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ABSTRACT 

Cyanobacterial blooms have become a worldwide concern due to the production of toxins harmful to humans and ani- 
mals. In Brazil and worldwide, microcystins are the most frequently found cyanotoxin in water bodies. Four important 
reservoirs in Brazil’s Southeast and Northeast regions were sampled to identify the cyanobacteria community and the 
occurrence of potential toxin-producing species in the country’s public supply reservoirs. A total of 14 taxa were identi- 
fied, 11 of which are known as potential toxin producers. Potentially toxic cyanobacteria were recorded at concentra- 
tions above 20,000 cells·mL–1 in all samples from all four reservoirs, thus requiring microcystin monitoring in drinking 
water according to Brazilian legislation. Although the sample from Mundaú reservoir showed the highest concentration 
of microcystins in water, it had one of the lowest values of cells·mL–1, which demonstrates the non-correspondence be- 
tween these two parameters. This calls into question the existence of a minimum level of potentially toxic cyanobacteria 
cells to merit the monitoring of microcystins in the treated water from these sources. 
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1. Introduction 

Several different cyanobacteria species are known for 
their ability to form blooms and produce toxins [1,2]. 
Microcystins are hepatotoxic cyclical peptides produced 
by certain species from genera Microcystis, Planktothrix 
and Dolichospermum/Anabaena and can cause damage 
to liver cells and other organs and systems [3]. 

In Brazil and worldwide, microcystins are the most 
frequently found cyanotoxins in water bodies [4]. Fol-
lowing a case of acute intoxication and death of patients 
caused by the presence of microcystins in the water used 
in a hemodialysis clinic [5], Brazil became the first coun- 
try to propose specific legislation to control cyanobacteria 
and cyanotoxins in public water supplies. Brazilian leg- 
islation for water supply monitoring to the human popu- 
lation requires monitoring of cyanobacteria cell density 
in raw water from the source, as well as of treated water 
for consumption, giving maximum allowed values of 
microcystins (1 µg·L–1) [6]. 

Bloom events featuring high concentrations of toxins 
in water supply reservoirs have been reported in different 
regions of Brazil, especially in the Southeast and North- 
east [7-15]. This is due to favorable climate conditions, 
and particularly to the intense process of enrichment and 

eutrophication of water bodies, which favors cyanobacte- 
ria development [16]. 

In northeastern Brazil, the bloom problem is further 
increased by the water regime, which is characterized by 
pronounced drought periods requiring a large number of 
reservoirs and long residence times and these factors 
favor the occurrence of such events [10]. Bittencourt- 
Oliveira et al. [9] observed the presence of potentially 
toxic cyanobacteria in 21 of the 27 samples collected at 
seven reservoirs in the southeast and northeast of Brazil. 
All samples containing cyanobacteria also featured mi-
crocystins and genes involved in producing this toxin. 

The objective of this work was to identify potential 
toxin-producing cyanobacteria at four important reser-
voirs used for public water supply in Brazil. 

2. Material and Methods 

2.1. Study Area 

Samplings were carried out at four public water supply 
reservoirs in Brazil: Billings and Rio Grande in the state 
of São Paulo (SP), Southeast, and Carpina and Mundaú 
in the state of Pernambuco (PE), Northeast (Figure 1). 
The dates and places of the samplings can be found in 
Table 1. 
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Figure 1. Map of sampling sites. Triangles and circles correspond to collection points with their coordinates. 
 
Table 1. Location and date of collections, sample code, georeferenced coordinates, cell density of the most frequent species 
and of microcystins, detection of genotypes indicative of toxicity. MC: Microcystin concentration given by HPLC/LC-MS or 
ELISA. (+/–) presence/absence of genotypes indicative of toxicity (genes mcyA and mcyB). NP: Not performed. 

Collection site Code Cells·mL–1 (×104) Most frequent species MC (µg·L–1)a Genes mcya

Billings, SP B1 NP Cylindrospermopsis raciborskii 0.59 + 

Billings, SP B2 >30 Cylindrospermopsis raciborskii 2.27 + 

Billings, SP B3 10 - 30 Cylindrospermopsis raciborskii 0.43 + 

Billings, SP B4 10 - 30 Microcystis panniformis 1.81 + 

Billings, SP B5 10 - 30 Microcystis panniformis 0.51 + 

Rio Grande, SP R1 2 - 10 Dolichospermum flos-aquae 1.25 + 

Mundaú, PE M1 2 - 10 Cylindrospermopsis raciborskii 223.67 + 

Carpina, PE C1 >30 Microcystis panniformis 1.15 + 

Carpina, PE C2 >30 Microcystis panniformis 0 + 

Carpina, PE C3 >30 Microcystis panniformis 0 + 

Carpina, PE C4 >30 Microcystis panniformis 0.76 + 

aBittencourt-Oliveira et al. [10]. 
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The study used 25-m mesh subsurface trawl plankton 

nets and van Dorn bottle to collect samples for qualita-
tive and quantitative analyses, respectively. The samples 
used for qualitative and quantitative analyses were pre-
served using Lugol’s acetic solution until the sample 
turned into a slightly brown color, respectively. 

The Billings reservoir reaches a maximum water vol-
ume of 1.2 billion m3 and receives the flow from two 
rivers (Tietê and Pinheiros) crossing the city of São 
Paulo, SP, home to the world’s fifth largest population. It 
has a supply system which transfers raw water to 
Guarapiranga reservoir, supplying 3.8 million inhabitants. 
Also in São Paulo, the Rio Grande reservoir supplies 
nearly 1.6 million people. Mundaú reservoir has a hold- 
ing capacity of 1,968,600 m3 of water and is subjected to 
pronounced seasonal climate variation, coastal humid 
and inland dry. Its drainage basin receives part of the 
domestic sewage from the city of Garanhuns, PE, which 
has 150,000 inhabitants, approximately [17]. With a maxi- 
mum volume of 2.7 million m3, Carpina reservoir is im- 
portant for irrigation and fishery activities, in addition to 
its use for public water supply [18]. 

2.2. Qualitative and Quantitative Analyses 

The taxonomic identification of cyanobacteria was per-
formed according to specialized literature, using a bin-
ocular microscope (Nikon YS100, Japan) with a coupled 
measuring eyepiece. 

Photodocumentation of the different taxa was carried 

out using a digital system consisting of an optical micro-
scope (Nikon Eclipse E200), with an attached digital 
camera (Samsung, Japan) and software (Imagelab 2000, 
Brazil). Aliquots of the samples collected with the Van 
Dorn bottle were stored in 200 mL flasks and immedi-
ately preserved in Lugol’s solution for the subsequent 
phytoplankton count. Counts were performed using an 
inverted microscope (Zeiss/Axiovert) following the me- 
thod described by [19]. 

3. Results 

We recorded potentially toxic cyanobacteria at concen-
trations above 20,000 cells·mL–1 in all samples from all 
four studied reservoirs (Table 1). A total of 14 taxa were 
identified, 11 of which are known as potential toxin pro- 
ducers (Table 2) (Figures 2(a)-(h)). Some taxa belong- 
ing to orders Nostocales and Oscillatoriales could not be 
identified at species level due to the absence of hetero- 
cysts and akinetes. Billings’s reservoir showed a high 
concentration of cyanobacteria cells and the highest 
richness of cyanobacteria (9 taxa). Most of the recorded 
taxa are known as toxin producers (Table 1). At Rio 
Grande reservoir we found a high number of cells of 
Dolichospermum flos-aquae Rabenhorst ex Bornet & 
Flahault, which is a potential toxin-producing species 
(Tables 1-2). Mundaú reservoir showed the lowest rich-
ness of cyanobacteria, with five taxa belonging to poten-
tial toxin-producing genera (Table 2). In this reservoir, 
the cell density was also one of the lowest (2 × 104 - 10 × 
104

 cells·mL–1). 
 
Table 2. Occurrence of cyanobacteria species present in the samples. (+/–) presence/absence. B1. Billings Feb. 6, 2007; B2. 
Billings Feb. 13, 2007; B3. Billings Feb. 28, 2007; B4. Billings Mar. 6, 2007; B5. Billings Mar. 14, 2007; R1. Rio Grande Mar. 
27, 2007; M1. Mundaú Apr. 14, 2007; C1. Carpina Jun. 30, 2007; C2. Carpina Jul. 21, 2007; C3. Carpina Jul. 28, 2007; C4. 
Carpina Aug. 4, 2007. Microcystis aeruginosa (Kützing) Kützing; Microcystis botrys Teiling; Microcystis novacekii (Komárek) 
Compére; Microcystis panniformis Komárek et al.; Microcystis protocystis Crow; Microcystis wesenbergii Komárek; 
Dolichospermum flos-aquae (Brébisson ex Bornet & Flahault) Wacklin et al.; Sphaerospermopsis aphanizomenoides (Forti) 
Zapomelová et al.; Cylindrospermopsis raciborskii (Woloszynska) Seenayya & Subba Raju; Arthrospira khannae Drouet & 
Strickland; Planktothrix isothrix (Skuja) Komárek & Komárková; Geitlerinema amphibium Agardh ex Gomont. 

Samples 
Taxa 

B1 B2 B3 B4 B5 R1 M1 C1 C2 C3 C4 

Microcystis aeruginosa – – + + – – – – – – – 
Microcystis botrys – – – – – + – + + – – 
Microcystis novacekii + + + + + + + – – – – 

Microcystis panniformis + + + + + – + + + + + 

Microcystis protocystis – – + + + – – – – – – 

Microcystis wesenbergii – – + – – – – – – – – 

Cylindrospermopsis raciborskii (straight and coiled) + + + + + + + + + + + 

Dolichospermum flos-aquae – – – – – + – – – – – 

Dolichospermum sp. 1 – + – + – + – + – – – 

Sphaerospermopsis aphanizomenoides – – – – – – – + + + + 

Arthrospira khannae – + – + – – – – – + – 

Geitlerinema amphibium – – – – – – + – – – – 

Planktothrix isothrix + + + + + + – + + + + 

Pseudanabaena sp. 1 – – – – – – + – – – – 
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Figure 2. Potential toxin-producing cyanobacteria (a) Microcystis botrys; (b) Microcystis novacekii; (c) Microcystis panniformis; 
(d) Microcystis protocystis; (e) Cylindrospermopsis raciborskii (straight), arrow: heterocyst; (f) Dolichospermum flos-aquae, 
Arrow: akinete; (g) Sphaerospermopsis aphanizomenoides, Arrow 1: heterocyst, Arrow 2: akinete. 
 

In Carpina, a bloom of the species Microcystis  
panniformis Komárek et al. was observed, lasting for 
four consecutive weeks of sampling. Considering all the 
samples, among potential toxin-producing genera,  
Microcystis, Dolichospermum, Cylindrospermopsis and  
Planktothrix were the most common. The genus  
Microcystis was recorded at all reservoirs and 
Planktothrix was not observed only at Mundaú reservoir 
(Table 2). 

4. Discussion 

This work evaluated four important public water supply 
reservoirs in the Southeast and Northeast regions of Bra-

zil, for which Brazilian legislation requires periodical 
monitoring of microcystins in treated water [6]. Concen-
trations above 20,000 cells·ml–1 were recorded at all 
studied reservoirs. The high number of cyanobacteria 
cells and the presence of several taxa known as toxin 
producers found in the samples from Billings reservoir 
(Table 1) have also been reported by other authors [13, 
20]. While evaluating the same samples used in the pre-
sent work, Bittencourt-Oliveira et al. [10] found concen-
trations of microcystins ranging from 0.43 to 2.27 µg·L–1 
(Table 1). Using the PCR technique with primers for 
genes mcyA and mcyB (part of microcystin operon), 
those authors identified the presence of genotypes in- 
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dicative of toxicity in all samples (Table 1). Others stud- 
ies also reported the presence of microcystins and saxi-
toxins in the water of the Billings reservoir [7,13]. 

The Rio Grande reservoir is an extension of Billings, 
and was detached from it to improve the quality and 
quantity of water for public supply [21]. The high num- 
ber of cells of Dolichospermum flos-aquae (potential 
toxin-producing species) found in this work, together 
with the presence of genotypes indicative of toxicity ob- 
served by Bittencourt-Oliveira et al. [10] in samples from 
this reservoir (Table 1), indicates that there was no im- 
provement in water quality with regard to cyanobacteria 
and cyanotoxins, when compared to the Billings reser-
voir. 

The Mundaú reservoir was the one exhibiting the low-
est occurrence of cyanobacteria with taxa potentially 
toxin producing (Table 2). It has prevailed in this reser-
voir the high concentration of microcystins (223.67 
µg·L–1) found in the sample collected at April 14, 2007 
(Table 1). Despite the fact that this sample presented the 
highest concentration among microcystins, this finding 
does not correlate with its cellular density, one of the 
lowest showing up in this study (2 × 104 to 10 × 104 cé-
lulas·mL–1). Under this circumstance, it is questionable 
the framing of microcystins monitoring in treated water 
to the cellular density of cyanobacteria present in water 
from sources. 

Dominance of Microcystis, a cyanobacteria micro- 
cystin-producing, along with Cylindrospermopsis 
raciborskii (Woloszynska) Seenayya & Subba Raju, is 
commonly recorded at Mundaú [8,10,17].  

It was observed in Carpina a bloom of the species M. 
panniformis, which extended itself all along the four 
consecutive sampling weeks. In addition to the  
Microcystis bloom observed throughout the sampling 
period in Carpina, it was also identified the presence of 
genotypes indicative of toxicity in all samples, as well as 
the presence of microcystins in the samples collected on 
June 30 and August 4 (Table 1) [10]. Moura et al. [22] 
recorded Planktothrix agardhii (Gomont) Anagnostidis & 
Komárek as dominant in the phytoplankton community 
of that reservoir. However, this taxon was not found in 
the present study. 

We observed in the total amount of samples that the 
main toxin-producing genera, such as Microcystis,  
Dolichospermum, Cylindrospermopsis and Planktothrix, 
showed up at the different reservoirs, despite the 2600 
km distance between these bodies of water. The high 
number of potential toxin-producing cyanobacteria and 
the presence of microcystins in the water of all studied 
reservoirs emphasize the need for persistent monitoring 
of the sampled sites, as they represent important water 
supply sources in Brazil. The existence of a minimum 
level of potentially toxic cyanobacteria cells to merit the 

monitoring of microcystins in drinking water from these 
sources is there by called into question. 
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