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ABSTRACT: Aiming at analyzing the water quality at Iracema Beach, in 

Fortaleza/CE, as well as characterizing the planktonic community, monthly 
collections were carried out between February and November 2019, with 100 

liters of water being filtered, concentrated to 10 mL and preserved in 4% 
formalin. In the laboratory, via microscopy, the plankton species were 

identified and then classified based on references relevant to the subject, as 
well as consultations with specialists and electronic addresses. Furthermore, 

data on water temperature, transparency, salinity, dissolved oxygen and pH 

were obtained in situ. Bimonthly, one liter of water was collected for 
microbiological analysis, in the laboratory. The parameters analyzed showed 

good quality water, with 17 phytoplankton species being recorded, 
distributed among the Classes Cyanophyceae, Bacillariophyceae, 

Euglenophyceae, Chlorophyceae, Mediophyceae, Coscinodiscophyceae and 
Zygnematophyceae. For zooplankton, there were five species included in the 

Rotifera, Cladocera and Crustacea Classes. Phytoplanktonic species diversity 
was high, the zooplanktonic was low; very high equability and low species 

richness in both communities. No species was considered a bioindicator of 
eutrophication or pollution, and the microbiological analysis showed 

minimum values of thermotolerant coliforms, and the waters of Iracema 
Beach can be classified as class one saline, intended for recreation and with 

a very good quality. 
 

Keywords: Microbiological, Phytoplankton, Urban beach, Zooplankton. 

 
RESUMO: Visando analisar a qualidade da água na Praia de Iracema, em 

Fortaleza/CE, bem como caracterizar a comunidade planctônica, foram 
realizadas coletas mensais, entre fevereiro e novembro de 2019, sendo 

filtrados 100 litros de água, concentrada para 10 mL e preservada em formol 
a 4%. Em laboratório, via microscopia, as espécies do plâncton foram 

identificadas e então classificadas com base em referências pertinentes ao 
assunto, bem como, consultas a especialistas e endereços eletrônicos. Ainda, 

foram obtidos in situ dados de temperatura da água, transparência, 
salinidade, oxigênio dissolvido e pH. Bimestralmente coletou-se um litro de 

água para análise microbiológica, em laboratório. Os parâmetros analisados 
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mostraram uma água com boa qualidade, tendo sido registradas 17 espécies 
fitoplanctônicas, distribuídas entre as Classes Cyanophyceae, 

Bacillariophyceae, Euglenophyceae, Chlorophyceae, Mediophyceae, 

Coscinodiscophyceae e Zygnematophyceae. Para o zooplâncton ocorreram 
cinco espécies inseridas nas Classes Rotifera, Cladocera e Crustacea. A 

diversidade de espécies fitoplanctônicas foi alta, a zooplanctônica foi baixa; 
boa equabilidade e baixa riqueza de espécies em ambas comunidades. 

Nenhuma espécie foi considerada bioindicadora de eutrofização ou poluição 
e, a análise microbiológica mostrou valores mínimos de coliforme 

termotolerantes, podendo as águas da Praia de Iracema serem classificadas 
como salinas de classe um, destinadas a recreação e com uma qualidade 

muito boa.  
 

PALAVRAS-CHAVE: Fitoplâncton, Microbiologia, Praia urbana, Zooplâncton. 
 

 

 
 

 

1. Introduction 

 

According to Odum (1988) a community or biocenosis is a set of living 

organisms that are part of an ecosystem and interact with each other and 

with other components, being able to present changes in its structure and in 

the processes of the community over time. 

Due to the dynamics of the human population in its urbanization, there 

is a preference for housing close to places with an abundance of water, 

whether rivers, lakes and especially coastal areas close to beaches. Rego 

(2010) mentions that this dynamic has implications for these environments, 

changing their original biology. 

In general, urban beaches are transition zones or ecotones between 

human and marine ecosystems, located on the coastal part of continents and 

subject to major environmental changes that will directly affect the structure 

of aquatic communities (Leão et al., 2008). 
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Human-induced disturbance contributes to several impacts on 

planktonic communities by discharging pluviometric effluents directly into 

beach waters, which, together with wave action, cause vertical mixing due 

to natural turbulence, thereby retaining material transported in the water 

column in a manner that primary producers have access to more phosphorus 

and other nutrients. Such effects also contribute to changes in chemical 

levels and physical parameters and, therefore, in aquatic communities 

(Odum, 1988; Leão et al., 2008). 

The term plankton was introduced by the German Viktor Hensen, in 

1887, to designate several aquatic communities, as well as finely divided 

inorganic materials (particulates), which float in the water at the mercy of 

the currents, adrift (Esteves, 2011). Of these communities, phytoplankton is 

one of the most important, as it is the first link in the food web, the largest 

producer of oxygen, synthesizes organic matter through solar radiation, and 

its composition and structure being an important parameter for the 

assessment of water quality. On the other hand, zooplanktonic communities, 

the second link, is made up of organisms, most of which are heterotrophic, 

with a short life cycle and with rapid responses to states of eutrophication 

and/or pollution, climate change and other factors, being the main food for 

juveniles of almost all species fish, in addition to serving as exclusive food 

for some adult fish (Esteves, 2011; Klimova et al., 2018). 

Therefore, the study of the composition of planktonic communities is 

an important tool to assess the state of the aquatic environment, generating 

information about its variability and abundance, as well as the ecological 

conditions of the aquatic ecosystem (Cervetto et al., 2002). 

On the other hand, the analyses of environmental variables and of 

nutrient concentrations of an aquatic environment they can help in the 

diagnosis of ecological conditions, in the understanding of the dynamics of 

communities, as well as in the evaluation of their carrying capacity, 
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measured by the ecosystem's ability to correct changes to internal and 

external, natural or anthropic stimuli (Bicudo & Menezes, 2006). 

Also, the microbiological quality standard is very important and, being 

established in CONAMA Resolution no. 357/2005 and its amendment and 

complementation given by CONAMA Resolution no. 430/2011, which 

classifies water bodies and environmental guidelines for their framing, using 

thermotolerant coliforms (Brasil, 2005; Brasil, 2011). 

Rego (2010) points out that the environmental quality of beaches is 

important for both environmental and public health reasons. Thus, the 

present work aimed to analyze the water quality, verifying physical and 

chemical parameters, the planktonic community and the microbiological 

conditions of the water of Iracema Beach, municipality of Fortaleza, State of 

Ceará. 

 

2. Material and Methods 

 

2.1 Study Place 

 

The research was developed out at Iracema Beach, in the city of 

Fortaleza (03°43'03.1" S; 038°30'42.1" W), one of the eight administrative 

macro-regions of the State of Ceará, from February to November 2019. 

Iracema Beach is one of the main beaches in the city of Fortaleza, 

located between Almirante Tamandaré and João Cordeiro streets. It 

underwent a spatial rethink after the construction of the hydraulic 

embankment. It hosts several events during the local festivities, the most 

famous being New Year's Eve, which attracts thousands of people, including 

residents and tourists, in addition to being constantly used by bathers. 
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2.2 Collects 

 

Rainfall data for the study site were obtained from the website of the 

Ceará Meteorology and Water Resources Foundation – Funceme (Ceará, 

2021). 

Monthly collections were carried out to obtain data on physical, 

chemical and planktonic parameters, always at low tide. On the other hand, 

the microbiological were bimonthly. 

In situ, water temperature they were obtained, measured with a 

mercury thermometer; water transparency, using a Secchi disk with a 

diameter of 20 cm; water salinity, with Red Sea® portable refractometer, 

accuracy of one practical salinity unit (ups); dissolved oxygen with a 

Milwaukee® SM600 oximeter, 0.1 mg L-1 accuracy and; pH with a pHMeter® 

portable pH meter, accuracy of 0.1. 

Maximum nutrient limits and physical parameters were based on Boyd 

(1990), Schmittou (1999), Kubitza (2000) and Sipaúba-Tavares (1995), as 

well as those established in CONAMA Resolution N°. 357/2005 (Brasil, 2005). 

They were also submitted to the T-Student test, considering two samples 

(rainy and dry season) assuming different variances and a significance level 

of 0.05 (Pagano & Gauvreau, 2004). 

The plankton were collected with a net, 25 µm mesh and 25 cm mouth 

opening diameter, and 100 L of water was filtered, which was concentrated 

to 10 mL and fixed with 4 % formaldehyde solution in a 1:1 ratio. On 

average, 10 samples of 0.1 mL were analyzed using a Callmex® microscope 

to identify organisms. 

The systematic classification was based on Barsanti & Gualtieri (2006) 

and in the identification the works of, Alves-da-Silva et al. (2008); Verlecar 

& Desai (2004), Bicudo & Menezes (2006); Sant'Anna et al. (2006), Moresco 

& Bueno (2007) and as well as consultations the specialists in the area and 

electronic addresses. 
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The relative abundance was calculated, and based on the results the 

species were classified as: a) rare species, less than 10%; b) slightly 

abundant specie, between 10.1 and 25%; c) abundant specie, between 25.1 

and 50% and; d) dominant specie, the one with relative abundance greater 

than 50%. 

The following ecological indices were also analyzed: a) species diversity 

index, which relates the number of species and their relative abundance, 

being measured three indices: Shannon (H, in bits/individual), Simpson 

(1/D) and Berger -Parker (1/d); b) Margalef's species richness index, which 

assesses the number of species present and; c) Pielou's equability index (J), 

which analyzes the distribution of individuals between species, ranging from 

0 to 1, and values closer to 1 indicate greater equability (Odum, 1988; 

Margalef, 1998; Magurran, 2007). 

As for the microbiological analyses, these were carried out at the 

Laboratory of Environmental and Fish Microbiology - LAMAP, of the Instituto 

de Ciências do Mar - LABOMAR/UFC. The water sample collected was 

obtained at a depth of 50 cm, in one-liter amber bottles, previously sterilized. 

The sample was transported in an isothermal box, containing ice and, in the 

determination of the Most Probable Number (MPN) of Thermotolerant 

Coliforms, the technique of fermentation in multiple tubes was used, 

according to Feng et al. (2002). 

The values obtained were compared with those of CONAMA Resolution 

no. 357/2005 and its amendments and additions given by CONAMA 

Resolution no. 430/2011, as well as CONAMA Resolution no. 274/2000 (Brasil, 

2005; Brasil, 2011). 
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3. Results 

 

According to data obtained from the Funceme website (Ceará, 2021), 

Figure 1 shows the total monthly pluviometric in 2019 for the study site, with 

a seasonal cycle characterized by the rainy (January to June) and dry (July) 

periods to December), with a sharp peak of rain between the months of 

February and May, a period called winter season, with the highest rainfall in 

March (679.3 mm) followed by April (584.3 mm). In the dry period, there is 

a sharp drop in precipitation, culminating in a zero record in November. 

 

Figure 1 - Variation pluviometric in 2019, at Iracema Beach, Fortaleza/CE. 

 

 

3.1 Physical and Chemical Parameters of Water 

 

Table I shows the variation of physical and chemical parameters at 

Iracema Beach, noting that the values recorded are within the acceptable 

range for good quality water (Schmittou, 1999; Kubitza, 2000; Brasil, 2005). 
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Table I - Physical and chemical parameters observed in the water of Iracema Beach/CE. 

Parameters Mín. Máx. Mean 
Standard 

deviation 

Salinity (ups) 30.0 35.0 32.3 2.2 

Temperature (ºC) 27.0 29.0 28.1 0.7 

Transparency (cm) 90.0 107.0 97.7 6.2 

Dissolved oxygen (mg/L) 5.9 7.2 6.7 0.5 

pH 7.9 8.2 8.1 0.1 

 

All parameters showed a statistically significant difference between the 

rainy and dry seasons (p ≤ 0.05), which corroborates the great influence of 

precipitation about the sames. 

 

3.2 Phyto and Zooplanktonic Communities 

 

Seventeen species of microalgae were identified, belonging to seven 

Classes, six Bacillariophyceae, four Chlorophyceae, two Cyanophyceae and 

Zygnematophyceae, and one species for Classes Euglenophyceae, 

Mediophyceae and Coscinodiscophyceae. Of the identified species, only 

Spirulina sp., Scenedesmus quadricauda were considered as Little Abundant 

and the others as Rare, both in the rainy and in the dry season (Table II). 

 

Table II - Phytoplanktonic organisms observed in the waters of Iracema Beach/CE, in the 

rainy and dry season of 2019. 

Class Species 
Rainy season Dry season 

Classification Classification 

Cyanophyceae  
Spirulina sp. Little abundant Little abundant 

Oscillatoria sp. Rare Rare 

Bacillariophyceae  

Cyclotella sp. Rare Rare 

Chaetoceros sp. Rare Rare 

Thalassiothrix sp. Rare Rare 

Amphora sp. Rare Rare 

Cymbella sp. Rare Rare 

Cocconeis sp. Rare Rare 

Euglenophyceae Phacus longicauda Rare Rare 
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Chlorophyceae 

Scenedesmus 

quadricauda 
Little abundant Little abundant 

Scenedesmus 

acuminatus 
Rare Rare 

Eudorina elegans Rare Rare 

Eudorina sp. Rare Rare 

Mediophyceae Thalassiosira sp. Rare Rare 

Coscinodiscophyceae 
Actinoptychus 

undulatus 
Rare Rare 

Zygnematophyceae 
Gonatozygon sp. Rare Rare 

Closterium setaceum  Rare Rare 

 

The Chlorophyceae Class was the most significant with 34.62 % of 

occurrence, followed by Bacillariophyceae, with 31.77 % and Cyanophyceae, 

with 17.78 %, the others were less than 5 %. 

As for the zooplanktonic community, five species were identified, 

distributed among the Rotifera Classes, with two species; Cladocera, with 

one species; and Crustacea, with two species Brachionus sp. was the 

Dominant species and the others were considered as Little Abundant in the 

rainy and dry seasons (Table III). 

 

Table III - Planktonic organisms observed in the waters of Iracema Beach/CE, in the 

rainy and dry season of 2019. 

Class Species 
Rainy period Dry period 

Classification Classification 

Rotifera  
Brachionus sp. Abundant Abundant 

Keratella cochlearis Little abundant Little abundant 

Cladocera Daphnia sp. Little abundant Little abundant 

Crustacea  
Larvae of Cirrípedes Little abundant Little abundant 

Copepoda sp. Little abundant Little abundant 

 

Overall, the Rotifera Class had a share of 51.27 %, Crustacea with 

29.44 % and Cladocera with 19.29 %. 
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3.3 Ecological Indices 

 

For the phytoplankton community, the diversity indexes analyzed were 

considered high, with Shannon's (H) presenting an average of 3.75 bits ind.-

1, Simpson's with 11.32 and Berger-Parker's (1/d) with 5.94. Pielou's 

evenness was significant (≥ 0.5) throughout the study, with a mean of 0.92. 

Species richness (d) was low, with an average of 1.25 (Figure 2). 

 

Figure 2 - Diversity indices of the phytoplankton community of the waters of Iracema 

Beach/CE, in 2019. 

 

 

For the zooplankton community, the diversity index was considered 

low, with Shannon's index presenting an average of 2.15 throughout the 

study, Simpson's, with an average of 3.99 and the Berger-Parker index, with 

an overall average of 2.69. Pielou's evenness was significant (≥ 0.5) with a 

mean of 0.93. As for wealth, it was low, with an average of 0.41 (Figure 3). 
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Figure 3 - Species diversity index of the zooplankton community of the waters of 

Iracema Beach/CE, in 2019. 

 

 

4. Microbiology 

 

Figure 4 shows the variation of thermotolerant coliforms for the waters 

of Iracema Beach during the study period, which presented an average of 

184.0 ± 8.9 NMP 100 mL-1. 

 

Figure 4 - Thermotolerant Coliforms (CT), in Most Likely Number (NMP), observed in the 

waters of Iracema Beach/CE, in 2019. 
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5. Discussion 

 

The variations in precipitations in the State of Ceará are related to the 

sunspot cycle, the Pacific Decadal Oscillation (PDO), with the occurrence of 

El Niño Southern Oscillation (ENSO) and the seasonality itself throughout the 

year (Silva et al., 2013). 

In general, rainfall indices differ along the coastline, with a decrease in 

annual totals in the West-East direction, ranging from 1,250 to 1,500 mm 

near the border with Piauí, to 500 – 750 mm near the of Rio Grande do Norte, 

with the capital of Ceará presenting a Rain Anomaly Index (IAC) around -

0.01 characteristic of a dry zone (Ceará, 1989; Costa & Da Silva, 2017). 

Precipitation is a factor that should always be analyzed, Once the 

volume accentuated of drainage rainwater can mainly change salinity, in 

addition to pH and other aquatic environmental parameters (Alencar et al., 

2019). 

The salinity in the sea along the coast of Ceará is directly influenced by 

rainfall, and the values obtained are within the standards for surface waters 

of the sea along the coast of the Northeast, which according to Nunes et al. 

(2003), can vary from 28 to 40 ups. 

Water temperature is an extremely important parameter in the 

assessment of aquatic ecosystem dynamics, directly influencing vital 

oxidative metabolic processes, such as respiration, decomposition of organic 

matter and the solubility of gases, such as oxygen, fundamental for the 

balance of the ecosystem and support of aquatic life. In addition, the 

seasonal variations observed in most tropical waters are due to winds and 

precipitation on a scale rarely observed outside the tropics (Lowe-Mcconnell, 

1999). 

As for water transparency, several factors can cause interference from 

land drainage, dissolved particulate materials to phytoplankton density, 

therefore, it has a great influence on the amount of chlorophyll-a, 
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phytoplankton biomass, salinity of the sea surface and chemical factors, 

being widely used as an indicator of marine environmental quality (Zhou et 

al., 2021). Iracema Beach is a place that can be considered with waters in 

the mesotrophic belt (transparency between 80 and 200 cm) according to 

Schmittou (1999), as the pier mitigates the effect of turning the bottom, the 

main cause of reduced transparency in the marine zone, in addition, the 

coastal currents that carry sediments are parallel to the beach (Vasconcelos, 

2018). 

According to Sipaúba-Tavares (1995), dissolved oxygen is the most 

important compound for aquatic organisms, once it plays it plays an 

important role in the oxidation of nutrients that release energy necessary for 

the maintenance of aquatic life optimal range and always above 5.0 at 

Iracema Beach. 

As for pH, it is an important parameter, because according to Sipaúba-

Tavares (1995), it exerts a great influence on the distribution of aquatic 

organisms, in which acidification can reduce primary production, limit the 

growth of zooplanktonic species and cause the disappearance of several 

species of fish. The observed values are within the range of variation for 

seawater along the coast, which is 7.8 to 8.2 (Viana et al., 2021). 

Boyd (1990) mentions that temperature, water transparency, 

dissolved oxygen, pH, in addition to electrical conductivity and the contents 

of inorganic and phosphate compounds can interfere in water quality and, 

consequently, in the dynamics of aquatic populations. Viana et al. (2021) 

emphasize that the most important characteristic of the surface waters of 

the oceans is the variation of environmental factors that can undergo major 

changes in a short time. 

The presence of Cyanophyceae in relation to other classes is due to the 

physiology of their organisms, which have different adaptive strategies which 

make it possible to maintain them in normal and extreme environmental 

conditions, such as: the ability to fix atmospheric nitrogen, exclusive to this 
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class; their aerotopes (gas vesicles) in the cells, which allow them to migrate 

vertically in the water column, being able to use light more efficiently; the 

presence of additional pigments that allow capturing a wider spectrum of 

solar radiation; among others (Sant'anna et al., 2006). 

Silva et al. (2016) mention that a high number of low-intensity rainfall 

may favor phytoplankton due to the entry of nutrients, especially blooms. 

The distribution of nutrients in the water column is stratified, but with the 

entry of water by rain, a destratification begins, making all the nutrients 

available in the water column. 

According to Costa Rodrigues et al. (2015), the quantitative 

characteristics of phytoplankton vary over time, which may be a result of 

changes in hydrological parameters, following the temporal gradient between 

the rainy and dry seasons, so that phytoplankton density is related to 

fluctuations of water input by the hydrological cycle. 

Zooplankton are influenced by biotic and abiotic factors in the 

environment, relating to other trophic levels (Gibson et al., 2000). Some of 

these are: the predation, competition for nutrients, temperature, pH and 

salinity. Many researchers claim that competition, temperature, and 

availability of nutrients are the variables that most influence the 

diversification of these organisms. 

The availability of nutrients, such as nitrogen and phosphorus, alter 

the diversification of the phytoplankton community, which in turn also 

interfere with that of zooplankton. For example, in the rainy season, there 

may be an increase in rotifer density due to the greater availability of 

nutrients from allochthonous material carried by the silting process (Landa 

et al., 2002). 

In general, in the waters of Iracema Beach, both the phytoplankton 

and the zooplankton community showed higher density in the rainy season, 

with no species being considered as a bioindicator of eutrophication and/or 

pollution, according to CONAMA Resolution nº 357 (Brasil, 2005). 
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According to Magurran (2007) and Odum (1988), while the Shannon 

index assigns greater weight to rare species and Simpson's index to common 

species, the Berger-Parker index is based on the maximum abundance 

observed between species and the abundance total, thus expressing, the 

proportional abundance of the most abundant species, being considered 

among the available indices, the one that most satisfactorily measures 

diversity. In this research, the high indexes reflect the instability of the 

environment due to climatic and environmental conditions during most of the 

year, which does not allow the dominance of a single species, also reflecting 

the species richness that has always been below 1.3. The equability, on the 

other hand, always presented values higher than nine, evidencing the good 

distribution of the species in the phytoplankton community. 

Shannon diversity values below 2.5 are considered low (Margalef, 

1978), which was observed throughout the research, the same being 

observed for Simpson and Berger-Parker, below 4.5 and 3.5, respectively, a 

consequence of the instability of the environment, associated with the low 

richness of phytoplankton species during the studies (“d” was less than 0.5). 

The low zooplankton diversity observed at Iracema Beach is in line with 

Margalef (1998) who mention that in coast this variable is lower than in the 

oceanic zone. On the other hand, there was no drop in equability, that is, in 

the distribution of species in the environment, which, as in the phytoplankton 

community, was always high and above nine. 

Therefore, very low levels in the concentration of planktonic biomass 

in Iracema Beach is a direct consequence of the mesotrophic conditions of 

its waters and, mainly, because no nutrient inputs of anthropic origin have 

been observed at the site. 

Rainwater in its natural form of purification through the hydrological 

cycle, when it precipitates, comes into contact with the atmosphere and, in 

urban centers, with natural and artificial structures (Tundisi, 2003). As water 

is a universal solvent, when passing through these places, it adds several 
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chemical and organic compounds, carrying microorganisms, bacteria, among 

others, which cause its contamination and, consequently, its biological 

instability. 

Moreno et al. (2019), when analyzing the microbiological conditions of 

the waters of urban beaches on the coast of Colombia, found a high level of 

contamination of fecal origin, from irregular sewers, which represents a 

serious risk factor to the health of bathers, different from that observed in 

Iracema Beach, whose surroundings do not have a sewage outlet. 

The State Environmental Superintendence - Semace carries out 

analyzes of the water quality of the beaches of Fortaleza, and during the 

years from 1990 to 1993 it sent to the National Institute of Metrology, Quality 

and Technology - Inmetro, a federal autarchy, statistical data on the average 

of coliforms from the analyzed beaches. During this period, the waters of 

Iracema Beach presented an average of 100 MPN/100 mL (Brasil, 1998), 

showing that for almost three decades microbiological contamination 

continues to present low values, as observed in the present study. 

None of the values obtained exceeded the minimum limit proposed by 

Brazilian legislation, i.e 250 NMP 100 mL-1. Therefore, according to CONAMA 

Resolution 357/2005 and 274/2000, the waters of Iracema Beach are 

classified as class 1 saline, intended for primary contact recreation, and 

considered of excellent quality (Brasil, 2005). 

 

6. Conclusions 

 

In general, the waters of Iracema Beach showed good physical and 

chemical patterns, typical of coastal waters, with high phytoplankton 

diversity, low zooplankton diversity; good equability and low species richness 

in both communities. Noting that no species was considered a bioindicator of 

eutrophic or polluted waters and, in terms of thermotolerant coliforms, the 
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waters can be considered suitable for bathing (primary contact recreation), 

and can be classified as an environment with very good quality water. 
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