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Abstract: Cyanobacteria are important for the functioning of the ecosystem. However, the intensification of the
eutrophication process in waters leads to an increase in the intensity and frequency of blooms, as well as the production of
cyanotoxins. Starting with the question: Which cyanobacteria have the highest incidence in contaminated reservoirs in
Brazil? Following the hypothesis that if the presence of some cyanobacteria contributes to the contamination of reservoir
waters, then these species have cyanotoxins. The aim was to carry out a bibliographic analysis of the cyanobacteria
responsible for the contamination of reservoir waters and the environmental implications for public health. The literature
survey used the scientific databases PubMed and Scielo, defining the periodicity from 2018 to 2022. A taxonomic
classification of cyanobacteria species was carried out, with 9 articles referring to the contamination of reservoir waters in
the Northeast, South and Southeast regions. The cyanobacteria that form the most recurrent blooms in reservoirs in Brazil
belong to the order Nostocales and Chroococcales. Climatic seasonality plays a decisive role in the spatio-temporal
dynamics of cyanobacteria, with higher concentrations occurring in the dry season and worsening water quality during the
bloom. Monitoring is therefore essential to avoid environmental implications.
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1 Introduction

Cyanobacteria are prokaryotic organisms that have the properties of both algae and bacteria [1]. They are important
for the functioning of the ecosystem, however, the growing eutrophication of aquatic environments can affect the biome as
a whole, causing the ecosystem to lose its service functions, thus favoring the production of cyanotoxins that threaten
ecological and human health [2].

Water safety and quality are important issues for agriculture, animals and human health [3]. However, the
urbanization of watersheds contributes to the degradation of water bodies [4], associated with anthropogenic action and
water pollution from industrial activities, agriculture and the lack of basic sanitation [5].

In Brazil, almost half of the population does not have access to sewage collection and treatment and untreated
effluents generate cyanobacterial blooms [4]. These blooms cause serious environmental implications, including
unpleasant odors and the production of cyanotoxins [6].

Increased concentrations of toxins in water from supply reservoirs exposes the population to serious risks, since they
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are not removed by conventional treatment or filtration [7], such as the consumption of unsuitable water, especially when
there is an occurrence of HABs (Harmful Algae Blooms), a cyanobacterium that causes various human health problems [8].

Some of the genera considered potentially toxic are Microcystis, Planktothrix and Aphanocapsa [1]. Microcystis
aeruginosa is a species of cyanobacterium with frequent records in bloom events in the country and is related to the
formation of unwanted halogenated organic by-products [9].

Demographic changes associated with the complexity of contemporary environmental problems, such as global
environmental change and technological disasters, as well as human-induced climate change [10], have been a growing
concern in recent years, causing negative environmental impacts [11].

Cyanotoxins have been reported as lethal agents for living beings and can harm animals, people, aquatic species,
recreational activities and drinking water reservoirs [6]. It is therefore necessary to establish parameters that make it
possible to diagnose whether the ecosystem is deteriorating [12].

This intensification of the eutrophication process in surface waters leads to an increase in the intensity and frequency
of cyanobacterial blooms, compromising water availability for consumptive use [13], a state of altered water quality,
including increased pH, stratification and lower water transparency [14]. There is a characteristic pattern of seasonality in
algal blooms and cyanobacterial communities [7].

Thus, knowing the ecological changes in a reservoir is of great importance for environmental impact studies and water
quality assessments [15], demonstrating that biodiversity losses reduce the functioning of the ecosystem [14]. Especially in
arid and semi-arid regions, where water scarcity and the increased demand for water for multiple uses have encouraged the
construction of various reservoirs and water transfer systems, despite the fact that these measures provide quantitative
solutions, the supply of available water quality can become an obstacle [16].

Based on the question: What are the cyanobacteria with the highest incidences in contaminated reservoirs in Brazil?
Following the hypothesis that if the presence of some cyanobacteria contributes to the contamination of reservoir waters,
then these species have cyanotoxins. The aim was to carry out a bibliographical analysis of the cyanobacteria responsible
for the contamination of reservoir waters and the environmental implications for public health.

2 Methodology

Once the research topic had been delimited, an investigation was carried out, following the methodologies of a
systematic review of the literature of a descriptive nature [17], based on the search with the combination of the descriptors
environment , cyanobacteria , public health , contaminated water , environmental impacts , in online searches, selecting as
sub-areas of interest, and/or terms and synonyms found in the literature.

The scientific databases Scientific Electronic Library Online (SciELO) and Medical Literature Analysis and Retrieval
System online (MEDLINE via PubMed) were used for the literature survey. The database screening was carried out

between January 17, 2023 and February 5, 2023 (Figure 1).

123



Palavras-chaves:
*Meio ambiente”, “Cianobactérias”, “Sadde”, “Agua” e “Contaminacao”

ubmed.gov

base cyanobacteria and (brazil) and (article)

cyanobacteria and (contaminated
water) and (public health) and (brazil)

cyanobacteria and (contaminated water) and (public
health) and (environmental impacts) and (brazil)

Scipf,0 razil) and (article

\, / cyanobacteria and (environmental impacts)
and (brazil)

Figure 1. Descriptors and terms used to search for scientific studies in the list of databases

Source: Authors, 2023
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Among the selected references, filters available on the platforms themselves were used as classification criteria,
defining the periodicity of 5 years, from 2018 to 2022 for publications only articles with translation in English and
Portuguese, also selecting the parameter "research article", excluding "review articles" and "books and encyclopedias".

The research was carried out by analyzing the articles found in three stages. Initially, all the titles of the articles found
in the databases with the descriptors used were read, selecting those with terms related to cyanobacteria in reservoir water.
Once the articles had been selected, the second stage involved reading the abstracts. Articles that met the inclusion criteria
were selected for the third stage, i.e. those that mentioned some information about identifying the species of cyanobacteria
found in reservoir water. Finally, in the third and last stage of the study, the full texts of the articles selected in the second
stage were read and evaluated in order to explore the information in the studies and conclude the objectives of this review,
this analysis being qualitative, where the main data from the articles chosen was extracted [17]. A taxonomic classification
of the cyanobacteria species found was carried out at genus, family and order level, according to the specialized literature,
which was presented in figure form.

According to the topic selected for this study, studies that deviated from the inclusion criteria were excluded and
articles with incomplete, inconsistent or duplicated content were not included in the literature survey.

3 Results and discussion

3.1 Database selection

From a search for articles on cyanobacteria responsible for contaminating reservoir water and their environmental
implications for public health, 541 articles were found in the selected databases. After removing the documents based on
the inclusion criteria, this review totaled 44 articles evaluated by title and abstract. This resulted in 11 articles for full

analysis (Figure 2). Of the articles selected, 9 referred to the contamination of reservoir water by cyanobacteria.
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Figure 2. Flowchart for searching and selecting scientific papers
Source: Authors, 2023

3.2 Reservoir water contaminated by cyanobacteria

Of the 9 articles on water contamination in reservoirs, 5 were in the Northeast in 2018, 2021 and 2022; 2 in the
Southeast in 2018 and 2022 and 2 in the South in 2018.

3.2.1 Northeast region

The most recurrent bloom-forming cyanobacteria in reservoirs in the Northeast region of Brazil belong to the order
Nostocales and Chroococcales, and mainly to the species Microcystis aeruginosa (Figure 3), which is dominant and
increases its biomass in the presence of zooplankton [16][18].

The functional structure of the phytoplankton community in these reservoirs is influenced by the increase in
temperature and nutritional enrichment in different ways over the seasons [19]. These interactions between phytoplankton
and zooplankton further highlight the importance of the role of zooplankton in promoting the growth of cyanobacteria and
maintaining the proliferation of algae [18].

Climate seasonality plays a decisive role in the spatio-temporal dynamics of cyanobacteria, which occur in higher
concentrations during the dry season [13]. With the reduction in the volume of water in the reservoirs and the extreme
drought conditions in this region, these conditions influence the composition and biovolume of the phytoplankton and the
quality of the water [20]. This worsening in water quality shows an increase in the concentrations of potentially toxic
cyanobacteria, as well as other parameters that measure water characteristics [16].

3.2.2 Southeast region

In the southeastern region of Brazil, the frequency of cyanobacterial blooms of the order Nostocales (Figure 3) was
evident, with the occurrence of the Aphanizomenon family being related to adaptive advantages in eutrophicated

environments [21], as well as the production of cyanotoxins that cause ecological and public health concerns [22].
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This sanitary issue in reservoirs compromises the original characteristics of the water due to the dense presence of

potentially toxic species, indicating that the multiple uses of the reservoir are compromised [21]. And from an

ecotoxicological point of view, the risk quotients for the estimated values of the cyanotoxins microcystins and saxitoxins

greater than 1 indicate a high risk for aquatic life [22].

3.2.3 Southern region

In the southern region of the country, the order Chroococcales and the family Microcystaceae represented the most

common cyanobacteria in these reservoirs (Figure 3).

The predominance of cyanobacteria in reservoirs indicates that the environment is undergoing an intense process of

environmental degradation, threatening the integrity of biological communities and causing significant damage to the

ecosystem as a whole [15]. The impairment of water quality during the bloom in this region occurs annually during the

summer and fall months, and the low level in the reservoirs and the higher sunshine temperatures are factors involved in

the bloom, requiring additional use of chemical inputs in water treatment, corresponding to a cost increase of up to 58%

[23].

Autor/ Ano Regidio brasileira Espécie Cyanobacteria Género Familia Ordem
Souza, Crossetti, Becker (2018) el Aphanizomenon gracile Aphanizomenon  Aphanizomenonaceae Nostocales
Microcystis aeruginosa Microcystis Microcystaceae Chroococcales
Cyclotella meneghiniana Cyclotella Stephanodiscaceae Thalassiosirales
Severiano, Amaral, Diniz e Moura (2021) Nordeste Raphidiopsis raciborskii Raphidiopsis Nostocaceae Nostocales
Microcystis aeruginosa Microcystis Microcystaceae Chroococcales
Aphanocapsa spp. Aphanocapsa Microcystaceae Chroococcales
Lima e colaboradores (2022) Nordeste Cylindrospermopsis sp. Cylindrospermopsis Nostocaceae Nostocales
Geitlerinema sp. Geitlerinema Geitlerinemataceae Geitlerinematales
Planktothrix agardhii Planktothrix Phormidiaceae Oscillatoriales
Microcystis aeruginosa Microcystis Microcystaceae Chroococeales
Rego, Rangel-Junior, Costa (2022) Nordeste Anabaena planktonica Anabaena Aphanizomenonaceae Nostocales
Anabaena spp. Anabaena Aphanizomenonaceae Nostocales

Cvlindrospermopsis raciborskii

Cylindrospermopsis

Nostocaceae

Nostocales

Oscillatoria sp.
Microcystis sp.

Merismopedia sp

Oscillatoria
Microcystis

Merismopedia

Oscillatoriaceae
Microcystaceae

Microcystaceae

Nostocales
Chroococcales

Chroococcales

Franca e colaboradores (2022) Nordeste Cylindrospermopsis sp. Cylindrospermopsis Nostocaceae Nostocales
Pseudanabaena sp. Pseudanabaena Pseud naceae  Pseudanabaenales

Anabaena sp. Anabaena Aphanizomenonaceae Nostocales

Aphanizomenon sp. Aphanizomenon  Aphanizomenonaceae Nostocales
Aphanocapsa sp. Aphanocapsa Microcystaceae Chroococcales

x:;;‘.}:{;l(?]d;;guﬁ Moschim-Carios, Sudeste Aphanizomenon gracile Aphanizomenon Aphanizomenonaceae Nostocales
Microcystis panniformes Microcystis Microcystaceae Chroococcales

Passos e colaboradores (2022) Sudeste Raphidiopsis raciborskii Raphidiopsis Nostocaceae Nostocales

Dolichospermum sp. Dolichospermum  Aphanizomenonaceae Nostocales
Adloff. Bem. Reichert. Azevedo (2018) Sul Microcystis ug'mgx.m.na Microcystis .-\ft.cruq‘sma*m' ( .?:rmx‘m‘r.‘uh’.\'
Sphaerocavum brasiliense Sphaerocavum Microcysiaceae Chroococcales

Belo, Mathias, Gontarski (2018) Sul Cylindrospermopsis sp. Cylindrospermopsis Nostocaceae Nostocales

Figure 3. Taxonomic classification of bloom-forming cyanobacteria in the Northeast, Southeast and South regions of
Brazil in the last 5 years (2018- 2022)
Source: Authors, 2023

The hypothesis that if there are some cyanobacteria that contribute to the contamination of reservoir waters, it is due

to the presence of cyanotoxins, answering the question of what these cyanobacteria are.

4 Conclusion

The data obtained allow us to conclude that so far, in accordance with the taxonomic names found, the waters of

reservoirs in the northeast, south and southeast regions of this study are contaminated, mainly by cyanobacteria of the order

Nostocales and Chroococcales.
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In addition, the articles reviewed here have shown that untreated water can lead to the occurrence of eutrophication in
aquatic environments, even more so in water reservoirs used for water supply, which are also subject to the appearance of
cyanobacterial blooms, a fact that leads to an increase in the proliferation of cyanotoxins, affecting public health. This
makes it essential to monitor water quality conditions and the seasonal climate in the regions, thus avoiding environmental
implications.

Conflicts of interest

The author declares no conflicts of interest regarding the publication of this paper.

References

[1] Vieira RS, Nascimento KJ do, Oliveira CCE de, Ricarte EMF, Nascimento GMS do, SILVA, CO da, et al.
Ocorréncia de cianobactérias em um reservatorio de abastecimento publico do semiarido cearense. Brazilian Journal of
Development. 2020; 6(11):84352-63. DOI: https://doi.org/10.34117/BJDV6N11-010.

[2] Costa RS, Quadra GR, Souza HO, Amaral VS do, Navoni JA. A ligagdo entre farmacos e cianobactérias: uma
revisdo sobre aspectos ecotoxicoldgicos, ecoldgicos e sanitarios. Res. de Poluicdo Cientifica Ambiental. 2021;
28(31):41638-50. DOI: https://doi.org/10.1007/s11356- 021-14698-5.

[3] Kordasht HK, Hassanpour S, Baradaran B, Nosrati R, Hashemzaei M, Mokhtarzadeh A, et al. Biodeteccdo de
microcistinas em amostras de 4gua; avangos recentes. Biosensores e Bioeletronica. 2020; 165:112403. DOI:
https://doi.org/10.1016/j.bios.2020.112403

[4] Oliver SL, Ribeiro H. Zika virus syndrome, lack of environmental policies and risks of worsening by
cyanobacteria proliferation in a climate change scenario. Revista Satide Publica. 2020; 54(83):1-4.

[5] Nichetti, LMK, Dysarz JM, Batista AG, Dalonso N. Avaliagdo das flora¢des de cianobactérias nos rios de
abastecimento do municipio de Joinville. Engenharia Sanitaria e Ambiental. 2022; 27(3). DOI: https://doi.org/10.1590/S14
13-415220200289

[6] Bhatt P, Engel, BA, Reuhs M, Simsek H. Tecnologia de ciandgfagos na remogéo de florescéncia de algas nocivas
mediadas por cianobactérias: um método novo e ecologico. Quimiosfera. 2023; 315:137769. DOLI: https://doi.org/10.1016/j.
chemosphere.2023.137769.

[7] Oliver SL, Ikefuti PV, Ribeiro H. Flora¢des de cianobactérias e variaveis atmosféricas, uma contribui¢do no
escopo da saude ambiental. Revista Ambiente & Agua. 2020; 15(4).

[8] Oliver S, Corburn J, Ribeiro H. Desafios em relagdo a qualidade da agua de reservatdrios eutroficos em paisagens
urbanas: uma revisdo da literatura de mapeamento. International Journal of Environmental Research Public Health. 2019;
16(1):40. DOI: https://doi.org/10.3390/ijerph16010040.

[9] Franco ES, Ferreira AFA, Silva DF, Camargo JA, Padua VL de, Rodrigues JL et al. Validacdo de método analitico
por ELL-CG-EM para detec¢do de trialometanos decorrentes da cloragdo de aguas contendo Microcystis. Engenharia
Sanitaria e Ambiental. 2019; 24(5). DOI: https://doi.org/10.1590/S1413-41522019175794.

[10] Barbieri AF, Viana RM, Soares VCO, Schneider RA. Contribui¢des tedricas para uma demografia dos desastres
no Brasil. Revista Brasileira de Estudos de Populagdo. 2022; 39.

[11] Moura-neto JA, Barraclough K, Agar JWM. Um apelo pela sustentabilidade na dialise no Brasil. Brazilian
Journal of Nephrology. 2019; 42(4).

[12] Santos ACC do, Freitas BRC de, José¢ Neto M. Levantamento taxonomico de algas de dgua doce e cianobactérias

em uma lagoa marginal na Cascalheira-Trés Lagoas/MS-2017. Revista satide e meio ambiente. 2019; 9(3): 15-22.

[13] Lima FJDO, Lopes FB, Andrade EMD, Rocha FCD, Meireles ACM. Dinamica espago- temporal de

127


https://doi.org/10.34117/BJDV6N11-010
https://doi.org/10.1007/s11356
https://doi.org/10.1016/j.bios.2020.112403
https://doi.org/10.1590/S1413-415220200289
https://doi.org/10.1590/S1413-415220200289
https://doi.org/10.1016/j.chemosphere.2023.137769
https://doi.org/10.1016/j.chemosphere.2023.137769
https://doi.org/10.3390/ijerph16010040
https://doi.org/10.1590/S1413-41522019175794

cianobactérias toxicas em lago artificial no semiarido brasileiro. Revista Caatinga. 2022; 35(2).

[14] Amorim CA, Moura ADN. Ecological impacts of freshwater algal blooms on water quality, plankton biodiversity,
structure, and ecosystem functioning. Sci Total Environ. 2021; 758:143605.

[15] Adloff CT, Bem CC, Reichert G, Azevedo, JCR de. Analysis of the phytoplankton community emphasizing
cyanobacteria in four cascade reservoirs system of the Iguazu River, Parana, Brazil. RBRH. 2018; 23. DOI:
https://doi.org/10.1590/2318-0331.0318170050.

[16] Franca JMB de, Silva SMO da, Monteiro CMG, Paulino WD, Capelo neto J. Qualidade da d4gua emum sistema
de reservatorios em cascata — um estudo de caso no semiarido brasileiro. Eng. Sanit. Ambient. 2022; 27(1). DOI:
https://doi.org/10.1590/S1413-415220200328

[17] Dresch F, Lana DFD, Maciel MJ. Avaliacdo das comunidades fungicas encontradas em amostras de solo: uma
revisdo sistematica da literatura. Revista Ibero Americana de Ciéncias Ambientais. 2019; 10(6):67-76, 2019. DOI:
http://doi.org/10.6008/CBPC2179- 6858.2019.006.0007.

[18] Severiano JS, Amaral CB, Diniz AS, Moura AN. Species-specific response of phytoplankton to zooplankton
grazing in tropical eutrophic reservoirs. Acta Limnologica Brasiliensia. 2021; 33. DOI: https://doi.org/10.1590/S2179-
975X10719.

[19] Souza MC de, Crossetti LO, Becker V. Effects of temperature increase and nutrient enrichment on phytoplankton
functional groups in a Brazilian semi-arid reservoir. Acta Limnologica Brasiliensia. 2018; 30.
https://doi.org/10.1590/S2179-975X7517.

[20] Rego AHG, Rangel-junior A, Costa IAS. Cenario do fitoplancton e microcistina na 4gua durante a seca extrema
no semidrido tropical, Nordeste do Brasil. Revista Brasileira de Biologia. 2020; 80(1). DOI: https://doi.org/10.1590/1519-
6984.182599

[21] Vicentin AM, Rodrigues EHC, Moschini-carlos V, Pompéo MLM. Is it possible to evaluate the ecological status
of a reservoir using the phytoplankton community?. Acta Limnologica Brasiliensia. 2018; 30.

DOI: https://doi.org/10.1590/S2179-975X13717.

[22] Passos LS, Almeida EC de, Villela A, Fernandes AN, Marinho MM, GOMES LC, PINTO E. Cyanotoxins and
water quality parameters as risk assessment indicators for aquatic life in reservoirs. Ecotoxicol Environ Saf. 2022;
241:¢113828. DOI: https://doi.org/10.1016/j.ecoenv.2022.113828.

[23] Beldo A, Mathias AL, Gontarski CAU. Comparison of the physical, chemical and biological parameter
magnitudes and cyanobacterial bloomin the Alagados reservoir of Ponta Grossa - PR. Revista Ambiente & Agua. 2018;

13(3). DOL: https://doi.org/10.4136/ambi-agua.2016.

128


https://doi.org/10.1590/2318-0331.0318170050
https://doi.org/10.1590/S1413-415220200328
http://doi.org/10.6008/CBPC2179
https://doi.org/10.1590/S2179-975X10719
https://doi.org/10.1590/S2179-975X10719
https://doi.org/10.1590/S2179-975X7517
https://doi.org/10.1590/1519-6984.182599
https://doi.org/10.1590/1519-6984.182599
https://doi.org/10.1590/S2179-975X13717
https://doi.org/10.1016/j.ecoenv.2022.113828
https://doi.org/10.4136/ambi-agua.2016

