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Monitoring the water quality Formoso river of the Amazon Region —
Brazil using principal component analysis

The expansion of the agricultural frontier poses a major threat to the quality of water bodies and conservation and biodiversity of biomes. In the Tocantins-
Araguaia, hydrographic region is located the largest irrigated flood type rice project in the world, and in the inter-harvest period, the area is still used for soybean
production. Considering the great economic, environmental and social importance of the area, the objective of this study was to evaluate the water quality
Considering the great economic, environmental and social importance of the area, the objective of this study was to evaluate the water quality of a river in the
Amazon Region, Brazil, and to identify the critical pollution sites in the area of influence of the agricultural project. The monitoring occurred between April 2018
and February 2019, during periods of drought and drought. The water quality was evaluated based on the determination of 34 physical-chemical and 2
microbiological parameters. The comparison of the values obtained with the limits allowed by the legislation for class Il waters pointed out samples with high
total phosphorus values, which can lead to eutrophication phenomena, concentrations above the expected of metals such as Fe, Cu, and Mn and samples with
low percentage of dissolved oxygen. The main component analysis (PCA) showed little variation along the river, i.e., homogeneity in the different points
evaluated in the same collection; however, the comparison between collections with different seasonalities revealed quite divergent results, reinforcing that
seasonal variations can aggravate the changes in the water quality of the river.
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Monitoramento da qualidade da agua do rio Formoso na Amazénia -
Brasil por meio de andlise de componentes principais

A expansdo da fronteira agricola representa uma grande ameaga a qualidade dos corpos d'dgua e a conservagdo e biodiversidade dos biomas. No Tocantins-
Araguaia, a regido hidrogréfica concentra o maior projeto de arroz irrigado de inundagdo do mundo e, na entressafra, a drea ainda é utilizada para a produgdo de
soja. Considerando a grande importancia econémica, ambiental e social da area, o objetivo deste estudo foi avaliar a qualidade da agua. Considerando a grande
importancia econdmica, ambiental e social da area, o objetivo deste estudo foi avaliar a qualidade da 4gua de um rio na regido amazonica, Brasil, e identificar os
locais criticos de poluigdo na area de influéncia do projeto agricola. O monitoramento ocorreu entre abril de 2018 e fevereiro de 2019, durante os periodos de
estiagem e estiagem. A qualidade da agua foi avaliada com base na determinagdo de 34 parametros fisico-quimicos e 2 microbiolégicos. A comparagdo dos
valores obtidos com os limites permitidos pela legislagdo para dguas classe Il apontou amostras com elevados valores de fésforo total, que podem levar a
fendmenos de eutrofizagdo, concentragdes acima do esperado de metais como Fe, Cu e Mn e amostras com baixo percentual de oxigénio dissolvido. A analise de
componentes principais (PCA) apresentou pouca variagdo ao longo do rio, ou seja, homogeneidade nos diferentes pontos avaliados em uma mesma coleta; no
entanto, a comparagdo entre coletas com diferentes sazonalidades revelou resultados bastante divergentes, reforcando que as variagdes sazonais podem
agravar as mudangas na qualidade da 4gua do rio.

Palavras-chave: Contaminagdo da dgua; PCA; Indicadores de qualidade da agua; Limites agricolas, Mudangas ambientais.

Topic: Quimica Agricola e Ambiental Received: 07/04/2021

Approved: 05/05/2021
Reviewed anonymously in the process of blind peer.
Fabricio de Oliveira Ramos

Patricia Martins Guarda José Expedito Cavalcante da Silva

Universidade Federal do Tocantins, Brasil
http://lattes.cnpq.br/2590685798782301

http://orcid.org/0000-0003-0937-6779
patriciaguarda@uft.edu.br

Magale Karine Diel Rambo
Universidade Federal do Tocantins, Brasil
http://lattes.cnpg.br/8793967773394967

http://orcid.org/0000-0003-2529-9574
magalerambo@uft.edu.br

Mayana Mendes Dias Machado
Universidade Federal do Tocantins, Brasil
http://lattes.cnpg.br/9075009489142475

http://orcid.org/0000-0001-5872-6320
mayanamdm@hotmail.com

Universidade Federal do Tocantins, Brasil
http://lattes.cnpq.br/0918042902371727
http://orcid.org/0000-0002-4132-375X
fabricio-or@hotmail.com

Danylo Bezerra Mendes

Universidade Federal do Tocantins, Brasil
http://lattes.cnpqg.br/1423908067012346
http://orcid.org/0000-0002-2115-9796
danylobiologo@yahoo.com.br

Emerson Adriano Guarda

Universidade Federal do Tocantins, Brasil
http://lattes.cnpg.br/9325128702126305
http://orcid.org/0000-0003-0227-3881
emersonprof@uft.edu.br

Universidade Federal do Tocantins, Brasil
http://lattes.cnpq.br/3164221401108609
http://orcid.org/0000-0002-8776-389X
jecs@mail.uft.edu.br

d ® Referencing this:

GUARDA, P. M.; RAMBO, M. K. D.; MACHADO, M. M. D.; RAMOS, F. O.;
MENDES, D. B.; GUARDA, E. A.; SILVA, J. E. C.. Monitoring the water
quality Formoso river of the Amazon Region — Brazil using principal
component analysis. Revista Ibero Americana de Ciéncias
Ambientais, v.12, n.5, p.94-104, 2021. DOI:
http://doi.org/10.6008/CBPC2179-6858.2021.005.0009

DOI: 10.6008/CBPC2179-6858.2021.005.0009

©2020
| d® °Companhia Brasileira de Produgdo Cientifica. All rights reserved.




Monitoring the water quality Formoso river of the Amazon Region — Brazil using principal component analysis
GUARDA, P. M.; RAMBO, M. K. D.; MACHADO, M. M. D.; RAMOS, F. O.; MENDES, D. B.; GUARDA, E. A.; SILVA, J. E. C.

INTRODUCTION

Safe and available water is vital and indispensable for living beings (DUSAVE et al., 2019), and
monitoring water quality is fundamental for water resources management (PINTO et al., 2019). Brazil has
an immense diversity of aquatic environments, for various uses, such as human consumption, irrigation and
recreation (ARAIAS et al., 2007). However, anthropogenic activities have been rapidly and intensely
affecting this water quality and quantity (SOUZA et al., 2016). Irrigation used in agriculture is the most
water-intensive anthropic activity in the world, intended for the irrigation of grain, fruit and vegetable
crops (QUEIROZ et al., 2008).

The growth of agriculture in the Cerrado of Tocantins also increases the amount of foreign
substances that are added to the environment that arrive in different ways in the water bodies. This
increase is not only in the quantity used, but in the variety of substances, in the most different types of
cultures, which brings a danger to all the biological diversity existing in these aquatic environments.

Contamination, caused by the release into the environment of substances such as fertilizers and
pesticides with toxic compounds, occurs in both surface and groundwater (BORTOLETTO et al., 2015; NIU et
al., 2019). Even if these substances reach rivers and lakes in small quantities, bioaccumulation will make
their action highly harmful along the food chains, which at some point, will reach humans (OLIVEIRA, 2007).

The Tocantins-Araguaia Basin has been suffering several impacts related to the use and occupation
of land in activities such as agriculture, livestock, and mining. Cattle ranching, for example, has been
causing damage to the trampling of cattle that causes mechanical pressure on the soil and on grasses and
herbaceous cover, with this speed of water infiltration decreases (water slowly penetrates the soil), so less
water is stored in the soil profile and groundwater levels. In addition, vegetation has been replaced by
plantations and pastures (SEPLAN, 2016).

The Formoso River Irrigation project, is considered the world's largest flood-type irrigated rice
project, in a continuous area, with a sub-flood system. In the dry period there is production of certified
soybeans and watermelon, in the rainy period it is occupied with irrigated rice (SILVA, 2015).

In view of the great economic, social and environmental importance, this study aimed to seasonally
evaluate the quality of the surface water of the Formoso River over different periods (dry and rainy season)
of the year. Thus, water quality criteria are established in order to ensure environmental protection.
Knowledge of these parameters established by legislation ensures the integrity of ecosystems, and its
perfect functioning requires that certain physical, chemical and biological conditions be respected
(QUEIROZ et al., 2008). The results of these parameters allow an efficient management of water resources

in a sustainable manner (BORTOLETTO et al., 2015; PINTO et al., 2019).

METHODOLOGY

Description of the study area

According to the hydrographic division of ANA - National Water Agency (ANA, 2018), the Formoso

River basin has a drainage area of 21,328.57 km?, about 7.7% of the total area of the State of Tocantins and
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5.6% of the Araguaia River basin. The Formoso River basin covers part of the territory of 21 municipalities in
the states of Tocantins and Goias, between the geographical coordinates 10°28' and 13°16' S and 48°50'
and 49°57' W.

The Formoso River Irrigation Project is located within the tropical floodplain at the western end of
the banana basin, characterized by a low altitude flat area, in the municipality of Formoso do Araguaia,
southwest region of the state of Tocantins. It is considered the largest flood-type irrigated rice project in
the world, in a continuous area, with a sub-flood system, for the production of certified soybeans in the dry
period. The agricultural project region is characterized by a region dominated by agriculture and cattle

ranching with few areas of forest and Cerrado Park, as shown in Figure 1.

FORMOSO AGRICULTURAL PROJECT
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Figure 1: Image with area of the collection points, SEPLAN (2012).

Sampling procedure

The samples were collected in 7 points of the Formoso River. Selected if a point on the river before
it passes through the agricultural project (P1), five points along the project (P2 to P6), one point after the
river passes the project margin (P7), as can be seen in Figure 1, with the checkered area being the
Agricultural Project. The four campaigns were held on their respective dates: in April 2018 (Campaign - C1),
held in the rainy period, July 2018 (Campaign 2 - C2), October 2018 (Campaign 3- C3), held in the dry period
and February 2019 (Campaign 4 - C4), held in the rainy period.

The choice of points should cover all of the Formoso River agricultural region. The aim was to verify
the project's influence on the contamination of different environmental compartments of the river. One
point was sampled on the river before it passed through the agricultural project (P1), 25 km before the start
of the project region; five points were along the project (P2 to P6), and one point was after the river passed
the project's margin (P7), i.e., 45 km from P2 to P7, Figure 1 shows.

The points (P4 and (P5), are the points that differ from the others by the absence of riparian forest
protecting the river back and separating it from the fields of cultivation. It is observed that in these points
the river is more unprotected than the other.

The seasons of the campaigns were chosen randomly, with quarterly frequency to have two
samples in rainy period where, in the agricultural project, irrigated rice is planted in almost its entirety and

two samples in the dry period, where 70% of the project is with soybeans for seed and in the other 30%
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have beans, watermelon and melon.

The choice of monitoring months was based on the beginning of the research project. The concern
was to monitor periods when climatic conditions were different and there were different cultures in the
agricultural area. The study region has two distinct periods of variations in rainfall and water levels, which
are determining factors for the concentration of water-soluble substances.

The rainfall conditions on the days of collection were 11.4 mm in C1, 0 mm in C2 and C3, and 0.6
mm in C4. The depth of the river reflects these climatic conditions. Only two points (P1 and P5) have depth
data, as they have real-time monitoring. In C1, 830 cm in P1 and 650 cm in P5; in C2, 275 cm in P1 and 183
cm in P5; in C3, 233 cm in P1 and 158 cm in P5; and in C4, 413 cm in P1 and 249 cm in P5 (SEMARH, 2017,
2018 a, 2018 b, 2018 c, 2018 d).The samples were collected according to (CETESB, 2011), packed in specific

containers for each type of analysis, cooled and sent to the Laboratory.

Analysis of physical, chemical and microbiological variables

Analyses such as pH, air and water temperature, dissolved oxygen (OD), conductivity, turbidity and
total dissolved solids, salinity, redox potential were performed using a multiparametric probe (brand:
Horiba, model: U-52G) and performed at the collection site, not requiring storage for transport.

The analytical methods used to determine the variables followed the procedures and
methodologies recommended in the Standard methods for the examination of water and waste-water
(APHA, 2005). For the parameters: chemical oxygen demand, hardness (Ca*, Mg¥, total), alkalinity
(bicarbonate, carbonate, total), chlorides were used the titulometric methods. For the analysis of ammonia,
nitrite, nitrate, fluoride, sulfate, sulfide, chlorophyll a, dissolved phosphorus, orthophosphate, total
phosphorus, true color, apparent color, the spectrophotometric methods (UV Spectrophotometer/Digital
Visible, brand: HACH, model DR5000) were used. The analysis of biochemical oxygen demand, nitrogen
used the differentiation method and for organic nitrogen, Kjedal method (Nitrogen Distiller, brand: Tecnal,
model: TE-0363) The suspended solids (fixed, total, organic matter) were analyzed by the gravimetric
method and Sedimentary Total Solids.

Analysis of metals Fe, Al, Mn, Cr, Cu, Zn by spectrophotometric method (UV
Spectrophotometer/Digital Visible, brand: HACH, model DR5000). Total coliforms and Escherichia coli by
Colilert method (Incubator model: TE-4200, Tecnal brand scientific equipment and Quanti-Tray Sealer
Seder, model 89-10894-02, Sovereign Brazil brand).

Multivariate and statistical analyses were performed using the Unscrambler 10.3 software for
principal component analysis (PCA) and Origin. 6.0 for the construction of graphs and illustrative figures.
The PCA was performed with the data normalized and using 3 factors, without any type of rotation. The
objective of the PCA was to obtain an exploratory analysis verifying possible groupings of samples, and also
verifying the relationship that exists between the samples (scores) and the variables (weights) (BERETON,

2000).
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RESULTS AND DISCUSSIONS

Results obtained with the physical, chemical and microbiological analyses of water.
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Figure 2: Results of physical and chemical analyzes of water Campaign 1
Parameters Temperature (T), Conductivity (Cond), Turbidity (Turb), Total Dissolved Solids (STD), Apparent Color (Ap Col), True Color (Col), Dissolved
Oxygen (OD), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Redox Potential (PR), Organic N (Org N), Dissolved P (Diss P),
Orthophosphate (Ortof), Alkalinity-Bicarbonate (Bi), Total Alkalinity (AT), Ca Hardness (D Ca), Mg Hardness (D Mg), Total Hardness (DT), Total
Suspended Solids (OSH), Suspended Solids - Fixed Solids (SSF), Suspended Solids - Organic Matter (MO), Total Residues (RT), Chlorophyll a
(Chlorine).
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Figure 3: Results of physical and chemical analyzes of water Campaign 2
Parameters Temperature (T), Conductivity (Cond), Turbidity (Turb), Total Dissolved Solids (STD), Apparent Color (Ap Col), True Color (Col), Dissolved
Oxygen (OD), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Redox Potential (PR), Organic N (Org N), Dissolved P (Diss P),
Orthophosphate (Ortof), Alkalinity-Bicarbonate (Bi), Total Alkalinity (AT), Ca Hardness (D Ca), Mg Hardness (D Mg), Total Hardness (DT), Total
Suspended Solids (OSH), Suspended Solids - Fixed Solids (SSF), Suspended Solids - Organic Matter (MO), Total Residues (RT), Chlorophyll a
(Chlorine).
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Figure 4: Results of physical and chemical analyzes of water Campaign 3.
Parameters Temperature (T), Conductivity (Cond), Turbidity (Turb), Total Dissolved Solids (STD), Apparent Color (Ap Col), True Color (Col), Dissolved
Oxygen (OD), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Redox Potential (PR), Organic N (Org N), Dissolved P (Diss P),
Orthophosphate (Ortof), Alkalinity-Bicarbonate (Bi), Total Alkalinity (AT), Ca Hardness (D Ca), Mg Hardness (D Mg), Total Hardness (DT), Total
Suspended Solids (OSH), Suspended Solids - Fixed Solids (SSF), Suspended Solids - Organic Matter (MO), Total Residues (RT), Chlorophyll a
(Chlorine).
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Figure 5: Results of physical and chemical analyzes of water Campaign 4.
Parameters Temperature (T), Conductivity (Cond), Turbidity (Turb), Total Dissolved Solids (STD), Apparent Color (Ap Col), True Color (Col), Dissolved
Oxygen (OD), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Redox Potential (PR), Organic N (Org N), Dissolved P (Diss P),
Orthophosphate (Ortof), Alkalinity-Bicarbonate (Bi), Total Alkalinity (AT), Ca Hardness (D Ca), Mg Hardness (D Mg), Total Hardness (DT), Total
Suspended Solids (OSH), Suspended Solids - Fixed Solids (SSF), Suspended Solids - Organic Matter (MO), Total Residues (RT), Chlorophyll a
(Chlorine).
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Principal component analysis (PCA)
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Figure 6: A and 6B. Analysis of the main components of the sampled points and analyzed parameters.
Abbreviation: Temperature (T), Conductivity (Cond), Dissolved Oxygen (OD), Chemical Oxygen Demand (DQO), Redox Potential (PR), Dissolved P (P
Dissol), Alkalinity-Bicarbonate (Alc Bicarb), Mg Hardness (Hard Mg), Suspended Solids - Fixed Solids (SSF), Suspended Solids - Organic Matter (MO),
Salinity (Sal), Escherichia Coli (E Coli).

Evaluation of the results obtained with the physical, chemical and microbiological analyses of water

The values obtained after the physical, chemical and microbiological analyses are presented in
figures 2, 3, 4 and 5. These are compared with the values established by the Brazilian legislation obtained in
resolution number 357, of March 17, 2005 of CONAMA (BRASIL, 2005), which establishes water quality
classes based on the use of water bodies and determines maximum limits for parameters that ensure the
quality and balance of aquatic ecosystems. In the present study, the values for class Il were used as
reference. It can be observed that some quality parameters are above the values established by legislation,
such as the case of total phosphorus.

In aquatic environments, phosphorus can be found in organic and/or inorganic form. In both forms,
it may be soluble (dissolved organic matter or salts if phosphorus) or particulate (microbial biomass or
mineral compounds). The presence of high concentrations of phosphorus may be linked to natural or
anthropic processes (BORTOLETTO et al., 2015). In the Formoso River this high concentration was present
throughout the sampled points in the different periods monitored. In rural areas if the phosphorus does not
come from natural sources it can be related to the use of fertilizers and pesticides. In the campaigns carried
out in the rainy period, the values were higher than in the dry period, indicating that there may have been
surface runoff of phosphorus from fertilizers used in the region.

Phosphorus is an important nutrient for the growth of aquatic plants and its high concentration can
generate eutrophication and, as a consequence, a drastic reduction in the number of aquatic plant and
animal species. Some metals such as iron, copper and manganese have their concentration values above
the maximum allowed by the resolution.

The term "heavy metals" has different definitions and most of them take into account the chemical
properties of these elements, but the heavy metal concept has been used for a group of metals and semi-
metals associated with contamination, toxic potential and ecotoxicity (LIMA AND MERCON, 2014). There
are many definitions in relation to this classification. The most correct term in the study of environmental

contamination would be toxic metals. The most studied due to its toxicity in humans are Cd, Pb, Cu, Cr, Mn,
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Hg, Zn (OLIVEIRA, 2007; ALVES et al., 2010; WUANA AND OKIEIMEN, 2011).

In agricultural areas the use of fertilizers emerges as the main source of metal contamination
(WUANA et al., 2011; ZHANG et al., 2015). In addition to the fertilizers that have many metals in their
composition or as contaminants (WUANA et al., 2011), pesticides also have them.

Although the concentration of these heavy metals in fertilizers is generally controlled and small,
either as constituents of the formulation or as impurities, consecutive application to soil causes an
accumulation that can be dangerous over time, depending on the amount and form of use (ISLAM et al.,
2018).

The contamination of metals by anthropic activities should be subject to constant monitoring and
concern due to their toxicity, persistence in the environment, bioaccumulation and bioenlargement in the
food chain (DUODU et al. 2017). According to Duodu et al. (2017), the ecological risk associated with heavy
metals in the environment is increasing significantly.

Most metals are enriched in the food chain, from aquatic plants and invertebrates to fish and
mammals. The higher the trophic level of the organism, the higher the concentration of the metal. This
toxicity also depends on the chemical form of the element (speciation), some forms are totally insoluble
and thus pass through the organisms and in turn cause no damage. The soluble forms cross the biological
protective membranes of the organs and therefore cause damage to the organisms. The availability,
toxicity, and mobility, therefore, depend on its chemical speciation (OLIVEIRA, 2007).

Physical factors, such as temperature, thermodynamic, kinetic and biological factors, such as
species characteristics, trophic interactions, and physiological/biochemical adaptations influence the
bioavailability of metals (TCHOUNWOU et al., 2012).

In biological systems, metals can affect cellular organelles (cell membrane, mitochondria,
lysosomes, endoplasmic reticulum, nuclei), as well as enzymes that are involved in metabolism as a whole.
Some metal ions interact with DNA and nuclear proteins causing damage to them (TCHOUNWOU et al.,
2012). According to (CETESB, 2009), electrical conductivity values higher than 100uS cm™, indicate impacted
environments as was observed in the results found in Campaign 3 of collection at the points on the margin
of the Agricultural Project, this was the driest period of monitoring where the results show an enormous
environmental impact on the river in this period.

Oxygen dissolved in water is one of the most important indicators of quality in the dynamics of
aquatic environments, because this gas is essential for the metabolism of different aerobic organisms
present in the river, is fundamental for the balance of these communities (AMORIM et al., 2017). In this
monitoring, it remained with low values, indicating an enormous impact to aquatic organisms of the
environmental compartments of this river, mainly from the monitoring P4, what is observed at this
collection point is a greater proximity of rural property to the river, not occurring riparian forest protecting
the riverbank.

In the state of Tocantins, the Secretariat of Environment and Water Resources (SEMARH, 2017)

through the Program to Encourage the Dissemination of Water Quality Data - QUALIAGUA of the National
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Water Agency (ANA), monitored in 2017 and 2018, the Formoso River, quarterly. In 2017, the results
showed that dissolved oxygen was one of the biggest problems found within the parameters analyzed in
the state's water resources (SEMARH, 2017), as well as was also observed at the end of the 2018 analyses,
verifying several rivers with values lower than those established by legislation (SEMARH, 2018 a, 2018 b,
2018 ¢, 2018 d).

During this monitoring period, BOD was high (> 5 mg.L) in points 2 of Campaign 3 and point 7 of
Campaign 4. Some parameters did not have significant variations during the analysis, or obtained results
below the detection limit and / or quantification of the method. Salinity and Alkalinity-Carbonate (value =
0), Total Coliforms (> 2419 NMP. 100ml?), Sedimentary Total Solids (<0.1 mg.L™.h!) and ranging Escherichia
Coli results varying widely but with values <2419 NMP. 100ml? at the sampled points, so these results were
not added in figures 2, 3, 4 and 5. All other quality indicator parameters are in compliance with the

legislation.

Evaluation of variables monitored by principal component analysis (PCA)

The first two CPs explain 95 and 2% of the total variance, respectively (Figure 6A). PC1 is
characterized by negative weights, typical of samples with high levels of pH, fluoride, nitrate, total
hardness, magnesium, turbidity, OD, among other parameters (Figure 6B). Thus, PC1 differentiated samples
from those collected in campaigns 1 and 4, and was able to distinguish the dry from the rainy season. Rainy
campaigns, on the other hand, showed high levels of chlorides, total and dissolved P, iron, ammonia, BOD
and COD, among others (Figure 6B).

The flow and depth of the river varied greatly according to the time of collection. The flow rate in
P1 varied from 1m3.stin C3 (dry period) to 55m3.st in C4 (rainy period), as well as the depth from 233 cm
to 414 cm, respectively in these two campaigns. In P5, for example, the river flow varied from 1m3.s?in C3
(dry period) to 9m3.s? in C4 (rainy period), as well as the depth from 158 cm to 249 cm, respectively in
these two seasons. The PCA shows that the dynamics of the aquatic environment of this river behaves very
differently depending on the dry or rainy period in the region.

Studies carried out with analyzes of different pesticides in the same studied location, have shown
that the dry season in the region is the most critical for the quality of the Formoso River and for the
environmental biodiversity of that of the different environmental compartments of the river. In these
studies, the water contamination of surface water, soil and sediment is greater in the dry period, both in
terms of the number of active ingredients and in the concentration of these contaminants (GUARDA et al.,

2020).

CONCLUSION

Was verified that the total phosphorus values were very high, which may cause the eutrophication
phenomenon in the studied environment. The results found for dissolved oxygen are too low for what is

necessary to maintain the life of aerobic organisms in aquatic environments, and that the concentration of
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metals such as Fe, Cu and Mn are higher than expected, and can be dangerous because they tend to
bioaccumulate and/or biomagnify along the food chain.

The analysis of the monitored variables, using PCA, indicated the formation of four distinct groups
of parameters distributed according to the collection campaign and for each of them allowed the selection
of the most important variables among the parameters evaluated that should be monitored in this river,
thus facilitating the choice of monitoring parameters in each sampling season.

This analysis showed that the dynamics of the environment is very different in the dry and rainy
period in the region, so it is necessary to monitor more frequently (at least every six months) the water
quality of this river in order to assess the real dimension of water contamination, thus being able to carry
out the remediation of contaminated areas, plan and manage the use of water in the region, prevent future
contamination, thus preserving the biodiversity of aquatic ecosystems in the Cerrado biome.

Due to the extensive use of the river for irrigation, periods have been constant when some areas of
the water body have their flow reduced or are completely without water. Control of water use by the
agricultural project already exists, where pumping is monitored so that such effects are minimized. Some of
the parameters presented show that the water quality of the Rio Formoso decreases during the drought
period, showing that water control in the region is necessary. The importance of this work to assist in

political and environmental decisions regarding the use of water in the region is evidenced, for agricultural

activity.
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