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ABSTRACT
This study investigated the water quality in an urban eutrophic reservoir in Northeastern Brazil, considering 
the influence of seasonality. Monthly, samples were collected in the sub-surface reservoir. The following 
abiotic variables were analyzed: temperature, pH, dissolved oxygen, apparent color, turbidity, conductivity, 
fluoride, total nitrogen, chlorides, total dissolved solids, total hardness, iron, copper, manganese, aluminum, 
chlorophyll-a and phaeophytin. Total and thermotolerant coliforms were analyzed according to APHA 
(2012). Cyanobacteria density was quantified through its biomass. The data were analyzed using one- way 
ANOVA and Pearson correlation test. Higher values mean phytoplankton biomass (26.3mm3.L-1) occurred 
in the dry season, especially Planktothrix agardhii and Geiterinema amphibium, which occurred in 100% 
of samples. High trophic state index was detected throughout the year. Seasonality exerted some influence 
on both biotic and abiotc variables, leading to changes in water quality of the reservoir.
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INTRODUCTION

The increase in population density coupled with the 
increase in the release of domestic and industrial 
effluents in water bodies is the phenomenon called 
eutrophication, which enriches the environment with 
nutrients, primarily nitrogen and phosphorus, increasing 
the productivity of the environment and depreciating the 
quality of water (Fernandes et al. 2009, Esteves 2013).

Blooms of cyanobacteria are associated to 
eutrophic water conditions, although it is known 
that blooms of microalgae occur seasonally in 
some environments, as a response to conditions 
that change the stability of the water column (Affe 
and Barboni 2012). Some reservoirs are naturally 
eutrophic, but, in many others, the excess intake 
of nutrients is of anthropogenic origin (Calijuri et 
al. 2006). This event may cause social, economic 
and environmental impacts, since cyanobacteria 
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are potentially producing secondary metabolites 
with toxic properties that can affect human health 
(Siqueira and Oliveira-Filho 2005).

In addition to cyanobacteria, presence of  bacteria 
of the coliform group, primarily Escherichia coli, 
are a risk to the health of the consumer population, 
due to the possibility of airing of diseases such as 
diarrhea and dysentery (Ahmed et al. 2013).

Due to the interaction between biotic and 
abiotic factors, including seasonality, in an 
ecosystem, the presence of certain chemicals, even 
in small concentrations, can be reflected in risk to 
human health, with prejudice to the water quality in 
question (Esteves 2013).

The Apipucos dam, located in the metropolitan 
region of Recife (Pernambuco, Brazil) is undergoing 
a process of degradation of its water due to the 
release of untreated sewage and trash, even though it 
is considered an urban conservation unit, according 
to the municipal law No. 16.609 of December 
18/2000 (Recife 2000).

In Brazil, the National Environmental Council 
(CONAMA) seeks to control the discharge of 
pollutants into the environment, by prohibiting the 
release of harmful or hazardous levels for humans and 
other life beings. The study of seasonal water quality 
of the Apipucos Dam is of great importance, since its 
waters are used for subsistence, fishing and recreation 
in the region, and could serve as a route of transmission 
of various kinds of diseases of major public health 
impact, carried by water and food consumed by the 
needy community in the surroundings.

In shallow reservoirs, despite the small volume 
of water per area, a complex set of factors regulates 
aquatic dynamics, which is represented, in tropical 
regions, especially by the rain and radiation 
(Fonseca and Bicudo 2008), probably influencing 
the diversity and density of cyanobacteria and, 
therefore, the quality of the water reservoir. 
However, the knowledge of this type of ecosystem, 
mainly urban and not intended for public supply is 
scarce, especially in northeastern Brazil.

Thus, the present work aimed to analyze the 
water quality of the reservoir of Apipucos, considered 
shallow, eutrophic, urban and not for public supply, 
with respect to biotic and abiotic variables, including 
some metals, as well as contribute to a survey on the 
species of the cyanobacteria found.

MATERIALS AND METHODS

AREA OF STUDY

The reservoir of Apipucos is located in the West 
zone of the city of Recife (Pernambuco, Brazil), 
at the coordinates 8° 01' 14" S, 34° 56' 00" W and 
is a sub-basin of the Capibaribe River, being built 
to control flooding of this river. It has an area of 
2.9 km2, average volume of 556,375 m3 and average 
depth of 2.5 m (Neumann-Leitão et al. 1989). The 
occurrence of free-floating Macrophytes is expressive, 
represented mainly by Eichhornia crassipes (Mart.). 
Due to its historical, cultural and environmental values, 
its water is considered and environmental protection 
area, even though the dumping of effluents in its 
waters has depreciated its quality.

SAMPLING AND LABORATORY TESTING

Water samples were collected monthly between 
December 2011 and November 2012 at a same point 
located in the limnetic zone of the reservoir and during 
two climatic periods: rainy season (March to August/12) 
and dry period (December/11 to February/12 and 
September/12 to November/12). Samples were collect
ed for qualitative and quantitative analysis of the 
community of cyanobacteria. All samples were obtained 
in duplicate in sub-surface reservoir (approximately 30 
cm deep). All samples were collected, preserved and 
packaged in accordance with APHA (2012).

Air temperature (°C) and precipitation (mm) 
were obtained from the National Institute for Space 
Research (INPE) and from the Pernambuco Agency 
of Water and Climate (APAC), respectively, in 
meteorological stations located within a maximum 
2 km of distance from the place of sampling.
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In situ measurements were made for the deter
mination of pH, using a potentiometer (Digimed, 
DMHP-2); temperature (°C) using a Mercury 
thermometer and transparency of the water (m) using 
a Secchi disk. The euphotic zone (Zeu) was calculated 
according to Cole (1994).

Measurements of dissolved oxygen (mg.L-1), 
apparent color (UH), turbidity (UT), conductivity 
(µS.cm-1), fluoride (mg.L-1), total nitrogen (mg.L-1), 
chlorides (mg.L-1), total dissolved solids (STD, 
mg.L-1), total hardness (mg.L-1), iron (mg.L-1), copper 
(mg.L-1), manganese (mg.L-1), aluminum (mg.L-1), 
chlorophyll-a (µg.L-1), phaeophytin (µg.L-1), total 
coliforms and termotolerantes (cel.100 mL-1) were 
made in accordance with APHA (2012).

Cyanobacteria identification was done until 
the lowest possible taxonomic hierarchical level 
with the use of specialized literature (Komárek 
and Anagnostidis 1989, 1999, 2005, Komárek and 
Cronberg 2001). Density (cel.mL-1) was determined 
by the method of Sedgewick-Rafter (APHA 2012). 
Biomass (mm3.L-1) was calculated from values of cell 
biovolume (n=30), based on Hillebrand et al. (1999).

Carlson's trophic state index was used for 
characterization of the ecosystem (Carlson 1977). 
Molar rate TN:TP was determined according to 
Downing and McCauley (1992). For the estimation 
of nutrient limitation, TN:TP<20 was considered as 
limited by nitrogen; TN:TP>38 was considered as 
limited by phosphorus (Kosten et al. 2009).

Analysis of variance (one-way ANOVA) 
was used to test the significance of differences in 
biotic and abiotic variables (p<0.05) between dry 
and rainy seasons, using software Statistica 10 
(test version). A Pearson correlation matrix was 
constructed for establishing the relationships of 
biotic with abiotic parameters (p<0.05).

RESULTS

Data of air temperature and precipitation confir
med the occurrence of two distinct seasons in the 
region where the Apipucos Dam is located. The dry 

and rainy seasons were characterized by average 
temperatures of 24.4° ± 0.7°C and 25.7 ± 0.8°C, 
respectively. Rainfall was higher in the rainy season 
(189 mm) in comparison to the drought season (98 
mm). The temperature values (ANOVA: F=9.91, 
p<0.05) and rainfall (ANOVA: F=10.2, p<0.05) 
were significantly different between stations.

Limitation of nitrogen throughout the study 
period was observed. Even though the average con
centrations have not shown significant differences 
between the rainy and dry periods, higher values were 
observed during the rainy period in relation to the 
drought period, with minimum and maximum values 
of 1.88µmol (dry) and 14.28µmol (rainy). Dissolved 
oxygen concentrations ranged between 5.00 mg.L-1 
(dry) and 8.15 mg.L-1 (rainy), although, on average, 
there was no significant difference between periods. 
With respect to pH, significant difference was 
observed between the periods (ANOVA: F=8.08 
p<0.05), with circumneutral values throughout the 
study, although with slight tendency to alkalinization 
during the dry period, coinciding with the period of 
greatest biomass of cyanobacteria. No significant 
differences were observed between the periods for 
the other parameters, as noted in table I.

In the reservoir, values of chlorophyll-a, TP and 
transparency classified this water as hypereutrophic 
throughout the year.

Analyses of coliforms total and thermotolerant 
revealed densities exceeding 2.4.103cel.100mL-1 

during the present study, i.e. they are above the 
maximum value allowed, which is 1.0.103cel.mL-1, 
based on determination of BRASIL (2005).

Throughout the study, five taxa of Cyanophyta 
Division belonging to the orders Oscillatoriales, 
Chroococcales and Nostocales, were identified, all of 
which in the rainy season, and four during the drought 
season, with absence of Cylindropespermopsis 
raciborskii Seenaya & Suba Raju (Table II).

In this study, biomass of cyanobacteria over 
4.0mm3.L-1 in all samples was observed. Greatest 
biomass of all species of cyanobacteria occurred 
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during the dry period. Geitlerinema amphibium (C. 
Agardh) Anagnostidis occurred on 100% of samples, 
with values ranging from <0.1 mm3.L-1 (rainy) and 
1.14 mm3.L-1 (dry). During the rainy season, only the 

species Planktothrix agardhii (Gomont) Anagnostidis 
and Komárek (5.3 ± 4.3 mm3.L-1) showed average 
biomass values above 1.0 mm3.L-1.

The biomass of cyanobacteria was predomi
nantly composed of Planktothrix agardhii (Gomont) 
Anagnostidis and Komárek in the dry period 
(mean: 24.9 ± 4.3 mm3.L-1) and rainy (mean: 5.3 ± 
4.3 mm3.L-1), representing 98.9% and 96.9% of the 
total biomass, respectively.

There was significant difference in biomass of 
cyanobacteria between periods (ANOVA: F=27.75, 
p<0.05), with values 3.8 times larger in the driest 
months being observed, however, for the values of 
chlorophyll-a and phaeophytin the difference was 
not significant.

The Zeu presented strong negative correlation 
with the color (Pearson: p= -0.92), turbidity 
(Pearson: p= -0.90) and biomass of cyanobacteria 
(Pearson: p= -0.93).

TABLE I
Values of variables in the Apipucos reservoir, Pernambuco, Brazil, 

between December 2011 and November 2012; Min = minimum value; 
Max = maximum value; SD = standard deviation.

Variables Dry Period Rainy Period
Min Max Average (n=12) DP Min Max Average (n=12) SD

pH 7.0 7.6 7.4 0.3 6.7 6.9 6.8 0.1
Euphotic zone - Zeu (m) 0.62 1.19 0.88 0.23 1.14 1.38 1.26 0.17

Temperature (°C) 27.5 29.0 28.3 0.7 27.0 30.0 28.6 1.3
Dissolved Oxygen - DO (mg.L-1) 6.1 8.2 7.1 1.1 5.0 8.0 6.3 1.6

Apparent color (UH) 34 164 104 65 66 80 73 7
Turbidity (NTU) 38.0 42.1 40.4 1.7 17.3 28.8 23.1 3.8

Conductivity (µS.cm-1) 877 1,164 1,003 147 993 1,422 1,161 229
Fluoride (mg.L-1) 0.0 0.5 0.15 0.27 0.0 0.0 0.0 0.0

Total nitrogen - NT (µmol) 1.9 7.3 5.1 2.9 8.9 14.3 11.3 2.7
Total phosphorus-TP (µmol) 0.25 0.97 0.50 0.15 0.09 0.64 0.37 0.10

Chlorophyll-a (µg.L-1) 198 230 210 13 150 210 185 22
Phaeophytin (µg.L-1) 3.7 49.2 25.6 30.5 16.0 26.3 22.2 4.5
Chlorides (mg.L-1) 263 1,749 854 788 53 440 281 202

Total Dissolved Solids - TDS (mg.L-1) 579 768 666 96 655 939 766 151
Hardness (mg.L-1) 57 100 74 23 42 62 52 10

Iron (mg.L-1) 0.32 0.37 0.35 0.03 0.34 0.45 0.41 0.06
Copper (mg.L-1) 0.00 0.51 0.27 0.26 0.26 0.30 0.29 0.02

Manganese (mg.L-1) 0.09 1.10 0.73 0.56 1.10 1.50 1.23 0.23
Aluminum (mg.L-1) 0.05 0.13 0.09 0.04 0.03 0.11 0.06 0.05

TN:TP ratio 1.44 5.58 3.95 2.19 6.84 10.98 8.68 2.11
Trophic State index - TSI 80.6 82.1 81.0 1.1 79.1 79.7 79.3 0.4

Taxon DS RS
Oscillatoriales
Geitlerinema amphibium (C. Agardh) Anagnostidis 0.9 0.6
Planktothrix agardhii (Gomont) Anagnostidis and 
Komárek 24.9 5.3

Chroococcales
Merismopedia tenuissima Lemmermann 0.1 +
Microcystis aeruginosa (Kützing) Kützing 0.4 0.2
Nostocales
Cylindrospermopsis raciborskii (Woloszynska)
Seenaya and Suba Raju - 0.2

TABLE II
Average values of biomass of cyanobacteria (mm3.L-1) 

in the Apipucos reservoir during rainy and dry periods; 
+ = occurrence of biomass less than 0.1 mm3.L-1; 

DS = dry season; RC = rainy season.



An Acad Bras Cienc (2014) 86 (4)

1867 SEASONAL CHANGES OF WATER QUALITY 

DISCUSSION

The results of the analyzed parameters were com
pared with the standards proposed in Brazilian law 
(BRASIL 2005), for class 2 freshwaters. Seasonal 
differences in biotic and abiotic factors in the 
reservoir of Apipucos between 2011 and 2012 
provide opportunity to analyze conditions that alter 
the quality of the water and may cause risks to 
public health.

Distribution and proliferation of cyanobacteria 
are commonly influenced by  several factors, such as 
concentration and ratio of nitrogen and phosphorus, 
light, temperature, oxygen, pH, herbivory and stability 
of water column, which may act synergistically and 
antagonistically (Paerl 2008, Fernandes et al. 2009).

Almeida et al. (2012), studying the Apipucos 
reservoir in the years of 2008 and 2009 noted signi
ficant differences between dry and rainy seasons for 
turbidity, dissolved oxygen and conductivity. This 
denotes that the profiles of limnological variables of 
a reservoir are extremely dynamic and portray the 
reality of that ecosystem at that time. In this study, 
conducted four years later, the profile was different, 
with significant differences only being in the pH. 
With respect to the identification of cyanobacteria, 
the earlier study indicated Merismopedia sp. as 
predominant, as opposed to the present where P. 
agardhii took over that position. This once again 
shows the dynamics of ecology of phytoplankton in 
eutrophic reservoirs.

In the present work, there was a predominance 
of P. agardhii in both seasons, even with low Zeu 
extensions, which ranged between 0.62 m (dry) 1.38 
m (rainy), corroborating with the study by Gemelgo 
et al. (2009) in reservoirs of São Paulo (Brazil).

The extent of Zeu in ecosystems suffers 
influence of various factors, such as TDS, turbidity, 
seasonality, concentration of cells etc. High values 
of TDS, surpassing even the maximum value 
allowed in accordance with resolution 357/2005 of 
Brazilian law (500 mg.L-1, Brasil 2005), must be 
responsible for the low extent of Zeu presented in 

this paper, confirming the results of Malmaeus and 
Hakanson (2003). Although the difference is not 
significant, the largest TDS values were found in 
the rainy season, a result supported by Tundisi et al. 
(2008), and Lira et al. (2011), though not confirmed 
by Hernández-Atilano et al. (2008).

Works point to seasonality influencing the 
extent of Zeu in Brazilian ecosystems, highlighting 
higher values in the rainy seasons (Henry et al. 2006, 
Chellapa et al. 2008a, b, 2009), corroborating the 
present work. However, studies done by Dellamano-
Oliveira et al. (2011), Tundisi et al. (2008), Oliveira et 
al. (2011) and Lira et al. (2011) found a lesser extent 
of Zeu during the rainy season, due to the input of 
particles the boarder toward the water.

Throughout the year, the reservoir of the 
Apipucos Dam presents floating macrophyte E. 
crassipes. According to Tucci and Sant'Anna (2003), 
this species promotes increased turbidity and decrea
sed nitrogen concentration, being typical of eutrophic 
environments, including competing with the local 
phytoplankton for nutrients.

Inverse relationships between transparency 
of water and biomass of phytoplankton have been 
reported (Moura et al. 2007b, Chellapa et al. 2009, 
Costa et al. 2009, Cunha and Calijuri 2011). Some 
works indicate a dominance of P. agardhii in periods 
with less luminosity and higher turbidity (Chellapa 
et al. 2009, Kokocinski et al. 2010, Dantas et al. 
2011, 2012). Although low absolute values, the 
turbidity was higher in the dry season compared 
to the rainy and greater values for this parameter 
can be more advantageous to cyanobacteria group 
of Oscillatoriales (Figueredo and Giani 2009) and 
Nostocales (Tucci and Sant'Anna 2003). Genres 
such as Microcystis, Planktothrix, Anabaena, 
(=Dolichospermum) and Nodularia are planktonic, 
species that are vertical migratory and floating due 
to the presence of gas vacuoles that aid in flotation. 
Therefore, they can often dominate and even form 
blooms in freshwaters ecosystems with lower 
Zeu extension when the water column stabilizes 
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of lower rainfall and higher temperatures, mainly of 
filamentous species (Costa et al. 2009). However, 
Oliveira et al. (2011), Lira et al. (2011) and Dantas 
et al. (2012) found contrary results, possibly due to 
the drag of nutrients of allochthonous origin, which 
enriched the ecosystem.

Despite the fact that the biomass of cyanobacteria 
have been significantly different between periods, 
the values of chlorophyll-a and phaeophytin did 
not follow this pattern. This may be due to the fact 
that this study only considered the community 
of cyanobacteria, however, other groups of algae 
were present in the samples and also possess these 
pigments, confirming the result of Lira et al. (2011).

Throughout the period of study, the reservoir 
presented limitation by nitrogen. A similar result 
was obtained by Dantas et al. (2008, 2011), who 
reported this profile in reservoirs of Northeastern of 
Brazil in function of high concentrations of available 
phosphorus. However, the TN:TP ratio study is very 
complex and questioned in the literature as to its use as 
an exclusive tool to justify blooms of cyanobacteria. In 
the present work, there was no significant difference 
between the values of the TN:TP between seasons, 
although there were significant differences between 
the values of biomass in the two periods. A study 
by Figueredo and Giani (2009) indicated the high 
densities of phytoplankton even with TN:TP ratio> 38 
(limited by phosphorus).

According to Paerl (2008) and Chellapa et 
al. (2009), low TN:TP ratios favor the growth of 
cyanobacteria, especially of nitrogen-fixing species 
(Fernandes et al. 2009), confirming the profile observed 
in the present study, in which the average value of the 
TN:TP ratio in the dry and rainy seasons were 3.95 
± 2.19 and 8.68 ± 2.11, respectively. Chellapa et al. 
(2009) found dominance of P. agardhii in conditions 
of low TN:TP. However, Chellapa et al. (2008b), 
studying a reservoir in the northeast of Brazil, 
found incompatibility between cyanobacteria and 
low TN:TP ratio. Finally,  Aguirre et al. (2006) and 
Santos et al. (2012), found no relationship between 

(Fernandes et al. 2009). The reduction of the volume 
and scant depth of reservoirs in the drought period 
seem to promote high turbidity, decreasing light 
availability and favoring the prevalence and increase 
in biomass of cyanobacteria species adapted for 
these environmental conditions (Costa et al. 2009). 
However, it is necessary to ascertain whether the 
lack of light favors the growth of cyanobacteria or is 
the result of high cells concentration.

Positive correlation between pH and phyto
plankton has also been found in studies of Dantas 
et al. (2008) and Cunha and Calijuri (2011). The 
seasonal variation of pH can be explained by the 
increased consumption of CO2 during the summer 
(Palma et al. 2010). Just as occurred in the study, 
Fernandes et al. (2009) show that alkaline pH favors 
the growth of cyanobacteria. According to this 
author, the preference of cyanobacteria to neutral 
and alkaline environments is due to their ability 
to use bicarbonate as a form of inorganic carbon 
assimilation and its limited ability to regulate and 
maintain the internal pH neutral in acids ecosystems. 
Moura et al. (2007a) and Lira et al. (2011), studying 
reservoirs of the Northeast, found alkaline pH values 
throughout the year, unlike Moura et al. (2007b), 
who found most alkaline values only during the dry 
season, coinciding with greater biomass values.

The decrease in the biomass of cyanobacteria 
during the rainy season in tropical regions can be 
explained by the fall in the water column stability in 
this period, due to the turbulence of the water (Dantas 
et al. 2008). This factor is sometimes considered 
more important than the temperature and solar 
radiation on seasonal adjustment of phytoplankton 
dynamics in aquatic systems (Figueredo and Giani 
2009). In studies conducted in eutrophic reservoirs 
in Brazil (Henry et al. 2006, Moura et al. 2007b, 
Dantas et al. 2008, Gentil et al. 2008, Tundisi et al. 
2008, Andrade et al. 2009, Costa et al. 2009, Chalar 
2009, Cunha and Calijuri 2011, Oliveira et al. 2011, 
Moura et al. 2011), it was found that the highest 
densities phytoplanktonic coincided with periods 
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cyanobacterial dominance and TN:TP ratio to the 
eutrophic reservoir analyzed. For the present study, it 
seemed clear that the high biomass of cyanobacteria 
were due to the high concentration of TP. Phosphorus 
is often cited as limiting the growth of cyanobacteria 
and, at the same time, as the main cause of blooms, 
when in excess (Paerl 2008).

For the macronutrients nitrogen and phosphorus, 
higher concentrations were detected in the rainy and 
dry season, respectively. For nitrogen, the results are 
supported by the studies of  Moura et al. (2007b, 
2011), Dantas et al. (2008), Tundisi et al. (2008), 
studying reservoirs of the Brazilian Northeast and 
Rajaniemi-Wacklin et al. (2008), studying eutrophic 
reservoir in Finland. This can be explained by the 
allochthonous input of the nutrient carried by the 
rains. However, studies conducted by Henry et al. 
(2006), Moura et al. (2007a), Hernández-Altilano et 
al. (2008), Dellamano-Oliveira et al. (2008) and Silva 
et al. (2011) detected smaller concentrations of both 
nutrients during the rainy season, possibly as a result 
of the dilutive effect of rainfall.

With respect to metals, the works of Paerl 
(2008) and Willame et al. (2008) make association 
with copper and iron, respectively; however, the 
scientific literature still lacks studies in this area. 
According to those authors, low concentrations of 
copper favor the growth of cyanobacteria. Although 
copper concentrations in the reservoir are 200 to 
392 times higher than the maximum value allowed 
by CONAMA Resolution 357, it does not appear to 
have inhibited the growth of cyanobacteria. Willame 
et al. (2008) reported negative correlation between 
growth of Planktothrix and concentrations of iron, 
corroborating the results of the present study.

Elevated values of conductivity (above 100µs.
cm-1, Margalef 1983) show eutrophication of the 
ecosystem (Tundisi et al. 2008, Gemelgo et al. 2009, 
Silva et al. 2011), due to the high degree of decom
position of organic matter, which releases greater 
amount of ions in the water column (Matsukazi et al. 
2004), commonly observed in reservoirs of northeast 

of Brazil (Chellapa et al. 2008b, Costa et al. 2009). 
In the present work, there were greater conductivity 
values in the rainy season, a result supported by 
Oliveira et al. (2011) and Lira et al. (2011). The 
Apipucos reservoir is used for leisure and recreation 
of the surrounding population, contributing to the 
process of eutrophication of the ecosystem, reflected 
in high conductivity values, corroborating the work 
of Silva et al. (2011), studying reservoir in Alagoas 
(northeast of Brazil), used for the same purposes. 
R-strategists organisms, such as P. agardhii, have 
advantage in eutrophic environments, helping 
to explain the dominance of this species in this 
environment. Northeastern reservoirs are abundant in 
cyanobacteria r-and s-strategists (Costa et al. 2009).

The predominance of cyanobacteria in tropical 
eutrophic reservoir is due to a number of factors, 
such as high temperatures, low rainfall, alkaline 
pH and high concentrations of nutrients, primarily 
N and P (Chorus and Bartram 1999, Paerl 2008). 
The reservoir of Apipucos is target of anthropogenic 
actions that cause eutrophication of the environment, 
through the supply of N and P arising from issuance 
of sewage and fishing, among other activities. 
However, it appears that seasonality has exercised 
influence on the growth of cyanobacteria and water 
quality, in spite of the TSI for the present reservoir 
always show hypereutrophic values. Moura et al. 
(2007b), Gentil et al. (2008) and Lira et al. (2011), 
studying Brazilian reservoirs, observed that they 
remained eutrophic or hypereutrophic during the 
year, mainly in the drier months.

Allied to this evidence, the presence of 
bacteria of the coliform group found in this work, 
including high concentrations of thermotolerant 
representatives, indicates contamination by domestic 
sewage and its amount depends on the faecal load 
that is thrown and the residence time of the water. 
Studies of Gentil et al. (2008) have detected the 
presence of these bacteria in eutrophic reservoir.

The dominance of cyanobacteria without striking 
seasonal variation for long periods is characterized 
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as the last stage in the process of eutrophication and 
is already quite documented in Brazilians eutrophic 
reservoirs (Costa et al. 2006, Gemelgo et al. 2008, 
Gentil et al. 2008, Fonseca and Bicudo 2008, Crossetti 
and Bicudo 2008).

It must be taken into consideration that the 
species P. agardhii is recognized as a potential 
producer of cyanotoxins (Chorus and Bartram 
1999), which can compromise the health of the 
population that uses this water, as well as the local 
fish fauna. Works have reported the presence of 
anatoxin-a (Viaggiu et al. 2004) and microcystins 
(Vieira et al. 2005, Nguyen et al. 2007, Panosso 
et al. 2007, Costa et al. 2009) concomitant with 
blooms of P. agardhii. The presence of hepatotoxins 
implies serious damage to human health and 
animals that consume contaminated water. Blooms 
of cyanobacteria are responsible for sporadic, but 
recurrent, episodes of poisoning and death of domes
tic animals and human populations, associated with 
recreational and supply waters (Carmichael 2001). 
In addition, the accumulation of hepatotoxins in 
muscles of fish may also occur (Magalhães et al. 
2001, Costa et al. 2009), constituting important route 
of human contamination.

The monitoring water quality with the use 
of physico-chemical and biological parameters is 
a practice required by Brazilian law (Resolution 
357/2005 of CONAMA) and, according to the results 
found here, all parameters are in disagreement with 
such legislation for class 2 freshwaters, making it 
unfit for primary contact.

Water quality in Apipucos Dam is strongly 
influenced by biotic and abiotic factors, suffering 
action of seasonality. Information on the physico
chemical and bacteriological changes obtained in 
this research provide efficient indicators of anthro
pogenic changes on ecosystem and demonstrated the 
possibility of worsening in the health of people who 
came in contact with this water.

This study represents a significant contribution 
to determination of water quality in aquatic eco

systems, especially the urban and shallow ones, 
used for purposes others than the public water supply, 
taking into account the effect of seasonality.

RESUMO

Este estudo investigou a qualidade da água em um 
reservatório eutrófico urbano no Nordeste do Brasil, 
considerando a influência da sazonalidade. Mensalmente, 
amostras foram coletadas na sub-superfície do 
reservatório. As seguintes variáveis abióticas foram 
analisadas: temperatura, pH, oxigênio dissolvido, cor 
aparente, turbidez, condutividade, flúor, nitrogênio 
total, cloretos, sólidos totais dissolvidos, dureza total, 
ferro, cobre, manganês, alumínio, clorofila-a e feofitina. 
Coliformes totais e termotolerantes foram analisados de 
acordo com APHA (2012). A densidade de cianobactérias 
foi quantificada através de sua biomassa. Os dados 
foram analisados por meio de análise de variância 
(one-way ANOVA) e teste de correlação de Pearson. 
Elevados valores médios de biomassa de fitoplâncton 
(26.3mm3.L-1) ocorreram na estação seca, com destaque 
para Planktothrix agardhii e Geiterinema amphibium, 
que ocorreram em 100% das amostras. Elevado índice de 
estado trófico foi detectado ao longo do ano. Sazonalidade 
exerceu alguma influência em variáveis tanto bióticas 
como abióticas, ocasionando alterações na qualidade da 
água do reservatório.

Palavras-chave: coliformes, cianobactérias, reservatório, 
estado trófico.
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