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ABSTRACT  
The Billings Reservoir is an important water body for public supply of the Metropolitan 

Region of São Paulo, Brazil, and water captation for public supply is located in the Rio Grande 

environmental compartment. This article evaluates the water quality of the environmental 

compartment Central Body I of the Billings Reservoir, which receives the reversed waters from 

the polluted Pinheiros River, at four sampling points with different contributions from the 

surroundings, seeking to verify the influence of seasonality on water quality and whether there 

was a difference in water quality between the sampling points. Water sampling was carried out 

on the surface at four points, in a longitudinal profile, covering two periods (dry and rainy) 

distributed in six samplings between 2016 and 2019. Analyzed variables included temperature, 

dissolved oxygen, pH, electrical conductivity, chlorophyll-a and nutrients (phosphorus and 

nitrogen). Space-Time Interaction tests revealed that physicochemical variables did not vary 

due to the interaction between sampling periods and points, but several variables varied 

significantly during the sampling period. The results of the Trophic State Index show that 

waters of Central Body I are classified as Hypereutrophic, highlighting the degradation of water 

quality in this compartment. This research will better inform public managers and assist their 
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efforts to minimize and mitigate the effects of progressive water quality degradation in this 

reservoir. 

Keywords: eutrophication, Pinheiros river, urban reservoir. 

Variabilidade espaço-temporal da qualidade da água superficial do 

Corpo Central I da represa Billings - São Paulo, Brasil  

RESUMO 
A represa Billings é um reservatório importante para o abastecimento público da região 

metropolitana de São Paulo, no Brasil, e a captação de água para abastecimento público está 

localizada no compartimento ambiental Rio Grande. Este artigo tem como objetivo avaliar a 

qualidade das águas do compartimento ambiental Corpo Central I da represa Billings, que 

recebe as águas revertidas do poluído rio Pinheiros, em quatro pontos de coleta com 

contribuição do entorno diferenciada, buscando verificar a influência da sazonalidade nos 

resultados obtidos e se houve diferença da qualidade da água entre os pontos de coleta. As 

coletas de água foram realizadas na superfície em quatro pontos, em um perfil longitudinal, 

contemplando dois períodos (estiagem e chuvoso) distribuídos em seis coletas, entre os anos de 

2016 e 2019. As variáveis analisadas foram temperatura, oxigênio dissolvido, pH, 

condutividade elétrica, clorofila-a e nutrientes (fósforo e nitrogênio). Os testes de Interação 

Espaço-Tempo revelaram que as variáveis físico-químicas não variaram devido à interação 

entre os pontos e períodos de amostragem, mas diversas variáveis variaram significativamente 

em função do período de amostragem. O resultado do Índice de Estado Trófico evidenciou que 

as águas do Corpo Central I foram classificadas como Hipereutróficas, destacando a degradação 

da qualidade das águas neste compartimento. Os resultados desta pesquisa podem subsidiar os 

gestores públicos na tentativa de minimizar os efeitos da degradação progressiva da qualidade 

da água deste reservatório. 

Palavras-chave: eutrofização, reservatório urbano, Rio Pinheiros. 

1. INTRODUCTION 

Eutrophication is the enrichment by nutrients (mainly nitrogen and phosphorus) in aquatic 

ecosystems and is a growing global problem (Sinha et al., 2017). Eutrophication causes a 

decrease in water quality and prevents its use for human consumption in many cases (Nogueira 

et al., 2015; Andrade et al., 2020; Nobre et al., 2020). For example, eutrophication increases 

turbidity and algae biomass, particularly toxin-producing groups (e.g., Microcystis aeruginosa). 

The Metropolitan Region of São Paulo (MRSP) is located in the Southeast region of Brazil, 

with a population of more than 21.1 million inhabitants, which represents around 50% of the 

population of the State of São Paulo. The Billings Reservoir is the largest reservoir of water in 

the Metropolitan Region of São Paulo, and has multiple uses, including supply of water to the 

population (Risso et al., 2018); unfortunately, the low quality of its waters has been 

compromising its use for public supply. 

The Billings Reservoir was constructed in 1927 in order to supply water to the Henry 

Borden Complex, a hydroelectric power plant. To supply the amount of water needed by the 

Henry Borden Complex, the Billings Reservoir received reversed waters from the Tietê and 

Pinheiros Rivers by the Pedreira Pumping Plant. 

The Billings Reservoir has been impacted by eutrophication, which has been detected by 

several studies (Cardoso-Silva et al., 2014; Pompêo et al., 2015; Gargiulo et al., 2016; 

CETESB, 2020; Alcantara et al., 2021). Eutrophication in this reservoir results from two main 
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sources: reversal of waters from the polluted Pinheiros and Tietê Rivers, and occupation of its 

watershed (Wengrat and Bicudo, 2011; Cardoso-Silva et al., 2014; CETESB, 2020). The 

increasing pollution of waters from the Tietê and Pinheiros Rivers, the consequent degradation 

of the Billings Reservoir waters, and the increasing need to use its waters as a source for public 

supply led to restrictions regarding the reversal of water from the Tietê and Pinheiros Rivers 

(Collaço et al., 2020). Since 1992, pumping of water from the Pinheiros River into the Billings 

Reservoir has been allowed mainly for flood management purposes, which occurs most 

frequently in the rainy season. Nowadays, reversion of waters from Pinheiros and Tiete Rivers 

is still allowed by legislation (Joint Resolution SMA/SSE-002/2010) in certain conditions, such 

as: flood control; formation of surfactant foams in the Tietê River that may form atop the water 

surface; drop in water intake by the Henry Borden Plant to levels insufficient to ensure the 

supply of electricity in emergencies; and formation of algal blooms in water bodies of the 

Metropolitan Region of São Paulo and Médio Tietê, compromising their quality for purposes 

of public supply (Sao Paulo, 2010). 

This study evaluated spatial and temporal variability of water quality of the Billings 

Reservoir in its central body. The following research questions drove this study: I) Is there a 

difference in water quality regarding sampling seasons?; II) Does water quality vary spatially 

within the reservoir?; and, III) Which variables have the largest influence on water quality at 

different sampling points and seasons? 

2. MATERIAL AND METHODS 

2.1. Characterization of study area 

The Billings Reservoir is located in the Metropolitan Region of São Paulo (State of São 

Paulo - Brazil) (Figure 1), and is part of six municipalities: Santo André, São Bernardo do 

Campo, Diadema, Ribeirão Pires, Rio Grande da Serra and São Paulo. This reservoir is part of 

the Upper Tietê Hydrographic Basin, a basin with low water availability per inhabitant. 

The “Area of Protection and Recovery of Water Sources - Billings Reservoir” (APRWS - 

Billings) was created by the government of São Paulo (State law #13.579/2009), and separated 

the reservoir area into environmental compartments for land use and occupation planning 

purposes, namely as: Central Body I, Central Body II, Taquacetuba-Bororé, Rio Grande and 

Rio Pequeno, and Capivari-Pedra Branca. Water captation for public supply in the Billings 

reservoir is located in the Rio Grande environmental compartment, and in the 1980s a dam was 

constructed with the purpose of separating its waters from other environmental compartments, 

which were already impacted by water pollution. 

2.2. Analysis 

The analysis and visualization of data and statistical analysis were performed using the R 

software (https://www.r-project.org/) (R Core Team, 2021). R Packages used in this research 

are available on the Comprehensive R Archive Network (CRAN). 

2.3. Quality evaluation of surface waters 

Water was sampled on the surface covering four sampling points (P1 to P4) (Figure 1) and 

in two samplings periods: three in the dry season (August/2016, August/2017, August/2018) 

and three in the rainy season (January/2017, February/2018, February/2019), in order to analyze 

the influence of seasonality. The first sampling point (P1) is located close to the Pedreira 

Pumping Plant, and the fourth sampling point (P4) is located farthest from it.  

Water temperature (WT), dissolved oxygen (DO), pH and electrical conductivity (EC) of 

water were measured in situ using a HACH sensor (model HQ40D). Water samples were 

collected and analyzed for concentration of parameters: Total nitrogen (TN) (Valderrama, 

1981), Nitrate (NO3) (Mackereth et al., 1989), Nitrite (NO2) (Mackereth et al., 1989), 

https://www.r-project.org/
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Ammonium (NH4) (Koroleff, 1976), total phosphorus (TP) (Valderrama, 1981), total dissolved 

phosphorus (TDP) (Strickland and Parsons, 1960), Soluble reactive phosphorus (SRP) 

(Strickland and Parsons, 1960), and Chlorophyll-a (CHLA) (CETESB, 2014). The Trophic 

State Index for tropical/subtropical reservoirs (TSI-tsr) was calculated according to Cunha et 

al. (2013). The analysis and visualization of data was performed using the packages adespatial 

(Dray, 2020), SciViews (Grosjean, 2019), and tidyverse (Wickham et al., 2019). 

 
Figure 1. Map of the location of the Billings Reservoir and sampling points.  
Source: Elaborated by the first author. Shapefiles from DataGEO 

(http://datageo.ambiente.sp.gov.br/). 

2.4. Principal Component Analysis 

A principal component analysis (PCA) was performed to summarize the variation of 

nutrients (TN, NO2, NO3, NH4, TP, TDP, SRP), chlorophyll-a, and the following measures 

from water surface: water temperature, pH, dissolved oxygen and electrical conductivity. PCA 

was conducted with normalized variables and with a correlation matrix (Legendre and 

Legendre, 2012). Axes were retained for interpretation following the Broken-Stick criterion 

(Jackson, 1993). Variables with loadings higher than |0.6| were considered as relevant for PCA 

axes ordination. PCA was performed using R software (R Core Team, 2021) with stats and 

vegan packages (Oksanen et al., 2020), and visualization of PCA ordinations were made with 

ggplot2 (Wickham et al., 2019) and patchwork packages. 

2.5. Space-time interaction analysis 

Space-time interaction analysis (STI; Legendre et al., 2010) was used to assess whether 

http://datageo.ambiente.sp.gov.br/
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there was an interaction between sampling points (space) and sampling periods (time) in the 

variation of physical, chemical, and biological parameters. This analysis is necessary because 

sampling in each period was carried out at four sampling points. In this case, testing the 

interaction between periods and sampling points by a traditional analysis of variance (ANOVA) 

is not possible due to the absence of replicates to estimate the sum of squares of residuals 

(Legendre et al., 2010). In STI, a factorial ANOVA model was used with sub-adjusted 

interaction (Model 5 in Legendre et al., 2010). This model allows testing the interaction in the 

absence of replication, has correct Type I error rates and allows the use of univariate or 

multivariate response variables (Legendre et al., 2010). Therefore, as a response matrix in STI, 

we used a matrix with all 15 physicochemical variables transformed by log10 (x + 1) (except 

pH) and standardized. 

To explore which parameters varied according to sampling points and sampling periods, 

univariate STIs were performed with each physicochemical variable transformed by log10 (x + 

1) (except pH) as response variable. Significance in STI was assessed using 999 permutations. 

A significance level of 5% was adopted and all analyses were performed in the R software (R 

Core Team, 2021) with adespatial (Dray, 2020) package. 

2.6. Water quality standards in Brazil 

The National Council for the Environment (CONAMA) created Resolution No. 357 

(CONAMA, 2005), which classifies water resources and regulates their predominant uses with 

water quality standards. The classification of water bodies proposed by this resolution presents 

classes as a set of conditions and standards of water quality necessary to meet the prevailing 

uses, current or future, and that must be considered as goals to be achieved by public managers. 

The Billings Reservoir was classified by the State Government of São Paulo as a Class II 

water body (Sao Paulo, 1977). According to the aforementioned resolution, Class II waters can 

be used for human consumption (after conventional treatment), for protection of aquatic 

communities, for primary contact recreation, for irrigation of vegetables, fruit plants and parks, 

gardens, sports fields and leisure, with which the public may have direct contact, aquaculture, 

and fishing activities (CONAMA, 2005). 

The results of this study will be compared with the standards established in the Conama 

Resolution No. 357 for Class II water bodies, in order to know if the quality standards of the 

water in the reservoir are in accordance with those established in the Brazilian legislation. 

3. RESULTS AND DISCUSSION 

3.1. Space-time interaction (STI) 

Physicochemical variables did not vary due to the interaction between sampling periods 

and points (F2,13 = 1.41, p = 0.20). Together, physicochemical variables varied between 

sampling periods (Sampling period: F5,13 = 4.48, p < 0.01, R²adj = 0.25) and between sampling 

points (Sampling point: F3,13 = 5.46, p < 0.01, R²adj = 0.2), and these factors explained about 

25% and 20% of this physicochemical variability, respectively. 

The interaction between sampling point and period was only significant when 

physicochemical variables were modeled separately for NO2 and WT, with low predictive 

power in these cases (Table 1). TN, NO3, NH4, TDP, SRP, CHLA, DO, EC, and pH varied 

significantly in function of time (Table 1). For variation in time, explanatory power varied from 

a weak relationship (R²adj = 0.17) to a strong predictive power (R²adj = 0.79; Table 1). NH4, 

TP, TDP, SRP, DO, EC, and pH varied significantly in function of space, among sampling 

points (Table 1). For differences in space, explanatory power varied from a very weak 

relationship (R²adj ≈ 0.00) to a moderate predictive power (R²adj = 0.37; Table 1). 
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Table 1. Effect of space (sampling point) and time (sampling period) on the 

variation of physicochemical variables. S: space; T: time; S*T: interaction 

between space and time. F values in bold were significant. 

Variable Parameters F p R²adj 

Total Nitrogen (TN) 

Space × Time 1.77 0.23 0.00 

Space 2.45 0.1 0.00 

Time 24.42 < 0.01 0.79 

Nitrite (NO2) 

Space × Time 5.4 0.02 0.04 

Space 17.7 < 0.01 0.56 

Time 1.82 0.18 0.00 

Nitrate (NO3) 

Space × Time 2.01 0.15 0.02 

Space 1.62 0.07 0.00 

Time 3.4 0.02 0.28 

Ammonium (NH4) 

Space × Time 0.03 0.97 0.00 

Space 4.99 < 0.01 0.21 

Time 3.82 0.03 0.24 

Total Phosphorus (TP) 

Space × Time 1.61 0.23 0.01 

Space 3.74 0.04 0.22 

Time 1.51 0.25 0.00 

Total Dissolved Phosphorus (TDP) 

Space × Time 0.62 0.55 0.00 

Space 7.77 < 0.01 0.20 

Time 7.81 0.01 0.37 

Soluble Reactive Phosphorus (SRP) 

Space × Time 2.47 0.1 0.00 

Space 3.24 0.04 0.00 

Time 10.02 < 0.01 0.55 

Chlorophyll-a (CHLA) 

Space × Time 0.46 0.65 0.00 

Space 2.4 0.13 0.06 

Time 3.68 0.04 0.32 

Water Temperature (WT) 

Space × Time 4.86 0.03 0.00 

Space 5.22 0.02 0.00 

Time 731.07 < 0.01 0.99 

Dissolved Oxygen (DO) 

Space × Time 1.73 0.22 0.00 

Space 12.93 < 0.01 0.37 

Time 6.03 < 0.01 0.17 

Electrical Conductivity (EC) 

Space × Time 0.2 0.85 0.00 

Space 10.79 < 0.01 0.12 

Time 18.37 < 0.01 0.58 

pH (pH) 

Space × Time 1.83 0.19 0.00 

Space 8.28 < 0.01 0.27 

Time 5.14 0.02 0.21 

3.2. Principal Component Analysis (PCA) 

The first three components from the Principal Component Analysis (PCA) were retained 

for interpretation following the Broken-Stick criterion. These three PCA axes explained 71.75% 

of the total variance of limnological data (Table 2). The PC1 explained 37.54% of the total 
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variance of data, representing a gradient of individual contribution of nutrients (NO2, NO3, 

TDP and SRP) and electrical conductivity on the positive side, and dissolved oxygen and pH 

on the negative side (Table 2). All these parameters are related to anthropogenic activities and 

high levels of eutrophication in the Billings Central Body I. PC2 explained 19.49% of the total 

variance, with NO2, WT and CHLA presenting the highest negative loadings. These results 

suggest the influence of higher temperature on phytoplankton growth indicated by high levels 

of CHLA that influence the change of pH due to the high consumption of CO2. Finally, PC3 

explained 14.72% of the total variance, represented by a gradient of total nutrients (TN and TP) 

with higher values on the negative side of this axis. 

Table 2. Loadings, Eigenvalues and Proportion of explained variance of a Principal 

Component Analysis (PCA) ordination summarizing limnological variables sampled in 

Billings reservoir from August, 2016 to February, 2019. Only the axes with eigenvalues 

higher than those expected by a Broken-Stick distribution are presented.  

Group Variables PCA1 PCA2 PCA3 

Proportion of variance explained 37.544 19.494 14.717 

Eigenvalues 4.505 2.339 1.766 

Eigenvectors 

Total Nitrogen (TN) -0.061 0.507 -0.809 

Nitrite (NO2) 0.618 -0.617 -0.185 

Nitrate (NO3) 0.739 0.462 0.355 

Ammonium (NH4) 0.253 0.339 -0.537 

Total Phosphorus (TP) 0.549 0.014 -0.656 

Total Dissolved Phosphorus (TDP) 0.632 -0.185 0.219 

Soluble Reactive Phosphorus (SRP) 0.835 0.202 0.228 

Chlorophyll-a (CHLA) 0.267 -0.793 -0.335 

Water Temperature (WT) -0.527 -0.762 -0.088 

Dissolved Oxygen (DO) -0.775 0.154 -0.093 

Electrical Conductivity (EC) 0.817 -0.244 -0.019 

pH (pH) -0.703 -0.078 0.064 

Samples are more clearly grouped by season than by spatial differences in limnological 

variables following a combination of PC1 and PC2 (Figure 2a), and PC2 and PC3 (Figure 2c). 

Samples from the dry period tended to present higher NO3, SRP, and lower WT (Figure 2a). 

This tendency can be related to lower phytoplankton biomass in this season. Within the rainy 

season, spatial differences were more evident mainly due to a tendency of increasing values of 

WT from Site 1 to Site 4. Furthermore, sampling Point P1 also presented a higher variability in 

limnological variables considering both PC1 and PC2 scores, particularly in the rainy season 

(Figure 2a). Seasonal differences were less clear considering PC1 and PC3, but it is possible to 

infer that in the dry season, samples tended to present higher EC, lower DO and pH (Figure 

2b). Finally, considering both PC2 and PC3, samples also tended to group by sampling season, 

with samples from the rainy season presenting higher WT and chlorophyll-a than those from 

the dry season (Figure 2c). These results probably indicate the influence of temperature and 

rainfall effects from reservoir adjacent areas favoring the growth of phytoplankton and 

elevating CHLA levels. 



 

 

Rev. Ambient. Água vol. 17 n. 3, e2823 - Taubaté 2022 

 

8 Beatriz Milz et al. 

 
Figure 2. Principal Component Analysis ordination summarizing limnological variables sampled in 

Billings reservoir from August, 2016 to February, 2019. 

3.3. Physicochemical parameters 

Water temperature (WT) tended to be higher in the rainy season than in the dry one for all 

sampling points (Figure 3). WT is an important parameter that influences the DO and also 

affects aquatic communities (Saha et al., 2021). That happens because with increasing 

temperature, oxygen solubility decreases (Matear and Hirst, 2003), which further hampers its 

consumption by organisms and may cause physiological stress when oxygen consumed does 

not supply metabolic demands (Nebeker et al., 1996; Roman et al., 2019). Mean values for the 

dry and rainy seasons were 18.58°C and 26.09°C, respectively. Results for water temperature 

were similar to other tropical reservoirs and this difference is related to air temperature. Similar 

results about seasonality influence on WT were obtained by Saha et al. (2021) in the tropical 

Metther Reservoir, in India. 

Dissolved oxygen (DO) ranged from 4.39 to 9.14 mg/L during the dry season. Variation 

in the rainy season was from 2.37 to 13.86 mg/L. DO tended to be more variable in each sample 

site in the rainy season. For site four, DO tended to be higher in the rainy season than in the dry 

season. All sampling points showed the highest values during the rainy season. The standard 

for DO for Class II water bodies is > 5.0 mg/L (CONAMA, 2005), and 25% of water samples 

in both seasons were not in accordance with this standard. The high concentration of CHLA in 

the same period (Figure 3) indicates the possible contribution produced by phytoplankton 

photosynthesis. Furthermore, the diffusion by turbulent mixing by rain and/or water reversal 
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from the Pinheiros and Tietê Rivers to the Billings Reservoir may also contribute to higher O2 

in the rainy period. 

 
Figure 3. Variation of Water temperature, Dissolved oxygen, pH, Electrical conductivity, 

nutrients, and Chlorophyll-a according to season and sampling point. Each box represents 

interquartile range, horizontal thick line represents median and whiskers represent minimum and 

maximum values.  

The variation of pH values was from 7.21 to 8.35 in the dry season and from 6.96 to 9.5 in 

the rainy season. pH tended to be more variable in each sample site in the rainy season. For 

sites three and four, pH tended to be higher in the rainy season than in the dry one (Figure 3). 
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The standard for pH for Class II water bodies is between 6.0 and 9.0 (CONAMA, 2005), and 

25% of water samples in the rainy season were not in accordance with this standard. pH results 

indicated the tendency from neutral (P1) to alkalinity (P4) conditions in both seasons along the 

sampling points. 

The activities of aquatic microorganisms are influenced by pH and drive pH variation. 

Higher values of CHLA verified during the rainy season can indicate phytoplankton growth. 

With a higher phytoplankton growth, a higher photosynthesis would be fixing more C and 

releasing H (both often available as HCO3- in the observed pH range) to the water column, 

collaborating to the change toward alkaline conditions (Horne and Goldman, 1994; Maberly, 

1996; Nazneen et al., 2019). The highest values for pH were observed in the rainy season; the 

same tendency was observed for DO. In the report from CETESB (2020), pH followed the 

behavior observed for DO, with values that exceed those considered a quality standard in 44% 

of the samples during 2019, and high oxygen concentrations are due to algal bloom events, 

confirming the state of eutrophication of the reservoir (CETESB, 2020). 

Electrical conductivity (EC) is the ability of a solution to conduct a given electrical current; 

it means that the higher ion concentration in the water, the greater its electrical conductivity. 

EC ranged from 166.8 to 212.5 µS/cm in the dry season and from 167 to 202.9 µS/cm in the 

rainy season. EC tended to be lower in the rainy season than in the dry one, especially in 

sampling sites one and two (Figure 3). Comparing EC between sampling points, the highest 

value was obtained for P1 for both seasons. EC results showed higher values during the dry 

season, and it showed the opposite tendency compared to DO and pH tendencies.  Wengrat and 

Bicudo (2011) also obtained higher values in the dry season. Saha et al. (2021) also observed 

higher values of EC (183.6 - 428.8 µS/cm) in an Indian tropical reservoir and attributed it to 

pollution accumulation. In this work, we also attribute this highest concentration to pollution 

accumulation, because in the dry season there is less rainwater to dilute pollutants. Also, mean 

values in this study were around 182.91 µS/cm and similar in both seasons. 

Total nitrogen (TN; Figure 3) presented higher values during the dry season compared to 

the rainy season, except for P1. TN mean value was 1977.48 µg/L, which shows an increase in 

TN compared to values obtained by Cardoso-Silva et al. (2014), who carried out sampling at 

some points in the Billings Reservoir in 2014, obtaining a mean of 1230 µg/L for TN. Values 

obtained for Nitrite-N (NO2) were lower when compared to NO3 and NH4. This result is 

explained because among nitrogenous forms, nitrite is considered the most unstable one in 

aquatic ecosystems, as it is quickly converted to nitrate (Saha et al., 2021). The standard for 

NO2 and NO3 for Class II water were met in all water samples, in the dry and rainy seasons. 

Nitrate (NO3) and NH4 have an important role in water quality, being the main sources of 

nitrogen for aquatic primary producers. Nitrate (Figure 3) showed higher values during the dry 

season (517.16 - 1400.94 µg/L) compared to the rainy season (112.09 - 614.24 µg/L). The 

highest value of NO3 and TN during dry season may be due to the entry of more concentrated 

sewage because there is little rain contribution, and it may also be related to lower 

phytoplankton biomass. Cardoso-Silva et al. (2014) obtained results in the Billings reservoir 

for NO3 that ranged from 290.52 µg/L to 464.1 µg/L. The highest value of 1400.94 obtained in 

this study was much higher than the one found in 2014 by Cardoso-Silva et al. (2014), revealing 

an increasing of nitrate levels in the Central Body I. Higher NH4 values were obtained in P1 

for both seasons, with mean values of 799.56 µg/L (dry season) and 343.46 µg/L (rainy season) 

in P1. The highest value obtained for NH4 concentration by Cardoso-Silva et al. (2014) was 

233.00 µg/L. The highest values for NH4 at P1 in this study can be a consequence of reversal 

waters from the Pinheiros River, since this sampling point is located close to the Pedreira 

Pumping Plant. Around 42% of water samples in the rainy season were not in accordance with 

the standard for Class II water bodies (CONAMA, 2005), while around 50% of water samples 

were not in accordance with this standard in the dry one. 



 

 

11 Spatio-temporal variability of water quality … 

Rev. Ambient. Água vol. 17 n. 3, e2823 - Taubaté 2022 

 

Phosphorus is an important nutrient to primary producers and it is also used to indicate 

trophy of aquatic ecosystems. Total Phosphorus (TP) varied from 126.54 to 293.63 µg/L in the 

dry season and from 76 to 360.89 µg/L in the rainy season. The mean value for TP in both 

seasons was 172.76 µg/L, and it was higher in the rainy season than in the dry season only for 

sampling site one, while the remaining sites tended to show lower values in the rainy season 

than in the dry season (Figure 3). The same tendency was observed by Wengrat and Bicudo 

(2011), who also determined higher results for TP during the rainy season. The trend of 

increasing TP concentrations in rainy months, in the Central Body of the Billings Reservoir, 

may be associated with the increase in surface runoff due to the rainy season carrying nutrients 

to waters; and to the Pinheiros River reverse pumping to the Billings Reservoir, which increases 

the affluent polluting loads into the water CETESB (2020). According to CETESB (2020), in 

2019, a greater volume of waters from the Pinheiros River was pumped into the Billings 

Reservoir in the rainy season, especially in February and March, resulting in a greater input of 

Phosphorus and other pollutants into the Central Body I of the reservoir (CETESB, 2020). The 

standard for TP for Class II water bodies is < 100 µg/L (CONAMA, 2005), and all water 

samples in the rainy season were not in accordance with this standard, while 75% of water 

samples were not in accordance with this standard in dry one. 

Results for Total dissolved phosphorus (TDP) ranged from 12.43 to 131.35 μg/L during 

the dry season and from 23.33 to 143.24 μg/L during the rainy season. The soluble reactive 

phosphorus (SRP) fraction or Orthophosphate comprises all types of inorganic phosphorus in 

solution (Markad et al., 2019). SRP varied seasonally, being higher and more variable in the 

dry season than the rainy season for all sampling points. SRP results in the dry season ranged 

from 6.77 to 78.77 µg/L, and from 6.09 to 24.94 µg/L during the rainy season. As SRP is the 

main form of phosphorus assimilated by phytoplankton, the lower values obtained in the rainy 

season can be associated with greater phytoplankton biomass (Chlorophyll-a) obtained in that 

season. 

Chlorophyll-a (CHLA) is a parameter used as an indicator of algal biomass and also 

considered the main indicator of the trophic state of aquatic environments (CETESB, 2020). 

CHLA concentration in the dry season ranged from 15.59 to 81.08 µg/L and from 23.17 to 

158.3 µg/L in the rainy season. Higher values of CHLA were observed during the rainy season. 

The highest CHLA value was verified in P1 during the rainy season and may be associated with 

the reversing of waters from Pinheiros River waters into the Billings Reservoir, to prevent 

flooding in the floodplain of the Pinheiros River during the rain period in the city of São Paulo 

(Cardoso-Silva et al., 2014). The standard for CHLA for Class II water bodies is < 30 µg/L 

(CONAMA, 2005), and around 85% of water samples in the rainy season were not in 

accordance with this standard, while around 67% of water samples were not in accordance with 

this standard in the dry one. 

Nitrogen and phosphorus forms had the highest values in the dry season. Comparison with 

CHLA variation indicated an inverse trend, presenting higher values in the rainy season. These 

results indicate that the highest phytoplankton density contributed with the decay of nitrogen 

and phosphorus since they are essential to phytoplankton development and reproduction 

(Jeppesen et al., 2005; Marcarelli and Wurtsbaugh, 2007; Filstrup and Downing, 2017). 

Nutrient availability and increased concentrations of CHLA in the water surface from the water 

ascending operational phase appear to be linked to the rainy season, bringing organic matter 

and dissolved nutrients from surrounding areas to the reservoir. 

Results indicate P1 in the rainy season as a nutrient-rich environment, and may indicate 

the presence of cyanobacteria (Rocha et al., 2014) (Figure 3). Ribeiro et al. (2020) observed 

highest cyanobacteria concentration in the same period confirming the tendency of eutrophic 

environments favoring the presence of these groups of microorganisms. Furthermore, lower 

CHLA concentrations in the falling water compared with the low water operational phase also 
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seem to be explained by water residence time. 

The application of Trophic State Index for tropical/subtropical reservoirs (Cunha et al., 

2013) resulted in around 91.7% of the samples being classified as Hypereutrophic, and 8.3% as 

Supereutrophic. These results show that, in all four sampling points, and in the rainy and dry 

seasons, waters of the Billings Reservoir are impacted by eutrophication. In a study by 

Alcantara et al. (2021) in the Billings Reservoir, waters of the Central Body I were classified 

as Hypereutrophic both in 2019 and 2020. 

Other examples of tropical reservoir that are impacted by eutrophication are: Guarapiranga 

reservoir, in the State of São Paulo - Brazil (Alcantara et al., 2021) and Barra Bonita reservoir, 

also in the State of São Paulo - Brazil (Watanabe et al., 2015). Also, Boëchat et al. (2019) 

studied six shallow lakes and two reservoirs at the Atlantic forest in Southeastern Brazil and 

determined hypereutrophic state to lake Rasa and Pampulha Reservoir. 

4. CONCLUSIONS 

The results of this study show that waters of the Central Body I in Billings Reservoir are 

impacted by eutrophication in both seasons (dry and rainy) and all sampling points. It is 

important to monitor the water quality of this reservoir, especially for TP, CHLA and NH4, for 

which several samples showed that the results were not in accordance with the standards of the 

Brazilian Legislation, set by the CONAMA (2005). 

Statistical analysis showed that seasonality presents a greater influence on water quality in 

the reservoir, compared to the difference between sampling points. Response variables that have 

the largest influence on the analysis of water quality, at the different sampling points and 

seasons, were TN, EC, and SRP, since they varied significantly and presented the highest 

predictive power in the STI tests. WT is a variable closely related to sampling season, and other 

variables are more related to the input of pollution on the reservoir. 

P1 is the sampling point that is closer to the Pedreira Pumping Plant, and results indicate 

that waters in this sampling point are the most polluted. These results showed the influence of 

dumping reversed waters from the polluted Pinheiros and Tiete Rivers on the Billings 

Reservoir. It is important that the quality of waters of the Pinheiros and Tiete Rivers are 

improved, in order to minimize the degradation of the Central Body I of the Billings Reservoir. 

Another important effort that is needed is to improve the collection and treatment of wastewater 

on the households that are on the Billings watershed. One important step towards these goals is 

the “New Pinheiros River Program” (https://novoriopinheiros.sp.gov.br/), which is a program 

led by the State Government. This program aims at the depollution of the Pinheiros River, based 

on basic sanitation, cleaning, dredging and environmental education. The effects of this 

program will be seen in future research, and the results obtained in this research will serve as 

comparative parameters, in order to evaluate the effects of the future Pinheiros River 

depollution on the water quality of the Central Body I of the Billings Reservoir. 

This study presents recent data about a water body that is important to the public water 

supply in the Metropolitan Region of São Paulo, a region with more than 21 million inhabitants. 

Therefore, these results can assist public managers in minimizing the effects of progressive 

water quality degradation of this reservoir. 
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