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Abstract 

The present study aimed to estimate the dissolved oxygen concentrations in the Piratini River 

Watershed (in Brazilian Portuguese: BHRP), located in the northwest region of the State of 

Rio Grande do Sul. DO is a crucial parameter in assessing water quality, as it is essential for 

the maintenance of aquatic ecosystems. To estimate this, global linear regression models were 

applied, statistical tools capable of evaluating the effect that one or more variables exert on 

another. The analyzed data come from collections carried out by Environmental Protection 

Foundation (FEPAM) between the years 2005 and 2013, period that, due to the rigorous 

protocol followed and sampling periodicity, revealed a robust and consistent data set. For the 

selection of parameters, we sought those that had the smallest sampling failures in the 

historical data series, namely: Thermotolerant Coliforms, Total Phosphorus, Ammoniacal 

Nitrogen and Total Nitrogen, Turbidity, Total Solids and Hydrogenionic Potential. After 

applying the linear regressions, the best global models generated were able to explain 91.90% 

of the variations in dissolved oxygen in the BHRP, once all the analyzed parameters were 

incorporated, consolidating the applicability of the method. It is also conclude that, with the 

exception of Total Phosphorus, all training periods are within the limits tolerated by 

legislation. 
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Estimativa do oxigênio dissolvido em um rio situado no sul do Rio Grande 

do Sul 
 
Resumo 

O presente estudo teve como objetivo estimar as concentrações de oxigênio dissolvido (OD) 

na Bacia Hidrográfica do Rio Piratini (BHRP), localizada na região noroeste do Estado do Rio 

Grande do Sul. O OD é um parâmetro crucial na avaliação da qualidade hídrica, pois é 

fundamental para a manutenção dos ecossistemas aquáticos. Para estima-lo, foram aplicados 

modelos de regressão linear global, ferramentas estatísticas capazes de avaliar o efeito que 

uma ou mais variáveis exercem sobre outra. Os dados analisados são provenientes de coletas 
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realizadas pela Fundação Estadual de Proteção Ambiental (FEPAM) entre os anos de 2005 e 

2013, período que devido ao rigoroso protocolo seguido e periodicidade amostral, forneceu 

um conjunto de dados robusto e consistente. Para a seleção dos parâmetros, buscou-se aqueles 

que apresentaram as menores falhas amostrais na série histórica de dados, a saber: Coliformes 

Termotolerantes, Fósforo Total, Nitrogênio Amoniacal e Total Nitrogênio, Turbidez, Sólidos 

Totais e Potencial Hidrogeniônico. Após a aplicação das regressões lineares, os melhores 

modelos globais gerados foram capazes de explicar até 91,90% das variações de oxigênio 

dissolvido no BHRP, uma vez que todos os parâmetros analisados foram incorporados, 

consolidando a aplicabilidade do método. Concluiu-se ainda, que com exceção do Fósforo 

Total, todos os parâmetros estudados encontram-se dentro dos limites tolerados pela 

legislação.  
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1 Introduction 

Water resources play a fundamental role in the maintenance of human life and 

ecosystems. Be that as it may, they are intensely impacted due to factors associated with 

human actions, exacerbated population growth, along with the various uses for which they are 

intended, such as human supply, animal watering, irrigation, industrial production and 

electricity generation (Mitrović et al., 2019). 

Such factors, associated with the release of effluents, without prior treatment and 

incorrect disposal of waste, cause changes in the natural characteristics of water bodies, 

compromising the availability of water in adequate quantity and quality (Uddin; Nash & 

Olbert, 2020). From this, the need arises for water quality monitoring, by the agencies 

responsible for water management, in order to make sure the population has water of a quality 

that is compatible with the use for which it is intended (Van Vliet et al., 2021; Manoiu et al., 

2022), since the consumption of poor-quality water, that is, outside the pre-established 

potability standards, can harm human health, on top of affecting aquatic and terrestrial 

ecosystems (Drose et al., 2020). 

In this sense, National Environmental Council (CONAMA) Resolution No. 357/2005 

complemented by N° 430/2011 categorizes and fits water bodies into classes according to 

their uses, establishing permission limits through physical, chemical and biological 
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parameters, which must be monitored periodically (Brasil, 2005). Wherein, in order to 

generate a reliable database, frequent collections must be carried out at several sampling 

points, in addition to the performing of laboratory analysis of a large number of parameters, a 

factor that generates a vast amount of data (of complex interpretation) and thus demands 

financial and technical resources for: the collection, transport and storage of samples, training 

of professionals, field and IT infrastructure for data processing (Liao et al., 2008; Maia; Silva 

& Libanio, 2019). 

In this bias, to facilitate the monitoring and analysis of water quality data, according to 

Zhao et al. (2012), the use of statistical tools is essential, as it allows a global view of the 

environmental phenomena involved, whether natural or from human actions. To this end, 

global linear regression models are statistical techniques that make it possible to know the 

effect that one or more variables have on others (Morais et al., 2020; Centeno, 2017), 

additionally to modeling the spatio-temporal relationships between the attributes of interest 

(Alves et al., 2021). 

Global models seek to identify associated factors to explain a response variable, also 

called dependent variable, using variables whose results are known, named independent 

variables (Amorim, 2022). Such models are tools widely used in data analysis in several areas 

of knowledge due to the promptness of expressing the relationship between variables through 

a mathematical equation (Montgomery; Vining & Peck, 2001), however they are still scarcely 

used in studies focused on quality of the water. Therefore, the present work aims to estimate 

dissolved oxygen through said global models, in the Piratini River Watershed. 

  

2 Methodology 

2.1 Characterization of the study area 

The Piratini River Watershed (in Brazilian Portuguese: BHRP), located in the 

northwest region of the State of Rio Grande do Sul (Figure 1), between coordinates 31°30' to 

34°35' South latitude and 53°31' to 55°15' West longitude (FEPAM, 2022), has a drainage 

area of approximately 4,700.47 km². It is considered one of the main tributaries of the São 

Gonçalo channel, joining Laguna dos Patos to Lagoa Mirim, and the main uses of this water 

resource are: agriculture and livestock, with emphasis on the cultivation of corn, soybeans, 

brewing barley, irrigated rice and fruit production (Telles, 2002). 
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Figure 1: Characterization map of the study area 

 

Source: Authors (2023) 

 

2.2 Data collection 

For this study, secondary data were used, granted by State Environmental Protection 

Foundation (FEPAM), from collections carried out every six months between 2005 and 2013.  

Data from this period were used due to the consistency and integrity of this specific time 

series. During this interval, the project funded by FEPAM followed a rigorous collection and 

analysis protocol, resulting in a robust and reliable dataset.  

After 2013, the project faced a pause in data collection and analysis, as a consequence, the 

data did not maintain the same consistency and quality observed previously, presenting 

significant sampling flaws that compromised the quality and comparability of the information. 

Collections were carried out by FEPAM according to the methodology described by the 

Environmental Company of the State of São Paulo, additionally, the analytical methods and 

sample preservation follow the procedures defined by APHA (2005). The parameters 

analyzed in this study were: Thermotolerant Coliforms (TC), Total Phosphorus (TP), 

Ammoniacal Nitrogen (NH3), Total Nitrogen (TN), Dissolved Oxygen (DO), Potential 

Hydrogen (pH), Total Solids (TS) and Turbidity (TH). 
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2.3 Classical statistics 

In other to appraise the behavior of the distribution of the studied data, an exploratory 

analysis was carried out while using descriptive statistics, calculating measures of position 

(arithmetic mean and median), of dispersion (standard deviation, variance and coefficient of 

variation) and of distribution format (asymmetry and kurtosis coefficients), and later on the 

analyzed data were transformed according to the methodology of Centeno et al. (2020), 

henceforth presenting a normal distribution with mean and standard deviation values of 0.50 

and 0.25, respectively. 

 

2.4 Global linear regression models 

To estimate the Dissolved Oxygen in the BHRP, the Global Simple and Multiple 

Linear Regression Models were put to use, where, based on the variables studied, all possible 

combinations were tested and, from there, global models were generated. According to the 

objective of the study to estimate its presence, the dissolved oxygen was used as the 

dependent variable, taking into account its importance for the maintenance of aquatic life and 

influence in determining the levels of pollution of water bodies (Sperling, 2018), while the 

independent variables selected were those that presented a more reliable database, that is, with 

the lowest number of sample failures, to ensure the accuracy of the global models obtained. 

After defining the variables to be used, the data were divided into two sets, where 75% 

of the data were used to construct the linear regressions and 25% to validate the global models 

generated. The identification of the most satisfactory global model was based on Pearson's 

coefficient of determination (R²), which ranges from 0 to 1, and the closer to 1, the more 

accurate the model obtained (Pala, 2019). 

 

3 Results and Discussion 

Table 1 presents the basic statistics applied to the variables studied, in order to assess 

the behavior of data distribution. 
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Table 1: Basic statistics referring to data obtained at sampling points in the BHRP 

  DO TC TP NH3 TN pH TS TH 

Mean  6.98 73.40 0.41 0.10 1.75 6.66 116.64 17.53 

Median  7.20 82.20 0.13 0.10 0.64 6.70 118.00 17.50 

Mode  7.30 116.60 0.09 0.10 0.68 6.80 133.00 21.70 

Standard 

Deviation 

 2.42 38.62 0.73 0.05 3.34 0.24 27.91 4.36 

Minimum  5.20 18.30 0.06 0.02 0.50 6.30 65.00 8.20 

Maximum  10.60 130.00 2.51 0.17 11.50 7.30 160.00 23.40 

Variance  5.865 1491.53 0.54 0.002 11.16 0.06 778.99 19.05 

Coefficient of 

Variation 

 34.69 52.61 52.61 177.70 49.14 190.60 3.65 23.93 

Count  27 27 27 27 27 27 27 27 

DO= Dissolved Oxygen; TC= Thermotolerant Coliforms; TP= Total Phosphorus; NH3= Ammoniacal Nitrogen; 

TN= Total Nitrogen; TH= Temperature; TS= Total Solids; pH= Hydrogenionic Potential. 

Source: Authors (2023) 

 

According to Table 1, the mean value obtained for the levels of dissolved oxygen in 

the BHRP was 6.98 mg/L O2, that is, above the minimum limit established by CONAMA 

Resolution N°. 357/2005 and N° 430/2011, which is 5 mg/L O2 for class II freshwater. In this 

context, values above 5 mg/L O2 of dissolved oxygen suggest that, although there are 

anthropic actions and the release of effluents, the self-purification capacity of the water body 

was not exceeded, allowing the maintenance of aquatic life (Costa et al., 2021). 

The thermotolerant coliform count is also in accordance with the limit allowed by 

legislation, which must not exceed 1.000 thermotolerant coliforms in 100 mL, in at least 80% 

of the samples (Brasil, 2005). 

Regarding temperature, there are no values established by CONAMA Resolution 

357/2005 complemented by 430/2011, although, elevations in temperature can increase the 

rate of chemical and biological reactions, by the same token reducing the solubility of gases 

such as dissolved oxygen, as well as generating a bad smell, in cases where there is the 

presence of gases with unpleasant odors (Sperling, 2018). Therefore, it can be said that the 

average temperature around 17°C contributes positively to the water quality in the BHRP. 

Total Phosphorus, in turn, presented a mean of 0.413 mg/L P, exceeding the maximum 

limit of 0.1 mg/L P (Brasil, 2005). Values above the established limits point to the occurrence 
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of the eutrophication phenomenon, intensified by the input of phosphorus from human 

activities such as livestock, domestic effluent discharge and soil transport (Rocha & Lima 

Neto, 2020). 

Santos et al. (2023), carried out a qualitative analysis of surface water in BHRP, where 

they obtained higher concentrations of Total Phosphorus in monitoring points located in urban 

perimeters and in regions of predominantly agricultural land use and occupation, linking such 

results to the disposal of effluents urban areas and the runoff of fertilizers applied to nearby 

agricultural areas.  

For the parameters Ammoniacal Nitrogen (NH3) and Total Nitrogen (TN), CONAMA 

Resolution 357/2005 complemented by 430/2011 establishes concentrations that vary 

according to pH. BHRP falls within the range of pH ≤ 7.5, which tolerates up to 3.7mg/L N. 

The hydrogenic potential (pH) represents the amount of H+ protons, and through it it is 

possible to measure the concentration of acidity or alkalinity of an aquatic environment 

(Santos; Santos & Silva, 2018). The BHRP waters were within the range of 6.0 to 9.0, 

established by CONAMA 357/2005 complemented by 430/2011. Table 2 presents the global 

models generated through linear regressions, after applying all possible combinations, 

according to the parameters evaluated. 

Table 2: Global models generated for estimating Dissolved Oxygen at sample points 

belonging to the BHRP 

MODEL 1 R² 

DO= 0.568*TC + 0.181 0.105 

DO= 0.742*TP + 0.052 0.152 

DO= 0.905*NH3 - 0.052 0.275 

DO= 0.473*TN + 0.180 0.059 

DO= 0.380*TH + 0.256 0.068 

DO= 0.755*TS + 0.081 0.414 

DO= - 0.019*pH + 0.405 0.003 

DO= Dissolved Oxygen; TC= Thermotolerant Coliforms; TP= Total Phosphorus; NH3= Ammoniacal Nitrogen; 

TN= Total Nitrogen; TH= Temperature; TS= Total Solids; pH= Hydrogenionic Potential. 
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Continued Table 2 

MODEL 2 R² 

DO= 0.566*TC + 0.740*TP - 0.166 0.266 

DO= 0.545*TC + 0.891*NH3 - 0.256 0.372 

DO= 0.602*TC + 0.5228*TN - 0.07 0.177 

DO= 0.470*TC + 0.252*TH + 0.122 0.132 

DO= 0599*TC - 0.036*pH + 0.178 0.118 

DO= 0.413*TC + 0.714*TS - 0.061 0.469 

DO= 0.972*TP + 1.077*NH3 - 0.593 0.527 

DO= 0.770*TP + 0.516*TN - 0.201 0.222 

DO= 0.654*TP + 0.236*TH + 0.004 0.177 

DO= 1.028*TP + 0.882*TS - 0.454 0.695 

DO= 0.744*TP - 0.021*pH + 0.057 0.157 

DO= 0.854*NH3 + 0.264*TN - 0.150 0.292 

DO= 0.907*NH3 + 0.384*TH - 0.200 0.344 

DO= 0.533*NH3 + 0.603*TS - 0.121 0.492 

DO= 0.905*NH3 - 0.000*pH - 0.052 0.275 

DO= 0.382*TN + 0.319*TH + 0.101 0.104 

DO= 0.282*TN + 0.728*TS - 0.039 0.434 

DO= 0.487*TN - 0.026*pH + 0.180 0.065 

DO= 0.146*TH + 0.724*TS + 0.0380 0.423 

DO= 0.430*TH - 0.043*pH + 0.247 0.084 

DO= 0.759*TS + 0.008*pH + 0.078 0.415 

DO= Dissolved Oxygen; TC= Thermotolerant Coliforms; TP= Total Phosphorus; NH3= Ammoniacal Nitrogen; 

TN= Total Nitrogen; TH= Temperature; TS= Total Solids; pH= Hydrogenionic Potential. 
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Continued Table 2 

MODEL 3 R² 

DO= 0.538*TC + 0.967*TP + 1.062*NH3 - 0792 0.621 

DO= 0.603*TC + 0.771*TP + 0.565*TN - 0.458 0.341 

DO= 0.535*TC + 0.711*TP + 0.079*TH - 0.170 0.260 

DO= 0.382*TC + 1.014*TP + 0.843*TS - 0.579 0.742 

DO= 0.598*TC + 0.744*TP - 0.038*pH - 0.170 0.271 

DO= 0.976*TP + 1.024*NH3 + 0.278*TN - 0.699 0.546 

DO= 0.900*TP + 1.065*NH3 + 0.187*TH - 0.625 0.542 

DO= 1.112*TP + 0.668*NH3 + 0.702*TS - 0.752 0.817 

DO= 0.972*TP + 1.077*NH3 + 0.000*pH - 0.594 0.527 

DO= 0.877*NH3 + 0.157*TN + 0.358*TH - 0.248 0.350 

DO= 0.501*NH3 + 0.195*TN + 0593*TS - 0.192 0.502 

DO= 0.851*NH3 + 0.268*TN - 0.005*pH - 0.149 0.293 

DO= 0.256*TN + 0.111*TH + 0.707*TS - 0.060 0.440 

DO= 0.392*TN + 0.370*TH - 0.0458pH + 0.088 0.123 

DO= 0.149*TH + 0.723*TS - 0.002*pH + 0.038 0.423 

MODEL 4 R² 

DO= 0.561*TC + 0.972*TP + 0.999*NH3 + 0.330*TN - 0.925 0.648 

DO= 0.525*TC + 0.955*TP + 1.061*NH3 + 0.033*TH - 0.793 0.621 

DO= 0.405*TC + 1.010*TP + 0.683*NH3 + 0.657*TS - 0.891 0.869 

DO= 0.551*TC + 0.967*TP + 1.053*NH3 - 0.016*pH - 0.788 0.624 

DO= 0.919*TP + 1.023*NH3 + 0.234*TN + 0.145*TH - 0.707 0.555 

DO= 1.113*TP + 0.636*NH3 + 0.200*TN + 0.692*TS - 0.825 0.827 

DO= 0.976*TP + 1.021*NH3 * 0.282*TN - 0.005*pH - 0.700 0.546 

DO= Dissolved Oxygen; TC= Thermotolerant Coliforms; TP= Total Phosphorus; NH3= Ammoniacal Nitrogen; 

TN= Total Nitrogen; TH= Temperature; TS= Total Solids; pH= Hydrogenionic Potential. 
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Continued Table 2 

MODEL 4 R² 

DO= 0.539*NH3 + 0.146*TN + 0.182*TH + 0.550*TS - 0.239 0.515 

DO= 0.861*NH3 + 0.167*TN + 0.386*TH - 0.025*pH - 0.249 0.355 

DO= 0.257*TN + 0.117*TH + 0.704*TS - 0.004*pH - 0.061 0.440 

MODEL 5 R² 

DO= 0.579*TC + 0.989*TP + 0.999*NH3 + 0.345*TN - 0.045*TH - 0.930 0.649 

DO= 0.425*TC + 1.100*TP + 0.645*NH3 + 0.244*TN + 0.642*TS - 0.987 0.884 

DO= 0.582*TC + 0.971*TP + 0.981*NH3 + 0.348*TN - 0.023*pH - 0.927 0.653 

DO= 1.181*TP + 0.612*NH3 + 0.241*TN - 0.151*TH + 0.735*TS - 0824 0.835 

DO= 0.913*TP + 1.01*NH3 + 0.238*TN + 0.161*TH - 0.013*pH - 0.704 0.556 

MODEL 6 R² 

DO= 0.541*TC + 1.240*TP + 0.599*NH3 + 0.344*TN - 0.322*TH + 0.719*TS - 1.030 
0.917 

 

DO= 0.590*TC + 0.979*TP + 0.982*NH3 + 0.355*TN - 0.021*TH - 0.022*pH - 0.930 0.653 

DO= 1.200*TP + 0.619*NH3 + 0.232*TN - 0.189*TH + 0.756*TS + 0.024*pH 0.840 

MODEL 7 R² 

DO= 0.532*TC + 1.251*TP + 0.602*NH3 + 0.338*TN - 0.343*TH + 0.732*TS + 0.015*pH - 

1.03 
0.919 

DO= Dissolved Oxygen; TC= Thermotolerant Coliforms; TP= Total Phosphorus; NH3= Ammoniacal Nitrogen; 

TN= Total Nitrogen; TH= Temperature; TS= Total Solids; pH= Hydrogenionic Potential. 

Source: Authors (2023) 

 

Analyzing the models found, it is clear that when using only one or two water quality 

parameters, no satisfactory results were found to estimate dissolved oxygen, a circumstance 

which explains only 41.40% of the DO while using the total solids variable alone. On the 

other hand, once added, the parameter total phosphorus explains 69.50% of the DO variations. 

Meanwhile, when adding the variable NH3, a significant increase in the coefficient of 

determination R² was observed, which became 0.817 and which gradually increased as more 

variables were added, having its best result when the seven variables in question were used, 

namely: Thermotolerant Coliforms, Total Phosphorus, Ammoniacal Nitrogen, Total Nitrogen, 
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Temperature, Total Solids and pH, all together making it possible to explain 91.90% of the 

Dissolved Oxygen concentrations in the BHRP.  

The difference between models 6 and 7, of 0,2%, is not significant, and therefore be 

considered as the best model for estimating DO concentrations, the one that presents fewer 

variables, that is, the model 6. This is due to the fact that, by incorporating a smaller number 

of parameters to be monitored, it is possible to optimize time to perform sampling and 

analysis, as well as technical and financial resources.  

It is worth noting that in all combinations that presented the best determination 

coefficients (R²), the parameter Total Solids (TS) is present. This situation is due to the fact 

that, according to Sperling (2018), with the exception of dissolved gases, all impurities 

present in the water directly influence the solids load, which may have a high organic load, 

and it’s decomposition can lead to a depletion of dissolved oxygen levels in the water body in 

question (CETESB, 2017). Therefore, the other parameters analyzed are present in the water 

bodies in the form of solids, in suspension or dissolved, according to their physical 

characteristics (Silva, 2012). 

Total Phosphorus (TP), in turn, is found naturally in water bodies through the 

dissolution of compounds in the soil and decomposition of organic matter, or even 

anthropically, through the release of domestic and industrial effluents and animal excretions 

(Lemes, 2021). It is a fundamental nutrient for the development of aquatic ecosystems, 

nonetheless, in high concentrations it can cause the exacerbated growth of algae, causing the 

phenomenon called eutrophication (Sperling, 2018). According to Baldissera, Zampiere and 

Bampi (2011), phosphorus is the main nutrient responsible for the growth of microorganisms 

in charge of the decomposition of organic matter, factor which correlates it to dissolved 

oxygen, considering that as such organic matter is decomposed, DO concentrations tend to 

increase. 

Cardoso and Almeida (2022) corroborate the statement above, by relating satisfactory 

levels of DO with high concentrations of phosphorus in a study on the environmental 

degradation of water bodies in the municipality of Paraíso do Tocantins. 

Likewise, nitrogen is also considered an essential nutrient for the development of 

aquatic life and algae growth, and when present in high concentrations it contributes to 

eutrophication (Oliver; Ribeiro, 2014). Said nutrient has a direct relationship with the 

consumption of dissolved oxygen during the processes of conversion of the ammoniacal form 

to nitrite and from this to nitrate (Carvalho et al., 2016). 
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With regard to Thermotolerant Coliforms (TC), this is a fundamental microbiological 

parameter to assess the patterns of potability of water resources, given that contamination by 

bacteria of the coliform group represents an indication of transmission of waterborne diseases 

(Gurgel; Silva, 2020). Thus, there is an indirect correlation between dissolved oxygen and 

thermotolerant coliforms since the presence of TC in a water body is linked to the release of 

effluents without previous treatment and human and/or animal waste (Arcos; Silva; Cunha, 

2020; Sperling, 2018). 

Once more according to Baldissera, Zampieri and Bampi (2011), the inappropriate use 

of soil in agricultural practices that end up leaving it exposed, coupled with the devastation of 

riparian forest, contributes to the dragging of unprotected soil towards the rivers, favoring the 

increase in turbidity, due to soil particles and suspended organic materials. This fact can lead 

to reduced photosynthesis in the aquatic environment, as well as low levels of DO. 

The hydrogenic potential (pH) has no direct relationship with risks to public health, as 

a rule, it has an influence on the maintenance of ecosystems and physiology of aquatic species, 

as well as dissolved oxygen (Alves et al., 2019). 

Regarding the use of global linear regression models to estimate the presence of 

dissolved oxygen in this study, it was found that they presented satisfactory results, besides 

what was expected according to the literature. 

Adôrno, Santos and Jesus (2013), in a study to assess the environmental quality of the 

Subaé River headwaters in Feira de Santana-BA, used global linear regression models as a 

statistical tool for association of physical and chemical variables, where they concluded that, 

among the analyzed parameters, dissolved oxygen was the one that best represented the 

quality of the environment. 

In order to model a new IQA equation for Arroio Moreira/Fragata, Santos, Valentini 

and Vieira (2021) explained 84.2% of the variations in the IQA (Water Quality Index) using 

global linear regression models. Lastly, Ferreira, Nepomuceno and Diniz (2017), applied 

global linear regression models to verify the relationship between true color and absorbance at 

a wavelength of 254 nm in treated water samples, and obtained results above 70%. 

 

4 Conclusions 

Taking into consideration the results obtained, with the application of global linear 

regression models, it was possible to conclude that they presented satisfactory results when 

the variables that have correlation with dissolved oxygen are incorporated. When estimating 
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their concentrations in BHRP, the variables that had the greatest influence were: 

Thermotolerant Coliforms, Total Phosphorus, Ammoniacal and Total Nitrogen, Turbidity and 

Total Solids. 

Another finding points out that except for the Total Phosphorus parameter, which 

exceeded the tolerance limits established by CONAMA Resolution 357/2005 complemented 

by 430/2011, every other parameter analyzed remains in accordance with the aforementioned 

legislation. 

It is suggested for future studies, the spatial analysis of anthropic interference exerted 

in the BHRP, in addition to the improvement in the use of global models for environmental 

monitoring, all due to how easy it is to understand and apply them. 
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