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Detectando o potencial de reten¢do de um reservatério influenciado por aportes de
areas metropolitanas

RESUMO

Objetivo - avaliar a capacidade de retengdo de um reservatorio hipereutréfico (Reservatério de Barra Bonita - RBB,
Estado de S&o Paulo, Brasil), influenciado por afluentes fortemente impactados por a¢gdes antropogénicas em regides
metropolitanas.

Metodologia — emprego de um modelo de zero dimensional, utilizando dados limnoldgicos de 2010 a 2019,
considerando duas estagdes a montante (rios Piracicaba e Tieté) e um ponto a jusante. As seguintes varidveis da dgua
foram analisadas: nitrogénio amoniacal, demanda bioquimica de oxigénio, oxigénio dissolvido, condutividade
elétrica, coliformes termotolerantes, cloreto total, nitrato, nitrito, pH, fésforo total, sélidos totais e turbidez. Para
cada varidvel, foi verificada a capacidade de reten¢do (parametro alfa), resultando em 649 determinagdes. Uma
correlagdo de Spearman (p-valor: 0,05) foi realizada para explorar as relagbes entre os aspectos fisicos do
reservatoério, as retengdes e a precipitagao.

Originalidade/relevancia - neste estudo empregamos um modelo zero dimensional considerando a capacidade de
retencdo de um reservatdrio, considerando a variagdo temporal.

Resultados - O tempo de retengdo variou de 16 a 321 dias, bem como o sistema demonstrou uma grande capacidade
de retengdo devido aos coeficientes alfa positivos para todas as varidveis analisadas.

Contribui¢des tedricas/metodoldgicas - os achados fornecem subsidios importantes para a promogio da gestdoda
agua e a formulagao de politicas publicas, visando os usos multiplos da agua.

ContribuigGes sociais e ambientais - apesar dos impactos antropogénicos, o RBB fornece um servigo ecossistémico
essencial ao melhorar a qualidade da dgua a jusante, visto a atenuagdo de cargas poluentes.

PALAVRAS-CHAVE: Servicos Ecossistémicos. Lagos Artificiais. Modelagem Matematica.

Detecting the retention potential of a reservoir influenced by upstream inputs from
metropolitan areas

ABSTRACT

Objective —To evaluate the retention capacity of a hypereutrophic reservoir (Barra Bonita Reservoir — BBR, Sdo Paulo
State, Brazil), influenced by tributaries strongly impacted by anthropogenic activities in metropolitan regions.
Methodology — Application of a zero-dimensional model using limnological data from 2010 to 2019, considering two
upstream monitoring stations (Piracicaba and Tieté rivers) and one downstream station. The following water quality
variables were analyzed: ammoniacal nitrogen, biochemical oxygen demand, dissolved oxygen, electrical
conductivity, thermotolerant coliforms, total chloride, nitrate, nitrite, pH, total phosphorus, total solids, and turbidity.
For each variable, retention capacity (alpha parameter) was assessed, resulting in 649 determinations. A Spearman
correlation analysis (p-value: 0.05) was performed to explore relationships among reservoir physical characteristics,
retention processes, and precipitation.

Originality/Relevance — This study applies a zero-dimensional model to assess reservoir retention capacity while
explicitly considering temporal variability.

Results — Retention time ranged from 16 to 321 days, and the system exhibited a high retention capacity, as indicated
by positive alpha coefficients for all analyzed variables.

Theoretical/Methodological Contributions — The findings provide important support for advancing water
management strategies and informing public policy formulation aimed at multiple water uses.

Social and Environmental Contributions — Despite anthropogenic pressures, the BBR provides an essential ecosystem
service by improving downstream water quality through the attenuation of pollutant loads.

KEYWORDS: Ecosystem Goods. Man-made Lake. Mathematical Modeling.
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Detectando el potencial de retencion de un lago artificiale influenciado por aportes
de areas metropolitanas

RESUMEN

Objetivo — Evaluar la capacidad de retencién de un lago artificiale hipereutréfico (Barra Bonita — RBB, Estado de Sdo
Paulo, Brasil), influenciado por afluentes fuertemente impactados por acciones antropogénicas en regiones
metropolitanas.

Metodologia — Empleamos un modelo de cero dimensiones, utilizando un estudio limnoldgico de 2010 a 2019,
considerando dos estaciones aguas arriba (rios Piracicabay Tieté) y un punto aguas abajo. Se analizaron las siguientes
variables del agua: nitrégeno amoniacal, demanda bioldgica de oxigeno, oxigeno disuelto, conductividad eléctrica,
coliformes termotolerantes, cloruro total, nitrato, nitrito, pH, fésforo total, sélidos totales y turbidez. Para cada
variable, se calculd la capacidad de retencidn (parametro alfa), resultando en 649 determinaciones. Se realizé una
correlacién de Spearman (valor p: 0.05) para explorar las relaciones entre los aspectos fisicos del RBB, las retenciones
y la precipitacion.

Originalidad/Relevancia — En este estudio se emplea un modelo de cero dimensiones para evaluar la capacidad de
retencion de un embalse, considerando la variacion temporal.

Resultados - El tiempo de retencién varid entre 16y 321 dias, y el sistema mostré una elevada capacidad de retencion,
evidenciada por coeficientes alfa positivos para todas las variables analizadas

Contribuciones Tedricas/Metodoldgicas — Los hallazgos proporcionan insumos relevantes para el fortalecimiento de
la gestion del agua y la formulacion de politicas publicas orientadas a los usos multiples del recurso hidrico.
Contribuciones Sociales y Ambientales — A pesar de las presiones antropogénicas, el RBB proporciona un servicio
ecosistémico esencial al mejorar la calidad del agua abajo mediante la atenuacion de las cargas contaminantes.

PALABRAS CLAVE: Servicios Ecosistémicos. Lagos Artificiales. Modelado Matem§tico.

GRAPHICAL ABSTRACT
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1 INTRODUCTION

Artificial reservoirs are part of the global freshwaterreserve, influenced by the water
cycle, and connected to seas and oceans (Stephens et al., 2020). The damming of lotic
environments and the operation of hydroelectric plants alter the hydrological regime,
influencing downstream flow, requiring actions to intervene in the direct drivers ( Ciria; Labat;
Chiogna, 2019; Bravo-Linares et al., 2024). Due to their specific characteristics (e.g,
heterogeneity, morphometry, longitudinal gradient, retention time), reservoirs decrease the
flow of elements after damming due to the biochemical processes that occur in these
environments (Akbarzadeh et al., 2019).

Biological communities (phytoplankton, zooplankton, macroinvertebrates, fish)
actively participate in these processes in reservoirs, although, they are influenced by
environmental conditions and changes occurring in the environment (Santos et al., 2018;
Berberich et al., 2019; Bortolini et al., 2019; Yan et al., 2020). On the otherhand, reservoirs are
integral components of socio-ecological systems and are strongly influenced by political aspects,
interaction with humans (Kellner, 2021; Santos et al., 2025) and landscape change.

Therefore, the metabolism and functioning of these systems are affected by
anthropogenicactivities, leading to changes in downstream limnological variables. It is essential
to assess these environments to understand their functioning and promote effective
management (Tundisi, 2018). This need becomes even more pressing in the context of
increasing water scarcity and climate change, a scenario that is expected to worsen. Land use
and the development of anthropogenic activities compromise the quality of tributaries into
reservoirs, resulting in societal impacts and adverse effects on biota, as well as on the provision
of ecosystem services. In metropolitan areas, reservoirs are under pressure due to the input of
pollutants and changes caused by human activities (Pires et al., 2015; Godoy et al., 2023), as
these regions are characterized by high population density and extensive soil sealing.

Considering the qualitative and quantitative loss, using indicators provides a basis for
decision-making and favors environmental monitoring (Filippis et al., 2020), influencing the
water quality. Modeling can be a tool that supports reservoir management by elucidating
patterns and identifying situations that require management strategies (Tundisi, 2018),
contributing for multiple water uses.

Indeed, reservoirs are characterized by several negative impacts (social, economic,
environmental) and externalities during their construction; contrarily, they can provide
ecosystem services, but the estimation of some services is challenging and there is a need of
methods to evaluate scenarios (Intralawan et al., 2018; Xie et al., 2024). The residence time of
these systems can be used to establish relationships between the reduction or increase in the
concentration of limnological variables (Maavaraet al., 2020), which is an important supporting
ecosystem service.

Consideringthe above, this study aimedto evaluate the retention capacity of elements
in the Barra Bonita Reservoir— BBR (S3o Paulo, Brazil), one of the mostimpacted environments
in Latin America due to high organic and industrial loads from the metropolitan regions of Sdo
Paulo. For this purpose, a zero-dimensional model was used to assess the mass balance of 12
limnological variables from 2010 to 2019. We believed thatdue to its properties and processes,
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the BBR can retain a significant portion of the concentration of limnological variables, marked
by significant anthropogenic interference in the Tieté and Piracicaba rivers.

2 OBJECTIVE

We aimed to evaluate the retention capacity of elements in the BBR (Sdo Paulo, Brazil),
due to high organic and industrial loads from the metropolitan regions of Campinas, Piracicaba,
and S3o Paulo, between 2010 and 2019.

3 MATERIAL AND METHODS
3.1. Study Area

BBR was constructed in the 1960s and it is the first in a cascade system on the Tieté
River (largest tributary). Its proprieties can be observedin Table 1. Additionally, the man-made
lake is formed by the Piracicaba River (upper tributary) (Rotta et al., 2021). The reservoiris in
the Sorocaba-Meio Tieté and Piracicaba-Capivari-Jundiai basins (Sdo Paulo State, Brazil), as
shown in Figure 1. The BBR serves important functions for multiple water uses, such as
hydroelectricity and navigation (Bernardo et al., 2016). The drainage area is one of the most
densely populated regions in Brazil and is characterized by high levels of anthropogenic
interference, particularly intense land use, industrial activities, and sanitation issues ( Prado;
Novo, 2007; Silva et al., 2022). This reservoir is classified as hypertrophic (Novaes; Carvalho,
2013; Alcantara etal., 2017; Oliveira; Ferragut; Bicudo, 2020). According to Tundisiet al. (2008),
the region has a climate marked by two distinct seasons: a dry season (from March to October)
and a wet season (from October to March), resulting from the transition between subtropical
and tropical climates in the area. In this study, two sampling stations were selected upstream
(correspondingtothe Tieté and Piracicaba Rivers), and one downstream, located near the BBR
dam (Figure 1).

Table 1 — Main characteristics of BBR

Characteristics Data
Initial year of operation 1963
Maximum operating quota (m) 452.50
Watershed area (km?) 32,330
Reservoir drea (km?2) 324.84
Perimeter (km) 525
Length (km) 788
Volume (m3) 3,160x106
Maximum depth (m) 25
Mean Depth (m) 10.2
Retention Time (days) 30-90

Source Tundisi, Matsumura-Tundisi and Abe (2008), Gibertoni et al. (2011).
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Figure 1 — Geographic location of the study area
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3.2. METHODOLOGICAL PROCEDURES

The limnological survey used in this work was conducted by the State of Sdo Paulo
Environmental Company from 2010 to 2019, obtained in the mentioned sampling stations and
available in electronic reports (Cetesb, 2022). In each year, six water samples were taken and
analyzed according to standard procedures (Apha-Awwa-Wef, 2012; Usepa, 2020). The
following variables were analyzed: ammonia nitrogen (NH,), biological oxygen demand (BOD),
dissolved oxygen (DO), electrical conductivity (EC), thermotolerant coliforms (FC), total chloride
(CHL), nitrate (NOs), nitrite (NO,), pH, total phosphorus (TP), total solids (TS), and turbidity
(TURB).

The mathematical approach usedin this research was based on previous studies that
considered the retention capacity of cascade reservoirs and the temporal variation of mass
balance for limnological variables (Cunha-Santino; Fushita; Bianchini Jr., 2017; Bianchini Jr;
Fushita; Cunha-Santino, 2019; Bottino et al., 2023). Using Equations 1 and 2, the mass balance
of the limnological variables was described. We assumed that the reservoir is a system
characterized by complete mixing with a constant input flow (Chapra; Reckhow, 1983).

a= §+ k, (Equation 1)

C= VII; (1 — e~%) (Equation 2)

a
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Where: a = assimilation factor (d-1, 3 sink); k = first order reaction rate constant (d-1); Q/V = hydraulic flushing - HF
(d-1), Q = upstream flow rate; V = volume of the reservoir; C = C = steady state concentration (i.e. outlet
concentration); W = the loading term (kg d-1), daily load of the limnological variable; t = required time for reach the
equilibrium concentration.

The following basic assumptions were made: (i) reservoirs can be representedby a
zero-dimensional model (i.e., continuous stirred-tank reactor - CSTR), and (ii) the hydraulic
residence time is sufficient for the reservoir to reach equilibrium (Jgrgensen; Bendoricchio,
2001; Cunha-Santino; Fushita; Bianchini Jr., 2017). Limnological variables downstream of the
reservoirare derived from upstreamvalues, except for elements generated or assimilated within
the reservoirduringthe residence time (Sgndergaard; Jensen; Jeppesen, 2003; Teodoru; Wehrli,
2005).

Alpha (a) coefficients were obtained through standardization of losses (e.g,
adsorption, sedimentation, biological uptake, chemical processes) or gains of elements in the
reservoir compared to the initial values derived from the main inflows. According to Bianchini
Jr., Fushita and Cunha-Santino (2019), the following situations can be observed: (i) if the alpha
value is positive and greaterthan the dilution rate (FH), it indicates thatthe elementis retained
in the reservoir, and the retentionis greater than the flushing; (ii) if the alpha value is equal to
FH, the retentionis null, and the concentration downstream is the same as upstream; and (iii) if
the alpha value is negative or less than FH, it indicates that there is no retention, and the
reservoiracts as a source of the element, resultingin a higher concentration downstream than
upstream. The categorization of alpha values is based on the following: (i) values>0and <0.5 =
moderate retention capacity; (ii) values > 0.5 - 1.0 = good retention capacity; and (iii) values >
1.0 = high retention capacity.

The model parameterization was based on obtaining the alpha coefficient for the
limnological variables (NH4, BOD, DO, EC, FC, CHL, NO3, nitrite, NO,, pH, TP, TS, and TURB) during
six annual sampling campaigns between 2010 and 2019. For this purpose, Equation 2 was used
with: (i) the average values of each limnological variable input (W), (ii) the average flow rate, (iii)
the residence time, and (iv) the volume. By iteratively substituting the alpha value, the
calculated values of the variables (parameter C) were compared with the mean values obtained
from the sampling campaigns. The alpha values were calculated using the nonlinear iterative
algorithm GRG (Generalized Reduced Gradient; Fylstraetal., 1998), based on the least squares
method.

Flow and volume datawere obtained from the National Waters and Sanitation Agency
(ANA) reservoir database (Ana, 2022), while precipitation (Prec) data were obtained from
CETESB (2022). For the input values of the limnological variables and Prec, historical flow data
from the Tieté River (1981-2019, mean = 230.80 m?) and Piracicaba River (1994-2019, mean =
135.59 m?3) were considered from official sources (Daee, 2022; Sinrh, 2022). Considering that
the reservoiris formed by two majorinflows, the input values of the variables were determined
by a weighted average, considering the average flow of each river, followed by summing them
overthe evaluated period. Finally, to investigate possible relationships between the number of
retention events for the limnological variables, precipitation, and physical aspects of the
reservoir (volume, influent flow rate - Vaf, effluent flow rate - Vdef, FH, residence time - RT), a
Spearman correlation analysis (p-value: 0.05) was conducted using the R language.
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4 RESULTS AND DISCUSSION

BBR is a dendritic reservoir formed by two main tributaries. During the analyzed
period, the reservoir's retention time varied from 16 to 321 days, with an average time of 84
days (65 days). Thus, the reservoirunderwent severalrenewals during the period. The average
volume fluctuated around 77% (+15.35%) of the system's capacity. As can be observed, alpha
coefficients were positive and greaterthan FH, indicating that the variable was retained by the
system. Low values were observed for FH (mean = 0.018765 d-1 + 0.012786 d-1) in the interval.

Some variables are presented in Figure 2. The volume exhibited fluctuationsfrom 2010
t0 2019, primarily influenced by seasonality and precipitation patterns, which peakedduring the
initial months of 2010, 2012, 2016, and 2017.

Figure 2 — Temporal variations of flow, volume, inflow, outflow, hydraulic flow, precipitation, and retention of
limnological variables in RBB
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From 2013 to 2015, an increase in RBB's retention time can be observed, along with
lower flows (inflow and outflow).The highest FH values were noted in 2010and 2016. Regarding
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variable retention, 649 determinations were obtained, considering the 12 limnological variables.
The values obtained for alpha and FH, through Equations 1 and 2, are detailed by Silva (2022, p.
132 - 139).

No negative alpha values were obtained during the analysis. Regarding alpha values
less than FH, this situation was observed during one determination of TURBin September 2019.
In the remaining determinations (n = 648), alpha values were positive and significantly higher
than FH, by more than an order of magnitude. The scenario indicates that the aquatic system
has a good capacity to retain limnological variables. Concerning retention events, except for
TURB (n = 58), the other variables each showed 59 rete ntion events. Essentially, all variables
were retained by the BRR.

The retention of variables was observedsimilarly during the dry season (May, July, and
September) and the wet season (January, March, and November), as practically the same
number of determinations were made in these periods.

In Figure 3, the categorization of alpha valuesis evident. The categorization values for
FC and NH, demonstrate that the reservoir has a high retention capacity. On the other hand,
concerning the variables NO, and TURB, the retention capacity is moderate, given the
predominance of alpha values between 0and 0.5. In the case of TP, the values indicate high
retention capacity, except for some situations that demonstrate good capacity. Regarding DO,
there is a clear predominance of values indicative of good retention capacity. For the other
variables (BOD, EC, CHL, NOs, pH, and TS), high retention capacity is indicated in many values.

Figure 3 — Categorization of alpha values. Where: ammonia nitrogen (NH4), biological oxygen demand (BOD),
dissolved oxygen (DO), electrical conductivity (EC), thermotolerant coliforms (FC), total chloride (CHL), nitrate (NO3),
nitrite (NO2), pH, total phosphorus (TP), total solids (TS), and turbidity (TURB); moderate retention capacity: values >
0 and < 0.5; good retention capacity: values > 0.5 and < 1.0; high retention capacity: values > 1.0.
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The significant Spearman correlations (p-value: 0.05) among the analyzed variables are
presented in Figure 3. The positive and negative correlations can be observed. Noteworthy

e2527



GC Revista Nacional de Gerenciamento de Cidades

ISSN 2318-8472, v. 14, n. 91, 2026

positive correlations among the alpha values and other variables include: DO and pH, NO; and
DO; DO and Prec; DO and FH; DO and Vaf; Vdefand DO; NO3;and NO,; NO;and TURB; NO; and
Prec; NO; and FH; NO; and Vaf; NO; and Vdef; NO, and TURB; NO, and Prec, NO, and Vaf; NO,
and Vdef; TURB and Prec; TURB and FH; TURB and Vaf; TURB and Vdef; TURB and FC, Prec and
FH; Vaf and Prec; Precand Vdef; FHand Vaf; FH and Vdef; Vaf and Vdef; RTand CHL; RT and EC;
RT and TS, RT and TURB, RT and Volume, NH, and CHL; NH, and EC; NH, and TS, and CHL and EC.
On the other hand, negative correlations were observed: DO and RT; DO and CHL, DO and NH,;
DO and TS, DO and CHL; DO and EC; pH and BOD, NO; and RT; NO; and NH,;; NO; and TS, NO;
and CHL; NO; and EC; TURB and RT; TURB and NH,; TURB and CHL; TURB and TS, Prec and RT;
Precand NH,; Precand EC; Precand TS, FH and RT; FH and NH,; FH and CHL; FH and TS; FH and
Volume; Prec and Volume; Vaf and RT; Vaf and NH,; Vaf and CHL; Vaf and EC; Vaf and TS; Vdef
and RT; Vdef and RT; Vdefand NH,; Vdefand TS; Vdef and CHL; Vdefand EC; Precand Volume;
and FH and Volume. Some strong correlations wereidentified, mainly involving TURB, Vaf, Vdef,
CHL, and volume.

The findings highlight potential relationships between physical factors and reservoir
precipitation influencing alpha values, which may be associated with the occurrence of
biogeochemical processes.

e2527
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Figure 4 — Spearman correlation matrix. Where: EC = electrical conductivity; FC = thermotolerant coliforms; BOD =
biochemical oxygen demand; NH4 = ammonium nitrogen; NO2 = nitrite; DO = dissolved oxygen; TP = total
phosphorus; TURB = turbidity; TS = total solids; FD = dilution rate (d-1), Prec = precipitation (mm); Qin = inflow
discharge; Qout = outflow discharge; RT = residence time; ret = number of retentions. Blank spaces indicate non-
significant correlations (p-value: 0.05).
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The RBB can be considered one of the most degraded aquatic systems in the La Plata
basin, a situation primarily resulting from pollution from metropolitan areas and agricultural
activities (Nogueira et al., 2021). The compromised water quality in the reservoir is mainly
associated with anthropogenic interference in its main tributaries, the Tieté and Piracicaba
rivers. It is known that the creation of reservoirs causes adverse environmental impacts,
affecting both the direct and downstream contribution areas of the project, given its direct
influence on water availability (Zaniolo et al., 2021) and the ecological processes occurring
therein.

Reservoirs are systems with a range of biochemical processes contributing to
substance cycling and element transformation (Cunha-Santino; Bitar; Bianchini Jr., 2013). It is
noteworthy that longitudinal processes and reservoir characteristics (e.g., trophic status,
morphometry, heterogeneity) are associated with metabolic processes such as primary
production, organic matter degradation, and biogeochemical cycles (Tundisi, 2018; Hasanzadeh
etal., 2020). These systems exhibit similar processes to those structuring and governing natural
lake ecosystems (Tundisi, 2018).
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The accumulated watervolume in reservoirs and the processes occurring therein, such
as sedimentation rates of carbon fractions and nutrient retention, contribute to the
differentiation of limnological variables downstream and upstream of the ecosystem (Santos et
al., 2018). These artificial systems function as biogeochemical reactors, retaining substances and
causing differences in input and output concentrations over time (Akbarzadeh et al., 2019).

In the case of the RBB, it became evident how its properties and processes contribute
to the retention of a large portion of the analyzed limnological variable values, favoring water
quality improvement downstream. The assimilation of compounds by reservoirs can be
understood as an ecosystem service (Intralawan et al., 2018). Moreover, it is essential to
emphasize all socio-environmentalimpacts and externalities relatedto the construction of these
environments, both positive and negative.

However, whenstabilized, these systemsexert adirectinfluence on element retention
and must be considered in the management of adverse impacts such as eutrophication
(Akbarzadeh et al., 2019). From 2013 to 2015, a severe water crisis occurred in the state of Sdo
Paulo (Jacobi; Buckeridge; Ribeiro, 2021). Thus, the observed variationsin the RBB case may be
associated with changesin volume and discharge, given the stronginfluence of rainfall pattermns
and seasonality.

Other studies have shown that these artificial ecosystems can sequester various
limnological variables due to their functioning and metabolism (Smith; Espindola; Rocha, 2014;
Cunha-Santino; Fushita; BianchiniJr., 2017; Bianchini, Fushita; Cunha-Santino, 2019; Maavara et
al., 2020). Inthis study, the observed retentions may be linkedto sedimentation and assimilation
processes.

The operational conditions of reservoirs directly influence the flow, and anthropogenic
alterations in direct contribution areas interfere with these systems (Gongalves et al., 2013;
Ciria; Labat; Chiogna, 2019), especially in metropolitan areas. Mathematical models for reservoir
assessment contribute to the development of management guidelines (Zhou et al., 2016). The
mass balance becomes a method used for the quantification of substance retention, such as
nitrogen (Akbarzadeh et al., 2019).

The spatial heterogeneity of reservoirs is linked to factors such as morphology, flow,
and residence time of reservoirs; thus, changes may occur in the absorption and mineralization
of compounds from the aquatic and terrestrial systems (Berberich et al., 2019).

Factors, such as temperature and precipitation volume, directly influence the
functioning of reservoirs (Yan et al., 2020). Reservoir management requires implementing
institutional and governance processes, given their role in providing water during drought and
scarcity situations (Kellner, 2021). Therefore, land use regulation in metropolitan areas,
adopting sustainable agricultural practices, and implementing nature-based solutions
contribute to improving the quality of these aquatic systems.

Reservoirs are complex systems that are part of socioecological ecosystems,
influenced by anthropogenic actions, natural processes, and political-institutional factors
(Kellner, 2021). The case of the RBB is no different; management measures are necessary forits
long-term maintenance. Investments are needed to improve the water quality of its tributaries.
The adopted approach proved useful for verifying the retention capacity of reservoirs in
anthropized areas. The findings can contribute to decision-making.
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5 CONCLUSION

Mathematical modeling has provento be a valuable tool for reservoir assessment.In
fact, the RBB can retain a significant portion of the limnological variables from the Piracicaba
and Tieté rivers due to its biogeochemical properties and processes. Water quality improvement
occurs downstream of the reservoir. Despite being in a subtropical region and experiencing a
strong influence of seasonality, no variations were observed in the capacity of retention.
However, when compared with the categorization of alpha values, it is evident that retention
can be considered either good orvery high in most cases. Despite being one of the most polluted
reservoirsin the state of Sdo Paulo, the RBB providesan important ecosystem service, given its
retention capacity.
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