observed among the different
cyanobacterial strains isolated during the
bloom periods and the simultaneous co-
occurrence of both toxic and non toxic
strains of same species (M. aeruginosa) in
the same bloom was confirmed (eg. the
toxic ISACYA 2C and the non-toxic
ISACYA 6A isolated from the bloom that
occurred at Vitogonales in July 1999, or the
toxic ISACYA 13 and the non-toxic
ISACYA 12 isolated from the bloom that
occurred in Valdelacalzada, June 2000).
Moreover, HPLC-UV analysis revealed
different toxin profiles among the toxic
strains of M. aeruginosa isolated from the
natural bloom samples. Two of the strains
tested (ISACYA 2C and ISACYA 13)
contained MC-RR, MC-YR, and MC-LR,
although the contents varied among them.
MC-RR was dominant; MC-LR was present
in lower amounts and was finally MC-YR
present in trace levels. The predominance
of MC-RR was also demonstrated in
cultures of different strains of M.
aeruginosa isolated from several Japanese
lakes (Shirai et al. 1991) and from water
blooms detected in Moroccan reservoirs
(Oudra et al. 2001).

The cell quota (fentogram/cell) also
varied within the same strain during culture
growth. The highest concentration of toxins
by M. aeruginosa ISACYA 13 strain was
reached at the beginning of the mid-log
growth phase (19 days). M. aeruginosa
ISACYA 2C reached maximum toxin
production in 5 days of culture, just at the
end of the lag growth phase, and in the
beginning of the exponential growth phase.
Considering these results, it could be
affirmed that the toxicity of toxic
Microcystis cells is variable and dependent
upon the strains used and the culture

conditions. Quantitative and qualitative
variations in the microcystins present are
most frequently found among different
strains of Microcystis (Sivonen and Jones
1999). Moreover, many laboratory studies
with pure cultured strains have found that
growth and environmental factors can
induce changes in toxicity and toxin
concentration of a particular strain (Sivonen
and Jones 1999).

Toxic variations, inter- and intra- strains
of cyanobacteria, seem to be a common
feature in natural blooms (Scott 1986;
Shirai et al. 1991; Sivonen and Jones 1999).
In this study, the wide range of toxicity
observed in natural water samples (by
ELISA analysis) and the establishment of
isolated cyanobacteria cultures and their
toxic profiles showed evidence of the
complexity of the bloom communities,
which can be formed by a cocktail of
cyanobacteria simultaneously producing
different types of toxins in different
quantities and at different rates along the
growth cycle, with some strains being non-
toxigenic. These characteristics support the
unpredictable nature of the blooms with
respect to the overall toxicity occurring in
the natural reservoir.

CONCLUSIONS

Taking into consideration the results
obtained in this report, we conclude that: i)
broad and sudden variations in the
phytoplankton density, depending on the
spatial distribution of the sampling sites,
make the task of defining a good sampling
strategy for the water bodies difficult; ii) at
least some of the toxic blooms frequently
observed in the Guadiana River along its
course through the south of Portugal may
have their origin upstream i.e. in the
Spanish section of the river; and iii) toxic
variations observed both inter- and intra-
strains of cyanobacteria collected from the
same bloom reflect the unpredictable nature
of blooms with respect to the overall
toxicity occurring in the natural water.

Further research is needed on this matter
in order to establish the adequate
proceedings to correctly assess risks of
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human exposure to toxic cyanobacteria.
Considering that the Guadiana River is a
natural border between Spain and Portugal,
and bearing in mind that some of the toxic
cyanobacterial waterblooms detected in the
south of Portugal may have their origin in
Spain, it would be important to review
existing legislation concerning warnings
and available information on toxic events in
transnational waters (heavy metals,
pesticides, radiation, etc) in order to include
cyanotoxin in this category.
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