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Abstract Cyanobacteria may be important components of
wastewater treatment plants’ (WWTP) biological treatment,
reaching levels of 100% of the total phytoplankton density
in some systems. The occurrence of cyanobacteria and their
associated toxins in these systems present a risk to the
aquatic environments and to public health, changing
drastically the ecology of microbial communities and
associated organisms. Many studies reveal that cyanotoxins,
namely microcystins may not act as antibacterial compounds
but they might have negative impacts on protozoans,
inhibiting their growing and respiration rates and leading to
changes in cellular morphology, decreasing consequently the
treatment efficacy in WWTP. On the other side, flagellates
and ciliates may ingest some cyanobacteria species while the
formation of colonies by these prokaryotes may be seen as a
defense mechanism against predation. Problems regarding
the occurrence of cyanobacteria in WWTP are not limited to
toxin production. Other cyanobacterial secondary metabolites
may act as antibacterial compounds leading to the disruption
of bacterial communities that biologically convert organic
materials in WWTP being fundamental to the efficacy of the

process. Studies reveal that the potential antibacterial
capacity differs according to cyanobacteria specie and it
seems to be more effective in Gram (+) bacteria. Thus, to
understand the effects of cyanobacterial communities in the
efficiency of the waste water treatment it will be necessary to
unravel the complex interactions between cyanobacterial
populations, bacteria, and protozoa in WWTP in situ studies.

Introduction

Wastewater Treatment Plants (WWTP) are designed to reduce
wastewater contaminants (e.g. suspended solids, biodegrad-
able organic compounds and pathogenic organisms) to
acceptable levels before discharge into the receiving water
bodies. Wastewater treatment usually involves three stages:
preliminary treatment that mainly involves the settling and the
removal of solids, secondary treatment for the removal of the
organic content, and tertiary treatment to reduce the levels of
phosphorus and nitrogen and pathogenic bacteria [19, 64].
Most of the configurations of the secondary treatment are
open structures, which contains microbial communities,
especially bacteria that biologically convert organic materials
into biological cells or biomass that is subsequently removed
via sedimentation at decanter tanks [50, 64]. The most
common process of biological wastewater treatment that has
been applied in the treatment of municipal and industrial
wastewaters is the use of activated sludge [19]. Through the
activated sludge process, microorganisms (bacteria and
protozoa) in flocculent form are suspended in the wastewater
via an aeration system. The aeration system provides a
continuous supply of oxygen and turbulent conditions that
promotes contact between microbial cells, oxygen, and
organic material in the wastewater, thereby facilitating
breakdown of organic matter [19].
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Activated sludge biological treatment in WWTP involves a
large community of microorganisms. Among those organisms,
bacteria, responsible for biodegradation of organic compounds,
and protozoa, that contribute significantly to effluent quality
since they feed on bacteria dispersed in wastetwaters resulting
in a decrease of biological oxygen demand (BOD), are themost
important ones. Biological treatment tanks in WWTP may be
also an ideal place for cyanobacterial development due to their
nutrients richness, especially nitrogen and phosphorus, light
exposure, and temperature. Although a number of variables
influence cyanobacteria development, these organisms tend to
dominate in eutrophic environments, characterized by high
levels of inorganic nutrients. It is also known that a low ratio
between nitrogen and phosphorus concentrations may favor the
development of cyanobacterial blooms [54]. This group of
organisms includes a large number of species that produce
toxins (hepatotoxins, neurotoxins, dermatotoxins, and
lipopolysaccharides) [74], which may eventually be
released to the environment, either by cell collapse or by

excretion. Cyanobacteria secondary metabolites may also
have harmful effects on growth and survival of bacteria
and protozoa and these effects may decrease the efficiency
of biological treatment, especially at decanter tanks where
the number of bacteria and protozoa are lower. This paper
reviews the effects of cyanobacteria on the ecology of
biological communities in biological treatment and the
consequences for wastewater treatment efficacy.

Abundance and Seasonal Patterns of Cyanobacteria
and Cyanotoxins in WWTP

Secondary treatment in WWTP, particularly biological
treatment, may offer an ideal environment for cyanobacteria
development and for this reason, some work concerning the
occurrence of these organisms, and their toxins, in these
systems have been documented all over the world [2, 25,
37, 49, 57, 86]. Table 1 resumes those studies, including

Table 1 Worldwide studies on the presence of cyanobacteria and cyanotoxins in WWTP

Geographical location Type of WWTP Main cyanobacteria Maximum percentage Cyanotoxins Reference

Portugal Municipal P. mougeotii 99.8a MC [86]
M. aeruginosa

Pseudanabena mucicola (=P. mucicola)

Agro-food industry Lyngbya and Oscillatoria 100a – [68]

Municipal P. autumnale – MC [49]
P. mougeotii

Limnothrix sp.

Synechocystis sp.

Morocco Municipal Synechocystis sp. – MC [57]
P. galeata

Brazil Municipal Synechocystis sp. 92.3a MC [25]
Aphanocapsa sp. 1.3a

M. punctata 1.7a

Merismopedia 7.4a

tenuíssima 2.0a

Lyngbya sp. 0.9a

Phormidium sp. 6.1a

Pseudoanabaena sp. –

Synechococcus –

Limnothrix –

Leptolyngbya –

Nostoc sp.

Egypt Municipal Oscillatoria spp. 97.8a – [2]

Brazil Pulp and papper industry Chroococcus 45b – [37]
Canada Phormidium 90b –

New Zeland Chroococcus 30b –

U.S.A. Phormidium and Pseudanabaena 50b –

a Cyanobacteria contribution to total phytoplankton
b Cyanobacterium genus contribution in relation to other cyanobacteria

242 J. Martins et al.



the geographical location and type of WWTP as the main
cyanobacteria or cyanotoxins encountered on the reviewed
systems.

Types and Abundance of Cyanobacteria in WWTP

The main cyanobacteria species present in a municipal
WWTP located in the north of Portugal were Planktothrix
mougeotii, Microcystis aeruginosa, and Pseudanabaena
mucicola (=Phormidium mucicola) [86], while Lyngbya
and Oscillatoria were the most frequent species found in
aerobic treatment tanks from an agro-food industry WWTP
[68]. In both studies, cyanobacteria had a strong contribu-
tion for the total phytoplankton density attaining maximum
values of 99.8% [86] and 100% [68]. More recently,
Phormidium autumnale, Limnothrix sp., and Synechocystis
sp. were isolated from activated sludge treatment while P.
mougeotii was isolated from the secondary decanter tank at
a municipal WWTP located in the north of Portugal [49].

In Morocco, Oudra et al. [57] found in a WWTP
Synechocystis sp. and Pseudanabaena galeata, while in
Egypt the main cyanobacteria species found at these systems
was Oscillatoria spp. ranging 97.8% of the total phytoplank-
ton density [2]. In a study conducted in Brazil, two
nonheterocystous forms (Limnothrix and Leptolyngbya),
two unicellular forms (Synechococcus and Merismopedia),
and one filamentous heterocyctous form (Nostoc) were
isolated from a municipal WWTP, although the direct
microscope analysis of preserved samples resulted in the
identification of six cyanobacterial genera (Synechocystis sp.,
Aphanocapsa sp., Merismopedia punctata, Merismopedia
tenuissima, Lyngbya sp., Phormidium sp., and Pseudoana-
baena sp.). The abundance of cyanobacteria (91.7% in
summer and 96.4% in autumn) was always higher than the
abundance of algae (8.3% in summer and 3.6% in autumn),
showing the strong contribution of these organisms to
phytoplankton communities in these systems [25]. Cyano-
bacteria were also detected in WWTP from pulp and paper
industries in Brazil, Canada (Quebec and Alberta), New
Zealand, and USA with biomass values ranging from 1 mg
l−1 in Alberta, Brazil and New Zealand to 150 mg l−1 in
Canada [37]. In all studied WWTP, Oscillatoriales, including
Phormidium, Geitlerinema, and Pseudanabaena, were the
dominant taxa compared with the remaining ones, which
suggest that similar conditions existed in those systems.
Phormidium was found to be the dominant genus with
occurrence rates of 90% in Canada and 50% in USA.
Geitlerinema was found in all the studied systems, with
proportions between 5% (New Zealand) and 45% (Canada),
while Pseudanabaena was detected in the USA (40%), New
Zealand (25%) and Canada (10%). Chroococcales, essentially
Chroococcus spp., had an important representation in Brazil
(45%) and New Zealand (30%).

Seasonality of Cyanobacteria in WWTP

Several factors including light intensity, temperature,
phosphorus and nitrogen concentrations, and presence/
absence of gas vesicles (that allow cyanobacteria to control
their position in the water column in order to obtain the
optimum amount of light and nutrients) in cyanobacteria
cells, influence blooms formation and the density and
genera of cyanobacteria found trough the time [54].

At WWTP highest values of cyanobacteria are found in
spring and summer months, probably due to the increase of
light availability and temperature. Although studies reveal that
several species are observed trough the time, the incidence of
particular specie in a specific month is variable. Vasconcelos
and Pereira [86] found that in the studied municipal WWTP P.
mougeotii occurred at high densities (6.6×106 cells ml−1)
during April and May in contrast with M. aeruginosa that had
the highest density levels (3.2×106 cells ml−1) in July. In a
Brazilian WWTP, Synechocystis sp., Aphanocapsa sp., M.
tenuissima, Lyngbya sp., and Pseudoanabaena sp. were found
in summer and autumn months. All these cyanobacteria
genera were more abundant in summer, with the exception of
Synechocystis sp. and Lyngbya sp. that have higher values in
autumn. In contrast, M. punctata was only found in summer
and Phormidium sp. was only present in autumn [25].

Cyanobacteria seasonality studied in USA andNewZealand
pulp and paper WWTP revealed substantial community
changes. In the USA, Phormidium dominated samples from
April and May in contrast with July where Pseudanabaena
dominated. Cyanobacteria biomass doubled between May
and June, suggesting that environmental conditions became
ideal for Pseudanabaena development. After July, biomass
decreased to pre-June levels and Phormidium reappeared as
the dominant genus until September, where Pseudanabaena
dominated again but with biomass levels lower than June.
Geitlerinema never dominated the community but was
always present in the samples. In the New Zealand WWTP,
February samples revealed the highest (3.9 mg l−1) and the
most diversified cyanobacteria biomass. In the remaining
months, cyanobacteria biomass was less than 1 mg l−1 and
Pseudanabaena dominated the community. In February,
Chroococcus dominated the cyanobacterial community, and
disappeared until October, which means that the emergence
of this genus may be related to light availability and highest
temperatures [37].

Abundance and Types of Cyanotoxins Produced
by Cyanobacteria in WWTP

According to the toxic effect, cyanotoxins can be divided in
hepatotoxins, neurotoxins and dermatotoxins. The hepatotox-
ins (microcystin, nodularin, and cylindrospermopsin; Figs. 1,
2, and 3) cause liver damage which can lead to death by
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hepatic failure or hypovolemic shock; the neurotoxins
(anatoxin-a, anatoxin-a(S), and saxitoxins; Figs. 4 and 5)
interfere with the functioning of the nervous system and
often cause death within minutes, by leading to paralysis of
the respiratory muscles and the dermatotoxins (lyngbyatoxin-
a, aplysiotoxins; Figs. 6 and 7) cause several types of
dermatitis [43, 74]. The most common cyanotoxins are
microcystins (MC) that are cyclic heptapeptides with more
than 70 variants, being MC-LR the most studied [74]. MC
have a general chemical structure comprised of five amino
acids with minor variations (D-alanine, D-eritro-β-methyl-
aspartic acid, γ-linked D-glutamic acid, N-methyldehydroa-
lanine and Adda (3-amino-9-methoxy-2,6,8-trymethyl-10-
phenyldeca-4,6-dienoic acid)) and a pair of variable L-amino
acids. In case of MC-LR, L and R represent the variable
amino acids leucine and arginine, respectively [69].

Synechocystis sp. and P. galeata found in a WWTP located
in Morocco were able to produce five and two MC variants,
respectively [57]. Also isolated Synechococcus, Merismope-
dia, Leptolyngbya, and Limnothrix strains from a Brazilian
WWTP gave positive results for this hepatotoxin [25]. On the
other hand, isolated cyanobacteria from a WWTP located in

Portugal gave negative results using polymerase chain
reaction (PCR) assay to detect the presence of MC, nodularin
and cylindrospermopsin biosynthesis genes, but MC was
detected in a wastewater sample at concentrations of 0.60 μg
MC-LR eq l−1 [49]. MC concentration was also monitored in
a municipal WWTP effluent [86] and varied from 1.7 to
4.6 μg MC-LR eq l−1, representing an output of 4.7 g of MC
day−1 to the receiving water body. Although most part of the
toxin was intracellular and only 10% was measured as
dissolved toxin, this fact is a motive of concern since the
World Health Organization has published guideline values
for potable water at 1 μg MC-LR l−1 [89]. ELISA tests to
detect MC also gave positive results for wastewater samples
collected from raw influent (3.70 μg l−1) and treated WWTP
effluent (3.74 μg l−1) in Brazil [25].

Based on these studies, it appears that the most common
morphotypes of cyanobacteria found in WWTP are fila-
mentous non-heterocyste-forming strains (Planktothrix,
Pseudoanabaena, Phormidium, Limnothrix) followed by
unicellular forms (Microcystis and Synechocystis). Also, it
is important to notice the detection of MC in wastewater
samples in four of the seven studies.
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Effects of Cyanobacteria on Bacteria in WWTP

The presence of large cyanobacterial communities in
biological treatment systems may have the potential to
influence the treatment efficiency in several ways. The
realization of photosynthesis by cyanobacteria leads to
oxygen production, which benefits heterotrophic bacteria
that perform organic compound oxidation. Nevertheless,
community competition for organic substrates during
periods of low light levels may lead to increased BOD,
and have adverse affects on community size and structure.
In systems where cyanobacteria biomass is high, the
presence of these organisms may lead to an increase of
water BOD from 28% to 40%, depending of their
contribution to the total of carbohydrates, lipids and
proteins [37]. Cyanobacteria may also affect bacterial
growth by competing for nutrients like nitrate and phos-
phorus, although bacteria are considered superior compet-
itors in aquatic systems [11, 37]. The presence of large
cyanobacteria densities may also constitute a problem to the
engineering of wastewater treatment systems due to biofilm
formation leading to pipes clogging [37]. Kirkwood [38]
showed that compared to heterotrophic bacteria, cyanobac-
teria did not seem to contribute significantly to biodegra-
dation. Even though a few studies have demonstrated the
efficiency of some cyanobacteria such as Phormidium, in
wastewater contaminants catabolism [22] or Oscillatoria
willei in disinfection of raw sewage [81], this contribution
seems to be an inexpensive and non-polluting tool only for
tertiary treatment. Considering the residual effects that
cyanobacteria seems to have in biodegradation of biological

contaminants comparing to bacteria [38], the occurrence of
those organisms in biological treatment systems may
represent more harmful effects than beneficial to wastewater
treatment efficiency.

In the last few years, cyanobacteria have been identified as
a rich source of biologically active compounds with toxic
(cyanotoxins), antibacterial, antiviral, antifungal, and antican-
cer activities [5]. Once present in biological systems, these
organisms may produce toxic or antibacterial compounds
that may affect bacterial communities. In the next two
sections, we will review some literature regarding the effects
of cyanotoxins or other metabolic compounds in bacteria.

Effects of Cyanobacteria Toxins in Bacteria

To what concerns with cyanotoxins effects in bacteria, these
are not yet well understood. According to some literature,
neither an extract of M. aeruginosa nor purified MC-LR
had a biocide effect in Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, or Pseudomonas hydrophila [74].
It is possible that cyanotoxins have a harmful effect in some
bacteria species and not in others [74]. One of the probable
reasons to explain that fact is that some aquatic bacteria
seem to have the potential to transform high cyanotoxins
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concentrations [74]. On the other hand, Valdor and Aboal
[82] demonstrated that 5 μg MC-LR ml−1 caused inhibition
of E. coli growth. However, these tests will always be
limitative and cannot be considered as indicators of the
potential impact that cyanotoxins may have in aquatic
bacteria also because the amounts of the toxins used were not
ecologically relevant. In the last years, several attempts, using
inhibition phosphorescence bacterial bioassays, where toxicity
is determined by the decrease of light emitted by the bacteria,
have been used in an attempt of determining the presence of
cyanotoxins, namely MC [10, 28]. However, it seems that
bacterial phosphorescence inhibition is not directly affected
by the cyanotoxins. A detailed analysis of a bioassay using
Photobacterium phosphoreum, where toxicity was determined
by the reduction of the emitted light from the bacterium,
revealed that the assay was responding to unknown com-
pounds, present in cyanobacteria fractioned extracts, and not
to MC [10]. Another bioassay, using Serratia marcescens,
based in the inhibition of a pigment formation, revealed the
existence of a low correlation between the known cyanotoxins
content and the inhibition caused [28]. Also, Østensvik et al.
[60] reported that MC-LR and -RR did not cause inhibition in
the growth of the tested bacteria. On the other hand,
cyanobacterial extracts (aqueous and methanolic), tested in
the same bacteria revealed inhibition. These studies show that,
despite the fact that cyanotoxins possibly may not be
responsible for bacterial inhibition, since they are potential
inhibitors of eukaryotic phosphatases proteins but not from
prokaryotes [85]; other metabolites present in the cyanobac-
teria extracts may be bactericide.

Another interesting finding is that some aquatic bacteria
appear to have the ability to metabolize high cyanotoxins,
namely MC, concentrations. MC is chemically stable in the
absence of bacteria suffering a limited hydrolysis over time.
However, in the presence of natural microbial populations,
biodegradation may quickly reduce MC concentrations.
Many studies have reported biological degradation of MC
in natural lakes and reservoirs [14, 18, 36, 67]. Variation in
microbial biodegradation rates in natural ecosystems is

probably related with the occurrence/absence of cyanobacte-
rial blooms over the time [91], preexposure to MC [31, 67],
and also with several environmental factors that influence
microbial metabolic rates, such as temperature [63] and
nutrient conditions [77]. Aquatic ecosystems with a history
of cyanobacterial blooms may have bacterial communities
capable to use toxins as nutrients sources, and rapidly (about
8 days) degrade them [91]. Other studies reveal that 90% of
the released toxins, as consequence of a cyanobacterial
bloom, were degraded by microorganisms in 26 days [3].
Toxin concentration was also reduced significantly after
incubation of purified MC-LR with heterotrophic bacteria
from an effluent of a WWTP. The toxicity decreased as result
of the toxin biotransformation, namely modifications in the
heptapeptide ring and ADDA chain [44]. The majority of
these MC-degrading organisms have been identified has
Sphingomonadaceae bacteria [29, 30, 34, 63, 71, 83].
However, recent studies have reported Arthrobacter sp.,
Bervibacterium sp., Rodococcus sp. [47], and Methylobacil-
lus sp. [32] isolates has having the capability to degrade MC.
In vitro studies have shown that Sphingomonas strains
isolated from lakes have been able to degrade in vitro not
only MC-LR [1, 91] but also other variants as MC-LY
(leucine, tyrosine), -LW (leucine; tryptophan) and -LF
(leucine; phenylalanine) [34], suggesting that aquatic micro-
organisms are involved in cyanotoxins degradation. On the
other hand, the same bacterium was not able to degrade
nodularin–Här that differs from nodularin by having a
homoarginine instead of an arginin [70], except in the
presence of MC-RR. The authors have suggested that
nodularin–Här biotransformation is accomplished by other
enzymes induced by MC-RR, and/or by the products
resulting of this toxin degradation, and that these enzymes
synthesis do not occur in the presence of another carbon or
nitrate source [34].

Most of the genetic studies of bacteria capable of
degrading MC have focused on Sphingomonadaceae as it
has been shown that this group of bacteria contains the
genes involved in MC degradation. Bourne et al. [7, 8] have
identified a gene cluster in Sphingomonas sp. ACM-392
involved in MC-LR degradation, which contains a specific
set of genes, namely mlrA, mlrB, mlrC, and mlrD. The
authors determined that mlrA gene encoded an enzyme that
hydrolytically cleaved the cyclic structure of MC-LR. The
resultant linear MC-LR molecule was then sequentially
hydrolyzed by peptidases encoded by the mlrB and mlrC
genes. The final gene, mlrD, encoded for a putative
transporter protein that allowed for MC uptake into the cell.

Studies reveal that cyanotoxins, namely MC, may not
affect bacterial communities and that some bacteria have
the potential to degrade MC. However, the occurrence of
toxic cyanobacteria in WWTP presents a problem itself
when released to water bodies.
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Effects of Cyanobacteria Non-Toxic Compounds
in Bacteria

In the 1970s, an accentuated reduction of Gram-positive
bacteria was registered in lakes during the occurrence of
cyanobacterial blooms [15]. The production of antibacterial
compounds from cyanobacteria could be related with that
phenomena [53]. As result of photosynthesis and cellular
metabolism, cyanobacteria release extracellular products to
the surrounding environment. Carbohydrates, nitrate sub-
stances, organic acids, lipids, phosphatases, and others
enzymes are typically included as products. The amount
and nature of those exudates depends on several factors
such as cyanobacteria species, culture age, and environ-
mental conditions like nutrient concentrations and light
intensity. Since aquatic bacteria are the primary assimilators
of the dissolved organic carbon, they may respond to the
different types of organic compounds by modifying their
metabolic pathways and growth and/or activity rates. On
the other hand, they may be unable to use or resist such
compounds, which would result in the decline and
eventually loss of the bacterial community [11, 17].
Different cyanobacteria species will contribute with vari-
able quantities of dissolved organic carbon to the water and
also with variable quality substances for bacterial uptake
and utilization. The larger the organic compound, the less
available it will be for bacterial use. Since cyanobacterial
exudates may be constituted of numerous organic constit-
uents that can either be predominantly high molecular
weight (HMW>1,000 Da) or low molecular weight (LMW
G 1,000 Da), bacterial communities will respond differently
depending on exudates composition. Based on literature
reports on the fate of HMW compounds in aquatic, the
HMW fraction in cyanobacterial exudates would not be

expected to mineralize, but rather accumulate during
biological treatment [40].

Bacteria may be affected by cyanobacteria either by their
exudates or by intracellular compounds release upon cell lyses
[11]. Few studies regarding the evaluation of cyanobacteria
specific compounds with antibacterial proprieties were done
until date. Known bioactive compounds produced by
cyanobacteria with antibacterial proprieties are only active
against Gram-positive bacteria, with the exception of
Nostodion isolated from Nostoc commune (Table 2).

Isolated bacteria from water bodies have shown a great
variation in the response to Microcystis exudates and
intracellular compound. Among exudates, intact and homog-
enized cells (representative of intracellular compounds), the
exudates inhibited most of the environmental bacteria
isolated from places either with occurrence as with absence
of Microcystis. Nevertheless, inhibition growing rate was
always higher in those bacteria isolated from waters that did
not contain Microcystis [11]. Martins et al. [49] also did not
detect inhibition by cyanobacteria over bacteria growth
isolated from the same WWTP. Coevolution may have led
to the development of a bacterial community immune to
cyanobacterial metabolites.

Secondary metabolites with antibacterial activity are
widely produced by cyanobacteria [20]. The majority of
the studies performed in order to detect antibacterial
proprieties in cyanobacteria, have as their major purpose
biotechnological and industrial applications. Therefore,
most of them test the effects of cyanobacteria extracts in
common pathogens (Table 3). Methods commonly applied
are based on the agar diffusion principle using pour plate or
spread plate techniques and antimicrobial effects are shown
as visible zones of growth inhibition. Both toxin and non-
toxin producing cyanobacteria are able to produce second-
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Table 2 Bioactive compounds produced by cyanobacteria with antibacterial activity

Species of cyanobacteria Bioactive compound Activity spectrum Reference

Lyngbya sp. Pahayokolide A Bacillus megaterium [4]
Bacillus cereus

Nostoc insulare Biphenyl (4,4′-dihydroxybiphenyl) B. cereus [87]
Nodularia harveyana Norharmane (9 H-pyrido(3,4-b)indole) S. aureus

M. aeruginosa Kawaguchipeptin B S. aureus [33]

Limnothrix redekei α-linoleic acid B. subtilis [53]
S. aureus

Micrococcus flavus

Lyngbya majuscula Malyngolide – [9]

Nostoc spongiaeforme var. tenue Borophycin – [73]

Nostoc sp. Nostocyclin A S. aureus [65]
B. subtilis

Nostoc commune Nostodion Gram-negative bacteria [20]



Table 3 Activity of different cyanobacteria extracts (water or organic solvents) towards several bacteria species

Cyanobacterium
specie

Extract Presence of antibacterial effect Absence of antibacterial effect References

Aphanizomenon
flos-aquae

Water A. hydrophila M. luteus, B. subtilis (pH 5.85 e
pH 7.9), B. cereus, E. coli

[60]

Methanol/acetic
acid

B. subtilis (pH 5.85 e pH 7.9),
B. cereus,
A. hydrophila, E. coli

M. luteus

Anabaena sp. Hexane M. flavus S. aureus, B.subtilis, E. coli,
S. marcescens, P. mirabilis

[42]

Methanol, hexane S. aureus (ATCC 25923, MRSA 562,
VISA B 1773)

[5]

Anabaena
lemmermannii

Methanol/acetic
acid

B. subtilis (pH 7.9), B. cereus,
A. hydrophila

M. luteus, B. subtilis (pH 5.85), E. coli [60]

Anabaena solitaria Hexane B.subtilis, M. flavus S. aureus, E. coli, S. marcescens,
P. mirabilis

[42]

Anabaena virabilis Methanol S. aureus (ATCC 25923, MRSA 562,
VISA B 1773)

– [5]

Aulosira
festilissima

Methanol, hexane S. aureus (ATCC 25923, MRSA 562,
VISA B 1773)

–

Cylindrospermopsis
raciborskii

Methanol/acetic
acid

B. subtilis (pH 7.9), B. cereus,
A. hydrophila

M. luteus, B. subtilis (pH 5.85), E. coli [60]

Limnotrix sp. Hexane S. aureus, B.subtilis, M. flavus E. coli, S. marcescens, P. mirabilis [42]
Ethylacetate B.subtilis, M. flavus S. aureus, E. coli, S. marcescens,

P.
mirabilis

Fischerella
ambigua

Dichloromethane/
metanol

B. cereus, S. epidermidis,
P. aeruginosa, E. coli

M. luteus, M. fortuitum [35]

Methanol/Water M. luteus B. cereus, S. epidermidis, P. aeruginosa,
E. coli, M. fortuitum

Geitlerinema
splendidium

Methanol E. coli, Streptoverticillium sp. – [82]

Nostoc commune Dichloromethane/
metanol

S. epidermidis B. cereus, P. aeruginosa, E. coli, M.
fortuitum

[35]

Methanol/water B. cereus S. epidermidis, P. aeruginosa, E. coli, M.
fortuitum

Oscillatoria sp. Dichloromethane S. aureus, B. subtilis, M. flavus E. coli, S. marcescens, P. mirabilis [42]

Methanol E. coli Streptoverticillium sp. [82]

Oscillatoria
amoena

Dichloromethane/
methanol

E. coli B. cereus, S. epidermidis, P. aeruginosa, M.
fortuitum

[35]

Oscillatoria limosa Methanol/water E. coli B. cereus, S. epidermidis, P. aeruginosa, M.
fortuitum

Oscillatoria
formosa

Methanol/water P. aeruginosa, E. coli B. cereus, S. epidermidis, M. fortuitum

Oscillatoria
rubescens

Methanol S. aureus, B.subtilis, M. flavus E. coli, S. marcescens, P. mirabilis [42]

Oscillatoria tenuis Dichloromethane S. aureus, B. subtilis M. flavus, E. coli, S. marcescens,
P. mirabilis

Methanol S. aureus, M. flavus B. subtilis, E. coli, S. marcescens,
P. mirabilis

Phormidium sp. Methanol E. coli, Streptoverticillium sp. [82]

Phormidium
favosum

Dichloromethane/
methanol

S. epidermidis B. cereus, P. aeruginosa, E. coli,
M. fortuitum

[35]

Rivularia
biasolettiana

Methanol E. coli, Streptoverticillium sp. – [82]

Rivularia
haematites

Methanol E.coli, Streptoverticillium sp. —

Scytonema
myochrous

Methanol E. coli Streptoverticillium sp.

Tolypotrhix distorta Methanol E. coli, Streptoverticillium sp. – [82]

Tychonema
bourrelyi

Water B. subtilis (pH 7.9), B. cereus M. luteus, B. subtilis (pH 5.85),
A hyfrophila, E. coli

[60]
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ary metabolites with antibacterial effects, although antibac-
terial proprieties may be more common in toxin-producing
(72% of species) than in non-toxic (44% of species)
producing cyanobacteria [75]. Antibacterial activity
changes according to cyanobacteria species, extract type,
and targeting bacteria. Therefore, extracts activity is generally
higher in Gram-positive bacteria while it is practically absent
in Gram-negative bacteria [35, 42] and it seems to be
changeable according to morphologic bacterial types (cocci
or bacilli) [35, 60]. Another interesting finding is the
demonstration of pH influence in cyanobacteria extracts
activity, since the same bacteria inoculated in different pH
media show differences in the response to those extracts.
Some interesting findings were achieved by Oufdou et al.
[58, 59] when testing extracellular and intracellular sub-
stances produced by Synechocystis sp. and Pseudanabaena
species, isolated from wastewater stabilization ponds at
Marrakech (Morocco). In both studies, extracellular products
released during these cyanobacteria cultures in stationary
phase reduce the growth of the sanitation system bacteria,
E. coli and Salmonella sp. and stimulated the growth of
non-01 Vibrio cholerae. On the other hand, intracellular
products extracted from Synechocystis sp. also reduced the
growth of E. coli and of Salmonella sp. but did not
stimulate the growth of non-01 V. cholerae [58], contrarily
to the intracellular products extracted (methanolic extract)
from Pseudanabaena species, that presented the same
effects that extracellular ones [59]. In both studies, the
intracellular substances presented always stronger inhibitory
effects in the tested microorganisms. These bioactive
substances may possibly lead to specific bacterial flora,
affecting the composition of bacterial communities in
Marrakech stabilization ponds, when blooms of these
cyanobacterial species occur during hot periods.

The results reflect the existence of a great diversity of
antibacterial compounds that may be present in cyanobac-
teria, usually not related with the known cyanotoxins that
affect eukaryotes.

Only Kirkwood et al. [38–40] have worked on the
impact of cyanobacteria occurrence in WWTP evaluating
wastewater toxicity and biodegradation of their contami-
nants using both cyanobacteria as bacteria isolated from

these systems. In terms of wastewater management, the
growing of cyanobacteria in aerobic wastewater treatment
tanks does not seem to offers any direct benefit for the
efficacy of the treatment. The inability of cyanobacteria to
metabolize a diversity of toxic compounds present in the
wastewaters, suggests that these organism do not contribute
to biodegradation and to the removal of toxic contaminants
during wastewater treatment. From this point of view,
cyanobacteria may have negative consequences in the
wastewater communities not offering a significant contri-
bution to the treatment [38]. The presence of cyanobacteria
influences toxic compounds removal and biodegradation by
bacteria. The diverse produced effects, observed by the
authors, highlight the complexes interactions presents in
those systems [39]. The authors showed that all the present
cyanobacteria, namely A. rivularis, P. animale, P. insigne e
Pseudanabaena, produced exudates that supported the
growth of the tested bacteria. Nevertheless, the cyanobacteria
produced different impacts in the bacteria biodegradation
efficiency, being those negative or positive accordingly to the
cyanobacteria species and the contaminant type, which
emphasis that benefit or inhibitory cyanobacteria effects are
system specific [40]. Thus, to understand and predict the
effects of cyanobacteria communities in wastewater treat-
ment efficiency, it will be necessary to know more about the
complex interactions between cyanobacteria populations and
wastewater bacteria. Nevertheless, taken into account most
of the published work, cyanobacteria may act negatively on
bacterial communities in WWTP and so decreasing its
density will increase the efficiency of the treatment.

Cyanobacteria Impact in Protozoa in WWTP

The presence of cyanobacteria communities in biological
treatment systems may also influence the protozoan
communities. Among protozoa, ciliates are very numer-
ous in biological WWTP, having an important role in
purification and regulation of the aquatic community
[46, 80]. Protozoa diversity and density levels are
dependable of wastewaters composition allied with
physical conditions and several factors from the chosen

Table 3 (continued)

Cyanobacterium
specie

Extract Presence of antibacterial effect Absence of antibacterial effect References

Methanol/acetic acid B. subtilis (pH 5.85 e pH 7.9), B. cereus,
A. hydrophila, E. coli

M. luteus

M. aeruginosa Water B. subtilis (pH 5.85 e pH 7.9), B. cereus M. luteus, B. subtilis (pH 5.85), E. coli [60]
Methanol/acetic acid B. subtilis (pH 7.9), B. cereus, A.

hydrophila
M. luteus, B. subtilis (pH 5.85), E. coli
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technological process [61]. The number of ciliates
protozoa present at biological treatment systems is
usually in an order of 106 l−1. When this number decrease
to 104 l−1 indicates a deficient depuration which results in
an increase of dispersed bacteria and consequently of
BOD and turbidity. Contrarily, an elevated number of
ciliates (>107 individuals l−1) indicates an efficient
depuration [52].

Sensitivity of protozoa to toxic mixtures, industrial
waters [21], heavy metal, fungicides, and to some pharma-
ceutical compounds [55] has been described in several
studies, suggesting that these organisms may be affected by
cyanobacterial metabolites.

Protozoa such as Tetrahymena pyriformis and Colpidium
campylum are commonly used as indicator organisms [80]
being the last applied in the study of pure compounds, toxic
mixtures, and industrial waters [21]. Bioassays with the
ciliate Spirostomum ambiguum show that this species is
especially sensitive to heavy metals, fungicides and to some
pharmaceutical compounds, besides being used to analyze
cyanobacteria blooms toxicity [55]. Also, Spirostomum
teres is sensitive to chemical compounds, mainly heavy
metals (Cd, Cu, Hg, Zn e Cr) [80]. Ciliate protozoa
Euplotes aediculatus, common in activated-sludge systems,
is a very sensitive indicator to evaluate heavy metal
toxicity, mainly Cu, Ni e Cr. On the other hand, Colpidium
colpoda, also common in these systems, seems to be much
tolerant to the same metals toxicity, showing that tolerance
to toxic compounds is species specific [46]. Communities
of ciliate protozoa include sensitive, resistant, or interme-
diate species to what concerns tolerance toxic compounds.
Nevertheless, besides their recognized importance in
aquatic environments, few studies have been realized in
order to identify appropriated test species [46], specially to
what concerns cyanobacteria toxicity.

The decrease of protozoan numbers in water bodies with
toxic cyanobacteria was the first observation that leaded to
the hypothesis that cyanobacteria could produce toxic
compounds with harmful effects to these organisms [76].
Table 5 describes some effects of cyanobacteria in protozoa
found in literature.

After the occurrence of a Microcystis toxic bloom in a
lake, an in situ reduction of the number and growth rate of
natural populations of heterotrophic nanoflagelates was
observed. Laboratory studies on cyanotoxins effects in
protozoa showed that effects are not always lethal and may
include paralysis or lethargy, inhibition or reduction of food
ingestion, mortality induced by starvation, and decrease of
survival and growth rates [45].

According to Moikeha and Chu [51], Lyngbya majus-
cula extracts acted very fast leading to T. pyriformis lyses.
On the other hand, Grabow et al. [27] using the same
protozoan species demonstrated that M. aeruginosa toxins

did not significantly change protozoa mobility, morphology
or viability. Also, Yang et al. [90] verified that MC did not
cause a toxic effect in the flagellate protozoan Ochromonas
sp. Paramecium caudatum reacted very differently to the
toxins of diverse cyanobacteria tested, with Nostoc linckia
causing no changes in the protozoan, but lethally was
observed by exposure to Gloeothrichia echinulata and
Fisherella epiphytica toxins [66]. Laboratory experiments
with mixed populations of isolated flagellates showed a
decrease of 24–28% and 36–41% in the growing rates at
concentrations of 1 and 10 μg MC l−1, respectively. In
contrast, similar experiences with cultures of the nano-
flagellates Heteromita globosa and Spumela sp. showed a
lower growing rate reduction [79, 91].

Thus, it seems that species-specific differences may exist
regarding protozoa sensitivity to MC [91]. Moreover, there
are differences in the toxicity of the different variants of
MC in the same protozoa species. Ward and Codd [88]
have tested the toxicity of four MC variants in the protozoa
T. pyriformis. All MC inhibited the population growing rate
and reduced the maximum density of the culture, probably
due to disturbs caused at the level of the phosphorilation/
desphosphorilation process important in the cellular cycle.
Besides that, respiration rate of T. pyriformis was inhibited
according to the time of exposure and concentration of the
toxin. The magnitude of those decreases was directly
correlated with the hydrophobicity of the different MC,
namely MC-LR, MC-LY, MC-LW, and MC-LF. Since
hydrophobic compounds may more easily cross cell
membranes, LC50 24 h (lethal concentration to 50% of the
population) values decreased (toxicity increase) with the
increase of hydrophobicity. Therefore, when the effects of
the different MC variants were compared to a unique
concentration, it was demonstrated that MC-FL (the most
hydrophobic) caused the highest inhibition. Exposure to
different MC also led to changes in cellular morphology
and to the formation of protuberances in the studied
protozoa, very similar at microscopic level to morpholog-
ical changes found in hepatocytes exposed to MC. These
changes are due to hiperphosphorilation of the cytoesque-
leton compounds [88].

Tarczynska et al. [79] compared the toxicity of cyanobac-
terial blooms in three bioassays using the ciliate protozoa S.
ambiguum and the crustaceans Thamnocephalus platyurus
and Daphnia magna. They showed that when crude extracts
were tested S. ambiguum was more sensitive than the other
organisms, suggesting that cyanobacteria may produce anti
protozoan compounds [79]. Also, in order to detect
cyanobacterial toxicity, Maršálek and Bláha [48] have
compared 17 bioassays, including protozoans, microcrusta-
ceans, insects, rotifers, cnidarians, nematodes, oligoquets and
plants. They used crude extracts of three cyanobacterial
bloom samples dominated by Microcystis, with different
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concentrations of MC-LR, in bioassays with the protozoans
S. ambiguum and T. pyriformis. With these assays, they
could discriminate the different samples and establish a
positive correlation between toxicity and MC concentration.
Besides that, crude extracts with high and moderate concen-
trations of MC have induced relatively high toxic responses
in the bioassays with the protozoans S. ambiguum, T.
pyriformis, and Tetrahymena termophyla.

Even though studies reveal that cyanobacteria may
produce compounds with anti protozoa activity, some of
these organisms may act as cyanobacteria predators. A
resume of some protozoa effects on cyanobacteria found in
literature can be seen in Table 4.

Flagellate and ciliate protozoa can ingest unicellular and
filamentous cyanobacteria, even though some species seem
to prefer the ingestion of other bacteria, if they have that
choice [91]. Ciliate protozoa have the ability to ingest

cyanobacteria being, together with flagellates, the major
picoplankton (bacteria and small cyanobacteria) consumers
in lakes. In fact, biggest ciliates (>50 μm) tend to feed on
filamentous cyanobacteria [24]. Some studies refer to
protozoa as possible cyanobacterial biological control agents.
Cyanobacteria are a food source for several protozoan
genera, including the ciliate Nassula, the flagellate Ochro-
monas and Acanthamoeba, Mayorella, and Nuclearia amoe-
bas. The ingestion of cyanobacteria by protozoa has been
observed either in samples taken directly from natural
habitats or in in vitro experiments. However, protozoa
efficiency as biological control agents depend of several
factors, including protozoa growth and feeding rates, prey
specificity, and also cyanobacteria growth rates [72].

The potential use of the amoeba Nuclearia delicatula
and of the ciliate Nassula tumida, as cyanobacteria control
agents has been studied by Sigee et al. [72]. N. delicatula

Table 4 Interactions between cyanobacteria and protozoa

Organism/toxins

Cyanobacteria/Cyanotoxins Effects Protozoa Description References

Microcystis toxic bloom ✓ Heterotrophic nanoflagelates Reduction of the number and growth rates [45]

L. majuscula extracts ✓ T. pyriformis Lyses [51]

M. aeruginosa toxins × T. pyriformis Mobility, morphology or viability unaltered [27]

N. linckia × P. caudatum Non-toxic effect [66]
G. echinulata toxins ✓ P. caudatum Lethally

F. epiphytica toxins ✓ P. caudatum Lethally

MC × Ochromonas sp. Non-toxic effect [90]

1 μg MC l−1 ✓ Isolated flagellates Decrease of 24 to 28% in
the growing rates

[79];

10 μg MC l−1 ✓ Isolated flagellates Decrease of 36 to 41% in
the growing rates

MC-LR, MC-LY, MC-LW,
MC-LF

✓ T. pyriformis Inhibition of growing and respiration rates,
changes in cellular morphology and
formation of protuberances

[88]

Cyanobacteria crude extracts ✓ S. ambiguum Toxic effect [79]

Microcystis blooms crude extracts
containing MC-LR

✓ S. ambiguum, T. pyriformis
and T. termophyla

Toxic effect [48]

Protozoa Effects Cyanobacteria Description References

Flagellate and ciliate ✓ Unicellular or filamentous cyanobacteria Ingestion [91],

[24]

Nassula, Ochromonas, Acanthamoeba,
Mayorella, and Nuclearia

✓ Cyanobacteria Ingestion [72]

N. delicatula ✓ Oscillatoria and Anabaena Ingestion

N. delicatula × M. aeruginosa Non-ingestion

N. tumida ✓ Oscillatoria Ingestion

N. tumida × Anabaena and M. aeruginosa Non-ingestion

Paramecium ✓ Cylindrospermopsis CLY producer Ingestion [23]

Ciliates (citopharingeal basket) ✓ Trichomes of Oscillatoriales isolates Ingestion [62]

✓ Presence of effects

× Absence of effects
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presented the ability to feed from a range of Oscillatoria
and Anabaena isolates but not from M. aeruginosa. On the
other hand, N. tumida showed ability to ingest only
Oscillatoria sp. Filamentous cyanobacteria seem to be
preferred by the studied protozoa. This selection may be
related with cell size, nutrient source, and toxin produc-
tion. The ability to protozoa to reduce cyanobacterial
populations, in laboratory conditions, depends of the
initial size of the populations of both organisms. As
expected, N. deliculata was more effective in high
protozoa and low cyanobacteria density [72]. Also, Fabro
et al. [23] demonstrated that the ciliate Paramecium had
the ability to feed on a Cylindrospermopsis producer of
the hepatotoxin cylindropsermopsin (CYL). In a first
experiment, they studied the impact of the ingestion of
Cylindrospermopsis in the presence of the toxin that was
being produced. When ciliated where added, CYL
concentration was higher in the water comparing to the
control, and a complete removal of the cyanobacterium
was observed. In a second experiment, they reported that
in cultures where CYL concentration was lower, the
growth of the populations of ciliates were the highest
along time, comparing to the cultures where the toxin
concentration was higher. The authors suggested that a
possible function of this toxin may be the reduction of
zooplankton populations that feed on cyanobacteria [23].

Even though there are evidences that protozoa may feed
on cyanobacteria, these microorganisms may present
defense mechanisms to increase their survival (Table 5)
[26, 56, 62, 90] or, in some cases, cyanobacteria ingestion
by protozoa may be limited to a specific cyanobacteria
stage of live [62]. Pajdak-Stós et al. [62] refer that
trichomes from some Oscillatoriales isolates may be easily
ingested by ciliates that present a cytopharingeal basket, a
highly specialized structure that allows the ingestion of
long cyanobacteria trichomes. On the other side, the
cyanobacterium Nostoc is considered highly resistant to
predation due to the fact that presents large colonies and
produces large amounts of mucilage. However, ingestion by
ciliates is variable depending on the cell cycle of this
cyanobacterium. The same authors demonstrated that
Nostoc muscorum mobile hormogonia (involved in repro-
duction and dispersion of species in their natural habitats),

due to similarity with Oscillatoriales filaments, is a
potential prey when in the presence of the ciliate Pseudo-
microthorax dubius. On the other hand, a complete
digestion of non-mobile hormogonia fixed in the bottom
of the plate where the experiment was being conducted was
not observed. Nevertheless, the attack of P. dubius to the
newly differentiated hormogonia revealed that ciliates can
be very effective in removing mobile hormogonia from the
environment. The ciliated Furgasonia blochmann showed
behavior similar to P. dubius, whereas the ciliated N.
tumida did not feed on cyanobacteria in any stage of life
cycle. The results suggest that, at least in N. muscorum, the
mobile hormogonia is the most vulnerable state of
cyanobacteria life cycle. Furthermore, the adhesion of
hormogonia to a solid substrate appears to be enough to
protect this species against the ciliates [62].Yang et al. [90]
demonstrated in vitro that an isolate of M. aeruginosa
producer of MC adapted a colonial form when growing
together with the flagellate protozoa Ochromonas sp. In the
treatment with the protozoa, the proportion of unicellular
cells decreased from 83.2% to 15.7%, while the proportion
of colonial cells rose from 0% to 68.7% at the end of the
experiment. Colonial forms can in an effective way prevent
from protozoa predation, increasing the survival of M.
aeruginosa. In this way, colony formation by cyanobacteria
could be considered as an induced defense meachanism
against protozoa ingestion, when environmental conditions do
not allow an effective action of the toxin [90]. The
zooplankton ingestion is also prevented by the Microcystis
mucilage as it happens in Nostoc [56]. Using a laboratory
microcosms approach, it was shown that Phormidium, capable
of inducible defense, reacts to ciliate attacks by withdrawing
inside a polysaccharide envelope, overproducing exopolysac-
charide material and remaining in dense and compact clumps
[26]. All of these defenses were induced by the ciliate P.
dubius, a specialized grazer of filamentous cyanobacteria.

Concluding Remarks

Cyanobacteria may be important components of the WWTP
biological treatment, reaching levels of 100% of the total
phytoplankton density in some systems. The occurrence of

Table 5 Cyanobacteria mechanisms defenses against Protozoa

Predator Prey Effects Defenses References

Ciliates Nostoc Highly resistant to predation Large colonies and presence of mucilage [62]

Ochromonas sp. M. aeruginosa MC
producer

Survival increasing Adaption of a colonial form [90]

Zooplankton Microcystis Prevention of ingestion Presence of mucilage [56]

P. dubius Phormidium Resistant to predation Overproducing of exopolysaccharide material,
formation of dense and compact clumps

[26]
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cyanobacteria and their associated toxins in these systems
present a risk to the aquatic environments and to public
health, changing drastically the ecology of microbial
communities and associated organisms. Cyanobacteria and
their toxins in WWTP should be monitored not only due to
the risk of toxin production but also because their
occurrence may disrupt WWTP communities’ ecology and
decrease treatment efficiency. The discharge of treated
effluents, containing toxic cyanobacteria and cyanotoxins
into rivers, agriculture irrigation channels, estuaries, or
lakes will represent a toxic source to the receiving water
bodies leading to several harmful effects. It is imperative
for scientists and water management authorities to under-
stand the natural degradation and elimination pathways of
MC with the aim of reducing the risks associated with
theses pollutants. To date, the majorities of the studies
regarding MC biodegradation have been focused on
drinking water. Biogical active sand filters seems to be an
effective treatment process for the complete removal of
MC-LR and MC-LA, as it was demonstrated by Ho et al.
[30]. Also, more recent findings have proved that anaerobic
degradation may have a more important role in the fate of
MC than previously thought. Chen et al. [13] have shown
that anoxic biodegradation is an effective and safe removal
pathway of MC in lake sediments and can be used in
submerged constructed wetland, land treatment system, and
biological sand filter for the removal of MC, since non-
toxic compounds are generated.

With the onset of climate changes, treated wastewater is
beginning to be considered as an alternative water source,
hence there is a need to ensure that the quality of this water
is appropriated. Also, in many countries, treated wastewater
may be used for agriculture irrigation purposes. As MC
bioaccumulation in plants can present a potential risk for
human and animal health and the use of MC contaminated
water seems to lead to a decrease of seeds germination rates
and to an alteration of the quality and productivity of crop
plants [12], it is imperative to ensure that treated wastewa-
ter if free of these toxins. However, it is important to notice
that the majority of WWTP that employ activated sludge
systems have secondary decanter tanks where the resulting
biomass from activated sludge (including cyanobacteria) is
removed through settling process. This secondary biomass
is then mixed with sludge from the primary settling process,
treated and disposed of as biosolids. Therefore, the release
of cyanobacterial cells to the environment is more likely to
occur as result from biosolids disposal to land, rather than
to the receiving water bodies.

Problems regarding the occurrence of cyanobacteria in
WWTP are not limited to toxin production. Since the
efficacy of wastewater treatment is dependent of microbial
biodegradation, the presence of cyanobacteria in these
systems may affect the efficacy of the treatment in several

ways. Cyanotoxins influence in bacteria is not totally
understood although many studies refer that cyanotoxins,
namely MC, do not act as antibacterial compounds. The
pointed reasons for this fact are essentially the ability that
some bacteria present to degrade this toxin and also the fact
that MC are potent inhibitors of eukaryotic phosphatases
but not of prokaryotic ones. Nevertheless, even if we
consider the possibility of biodegradation, wastewater
retention time in WWTP may not be high enough for
bacterial biodegradation of cyanotoxins, or the present
bacteria may not be able to accomplish that.

Studies reveal that it is possible that other cyanobacterial
secondary metabolites act as antibacterial compounds. A
review from those studies allowed to verify that the
potential antibacterial activity depends on several factors
including namely cyanobacteria specie, compound source
(intra or extracellular), bacteria specie, and environmental
conditions. However, it seems that antibacterial activity is
greater in Gram (+) bacteria. Results reflect the great
diversity of antibacterial compounds produced bay cyano-
bacteria and it would be necessary to know if those
compounds in natural conditions are produced in sufficient
amounts to cause a significant impact in bacterial commu-
nities. Inhibition zones in agar plates are sometimes weak,
suggesting that high concentrations are necessary to cause
an inhibitory effect. Such concentrations may not be present
in water, but may exist in cyanobacteria cellular surfaces
[16]. Also, studies using agar plates cannot be extrapolated
to what happens in such complex system like activated
sludge process.

Until now, it is not clear the direct impact of cyanobac-
teria (and/or their toxins) present in WWTP in the bacterial
communities, so that further investigations would be
necessary to be able to infer any type of conclusion.

Having protozoans an important role in WWTP, possible
negative impacts caused by cyanobacteria on these organ-
isms, may lead to a decrease of treatment efficacy. Studies
on the impact of cyanobacteria and their toxins in protozoa
are limited, and this is especially true in what concerns with
protozoans most commonly associated with WWTP. Nev-
ertheless, some studies refer the capacity of cyanotoxins
and/or cyanobacteria extracts to affect protozoa, inhibiting
their growing and respiration rates, leading to changes in
cellular morphology or even to cellular lyses, although
these effects seem to be species-specific. Flagellates and
ciliates may ingest some cyanobacteria species, but it seems
that they prefer to feed on bacteria. Moreover, some
cyanobacteria species may produce toxins and form
colonies that may act as defense mechanisms.

Overall, it seems that cyanobacteria development in
WWTP may have a negative impact on the ecology of the
system and thus on the efficiency of the treatment. To
understand the effects of cyanobacterial communities in the
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efficiency of treatment, it will be necessary to unravel the
complex interactions between cyanobacterial populations,
bacteria, and protozoa in WWTP in situ studies. The study
of such complex biodiversity by conventional techniques,
like bacteria cultivation on solid media, is associated with
some limitations, since the percentage of culturable bacteria
in comparison with total cell counts for activated sludge is
estimated to range between 1% and 15%. The use of
molecular methods such as PCR amplification and further
analyses of group-specific PCR fragments on DGGE gel
will help to study the ecology of these complex commu-
nities and to provide WWTP managers better tools to
optimize WW treatment, since DGGE will allow the
directly detection of mutations in an unique base of PCR
amplified DNA. This method as already proved to be very
useful in the study of cyanobacterial communities [41] as in
the analyses of bacterial communities of different WWTP [6].
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