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1 Introduction 
Urban lakes, along with green areas, are ecosystems that have 
multiple uses, providing important services such as public water 
supply, recreation areas, flood control, and landscape beautification 
of urban centers (Almanza-Marroquín et al. 2016, Arya & Kumar 
2023). These environments can also help control local temperature 
and humidity, consequently improving the quality of life for the 
population (Gao et al. 2019).

Historically, cities were built near aquatic ecosystems to maintain 
supply and ensure societal survival (Baptista et al. 2013). However, 
the expansion of large urban centers after the Industrial Revolution 
imposed environmental problems on these aquatic environments, 
particularly in relation to water quality (de Jonge et al. 2002).

Anthropogenic pressure around urban aquatic environments 
favors the processes of water eutrophication. This is a process 
whereby water bodies become over-enriched with nutrients, mainly 
phosphorus and nitrogen, as a direct result of urban population 
growth (Esteves 2011). Eutrophication is one of the most serious 
and difficult environmental problems to resolve in terms of the 
conservation and recovery of aquatic environments, and it is now 
considered a global environmental issue. Eutrophic environments 
are characterized by the depletion of dissolved oxygen and increased 
nutrient concentrations, especially nitrogen and phosphorus (Viana 
et al. 2009, Zhou et al. 2022, Silva et al. 2022, Akinnawo 2023).

The increase in these nutrient concentrations favors the intense 
development of primary producers, especially cyanobacteria and 
aquatic macrophytes, which can lead to severe management 
problems (Oberholster et al. 2006, Rosińska et al. 2017). This 
problem is exacerbated by the fact that many bloom-forming 
cyanobacteria species are potential toxin (cyanotoxin) producers. 
These complex molecules can bioaccumulate in the food chain, 
causing intoxication and even death in animals and humans (Silva & 
Jati 2024, Fabrin et al. 2020).

To monitor this issue, Trophic State Indicex (TSI) were developed 
to evaluate nutrient enrichment in the water and its effect on the 
excessive growth of aquatic primary producers. The TSI classifies 

water bodies into different trophic states. In general, the index takes 
into account chlorophyll-a concentrations, which can be an efficient 
proxy for aquatic productivity, and total phosphorus. There is a 
correlation between phytoplankton biomass and chlorophyll-a and 
total phosphorus concentrations, thus the TSI serves as the basis 
for classifying aquatic ecosystems according to their trophic state 
(Reynolds 2006, D'Alessandro & Nogueira 2018). The TSI can aid in 
decisions on the risks of algal blooms, as well as in controlling the 
eutrophication of aquatic environments, which is a global concern for 
decision-makers in water resource management (Bucci & Oliveira 
2014).

The aim of this study was to limnologically characterize and 
determine the trophic state of Ingá Park Lake, a subtropical lake 
located in an urban remnant of Atlantic Forest.

2 Material and Methods

2.1 Study Area

The Municipality of Maringá is situated in the northwest region of the 
State of Paraná, Brazil (23°25'S and 51°25'W). It has an average annual 
rainfall of between 1500 and 1600 mm and average annual temperatures 
of between 20°C and 25°C (Santos 2003). The Ingá Park encompasses 
an area of 47.3 hectares and is one of the last remaining remnants 
of Atlantic Forest in the region, serving as the primary recreational 
environment for the population (Bovo & Amorim 2009). It is covered 
by pristine forest, being located within the phytogeological region of 
seasonal semideciduous forest (Maack 1981). The main lake in Ingá 
Park occupies approximately a fifth of the total park area (Vaz 1998) 
(Figure 1).

Currently, the lake volume is largely maintained through rainwater 
drainage systems, as most of the natural springs that existed within the 
park, such as the emergence of the water table, have dried up due to 
slope impermeabilization and increased groundwater extraction in the 
vicinity of the park. As a result, there is no water renewal into the lake. Its 
water volume is greatly reduced during the dry season and replenished 
during the rainy season, with very rare episodes of water overflow 
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through the dame gate, which is of the free weir type (Jati 2019, Silva 
& Jati 2024).

  

2.2 Sampling and analysis 

Sampling of total phytoplankton and environmental abiotic variables 
was carried out during the dry season, between May and June 2018m 
and during the rainy season, between January and February 2019. Ten 
collection days were established for each period, with a three-day interval 
between each collection. Depth samplings followed a gradient of light 
availability, with collections from the subsurface, at the boundary of the 
euphotic zone (Euphotic), and from the hypolimnion (Bottom), totaling 
60 samples.

Abiotic variables such as water temperature (Temp, °C), pH, maximum 
depth (Zmax, m), euphotic zone (Zeu, m) calculated as 2.7 times 
the Secchi disk depth, electrical conductivity (Cond, μS.cm-1), and 
dissolved oxygen (DO, mg.L-1) were collected in situ using portable 
digital potentiometers. Water turbidity (Turb, NTU) was measured with 
a turbidity meter. Concentrations of phosphate and total phosphorus 
(μg.L-1; Golterman et al., 1978), nitrate ion, ammonium ion, and total 
nitrogen (μg.L-1; Mackereth et al., 1978) were estimated. For the 
determination of chlorophyll-a, 400 mL of the sample was filtered using a 
47 mm-diameter glass fiber microfilter, and chlorophyll-a concentrations 
were quantified by extraction in 90% (V/V) acetone, with readings 
taken on a spectrophotometer at wavelengths of 663 nm and 750 nm. 
Measurements of samples acidified with 0.1N hydrochloric acid (HCl) 
were also conducted (Golterman, 1978). Rainfall data for the study period 
were obtained from the meteorological station of the State University of 
Maringá.

2.2 Data Analysis 

Principal Component Analysis (PCA; Legendre & Legendre 1998) was 
employed to summarize environmental variability during each study 
period (dry and rainy) and across all lake compartments (surface, euphotic 
zone boundary, and bottom in the PCA. All available environmental 
variables were utilized: water temperature, dissolved oxygen, pH, Secchi 
depth, nitrate (NH3), ammonium (NH4), Tubidity, total phosphorous and 
maximum depth. The PCA was conducted using the R statistical software 
(R Core Team 2023) and the statistical packages "Vegan" (Dixon 2003), 
"factoextra" (Kassambara & Mundt, 2017), "factoMineR" (Lê et al., 2008).

The Trophic State Index (TSI) was also calculated, to aid in visualizing 
the overall trophic level of the environment and its effect on water 
quality. The TSI was determined using equations that consider the 

concentration of chlorophyll-a (CHL) and total phosphorus (TP), following 
the method described by Alves et al. (2012) and Andrietti et al. (2016). 
The classification of the aquatic environment, according to the TSI, is 
summarized in Table 1. Equations 1, 2, and 3 were used to determine 
the TSI, where:

TSI (TP): is the trophic state index determined for phosphorus.

TSI (CHL): is the trophic state index determined for chlorophyll-a.

TP: is the total phosphorus concentration measured at the water surface, 
in µg L-1.

CHL: is the chlorophyll-a concentration measured at the water surface, 
in µg L-1.

The classification of the aquatic environment, according to TSI, is given 
in six trophic levels:

Trophic State TSI Range Description

Ultraoligotrophic ≤51.1 Extremely low productivity, very clear water

Oligotrophic 51.1≤ TSI ≤53.1 Low productivity, clear water

Mesotrophic 53.2≤ TSI ≤55.7 Moderate productivity

Supereutrophic 58.2≤ TSI ≤59 High productivity, possible algal blooms

Eutrophic >59.1 Very high productivity, frequent algal blooms

Adapted from ANA (2015) and Cunha et al., (2013).

3 Results
3.1 Environmental and Limnological 
Characterization of Lake Ingá

There were no rainfall events during the sampling days of the dry season, 
nor in the ten days preceding the collections. However, during the rainy 
season, several episodes of rainfall occurred on the sampling days, 
with rainfall ranging from 5 mm to 35 mm. In the context of a subtropical 
environment, water temperature also stood out as a parameter of 
seasonal importance. Total phosphorus maintained its concentrations 
at between 23.2 μg.L-1 and 68.7 μg μg.L-1, presenting higher values 
during the dry season (Figure 2A). Among the various nutrients present 
in the water, the concentration of ammonium ion (NH4) increased nearly 
fourfold during the rainy season (average of 246.6 μg.L-1) compared to 
the dry season (average of 68.51 μg μg.L-1) (Figure 2B). Similarly to total 
phosphorus, the lake also showed higher nitrate values in the dry season 
compared to the rainy season (Figure 2C). The lake also showed higher 
concentrations of dissolved oxygen during the dry season (Figure 2D). In 
the dry season, lower temperatures were observed, ranging from 18.9ºC 
to 23.5ºC. On the other hand, in the rainy season, the water temperature 
remained consistently high throughout the entire sampling series, 
fluctuating between 27.1 and 29.8 ºC (Figure 2F). Chlorophyll-a varied 
from 26.17 mg.L-1 in the dry season to 22.17 mg.L-1 in the rainy season.

Figure 1. Location map of Ingá Park lake, Maringá, Paraná, Brazil. 

Table 1. Trophic Classification according to the Trophic State Index (TSI)
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The first two axes of the Principal Component Analysis (PCA) accounted 
for 60% of the variability in the environmental data, highlighting periods 
of higher and lower rainfall. On Axis 1 (41,8%), a negative correlation 
was observed between pH (-0.59), dissolved oxygen (-0.92), and                           
NO3-N (-0.32) during the dry season. On the other hand, water 
temperature (0.76), PO4-P (0.53), and NH4-N (0.87) exhibited positive 
correlations with the rainy season (Figure3).

The application of the Trophic State Index (TSI) to the average values 
of Total Phosphorus (TP) and Chlorophyll-a characterized the lake in 
Ingá Park as hypereutrophic. The TSI values were higher during the dry 
season, indicating a deterioration in the trophic conditions of the water 
with decreased rainfall (Table 2). The index values were higher for total 
phosphorus, 120,8 (dry season) and 120,2 (rainy season), compared to 

chlorophyll-a, 110 and 111, dry and rainy seasons, respectively. Based on 
the calculations of the TSI equations, which consider the concentrations 
of total phosphorus and chlorophyll-a, it was possible to classify the lake 
in Ingá Park lake as hypereutrophic (TSI > 59), as it exhibited a TSI of 
115.7 during the dry season and 115 during the rainy season (Table 2).

Table 2. Valores calculados para o Índice de Estado Trófico (TSI) segundo as 
concentrações de fósforo total (PT) e Clorofila-a (CHL) para os períodos seco e 
chuvoso.

TSI 
Dry season TSI (TP) 120.8 115.7

TSI (CHL) 110.6
Rainy season TSI (TP) 120.2 115

TSI (CHL) 109.7

4 Discussion
Ingá Park Lake was characterized according to its environmental 
conditions as a shallow, dynamic, and hypereutrophic environment, with 
limnological characteristics influenced by seasonal rainfall. This regional 
climatic factor is crucial in the dynamics of urban lakes since the inflow 
of water into the system leads to habitat expansion and consequent 
limnological alterations, such as resource dilution and an increase in 
suspended solids (Nabout & Nogueira, 2011).

The variation in the lake's limnological variables was marked by 
anomalous periods of higher and lower rainfall. The rainy season, 
characterized by higher rates of rainfall and air temperature compared 
to the dry season, may influence the metabolic alteration of the 
environment. The lake presented borderline concentrations in relation 
to what is stipulated by Brazilian legislation (CONAMA 357/05, Brazil 
2005). Due to the high concentrations of nutrients and the low renewal 
rate of its water, nutrient retention in the sediment is expected. When 
resuspended, this can influence the lake's primary community, leading 
to events of algae and cyanobacteria blooms (Silva & Jati 2024). Even 
though an increasing trend in nutrient concentration was observed during 
the rainy season, long-term trends will only be evidenced with continued 
lake monitoring.

The analysis of the Trophic State Index (TSI) classified the lake as 
hypereutrophic, with an increasing trend in the index value during the 
rainy season due to habitat expansion and the deterioration of water 
quality, particularly due to increased nutrient concentrations. The TSI 
is considered a consistent measure of environmental degradation, with 
the hypereutrophic state being the same as that attributed to the Billings 
Reservoir, a highly polluted reservoir in São Paulo (BR), the largest city 
in Latin America (Cunha & Calijuri, 2011; Bem et al., 2013). Assigning 
a hypereutrophic classification to this lake raises significant concern, 
as it is primarily used for recreational activities involving indirect water 
contact, such as paddle boating and kayaking.

When interpreting the results, it is important to consider that the trophic 
state index (TSI) for phosphorus should be understood as a measure 
of the potential for eutrophication, while the TSI for chlorophyll-a should 
be understood as the environment's response to artificial phosphorus 
enrichment (Cunha et al., 2013). In aquatic environments where the 
eutrophication process is established, the indices for phosphorus and 
chlorophyll-a coincide, indicating the same trophic state. However, if the 
eutrophication process is limited by other factors such as temperature 
or turbidity, the TSI values for chlorophyll-a will be lower, classifying 
the environment as having a lower trophic state than that calculated for 
phosphorus concentrations (Cucio & Porto, 2015).

Increased rainfall can increase nutrient concentrations in aquatic 
ecosystems, as the rainwater carries nutrients from marginal areas into 
these ecosystems. However, nutrient concentrations in the Ingá Park 
Lake did not increase during the rainy season. A study by Silva & Jati 
(2024) in this environment showed that rainfall increased the density and 
biovolume of phytoplankton, particularly potentially toxic Cyanobacteria 
species with a high capacity for bloom formation. In this study, rainfall 
appeared to indirectly influence phytoplankton by diluting suspended 
solids and improving light availability, resulting in higher biomass values 
during this period. Because the density of cyanobacteria is eight times 
higher than the limit established by Brazilian legislation of 10 mm³/L, 
as stipulated in CONAMA Resolution 357/2005 (Conselho Nacional do 

Figure 2. Mean values and standard deviations of Total phosphorous (A), Amonium 
(B), Nitrate (C), DO- Dissolved Oxygen (D), pH (E), WT-Water Temperature (F), 
Turbidity (G), Secchi (H) in Ingá Lake. These variables were estimated during the 
period from May to June 2018 (dry season) and January to February 2019 (rainy 
season) across three strata (Surface, Euphotic Zone Boundary (Zeu), and Bottom). 
Biovolume and density values were logarithmically transformed.

Figure 3. Dispersion of the scores of the first two axes of the PCA of the main 
physical-chemical variables of the water distributed by the days of sampling in the 
lagoon. Zmax -(Depth), dissolved oxygen- (DO), hydrogenion potential-(pH), water 
temperature- (Temp), ammonium ion- (NH4), nitrate – (NO3), phosphate- (PO4), 
Turb-Turbidity.
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Meio Ambiente) (Brasil, 2005), Ingá Park Lake was classified as Class 
4, whereby the environment can only be used for landscaping purposes.

5 Conclusions and Recommendations
This pioneering study examines the trophic state of Ingá Park Lake. It 
observed poor water quality, assigning a hypereutrophic classification to 
the lake regardless of the seasonal period. However, a parallel study 
evaluating the phytoplankton community showed high densities and 
biomass of potentially toxin-producing cyanobacteria, with blooms 
occurring during the rainy season. Consequently, it is necessary to 
increase control over secondary contact activities in the lake to protect 
the population from potential contamination.

It is essential to establish partnerships between the local population, 
research institutions, NGOs, and government agencies to implement 
and monitor recovery and preservation actions for the lake. We also 
recommend systematic analyses to identify, typify, and quantify toxins 
in the lake water, along with constant monitoring of abiotic variables, 
considering seasonal variations in rainfall, to guide the management of 
this environment.

The local population should be aware of the lake recovery actions being 
carried out, and should hold authorities accountable and remain alert 
to potential water-related issues. To this end, it is necessary to develop 
environmental education and awareness programs, emphasizing the 
importance of preserving the water resources and reducing pollution, in 
order to improve quality of life and environmental conservation.

The recovery of this ecosystem must address anthropogenic impacts in 
the drainage basin. Soil impermeabilization and anthropogenic occupation 
of the basin are significant sources of increased nutrient input. Actions to 
remove nutrients directly from the lake without broader measures in the 
drainage basin are merely palliative. Reducing phytoplankton biomass, 
cyanobacterial blooms, and nutrient concentrations in the lake depends 
on stopping the discharge of untreated domestic sewage into the lake.

Acknowledgements

We express our gratitude to the Coordination for the Improvement of 
Higher Education Personnel (CAPES) — Finance Code 001, for the 
doctoral scholarship awarded to the first author through the Graduate 
Program in Ecology at the Federal University of Rio de Janeiro (UFRJ). 
We also thank NUPELIA (Center for Research in Limnology, Ichthyology, 
and Aquaculture) at the State University of Maringá (UEM) for logistical 
and financial support, and the Basic Limnology Laboratory/Nupelia for 
providing the abiotic data.

References
Agência Nacional de Águas – ANA (Brazil). 2015. Portal da qualidade das águas. 

Indicadores de qualidade. Índice de qualidade das águas (IQA). Disponível 
em: http://portalpnqa.ana.gov.br/indicadores-indice-aguas.aspx.

Akinnawo, S. O. 2023. Eutrophication: Causes, consequences, physical, chemical 
and biological techniques for mitigation strategies. Environmental Challenges, 
12, 100733.

Almanza-Marroquín, V., Figueroa, R., Parra, O., Fernández, X., Baeza, C., Yañez, 
J., & Urrutia, R. 2016. Bases limnológicas para a gestão de los lagos urbanos 
de Concepción, Chile. Latin American Journal of Aquatic Research, 44(2), 313-
326.

Alves, I. C. C., El-Robrini, M., Santos, M. L. S., Monteiro, S. M., Barbosa, L. P. F., 
& Guimarães, J. T. F. 2012. Qualidade das águas superficiais e avaliação do 
estado trófico do Rio Arari (Ilha de Marajó, norte do Brasil). Acta Amazônica, 
42(1), 115-124.

Andrietti, G., Freire, R., Amaral, A. G. D., Almeida, F. T. D., Bongiovani, M. C., & 
Schneider, R. M., 2016. Índices de qualidade da água e de estado trófico do 
rio Caiabi, MT. Revista Ambiente & Água, 11, 162-175. 

Arya, S., & Kumar, A. 2023. Evaluation of stormwater management approaches and 

challenges in urban flood control. Urban Climate, 51, 101643.
Baptista, Márcio Benedito; Cardoso, Adriana Sales. 2013. Rios e cidades: uma 

longa e sinuosa história. Revista da Universidade Federal de Minas Gerais, 
20(2), 124-153.

Bem, C. C., Braga, M. C. B., & Azevedo, J. C. R. 2013. Avaliação de um lago 
urbano raso. Revista de Gestão de Água da América Latina, 10(1), 41-50.

Bovo, M. C., & Amorim, M. C. D. C. T. 2009. Áreas Verdes Urbanas, a Imagem, o 
Mito e a Realidade: um estudo de caso sobre a cidade de Maringá/PR/BR. 
Formação (Online), 1(16). 

BRASIL. Resolução CONAMA 357, de 17 de março de 2005. Conselho Nacional 
de Meio Ambiente. Available at: https://www.siam.mg.gov.br/sla/download.
pdf?idNorma=2747. Accessed on: 25 nov. 2024.

Bucci, M. H., & Oliveira, L. F. C. D. 2014. Índices de qualidade da água e de estado 
trófico na represa Dr. João Penido (Juiz de Fora, MG). Revista Ambiente & 
Água, 9, 130-148.

Cucio, M. S., & Porto, M. F. A., 2015. Carga máxima admissível de fósforo e estado 
trófico do Reservatório Tanque Grande, Guarulhos–SP. Revista Brasileira de 
Recursos Hídricos (online), 20.

Cunha, D. G. F., & Calijuri, M. C. 2011. Limiting factors for phytoplankton growth 
in subtropical reservoirs: the effect of light and nutrient availability in different 
longitudinal compartments. Lake and Reservoir Management, 27, 162-172.

Cunha, D. G. F., Calijuri, M. C., & Lamparelli, M. C. 2013. A trophic state index 
for tropical/subtropical reservoirs (TSI/tsr). Ecological Engineering, 60(1), 126-
134.

D'Alessandro, E., & Nogueira, I. 2018. Avaliação do índice de estado trófico no Lago 
dos Tigres, Britânia, Goiás. Revista Gestão & Sustentabilidade Ambiental, 
7(3), 98-128.

De Jonge, V. N., Elliott, M., & Orive, E. 2002. Causes, historical development, effects 
and future challenges of a common environmental problem: eutrophication. In: 
Nutrients and Eutrophication in Estuaries and Coastal Waters: Proceedings 
of the 31st Symposium of the Estuarine and Coastal Sciences Association 
(ECSA), held in Bilbao, Spain, 3-7 July 2000 (pp. 1-19). Springer Netherlands.

Dixon, P., 2003. VEGAN, a package of R functions for community ecology. Journal 
of vegetation science, 14(6), 927-930.

Esteves, F. A. 2011. Fundamentos de Limnologia. Rio de Janeiro: Interciência, 3rd 
ed., v. 1, 790.

Fabrin, T. M. C., Stabile, B. H. M., da Silva, M. V., Jati, S., Rodrigues, L., & de 
Oliveira, A. V. 2020. Cyanobacteria in an urban lake: hidden diversity revealed 
by metabarcoding. Aquatic Ecology, 54(2), 671-675.

Gao, Y., Deng, Z., & Morrison, A. M. 2019. Can Urban Lake Recreational Pressure 
Be Measured? The Impacts of Urbanization on Wuhan’s Lakes. Applied Spatial 
Analysis and Policy, 12(2), 255-273.

Golterman, H. L., Clymo, R. S., & Ohnstad, M. A. M. 1978. Methods for physical and 
chemical analysis of freshwater. IBP. Oxford, Blackwell Scientific Publication, 
2nd ed.

Jati, S. 2019. Revisão do Plano de Manejo do Parque do Ingá: Condições 
limnológicas e vegetação terrestre. Universidade Estadual de Maringá.

Kassambara, A., & Mundt, F., 2017. Package ‘factoextra’. Extract and visualize the 
results of multivariate data analyses, 76(2).Legendre P. & Legendre L., 1998. 
Numerical ecology. Developments in environmental modelling, 20.

Lê, S., Josse, J., & Husson, F., 2008. FactoMineR: an R package for multivariate 
analysis. Journal of statistical software, 25, 1-18.

Legendre, P. & Legendre L., 1998. Numerical ecology. Elsevier. 
Maack, R. 1981. Geografia física do Estado do Paraná. Rio de Janeiro: Livraria 

José Olympio Editora.
Mackereth, F. Y. H., Heron, J. R., & Tailing, J. F. 1978. Water analysis: Some 

revised methods for limnologists. Freshwater Biological Association Scientific 
Publication, 36:120.

Nabout, J. C., & Nogueira, I. S. 2011. Variação temporal da comunidade 
fitoplanctônica em lagos urbanos eutróficos. Acta Scientiarum. Biological 
Sciences, 33(4), 383-391.

Oberholster, P. J., Botha, A. M., & Cloete, T. E. 2006. Toxic cyanobacterial blooms in 
a shallow, artificially mixed urban lake in Colorado, USA. Lakes & Reservoirs: 
Research & Management, 11(2), 11:111–123.

R Core Team: A language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria, 2023. https://www.R-project.org/.

Reynolds, C. S. 2006. Ecology of phytoplankton. Cambrigde: Cambrigde University 
Press.

Rosińska, J., Kozak, A., Dondajewska, R., & Gołdyn, R. 2017. Cyanobacteria 
blooms before and during the restoration process of a shallow urban lake. 
Journal of Environmental Management, 198, 340-347.

Santos, A. O. 2003. Caracterização do reservatório no Parque do Ingá, em Maringá-
PR no que diz respeito a seus aspectos limnológicos. Dissertação (Mestrado 

http://periodicos.univali.br/index.php/bjast/


Da Silva, M. V., Jati, S. (2024).

20Braz. J. Aquat. Sci. Technol. 28 (2) 010-014 periodicos.univali.br/index.php/bjast/

10.14210/bjast.v28n1.20515

em Geografia) – Universidade Estadual de Maringá, Maringá.
Silva, M. V., Bortolini, J. C., & Jati, S. 2022. The phytoplankton community as a 

descriptor of environmental variability: a case study in five reservoirs of the 
Paraná River basin. Acta Limnologica Brasiliensia, 34.

Silva, M. V., & Jati, S. 2024. Rainfall increases the biomass and drives the taxonomic 
and morpho-functional groups variability of phytoplankton in a subtropical 
urban lake. Acta Limnologica Brasiliensia, 37.

Vaz, S. R. 1998. Dinâmica do chumbo no lago do Parque do Ingá, Maringá, PR, 
Brasil. Brazilian Archives of Biology and Technology, 41, 457-466.

Viana, R. B., Cavalcante, R. M., Braga, F. M. G., Viana, A. B., Araújo, J. C., 
Nascimento, R. F., & Pimentel, A. S. 2009. Risk assessment of trihalomethanes 
from tap water in Fortaleza, Brazil. Environmental Monitoring and Assessment, 
151, 317-325.

Zhou, J., Leavitt, P. R., Zhang, Y., & Qin, B. 2022. Anthropogenic eutrophication of 
shallow lakes: is it occasional?. Water Research, 221, 118728.

http://periodicos.univali.br/index.php/bjast/

