Acta Limnologica Brasiliensia, 2015, 27(4), 370-380 http://dx.doi.org/10.1590/52179-975X4914

Water quality in four reservoirs of the metropolitan region of
Sao Paulo, Brazil

Qualidade das dguas de quatro reservatérios da Regiao Metropolitana de Sao Paulo, Brazil

Denise Amazonas Pires’?, Andrea Tucci®, Maria do Carmo Carvalho? and

Marta Condé Lamparelli®

'"Programa de Pés-graduagio em Biodiversidade Vegetal e Meio Ambiente, Instituto de Botanica de
Séo Paulo, Av. Miguel Stéfano, 3687, Agua Funda, CEP 04301-012, Sao Paulo, SP, Brazil

e-mail: de.amazonas@gmail.com

*Companhia Ambiental do Estado de Sao Paulo — CETESB, Av. Prof. Frederico Hermann Junior,
345, Alto de Pinheiros, CEP 05459-900, Sao Paulo, SP, Brazil
e-mail: marcarvalho@sp.gov.br; mlamparelli@sp.gov.br

’Ntcleo de Pesquisa em Ficologia, Instituto de Botanica, Av. Miguel Stéfano, 3687, Agua Funda,
CEP 04301-012, Sao Paulo, SP, Brazil
e-mail: atuccic@ig.com.br

Abstract: Aim: This paper describes some limnological variables of four reservoirs
with different trophic status (Billings, Guarapiranga, Jundiai and Paiva Castro) of the
Metropolitan Region of Sao Paulo, Brazil, aiming to characterize the water quality in these
reservoirs. Methods: Water sampling occurred between October 2011 and September
2012, on subsurface, at the pelagic compartment. Physical and chemical characteristics
of water were evaluated, and the Trophic State Index (TSI) was calculated. Multivariate
Principal Components Analysis (PCA) was used to ordinate sampling sites and periods
in relation to environmental data. Results: Two reservoirs were classified as eutrophic
(Billings and Guarapiranga), one as mesotrophic (Jundiaf) and one as oligotrophic
(Paiva Castro). The highest concentrations of total phosphorus, nitrogen and chlorophyll
a were recorded in the eutrophic reservoirs. The lowest values of dissolved oxygen
concentration were registered at Guarapiranga reservoir. Residence time in Paiva Castro
reservoir was very low (one day); on the other hand, the highest value was recorded in
Billings reservoir: 428 days.
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Resumo: Objetivo: O trabalho descreve alguns pardmetros limnoldgicos de quatro
reservatorios com estados troficos diferentes (Billings, Guarapiranga, Jundiaf e Paiva
Castro) da Regido Metropolitana de Sio Paulo, Brasil, com o objetivo de caracterizar a
qualidade da 4gua nesses ambientes. Métodos: As amostragens foram realizadas entre
outubro de 2011 e setembro de 2012, na subsuperficie, no compartimento peldgico. Foram
avaliadas caracterfsticas fisicas e quimicas da dgua e calculado o Indice de Estado Tréfico
(IET). Andlise multivariada de Componentes Principais (ACP) foi utilizada ordenando
os pontos e periodos de coleta em relagio aos dados ambientais. Resultados: Dois
reservatdrios foram classificados como eutréficos (Billings e Guarapiranga), um como
mesotréfico (Jundiaf) e um como oligotréfico (Paiva Castro). As maiores concentragdes
de fésforo total, nitrogénio e clorofila-a foram registradas nos reservatérios eutréficos.
Os menores valores de oxigénio dissolvido foram registrados no Guarapiranga. O tempo
de residéncia no reservatério Paiva Castro foi muito baixo (um dia), enquanto que o
maior valor foi registrado no reservatério Billings: 428 dias.

Palavras-chave: eutrofizacio; limnologia; nitrogénio; fésforo; reservatério.
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1. Introduction

Water quality has been the subject of recent
studies in Brazil (Buzelli & Cunha-Santino, 2013;
Cardoso-Silva et al., 2014; Oliveira et al., 2014) and
abroad (Akoto & Abankwa, 2014; Dawson et al.,
2015), specially because of pressure on hydric
resources, due to increase in population density and
the discharge of domestic and industrial effluents in
water bodies, resulting in artificial eutrophication.

The Metropolitan Region of Sao Paulo (MRSP)
has eight water supply systems, composed of
reservoirs and rivers, which provide 74.2 thousand
m® for a growing population (SABESP, 2015a).
The largest system is Cantareira, followed by
Guarapiranga and Alto Tieté, in which the reservoirs
studied here are included. Unfortunatelly, most
reservoirs suffer because of unplanned urban
occupation, which implicates in further impacts
in water quality (Tundisi, 2005), and therefore
this region is considered the second worldwide in
terms of precarious water resources, partly due to
the intense anthropogenic impact that it receives
(Whately & Diniz, 2009). Among the existing
impacts, the contribution of wastewater should
be particularly stressed, resulting in accelerated
eutrophication and frequent blooms of algae
and cyanobacteria (Sant’Anna et al., 2008).
In 1992, Tundisi & Tundisi (1992) mentioned
that between 30-50% of aquatic environments
around the world were eutrophic, with highest
trophic status in those located near urban centers
and agricultural areas, where discharges of nitrogen
and phosphorus are more intense. According to
Di Bernardo et al. (2010), reversing the process of
artificial eutrophication in aquatic environments is
extremely difficult and costly.

In the last years (2013 to 2015), an exceptional
drought has affected most of eastern Brazil, with
a prolonged period of above average temperatures
coupled with low precipitation rates (Getirana,
2015). This drought affected all drinking water
supply systems of MRSD, but specially Cantareira
System, which used to provide 33 m?.sof water for
8.8 million people, reduced to 14 m?.s™" in March
2015, and Alto Tieté water system, supplying in the
same period 12 m’.s™ of water for approximately
3.5 million people, instead of its full capacity of
15 m?.s'(SABESD, 2015a; SABESP, 2015b; ANA,
2015; Escobar, 2015).

Although also affected by the climatic
conditions, other reservoirs such as Billings are
increasing its contribution, in order to avoid water
supply shortage, despite its poor water quality.
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Extreme hydrological events such as droughts have a
profound impact on society and affect water supply,
food production and energy generation (Getirana,
2015). Intense fluctuations in the volume of water
stored in reservoirs can affect water quality, not
only because of alterations in residence time, but
also because it can increase bank erosions, resulting
in higher turbidity and other negatives impacts
(Straskraba & Tundisi, 2013).

Considering the economic and ecological
importance of these reservoirs, this study aims
to characterize de water quality in four reservoir
of the MRSPD, of three different Water Supply
Systems (Alto Tieté, Cantareira and Guarapiranga),
with different trophic state, in order to provide
information for its management and monitoring.
These data are important for further studies aiming
to compare water quality before and after this
exceptional drought.

2. Material and Methods
2.1. Study area

Four reservoirs of the MRSP were selected,
considering historical data of their trophic state
(Figure 1). Table 1 contains some important features
of each reservoir. These reservoirs are located near
highly populated urban areas and suffer with
population growth and lack of basic sanitation,
receiving pollutant loads, mainly of domestic origin.
Their uses includes recreation, fishing, domestic and
industrial efluents dilution.

Billings reservoir is located on the southeast
region of Sdo Paulo and is one of the most
important reservoirs of MRSP (Table 1). Among
the uses listed above, it includes public supply
(through Taquecetuba arm) and sometimes
electricity generation at Henry Borden power plant
(Carvalho et al., 1997). Due to its configuration,
the principal water flow passes mainly through the
longest central axis of the reservoir, which measures
more than 20 km, exiting at the Summit Control,
where the sampling site is located (CETESB, 2003).

Guarapiranga reservoir is located on the
southwest region of Sio Paulo and is the second
largest source of water supply of MRSP (Table 1).
This reservoir receives water transposed from two
other watersheds: from the Capivari river to the
Embu-Guacu river and the reversal of water from
Billings reservoir through the Taquacetuba arm,
operating since 2000 (Whately & Cunha, 2000).
Among other uses cited above, the reservoir is used
for public water supply. The sampling site is located
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Figure 1. Metropolitan region of So Paulo state, highlighting the four reservoirs included in the study: Billings,
Guarapiranga, Jundiai and Paiva Castro. Sampling sites are marked with a dot in each reservoir.

Table 1. Characterization of the studied reservoirs: Billings, Guarapiranga, Jundiaf and Paiva Castro.

Billings Guarapiranga Jundiai Paiva Castro

Sampling site Summit Control Parelheiros river Middle of the Middle of the
mouth reservoir reservoir

Sampling site 23°49'S 23°45'S 23°38'S 23°20'S
coordinates 46°31'W 46°43'W 46°11'W 46°39'W
Construction year 1927 1909 1992 1973
Medium depth (m) 15.0 3.5 6.0 13.0
Drainage area (km?) 560 640 111 314
Volume (m3) 1.2 x10° 1.94 x 108 6.0 x 107 7.0 x 10¢
Surface area (km?) 127 33 17.5 5.1
Residence Time 428 105 63 1
during studied period
(days)
Mean volume during 64.88 68.65 60.48 47.55
studied period (%)
Mean water supply 2 14 15 32
intake (m?®/s)
Water Supply System Guarapiranga Guarapiranga Alto Tieté Cantareira

near the mouth of the Parelheiros river, which
receives 2.0 m*/s pumped from Billings reservoir.

Jundiai reservoir is located on the southeast
region of Sao Paulo state (Table 1) and is part of
the Alto Tieté system. Its uses include public water
supply (through its connection with Taiagupeba
reservoir). The sampling site is located in the middle
of the reservoir, in front of an arm where water is
transposed to Taiacupeba reservoir.

Paiva Castro reservoir is located on the
northwest region of Sao Paulo and is part of the
Cantareira system (Table 1). This system has
five reservoirs connected through channels and
tunnels, and Paiva Castro is the penultimate of
them. Formed by the damming of the Juqueri
river, the reservoir is located mainly in Mairipora
municipality. The sampling site is located in the
middle of the reservoir.
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2.2. Hidrological variables

Pluviometric precipitation data was obtained
from CETESB (2012, 2013; Figure 2). The residence
time of each reservoir was calculated for the period
of study as recommended by Nogueira et al. (1999).
Data were obtained from SABESP (Basic Sanitation
Company of Sao Paulo State), EMAE (Metropolitan

Water quality in four reservoirs... 373

Enterprise of Water and Energy SA) and CETESB
(Personal Communication, April 2013; Table 1).

Sampling was carried out between October 2011
and September 2012, bimonthly. Water samples
were collected subsuperficially using a van Dorn
sampler (Brandao, 2011), and the water variables
listed in Table 2 were measured.
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Figure 2. Average monthly precipitation regime (in mm) at Alto Tieté basin in 2011 (a) and 2012 (b). The dark bar
corresponds to the historical average and the line represents the monthly average between January - December of
each year. The arrows represent the sampling periods of this study (CETESB, 2012, 2013).

Table 2. Water variables and their respective methods (CETESB, 2013).

Variables Methods
Water Temperature Multiparameter sonde YSI 6600 V2
Electrical Conductivity

pH

Dissolved Oxigen

Water Transparency

Nitrate (mg NO3-N.L™")

Ammoniacal Nitrogen (mg NH,-N.L-")
Total Kjeldahl nitrogen (mg N.L-)
Total Phosphorus (mg P.L~")

Secchi Disk

(APHA, 2005)
Chlorophyll a (mg.L™")
Alcalinity (mg CaCQO3.L™")
Turbidity (UNT)

lonic Chromatography (APHA, 2005)

Automatic Spectrophotometry with isocyanuric acid (APHA, 2005)
Automatic Spectrophotometry with isocyanuric acid (APHA, 2005)
Automatic Spectrophotometry with ammonium molybdate and ascorbic acid

Spectrophotometry with acetone extraction (APHA, 2005)
Potenciometry with combined eletrodus (APHA, 2005)
Turbidimetry (APHA, 2005)
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Multivariate Principal Components Analysis
(PCA; Goodall 1954 apud Valentin 2000) was used
to ordinate sampling sites and periods in relation to
environmental data (Figure 3). PCA was carried out
using PC-ORD, version 6.0 for Windows (McCune
& Mefford, 2011).

The Trophic State Index (TSI) was calculated
according to CETESB (2013), without considering
the Secchi Disk transparency, since this parameter
can be affected by turbidity due to suspended
material and not only by the density of planktonic
organisms. Limits used are: ultra-oligotrophic
(TSI<47), oligotrophic (47 < TSI < 52), mesotrophic
(52 < TSI < 59), eutrophic (59 < TSI < 63),
supereutrophic (63 < TSI < 67) and hypereutrophic
(TSI > 67).

3. Results

In 2011, sampling periods were typical,
considering the precipitation regime, with increased
precipitation in early spring, and values close to the
historical average (Figure 2a). In 2012, precipitation
in the months of January, April, June and July were
higher than the historical average, especially in June,
and in the months of August and September were
lower than the historical average (Figure 2b).

Residence time for each reservoir was calculated,
with the highest value recorded in Billings reservoir
(428 days) and the lowest in Paiva Castro reservoir
(1 day; Table 1). TSI for the studied period was
calculated for each sampling site in each reservoir,
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and they were classified as eutrophic (Billings
and Guarapiranga), mesotrophic (Jundiai) and
oligotrophic (Paiva Castro; Table 3). Figure 3
shows that average chlorophyll « has a great positive
correlation with residence time for the studied
period.

Water temperature, electrical conductivity,
pH, dissolved oxygen, water transparency, nitrate,
ammoniacal nitrogen, total Kjeldahl nitrogen, total
phosphorus, chlorophyll 4, turbidity and alkalinity
values are shown in Table 3.

PCA performed with the above limnological
variables, including chlorophyll 4, explained 69.86%
of data variation on the first two axes (Figure 4).
The samples from Billings and Guarapiranga
reservoirs were clearly separated from the other two
reservoirs, in the left side of axis 1, being positively
correlated with higher values of nitrogen, total
phosphorus, alkalinity and conductivity. On the
other side of this axis, samplings from Jundiai
and Paiva Castro reservoir were ordered, mainly
associated with higher values of transparency and
dissolved oxygen. The down side of axis 2 ordinated
all Billings samples, positively correlated with higher
values of pH, water temperature and turbidity.
Samples collected between October 2011 and April
2012 in Jundiai and Paiva Castro reservoirs were
also slightly influenced by these variables, compared
with results from the same sites obtained during the
dry season (June to September 2012).
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Figure 3. Average Chlorophyll 2 (ug.L™) in relation to Residence time (days) during the study period. (PC) Paiva
Castro reservoir; (JN) Judiaf reservoir; (G) Guarapiranga reservoir; (BL) Billings reservoir.
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Table 3. Statistical summary of the limnological variables from the studied reservoirs. Number of samples analyzed
for each variable in each reservoir was 6.

Billings Guarapiranga Jundiai Paiva Castro

Mean Standard Mean Standard Mean Standard Mean Standard
Values Deviation Values Deviation Values Deviation Values Deviation

Water Temperature 22.23 2.79 21.94 3.08 22.56 3.00 23.25 2.91
Electrical Conductivity =~ 151.83 7.36 167.50 41.72 22.56 3.00 36.17 1.60
(uS.cm™)
pH 8.35 0.68 7.1 0.27 7.21 0.55 7.38 0.49
Dissolved Oxygen 8.53 1.54 4.98 1.49 8.00 0.73 8.16 0.56
(mg.L™)
Transparency (m) 0.92 0.33 0.85 0.21 1.19 0.36 1.43 0.16
Nitrate (mg.L™") 0.23 0.05 0.42 0.16 0.15 0.05 0.17 0.05
Ammoniacal N 0.19 0.10 1.10 0.83 <0.10 - 0.12 0.04
(mg.L™)
Total Kjeldahl N 1.05 0.31 1.99 1.1 0.60 0.12 0.62 0.15
(mg.L™)
Total P (mg.L™") 0.32 0.65 0.14 0.11 0.04 0.02 <0.007 -
Chlorophyll a (pug.L") 40.48 15.88 29.31 21.10 20.25 6.18 415 1.64
Alcalinity (mg.L™") 38.77 4.73 45.92 16.23 10.11 2.41 12.27 2.06
Turbidity (UNT) 11.6 7.3 4.9 3.1 31 1.1 3.2 1.3
TSI (annual average) 63.31 - 61.87 - 58.48 - 50.7 -
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Figure 4. PCA of limnological variables and scores for the sampling sites during the studyied period. G: Guarapiranga
reservoir; JN: Jundiai reservoir; BL: Billings reservoir; PC: Paiva Castro reservoir; Transp: Transparency; OD: dissolved
oxygen; Temp: water temperature; Turb: turbidity; Cond: conductivity; Ale: Alkalinity; NO + nitrate; NH ot ammoniacal
nitrogen; KjeldT: Total kjeldahl nitrogen; Total P: Total Phosphorus; Chloro a: Chlorophyll 4. For correlation of
variables with principal components, see Table 4.
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Table 4. Loadings of limnological variables on the first
two principal components (PC) and the proportion of
variance explained by each component.

Principal Components

Limnological Variable

Axis 1 Axis 2
Conductivity -0.920 -0.156
pH —-0.042 —-0.894
Total Phosphorus —-0.868 0.014
Water Temperature 0.103 -0.473
Transparency 0.719 0.171
Turbidity -0.194 —-0.680
Alcalinity -0.943 -0.162
Dissolved Oxygen 0.593 —-0.620
Nitrate -0.536 0.433
Amoniacal Nitrogen —-0.862 0.238
Total Kjeldahl Nitrogen -0.912 0.036
Chlorophyll a -0.726 -0.560
Total 50.49% 19.37%

4. Discussion

Reservoirs located in densely populated regions
receive discharges of nutrients, organic compounds
and heavy metals that impair water quality and
threaten aquatic biota and human health (Ishii
& Sadowsky, 2008). That is the case of the four
reservoirs of our study.

According to TSI, for the studied period, Billings
and Guarapiranga reservoirs were characterized
as eutrophic environments, Jundiai reservoir
as mesotrophic and Paiva Castro reservoir as
oligotrophic. PCA performed with eleven abiotic
variables and chlorophyll 2 from the four reservoir
corroborates TSI results, with the two eutrophic
environments grouped in the left side of axis 1,
related to higher concentrations of nutrients and
chlorophyll @, and the other reservoirs grouped
in the right side, with higher concentrations of
dissolved oxygen and transparency. These results
are in agreement with those presented by CETESB
(2013) and other studies conducted in Billings
(Cardoso-Silva et al., 2014; Wengrat & Bicudo,
2011; Cunha et al., 2011; Moschini-Carlos et al.,
2010) and Guarapiranga (Fontana et al., 2014)
reservoirs in different sampling sites.

Residence time is associated with major
differences in water quality between reservoirs
(Straskraba & Tundisi, 2013). According to
Schindler (2006), the rate of water renewal is an
important modifier of nutrients concentrations
in aquatic ecosystems. Other authors also pointed
that fluctuations in water level and residence time
in reservoirs can strongly affect the phytoplankton
community, acting directly upon the maintenance
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of these organisms in the water column (Reynolds,
2006; Bernhardtetal., 2008). Besides, short residence
time causes biomass loss due to hydraulic washing
and mechanical shock between phytoplankton
cells (Kimmel et al., 1990; Straskraba et al., 1993).
According to Henry et al. (1985), the development
of phytoplankton requires a residence time of at
least 2 or 3 weeks to allow significant growth of
organisms. This minimum time was observed in
Billings, Guarapiranga and Jundiai reservoirs, but
not in Paiva Castro reservoir, where rapid flow may
have reduced nutrient availability and chlorophyll
a concentrations. We found positive correlation
between residence time and chlorophyll 4, an
indicator of algal biomass as well as eutrophication.
Therefore, residence time probably influenced
trophic status of these reservoirs.

Between the two eutrophic reservoirs,
Guarapiranga showed the worst results, especially
transparency, total phosphorus, nitrogen and
dissolved oxygen concentrations. The mouth of
Parelheiros river is a shallow site which receives a
high amount of sewage and where there’s a strong
influence of the surrounding terrestrial area. Other
than this, it receives water pumped from Billings
reservoir, between 2.0 to 4.0 m?.s™!, in order to
replenish Guarapiranga reservoir according to its
fluctuations. The highest values of phosphorus in
Guarapiranga reservoir correspond to the first four
samples (ranging between 0.07 and 0.32 mg.L™"),
and the first three were sampled while water was
being transferred from Billings reservoir, classified
as eutrophic in this study. Aiming to assess the
effects of the transfer of water between this two
reservoirs, Matsuzaki’s study (Matsuzaki 2007
apud Gemelgo et al., 2009) related the higher
concentrations of this nutrient in Parelheiros mouth
to the pumping of water from Billings reservoir.
Shallow systems can be highly susceptible to
nutrients movement when not stratified (Leira et al.,
2009), and the resuspension of nutrients produces
a self-fertilized system (Bicudo et al., 2007).
The average concentrations of chlorophyll
registered for Guarapiranga reservoir (29.31 pg.L™)
is higher than the average concentrations of
chlorophyll 2 between 2007 and 2011 registered by
CETESB (26.22 pg.L—") CETESB (2013) at the
same sampling site, suggesting that algal biomass
is increasing.

Fontana et al. (2014) used a short sediment core
to study the eutrophication history of this reservoir,
built in 1909, and found that it was oligotrophic
until 1947, and in 1975 eutrophication began in
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response to the increase in human population.
According to the authors, higher YN values in
recent sediments indicate greater sewage inputs
and low C/N values reflect the predominant
contribution of algae to sediment organic matter.

Billings reservoir, the other eutrophic reservoir in
this study, presented total phosphorus concentrations
ranging between 0.04 and 0.07 mg.L™! during
the study period. These results are in agreement
with those obtained by CETESB (2013) from
2009 to 2013 (0.03 mg.L" average concentration)
in the same sampling site and other studies
conducted in different regions of this reservoir
(Moschini-Carlos et al., 2010; Wengrat & Bicudo,
2011). However, in July 2012 we registered the
highest concentration of total phosphorous in
this study (1.65 mg.L"). This period was unusual
because of the intensity of rainfall - between June
and July 2012 precipitation values were almost twice
the historical average, which probably influenced
this high concentration of total phosphorus.

Although chlorophyll # concentrations
registered for Billings reservoir (40.48 pg.L™" average
concentration) are in agreement with those found
by Wengrat & Bicudo (2011) in the central body
of the reservoir, they are higher than the average
concentrations of chlorophyll # between 2008
and 2011 in the same sampling site (35.65 pg.L™;
CETESB 2013), indicating an increase in
phytoplankton biomass. High concentrations of
chlorophyll # are associated with higher values of
pH and concentrations of dissolved oxygen, because
of photosynthesis, as well as high values of turbidity,
since phytoplankton biomass can be responsible for
reducing transparency in the system.

In the mesotrophic reservoir, Jundiai, total
phosphorus concentrations were similar to those
of Billings reservoir. These results were higher than
those presented by Sendacz ecal. (0.03 pg.L™; 2005)
and average concentrations between 2007 and
2011 (0.03 pg.L™'; CETESB 2013). On the same
way, chlorophyll 2 concentrations (20.25 pg.L™
average concentration) were higher than the
average concentrations between 2007 and 2011
(18.37 pg.L™" average concentration; CETESB
2013). According to Straskraba & Tundisi (2013),
in cascade reservoirs the negative effects in water
quality are transferred along them. Sendacz et al.
(2005) found that progressively increasing effects of
eutrophication were occurring across three reservoirs
of the Upper Tieté System (Ponte Nova, Jundiai and
Taiagupeba), since the water transferred through
channels from the first reservoir (Ponte Nova)
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involves high inputs of nitrogen and phosphorus
to the other reservoirs (Jundiai and Taiagupeba).
Diffuse contribution and sewage discharge in
this reservoir can also affect its water quality.
Nevertheless, all concentrations of Total ammonia
were below the limit of detection throughout the
study period.

On the other hand, in Paiva Castro reservoir,
classified as oligotrophic, all total phosphorus
concentrations were lower than quantitation limit
of the used method, with the highest values of
transparency and high concentrations of dissolved
oxygen, ranging from 7.6 mg.L™' to 8.98 mg.L™".
It also had lower concentrations of total nitrogen
than the other reservoirs. However, the residence
time calculated for this reservoir was of only one
day, which can be the explanation for such low
concentrations of nutrients.

During this study, non-typical data was observed
in rainy and dry periods, with heavier rainfall
in June and July 2012, commonly a dry period,
which may have been a decisive factor for the lack
of observation of seasonality. PCA analysis did not
show the formation of groups according to periods,
except for four samples from Jundiai and Paiva
Castro reservoirs between June and September
2012, associated with higher transparency and
dissolved oxygen concentrations.

This study shows that these important reservoirs
of Sdo Paulo state need interventions to avoid
the rapid deterioration of water quality, which
can jeopardize its uses, especially for human
consumption. Conley et al. (2009) suggest that it is
prudent, and in most cases essential, to implement
a strategy to reduce both phosphorus and nitrogen
concentrations in order to control and reverse the
enrichment process of systems. Both Guarapiranga
and Billings reservoirs have regulations establishing
a maximum phosphorus load considering land
use in their watersheds (Sao Paulo, 2006, 2009,
respectively). Although reductions in nutrient
loading to aquatic ecosystems are utilized all over
the world to minimize the symptoms of artificial
eutrophication (Cooke etal., 2005), measures such
as improving wastewater collection and treatment
and controlling nonpoint source inputs are complex
activities, especially in urban areas with irregular
occupation. However, these measures need to be
implemented in order to control and remediate
eutrophication in reservoirs. Moreover, such
complex systems must be operated considering
not only water quantity, but residence time as a
factor that can improve water quality, minimizing
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primary production and possibly cyanobacterial
blooms. Lee’s study (Lee et al., 2012) of a Korean
reservoir raised the possibility of inhibiting algae
growth establishing strategies for water quality
management, such as diminishing the residence
time in summer.
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