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RESUMO 
Este estudo tem como objetivo determinar os desreguladores endócrinos nos 

rios urbanizados Maracanã e Canal do Mangue, no Rio de Janeiro, a segunda 

cidade mais populosa do Brasil. Bisfenol A, 17β-estradiol, estriol e 17α-

etinilestradiol foram determinados por cromatografia líquida de alta eficiência 

com detector de matriz de diodo e detector de fluorescência. Além disso, foi 

realizada a avaliação da atividade estrogênica pelo bioensaio YES (Yeast 

estrogen screen) com a levedura Saccharomyces cerevisiae e ensaios de 

toxicidade aguda utilizando Daphnia similis e Vibrio fischeri. A atividade 

estrogênica nas amostras de água variou de abaixo do limite de detecção (<LD) 

a 1,6 ng L-1, enquanto o bisfenol A variou de 22,3 a 1325,2 ng L-1 e os 

estrogênios 17β-estradiol de <LD a 55,2 ng L-1, estriol de <LD a 313,7 ng L-1 

e 17α-etinilestradiol de <LD a 409,4 ng L-1. A toxicidade aguda não foi 

detectada em ambos os organismos analisados. O presente estudo indica um 

sério nível de poluição pelos compostos avaliados com riscos significativos 

para o ecossistema aquático, principalmente para a Baía de Guanabara que 

recebe descarga de rios urbanizados. Recomenda-se, portanto, a necessidade 

de ações sistemáticas de monitoramento e mitigação nesses corpos d'água. 

Palavras-chave: Atividade estrogênica, desreguladores endócrinos, bioensaio 

YES, ensaios de toxicidade. 

 
ABSTRACT  
This study aimed to determine endocrine disruptors in urbanized rivers 

Maracanã and Mangue Channel in Rio de Janeiro the second most populated 

city in Brazil. Bisphenol A, 17β-estradiol, estriol, and 17α-ethinylestradiol 

were determined by high-performance liquid chromatography with a diode 

array detector and fluorescence detector In addition, the evaluation of 

estrogenic activity was performed by the YES bioassay (Yeast estrogen screen) 

with the Saccharomyces cerevisiae yeast, and acute toxicity assays were 

performed using Daphnia similis and Vibrio fischeri. Estrogenic activity in the 

water samples ranged from below the limit of detection (<LD) to  1.6 ng L-1, 

while bisphenol A ranged from 22.3 to 1325.2 ng L-1 and estrogens 17β-

estradiol from <LD to 55.2  ng L-1, estriol from <LD to 313.7 ng L-1 and 17α-

ethinylestradiol, from <LD to 409.4 ng L-1. The acute toxicity was not detected 

in both analyzed organisms. The present study indicates a serious level of 

pollution by the compounds evaluated with significant risks to the aquatic 

ecosystem, mainly for Guanabara Bay which receives urbanized river 

discharge. Therefore, recommending the need for systematic monitoring and 

mitigating actions in these water bodies. 

Keywords: Estrogenic activity, endocrine disrupters, YES bioassay, toxicity 

assays. 
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1 INTRODUCTION 

 

Historically a significant portion of the 

human population lives in coastal areas, and 

anthropogenic activities in these regions have 

contributed considerably to continuous pollu-

tant discharges into rivers, seas, and lakes 

(LAPWORTH et al., 2012; SILVA et al., 2015; 

KÖCK-SCHULMYER et al., 2019; CORRÊA 

et al., 2021). The endocrine disruptors (EDs), a 

heterogeneous group of chemicals and by-

products, are of significant concern because 

may result in harmful endocrine system effects 

in both humans and animals (VALDÉZ et al., 

2015; GONG et al., 2019; NG et al., 2021). In 

addition, they may present biological activity at 

very low concentrations (µg L-1 and ng L-1) in 

the aquatic environment (BILA & DEZOTTI, 

2007; NEGINTAJI et al., 2018). EDs are 

introduced into the aquatic environment 

through different routes, such as the incorrect 

disposal of pharmaceuticals, untreated domestic 

and industrial sewage, complex mixtures of 

agrochemicals, landfill leachate, among others 

(SINGARE, 2016; HUANG et al., 2019; 

DEICH et al., 2021). 

Water quality concerns have resulted in a 

significant amount of research in this regard in 

the last decades in several countries. Water 

bodies continuously act as receptors for 

different types of pollutants, and this 

environmental degradation significantly affects 

ecosystems through contaminant exposure 

(TERNES et al., 1999; SHI et al., 2014; 

ISMAIL et al., 2019; SOLAUN et al., 2021). In 

Brazil, as well as in countries with deficient 

sanitation, water bodies reflect alarming 

concerns regarding risks associated to micro-

contaminants (KUSTER et al., 2009; 

MONTAGNER et al., 2014; PESSOA et al., 

2014). Research worldwide has, thus, 

increasingly advanced with the aim of 

understanding potential deleterious effects and 

impacts on Brazilian ecosystems (PETEFFI et 

al., 2018; PUSCEDDU et al., 2019; 

MONTAGNER et al., 2019; CHAVES et al., 

2021; BRANCO et al., 2021). 

Effects attributed to EDs include chronic 

changes in the cardiovascular, reproductive, 

endocrine, and immune systems (WAYE et al., 

2011; PORSERYD et al., 2017; ABDEL-

KHALEK et al., 2017; WEI et al., 2018). In 

animals, decreased bird, fish, and turtle egg 

hatching rates have been reported, as well 

feminization or masculinization (IWANO-

WICZ et al., 2019; FORBES et al., 2019) which 

may lead to the decline of entire populations 

(WANG et al., 2018). In humans, studies have 

reported increased cancer incidence, fertility 

problems, as well as metabolic, cardiovascular, 

pulmonary, neuropsychiatric, and neurode-

generative diseases (BIRKETT & LESTER, 

2003; MELO et al., 2009; ROCHA et al., 2018; 

PONTELLI et al., 2019). 

Assessing the impacts and behavior of EDs 

compounds in water bodies is an increasingly 

complex and environmentally relevant issue 

(SHAO et al., 2019), reflecting the urgency of 

ED discussion and management (LUO et al., 

2019). In this context, water bodies in 

metropolitan regions, lacking basic sanitation 

infrastructure and poor environmental legis-

lation, are at the most risk for EDs 

contamination (MEYER et al., 1999; SODRÉ et 

al., 2010). This is the case of two water bodies, 

the Mangue Channel and your main tributary, 

the Maracanã River. Both flow through the 

metropolitan area of Rio de Janeiro, 

Southeastern Brazil, and it flows into the bay 

Guanabara Bay, one of the most 

anthropogenically impacted estuaries in Brazil 

which display significant social, economic and 

tourist importance (ROSMAN, 2011; 

HAUSER-DAVIS et al., 2019). 

The Maracanã River is highly deteriorated, 

due to the disorderly human population growth 

associated with a lack of basic sanitation in the 

region. The river runs through three 

neighborhoods, Maracanã, Vila Isabel, and 

Tijuca and approximately 393,000 in habitants 

live in surrounding areas, with dozens of slums 

located on neighboring Tijuca Mountain Range 

slopes, where 13% of this total population lives 

(IBGE, 2010). The sewage network connects 

this area to the Alegria Sewage Treatment 

Station, located in the Caju neighborhood, 

where the sewage is treated and subsequently 

disposed of into Guanabara Bay (PSAM, 2015). 

However, this sewage network does not serve 

the entire population of this area. Thus, 

clandestine sewer pipes from different slums, 

such as the Indiana and Borel complexes, are 

directly linked to the Maracanã River, and crude 

sewage is directly disposed of into this water 

body. In addition, solid waste collection is not 
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regular in the upper part of the neighborhood, 

being routinely disposed in the Maracanã River. 

The presence of EDs in the environment 

represents a potential threat to ecosystems and 

human health, due to evidence of toxicity, 

genotoxicity and endocrine disruption at very 

low concentrations (YOU and SONG, 2021). 

More studies are needed to understand the real 

impact of these micropollutants on rivers in 

Brazil. 

In this context, the aim of this study was to 

investigate the presence of EDs such as 

bisphenol A (BPA), 17β-estradiol (E2), estriol 

(E3) and 17α-ethinylestradiol (EE2) by high-

performance liquid chromatography (HPLC), 

estrogenic activity by the yeast estrogen screen 

(YES) bioassay and acute toxicity assays using 

Daphnia similis and Vibrio fischeri. Data on 

how these micropollutants are discharged into 

Guanabara Bay may aid in environmental 

conservation and decision-making. 

 
2 MATERIALS AND METHODS 

 

Eight sampling stations were chosen in the 

study area, covering three points in the 

Maracanã River (stations 1, 2, and 3), one in the 

Trapicheiro River (station 4), one in the 

Comprido River (station 5), and three in the 

Mangue Channel (stations 6, 7, and 8). Figure 1 

shows the sampling stations assessed herein. 

 

 

 
Figure 1 

Surface water sampling stations on the Maracanã River and  
Mangue Channel (IBGE, 2010; Satelite image - Digitalglobe 2016). 

 

 

Water samples were collected using a Van 

Dorn probe (AFK 34) and transferred to 1 L 

amber glass bottles for the chromatographic 

analyses and the YES bioassay. 50 mL aliquot 

was collected in polypropylene tubes for 

physicochemical parameter evaluations and 

toxicity assays. To prevent microbiological 

degradation of the BPA, E2, E3, and EE2 10 mL 

methanol (1% v/v) were added to each amber 

glass bottle. Samples were stored at 4 °C until 

they arrived at the laboratory.  

All materials and glasswares used for sample 

collection and preparation were thoroughly 

decontaminated with 10% nitric acid solution to 

avoid interference from potential contaminants 

in the final results. 

After collection and within 48 h, 1 L of each 

sample was filtered through a 0.45 μm cellulose 
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membrane (Merck®) by a vacuum pump and 

acidified to pH 3 with HCl (3 mol L-1). Analytes 

of interest were isolated by solid-phase 

extraction (SPE) being used Strata X cartridges 

(500 mg per 6 mL, Phenomenex®) with the aid 

of a manifold (Agilent Technologies®). The 

cartridges were preconditioned with 3 x 2 mL 

hexane, 2 mL acetone, 3 x 2 mL methanol, and 

5 x 2 mL ultrapure water at a flow rate of 5-10 

mL min-1. Samples were percolated through the 

cartridges at the same flow rate. A cleaning up 

was then performed with 10 mL methanol and 

ultrapure water at a 1:9 ratio. Subsequently, the 

cartridges were dried under vacuum for 10 min 

and eluted with 4 mL of acetone. The extracts 

were evaporated under a nitrogen stream, 

reconstituted with 2 mL ethanol for the YES 

bioassays and 500 μL acetonitrile (ACN) for the 

HPLC analyses. The analyses were performed 

in triplicate. 

The EDs detection and quantification were 

performed by a previously validated methodo-

logy, reported by Silva et al. (2016) based on 

the methodology described by Brazil National 

Institute of Metrology, Standar-dization and 

Industrial Quality (INMETRO, 2010). Liquid 

chromatography (Waters Corporation®) with a 

Diode Array Detector (DAD), and Fluorescence 

Detector (FLU) were used, with a mobile phase 

of 60% ACN and 40% ultrapure water, and an 

injection volume of 20 μL. The eluent flow to 

BPA was 1 mL min-1, λexc = 223 nm and λem 

= 300 nm, and to E2, E3, and EE2 was 1 mL 

min-1, λexc = 230 nm and λem = 306 nm. The 

stationary phase consisted of a Novapak PAH 

chromatographic column (4.6 x 250 mm, 5 

microns). Compounds were identified by 

comparing retention times and peaks area with 

the corresponding standard solution. 

The limits of detection (LD) and 

quantification (LQ), linearity, and recovery 

parameters were determined according to 

INMETRO (2010). Linearity was determined as 

a function of the standard curve evaluating R 

and R2 values. The LQ was obtained by the 

lowest concentration of the analytical curve and 

the LD was determined as LD = SD × 6.965. 

Analytical curve correlation coefficient (R²) 

values were > 0.99 for all compounds. For BPA, 

the LD was 1.899 µg L-1 and the LQ was 62.5 

µg L-1. LD values for E2, E3, and EE2 were 

0.002, 0.002 and 0.005 µg L-1 and LQ values 

were 0.098, 0.013, and 0.074 µg L-1 

respectively, with recoveries ranging from 97 to 

106%. 

For the YES bioassay, dilutions of the 

extracts and the E2 standard were performed in 

96-well sterile flat-bottom microplates. 17β-

estradiol dose-response curves (2724 at 1.3301 

ng L-1) were prepared by successive dilutions of 

E2 and ethanol from a stock solution at 54.48 

μg L-1. In each assay, ethanol and E2 were 

diluted in series, and used as negative and 

positive control, respectively. A 10 μL aliquot 

of each dilution was then transferred to 

duplicate microplates and evaporated to 

dryness, followed by the addition of 200 μL of 

the analysis medium (growth medium, yeast, 

and CPRG) to each well. The microplates were 

then shaken on a plate shaker (IKA MS3®) and 

maintained for 72 h at 30 °C in an incubator 

(New Ethics 410®). After incubation, sample 

absorbances were determined at 575 nm for 

color and 620 nm for turbidity on a plate reader 

(Spectramax M3, Molecular Devices®). The 

dose-response curves for the E2 standard 

followed a concentration versus corrected 

absorbance behavior resulting in sigmoidal 

curves, adjusted by the Source 6.0 software 

(Microsoft®). The estrogenic activity of each 

sample was determined in 17β-estradiol 

equivalents (E2-EQ) by interpolation from the 

standard E2 curve, and divided by the SPE 

concentration factor, obtaining the E2-EQ 

concentrations for each water sample. The mean 

EC50 value of the E2 dose-response curve was 

38 ± 10 ng L-1. The LD was 9 ± 3 ng L-1 and the 

LQ was 28 ± 10 ng L-1. 

Cytotoxicity may occur due to the presence 

of toxic compounds in samples that inhibit 

Saccharomyces cerevisiae yeast growth. This 

inhibition is observed by the absence of 

turbidity at the bottom of the sample wells. 

Thus, a 620 nm absorbance control is used as a 

tool to quantify yeast growth inhibition due to 

sample toxicity (FRISCHE et al., 2009) 

(Equation 1). 

 

Toxicity = 1 - (
ABS620 sample

ABS620 negative control
)    [1] 

 

Based on the study by Kunz et al. (2015), 

which uses the described methodology by the 

EU Water Framework Directive (EU WFD), the 

ecotoxicological risk estimation was performed 

through the risk quotient (RQ). Where the RQ 

is expressed as the analytical relationship 

between measured environmental concen-

trations (MEC) or E2-EQ concentrations and 

the annual average environmental quality 

standard (AA EQS), as shown in Equation 2: 
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RQ = 
MEC or E2−EQ

AA EQS
    [2] 

 

According to the AA EQS, the concentration 

of E2 to protect the aquatic environment in the 

surface water is 0.4 ng L-1 (SCHER, 2011; 

DIRECTIVE 2013/39/EC). For data inter-

pretation, the environmental risk varies between 

none (< 1), at-risk (1 to 10), and high risk (> 10), 

in which harmful effects can be expected due to 

the presence of estrogenic compounds in the 

water (KUNZ et al., 2015). 

The Daphnia similis microcrustacean assay 

was performed according to the Brazilian NBR 

12713 standard (ABNT, 2009). Each sample 

was diluted 4, 2, 1, 0.5 and 0.25 times in 

cultured water, followed by 10 mL addition of 

each solution to test tubes containing five 

microcrustaceans each. Assays were conducted 

in quadruplicate, totaling 20 individuals per 

dilution. The temperature was maintained (20 ± 

2 ºC) under a 48 h photoperiod system (16 h 

light/8 h dark) in an incubator (Ethik 

Tecnology®). The EC50 was determined by the 

Spearman-LCPIN software. 

The Vibrio fischeri marine bacterium assay 

was performed by exposing the bioluminescent 

bacteria to the samples for 0, 15 and 30 min and 

determining reduced luminescence, according 

to the Brazilian NBR 15411-3 standard (ABNT, 

2005), on a Microtox 500® SDI analyzer using 

the MICROTOX® Omni Software, version 4.1 

(New Castle, USA). The initial sample 

concentration was 81.9% with four serial 

dilutions with 2% NaCl solution. 

Water quality was evaluated by determining 

physicochemical parameters established by 

Brazilian legislation, pH (APHA method 4500-

H+ B), turbidity (APHA method 2130 B),  

conductivity (APHA method 2510 B), ammonia 

nitrogen (APHA method 4500-NH3 D), chloride 

(APHA method 4500-Cl- B), dissolved organic 

carbon (DOC) (APHA method 5310 B) and 

total suspended solids (TSS) (APHA method 

2540 C) (APHA, 2012).

 

 
3 RESULTS AND DISCUSSION 

 

Bisphenol A concentrations ranged from 

22.3 to 1325.2 ng L-1, with higher concen-

trations at stations 7, 4, and 8 (Table 1). These 

areas coexist with expressive transport and 

individual fluxes, leading to a huge daily waste 

contribution to this water body. The area also 

reflects severe flooding problems during the 

rains, aggravated due to the inefficiency of the 

collecting network (IBGE, 2014). The detected 

BPA values are high when compared to other 

studies, for example, an at Mondego River 

surface water in Portugal (2.4 ng L-1), Yangtze 

River in China (0.98 to 43.8 ng L-1), in three 

rivers in South India (2.8 to 136 ng L-1) and in 

Poland (5.0 to 95 ng L-1) (ROCHA et al., 2014; 

SHI et al., 2014; SELVARAJ et al., 2014; 

CZARZYÑSKA-GOŚLIŃSKA et al., 2017). 

However, the values were lower compared to 

those detected at the Yong River (15 to 1415 ng 

L-1) and Bahe River (1573.1 ng L-1), both in 

China (CHENG et al., 2018; WANG et al., 

2018), and in Brazil, BPA values in surface 

waters from rivers in the state of São Paulo 

ranged from 2.8 to 39860 ng L-1 

(MONTAGNER et al., 2017). 

Regarding estrogens, E2 values ranged from 

<LD to 55.2 ng L-1 with higher concentrations 

at stations 8, 6, 7 and 1 (Table 1). Samples from 

stations 2, 3, 4, and 5 were below the LD. 17β-

estradiol results were higher herein compared to 

surface water studies in South Korea, which 

reported values from 1.1 to 10.1 ng L-1 (KIM et 

al., 2009), the Mondego River in Portugal, at 

2.8 ng L-1 (ROCHA et al., 2014) and in the 

USA, ranging from 0.7 to 1.7 ng L-1 

(KOLODZIEJ & SEDLAK, 2007). In the Bahe 

River in China, high concentrations of 23.9 ng 

L-1 (WANG et al., 2018) were detected, while a 

WWTP tributary presented values from 7.4 to 

32.7 ng L-1 (YE et al., 2014). An important 

caveat regarding risk assessments for E2 is that 

concentrations ≥ 1.0 ng L-1 already pose risks to 

the reproductive capacity of fish (SCHER, 

2011). Thus, a maximum limit of 0.4 ng L-1 for 

E2 in water bodies has been adopted (KUNZ et 

al., 2017).  

Estriol levels ranged from <LD to 313.7 ng 

L-1 at stations 1, 2, 4, 7, and 8, while the highest 

values were observed at stations 4, 2, and 8 

(Table 1). Concentrations at stations 3, 5, and 6 

were below the LD. These values are higher 

than detected at three rivers in Tianjin China, at 

37.20 L-1 (RAO et al., 2013) and the Bahe 

River, also in China, at 5.2 ng L-1 (WANG et 

al., 2018), surface water and wastewater in Italy 

values have been reported as 0.95 L-1 (CIOFI et 

al., 2013), surface water in Taiwan, from <LD 

to 210 ng L-1 in (CHEN et al., 2010) and the 
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Tubarão stream in São Paulo, Brazil, from <LD 

to 60 ng L-1 (DANIEL & LIMA, 2014).  

17α-ethinylestradiol results ranged from 

<LD to 409.4 ng L-1, with the highest detections 

at stations 4 and 8, while only station 2 

presented values <LD (Table 1). Again, the 

values reported herein are significantly higher 

than those reported in other studies, such as in 

South Korea (1.9 ng L-1) (KIM et al., 2009), at 

the Bahe River, also in China (31.5 ng L-1) 

(WANG et al., 2018) and at the Mondego River, 

in Portugal (4.4 ng L-1) (ROCHA et al., 2014). 

Considering the potential adverse effects of 

EE2 on aquatic environments, the European 

Commission proposed a maximum limit of 

0.035 ng L-1 for this estrogen through Directive 

2008/105/EC (GILBERT, 2012; CUNHA et al. 

2016). Another important contribution in this 

regard was Directive 2013/39/EC which 

proposed the first list for observation and 

monitoring of certain substances, published in 

Decision 2015/495/EC (CUNHA et al. 2016; 

BARBOSA et al., 2019). 

 

 
             Table 1 - BPA, E2, E3, and EE2 concentrations in water samples from the Maracanã River and Mangue Channel. 

Sampling 

stations 
Description 

BPA 

(ng L-1) 

E2 

(ng L-1) 

E3 

(ng L-1) 

EE2 

(ng L-1) 

1 Alto da Boa Vista 22.3 6.0 2.9 9.7 

2 Conde Bonfim 46.2 < 0.002 129.3 < 0.005 

3 Maracanã stadium 42.8 < 0.002 < 0.002 8.6 

4 Trapicheiro River 567.6 < 0.002 313.7 409.4 

5 Comprido River 20.4 < 0.002 < 0.002 16.3 

6 Presidente Vargas Avenue 46.1 16.2 < 0.002 21.7 

7 Train station Leopoldina 1325.2 6.1 45 13.9 

8 Novo Rio bus terminal 560.3 55.2 54.8 225.9 

BPA: bisphenol A, E2: 17β-estradiol, E3: estriol, EE2: 17α-ethinylestradiol.  

 

 

 

Most samples displayed estrogenic activity 

(<LD at 1.6 ng L-1), except for station 1, at Alto 

da Boa Vista, the Maracanã River source The 

highest estrogenic responses were observed in 

samples from stations 7, 5, 6, 4, 8, 2, and 3, 

respectively in increasing order. This is 

probably due to different inputs, such as 

domestic and industrial sewage, solid waste and 

substances displaying estrogenic potential as 

pharmaceutical products, pesticides, hormones 

and illicit drugs, among others, as the study 

areas are subject to intense anthropogenic 

action and suffer from inefficient basic 

sanitation (OTTONI, 2010; LUNELLI, 2011). 

Cytotoxicity was observed in the YES 

bioassay for samples from stations 3, 4, 5, 6, and 

7. Therefore, serial dilutions were performed 

and cytotoxicity was reduced until it no longer 

interfered with E2-EQ quantification. Samples 

from stations 1, 2, and 8 were not cytotoxic. 

Figure 2 displays the E2-EQ values of the 

sampled surface waters. 

The surface water samples displayed lower 

estrogenic potential compared to similar 

studies. For example, in one study carried out at 

Pearl River in southern China, values ranged 

from 0.23 to 324 ng L-1, with higher 

concentrations in surface waters and only minor 

variations in sediment (ZHAO et al., 2011), 

while concentrations ranging from 5.72 to 59.06 

ng L-1 were found in samples from three rivers 

in Tianjin, China (RAO et al., 2013). In Brazil, 

Paraíba do Sul River samples filtered through 

1.2 μm membranes have been reported as 

ranging from 0 to 16 ng L-1, while samples 

filtered through 0.45 μm membrane ranged 

from 0 to 3.1 ng L-1 (DIAS et al., 2015). A study 

carried out in two streams of the state Rio de 

Janeiro reported E2-EQ concentrations of 10.4 

and 23 ng L-1 (CUNHA et al., 2021). Regarding 

saline water from Jurujuba Cove, in the city of 

Niterói, Rio de Janeiro, concentrations ranged 

from 0.5 to 3.2 ng L-1 (NASCIMENTO et al., 

2018). Only one study has reported lower 

concentrations, in Langat River in Malaysia, 

with a LD < 1 ng L-1. However, even values 

below 1 ng L-1 may pose risks to the aquatic 

environment (PRAVEENA et al., 2016). Thus, 

the values at the assessed sited (<LD to 1.6 ng 

L-1) still represent potential concerns and 

indicate a polluting source resulting in 

contaminant transport to Guanabara Bay 

(BAPTISTA NETO et al., 2013; RANGEL et 

al., 2013). 
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Figure 2 

17β- estradiol equivalents (E2-EQ) concentrations in surface water  
samples from the Maracanã River and Mangue. <LD: below the limit of detection. 

 

 

 

The micropollutants detected in the 

Maracanã River and Mangue Channel pose a 

significant risk to both water bodies, especially 

considering the proposed E2 (0.4 ng L-1) and 

EE2 (0.035 ng L-1) limits for water bodies 

according to the Directive 2013/39/EC 

(GILBERT, 2012; CUNHA et al., 2016). In 

addition, other factors concerning 

micropollutant contamination in Brazil must 

also be taken into account, such as territorial 

dimensions, population contingents, types of 

developed economy and land use and 

occupation (MONTAGNER et al., 2017). 

Therefore, further incentives for further 

research on this topic are paramount (COTRIM, 

et al., 2016). The water body monitoring 

should, thus, be considered an environmental 

priority, especially concerning estrogenic 

exposure, in the Rio de Janeiro metropolitan 

region, which is surrounded by huge urban 

densities and suffers disorderly occupation 

processes, sewage networks that do not meet 

population demands, clandestine sewage pipes 

and irregular garbage collection (VON 

SPERLING, 2004).  

The ecotoxicological risk was estimated 

considering the RQ indicated in Table 2. Points 

1 and 3 indicated no risk, as the RQ were 0.03 

and 0.27, respectively. Therefore, these points 

comply with the environmental quality 

standards for estrogenic substances set by 

Directive 2013/39/EC. However, the RQ value 

at the other points ranged from 1.63 to 4.00, 

which should be considered ecologically 

relevant due to the possibility of adverse effects 

on aquatic species. 

In the case of the city of Rio de Janeiro, only 

78% of all households are connected to the 

sewage system (IBGE, 2014), although this 

number is actually much higher, as official data 

only consider “permanent” households, i.e., 

regular legal households, and not slums, which 

house a significantly high population and 

discharge crude sewage into the Guanabara Bay 

Basin rivers and into the bay itself. Thus, it is 

not surprising that all determined parameter 

values increased (Table 3) towards the mouth of 

the Mangue Channel and its confluence 

between rivers and streams, where a greater 

accumulation of polluting agents is probable, as 

the metropolitan region of Rio de Janeiro 

receives tons of solid waste daily from different 

polluting sources that reach the aquatic 

environment (COUDERC et al., 2016).  
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Table 2 - Ecotoxicological risk estimation through the risk 
quotient (RQ) in surface water from the Maracanã River and 
Mangue Channel. 

Sampling stations E2 EQ / AA EQS RQ 

1 0.03 none 

2 1.63 at-risk 

3 0.27 none 

4 2.61 at-risk 

5 3.35 at-risk 

6 2.64 at-risk 

7 4.00 at-risk 

8 2.15 at-risk 

E2-EQ: 17β- estradiol equivalents, AA EQS: annual average 

environmental quality standard. 

 
Table 3 - Physicochemical parameters determined in surface water from the Maracanã River and Mangue Channel. 

Sampling 

Stations 

Turbidity pH Chloride N-NH3 Conductivity DOC TSS 

(NTU)  (mg L-1) (mg L-1) (mS cm-1) (mg L-1) (mg L-1) 

1 5.2 7.9 8 0.3 75.5 3.8 64 

2 8.6 7.8 16 0.5 80 5.1 78 

3 8.4 7.8 16 0.6 87.4 8.8 76 

4 9.1 7.0 16 0.9 78 10.2 85 

5 12.2 7.9 14 0.7 98 10.5 97 

6 14.4 7.1 17 1.1 37.7 9.6 126 

7 16.0 7.3 20 1.6 97.3 9.9 182 

8 18.3 7.2 20 1.9 95.6 14.7 220 

N-NH3: ammonia nitrogen, DOC: dissolved organic carbon, TSS: total suspended solids. 

 

 
4 CONCLUSIONS 

 

In sum, estrogenic activity was detected in 

almost all evaluated stations, except for the first, 

located upstream of the Maracanã River. The 

cytotoxicity observed was reduced until it no 

longer interfered with the quantification of E2-

EQ. The highest micropollutant concentrations 

were observed for BPA, followed by estrogens 

EE2, E3, and E2. No toxicity was noted for 

Daphnia similis and Vibrio fischeri. The present 

study indicates severe pollution by the assessed 

compounds at the Maracanã River and Mangue 

Channel, with serious consequences for 

Guanabara Bay. Thus, mitigating actions 

concerning the risks associated with ED in 

complex environmental matrices are 

paramount. 
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