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ABSTRACT

Water quality, currently determined through laboratory analysis, can also be determined by the presence or
absence of bioindicators sensitive to climate change, and these relationships can be the subject of studies
in Environmental Education. The objective of this integrative analysis was to identify the existing gaps in
physical-chemical and microbiological analyses, the use of biomonitors, the insertion of climate change
and the role of Environmental Education as a fundamental complement to these analyses in the Para
Amazon, especially in the municipality of Paragominas. The secondary data were obtained from academic
literatures published between 1997 and 2022, the year in which the National Water Resources Policy turns
25 years old. The data obtained and analyzed indicated that the research on water quality in the Pard
Amazon, uses physical-chemical parameters, and compares the laboratory data obtained with the values
established in Resolution No. 357/2005. The use of these parameters associated with aquatic bioindicators
in Paragominas already presents data directed, with greater frequency, to the Uraim River, igarapé 54 and
seven, which leaves a gap as to the Paragominas/Prainha River, which is a receptor of urban effluents and
a tributary of the right bank of the Uraim; there are other gaps such as: scarcity of research regarding water
quality and climate change are scarce; Environmental Education, although the municipality already has a
plan for this, is still only applied in formal education spaces in lower and upper elementary school, but is
not applied to users of water resources, which leaves them at the margins of this process. Therefore, these
gaps become difficulties in the correct and active application of the NWRP.
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RESUMO

A qualidade da agua, atualmente determinada através de analises laboratoriais, também pode ser
determinada pela presenga ou auséncia de bioindicadores sensiveis as alteracdes climaticas, e estas relacbes
podem ser objeto de estudos em Educacdo Ambiental. O objetivo desta analise integradora foi identificar
as lacunas existentes nas analises fisico-quimicas e microbiologicas, a utilizagdo de biomonitores, a
insercdo das alteragdes climaticas e o papel da Educacdo Ambiental como complemento fundamental destas
analises na Amazénia do Para, especialmente no municipio de Paragominas. Os dados secundarios foram
obtidos nas literaturas académicas publicadas entre 1997 e 2022, ano em que a Politica Nacional de
Recursos Hidricos completa 25 anos. Os dados obtidos e analisados indicaram que a investigagao sobre a
qualidade da agua na Amazonia do Para, utiliza parametros fisico-quimicos, e compara os dados
laboratoriais obtidos com os valores estabelecidos na Resolucdo n.° 357/2005. A utilizacdo destes
parametros associados a bioindicadores aquaticos em Paragominas ja apresenta dados dirigidos, com maior
frequéncia, para o rio Uraim, igarapé 54 e sete, 0 que deixa uma lacuna quanto ao rio Paragominas/Prainha,
que é um receptor de efluentes urbanos e afluente da margem direita do Uraim; ha outras lacunas como:
escassez de pesquisas quanto a qualidade da agua e as alteragGes climaticas sdo escassos; a Educagdo
Ambiental, embora o municipio ja tenha um plano para tal, continua a ser aplicada apenas em espagos de
educacdo formal nas escolas primarias inferior e superior, mas ndo € aplicada aos utilizadores dos recursos
hidricos, o que os deixa a margem deste processo. Por conseguinte, estas lacunas tornam-se dificuldades na
aplicacdo correta e ativa do PNRH.

Palavras-chave: Crescimento populacional; Urbanizacdo; Contaminagdo das aguas superficiais;
Poluicéo da agua.
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INTRODUCTION

The water quality standard tends to change from the processes of industrialization
(RODRIGUEZ-GUERRA; MARTINEZ, 2020), urbanization (NASCIMENTO et al., 2020),
population growth (ABDALA, 2019), and expansion of agricultural boundaries (NASCIMENTO
et al., 2019) due to the generation of waste and effluents containing elements or chemical
substances, lipophilic or hydrophilic. By acting on the physical-chemical parameters that
determine this quality, they cause changes in their concentrations that can induce eutrophication,
resulting from the elevation of pollutant loads (UNITED NATIONS, 2015). Another factor is the
gap between the residual collection and sewage treatment that are either absent or deficient.

Conceptually, this standard is defined in the Resolution of the National Environment
Council (NEC) of No. 357 (BRASIL, 2005, p. 4), in Chapter I, Article 2, item XXVIII, as
"substances or other indicators representative of water quality." Besides the laboratory analysis
of physical parameters: hydrogen potential-pH; water temperature; turbidity, and chemicals:
dissolved oxygen (OD), Biochemical Oxygen Demand (BODs2o), total nitrogen, and total
phosphorus (http://pnga.ana.gov.br/Qualiagua.aspx#), it is stated in Article 7, paragraph 3, that
"the quality of aquatic environments may be assessed by biological indicators, where appropriate,
using organisms and aquatic communities (p.8)".

In resolution 430 (BRASIL, 2011), Article 3 states that "the effluents from any polluting
source may only be discharged directly into the receiving bodies after proper treatment and
provided that they comply with the conditions, standards, and requirements outlined in this
resolution and other applicable standards. In contrast, 36 million people in Brazil have access to
treated water, and 106 million whose homes have neither sewage nor solid waste collected
(SILVA et al., 2020). All this occurs two years after the promulgation of the legal framework of
Basic Sanitation, Law No. 14.026 (BRASIL 2020), which covers four actions: drinking water
supply, sanitary sewerage, urban cleaning, and solid waste management, and urban rainwater
drainage management (VASCO, 2022; NETO COSTA et al., 2020).

Despite the existence of legislation, basic sanitation in Brazilian industrial districts, such
as in the state of Sdo Paulo, municipality of Bauru, where the problem is associated with heavy
metals in liquid effluents that are not treated and are released into the domestic sewage network
and tend to flow into the river Bauru (NAKADAKARI, 2022). In the state of Macap4, the Matapi
river basin, one of the tributaries of the Amazon River that flows through the cities of Santana
and Mazagado, in this state, and is very close to the industrial district, which now needs research
and studies to determine and mitigate the damage that the effluents generated in this district can
cause to the receiving water body (PAIXAO NETO, 2021).

In the context of the Northern region, the state of Pard, the quantitative concentration of
freshwater is high (12%). Because it presents the most significant area extension in the Brazilian

Amazon (DIAS et al., 2017), this extension of this state is occupied by 144 municipalities. The
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right to basic sanitation is present in only 31 of them which already have sanitation. In the others,
such as Belém, it is absent or incipient. This has caused the accumulation of waste in precarious
pipes and solid waste on public roads and inside water bodies (CARNEIRO et al., 2020).

The Capim River Integration Region (RIRC) in South Eastern Para has 16 municipalities
(Abel Figueirédo, Aurora do Para, Bujaru, Capitdo Poco, Concordia do Para, Dom Eliseu,
Garrafdao do Norte, Ipixuna do Pard, Irituia, M3 do Rio, Nova Esperanca do Piria, Ourem,
Paragominas, Rondon do Para, Tomé-Ac¢lu and Uliandpolis), which must have a Municipal
Sanitation Plan — PMSB (PARA, 2001).

The PMSB is already prepared in five (31%) of them, that is, in 11 (69%). It is worth
noting that the RIRC, at the Brazilian level, is a component of the hydrographic basin of the
Gurupi river, which belongs to the North Atlantic hydrographic region. Suppose there still needs
to be a deficiency at the household level in the productive sectors, especially the industrialization
sector, which in Brazil is geographically decentralized. In that case, there are numerous examples,
such as mining. In it, trace metals can disperse and sediment in freshwater or marine aquatic
environments and influence changes in electrical conductivity (NASCIMENTO et al., 2015;
ROUABHI, 2020).

Another industrial process, textiles, generate chemical compounds called recalcitrant
(MANENTI et al., 2015). In the dairy industry, changes in physical-chemical parameters occur
with the deposition of whey in water bodies. In livestock farming, multiple pollutants such as
feces (rich in phosphorus - P) containing the pathogen Cryptosporidium and cattle urine (urea,
rich in nitrogen - N), change the concentrations of these two chemical elements, which culminates
in bioaccumulation (QUINELATO et al., 2021).

Currently, all these occurrences are identified using only physical-chemical water quality
parameters. However, these changes can be identified using biological indicators or bioindicators.
Their use can be made at the organism, population, or community level because they will always
respond depending on the alterations of those components, either by the transient or cumulative
presence of pollutants or contaminants (NASCIMENTO et al., 2019). The genesis of this
association began between 1960 and 1990, with the study on the modifications that occurred and
still occur on coral reefs due to the bleaching of these reefs (PRAZERES et al., 2020) and
phytoplankton (YUSSUF, 2020).

In Pard, the first studies with aquatic insects occurred between 1990-1992 in a lentic
system, receptor of bauxite mining effluents, located on the right bank of the Trombetas River in
Oriximina (BRASIL et al., 2022). Among the numerous components of the phytoplankton are the
microalgae called diatoms, belonging to the group Bacillariophyta, which are sensitive to water
pollution, variation in acidity, and eutrophication processes (SANTOS, 2021). Therefore, they

make up the sensitive natural environmental system and also respond to the excessive presence
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of metals such as iron and aluminum - Al (AMARAL, 2022) or even microbiological, such
as Escherichia coli (SANHUDO et al., 2021)

In international studies, aquatic vertebrates such as fish are being used as bioindicators of
water quality from the pressures exerted by heavy metals such as iron (Fe) on these populations
(L1 etal., 2019; MAHAMOOD et al., 2021). In the national territory, as well as in the Brazilian
Amazon and Para, research on the association between water quality and bioindicators is already
occurring (BERSCH, 2020; GOMES, 2021) and directed to this metal because there is a presence
of pathogenic microorganism's absorbers of it, which also contributes to the loss of water quality
(ROMERO, 2020; STORTO, 2021).

Regarding the causes of loss of water quality, besides the five already exposed, two more
should be added: the occurrence of climatic extremes (MARINHO et al., 2020) and poor
environmental sensitivity, which brings to seven the possible causes for this loss. Concerning
climate extremes (Ex.: El Nifio) in the Amazon region, they can be torrential rains or severe
droughts, and cause physical changes in this quality, such as in the hydrogenic potential, since the
acids contained in Amazonian soils, arising from the decomposition of organic matter (MO), enter
the water bodies of this region (MARINHO, 2018).

To mitigate the shortage that this can cause to the industry in general, livestock and
agriculture, the process of prevention and coexistence with climate extremes in Brazil, is
legislated by the National Policy on Climate Change, Law No. 12.187 (BRASIL, 2009). In the
context of Brazilian legislation, this activity aims to develop a critical state in the individual to
make him able to the conservation of natural resources, as well as increase his environmental
sensitivity, and that can be a multiplier agent of this criticality (RODRIGUES et al., 2020).
Therefore, EE should be part of the training and training of employees of industries and
commerce, as well as the neighborhood, especially with the use of information technology (e.qg.,
mobile phones), since the channels of dissemination of information are numerous as Google,
Yahoo among others, to spread the problem of water pollution and the need to conserve its quality
(MORAES et al., 2020).

Consequently, between Environmental Education and water quality, the link occurs
because the former improves the knowledge and practice of the user regarding the use and
conservation of surface and groundwater and, thus, becomes a public policy that shows what the
intention of its existence is and that there is a problem that requires the direct participation of the
user to solve it which, in this case, is the conservation of water quality (PAIXAOQ; SILVA, 2019).
In the industrial sector, environmental education may increase the knowledge of chemical
components and waste management, whether affluent or not, and thus contribute to mitigating the
loss that now occurs due to inadequate destination and final disposal of waste and effluents,
especially meatpacking plants where the generation of the latter originates from the blood of

animals in evisceration and carcass washing (CONCEICAO et al., 2020).
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All these facts justified the study and increased the need for it in search of scientific
evidence in the academic literature related to water resources in Paragominas that can inform: 1.
What is state of the art about water quality? 2. About the use of bioindicators in water quality
analysis? 3. What are the main obstacles preventing effective water quality maintenance since the
promulgation of the National Water Resources Policy (PNRH). Low n. 9.433 (BRASIL, 1997)?
4. Are there reports of the consequences of these changes to human health and the aquatic
environment? 5. What are the prospects for changes in water quality from Climate Change? 6.
How does the National Policy for Environmental Education contribute to maintaining water
quality? 7. What are the remaining gaps in maintaining water quality?

To better develop this integrative review, it was composed of four sections: (1)
Introduction, where generalized information on water quality, bioindicators, climate change, and
environmental education was allocated, (2) Methodology, which grounded the structuring of the
secondary data search, and grounded the composition of (3) Results, where the quantitative
selection process of the academic literature was demonstrated, which contains the argumentation
of the cited authors and their point of view regarding the theme and, finally, (4) the Discussion,
where the synthesis of the arguments contained in the articles that actively answered the seven

guiding questions was made.

METODOLOGY
AREAS OF APPROACH

The geographic delimitation of this integrative review was the Rio Capim Integration
region, southeast of the state of Pard, where the municipality of Paragominas is located, as well
as four bordering municipalities: Dom Eliseu, Ipixuna do Para, Nova Esperanca do Piria and
Uliandpolis (Figure 1). All belong to the Capim River Integration Region (PARA, 2001).
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Figure 1 - Map of the Capim River Integration Region, and the component municipalities.
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Source: authors (2021).

The method employed was Integrative Literature Review (ILR), because, according to

the statement of Guimaraes et al. (2019), in it, it is allowed to understand what occurred in the

past, in this case, the characterization of water quality associated or not with bioindicators, climate

change and environmental education. Six steps described were employed in this review (Table 1).

Table 1 - The five steps used for literature selection.

Step Actions Checking on...
1 Identification of | Water quality associated with bioindicators, climate change and environmental
the theme. education.
5 Research Is water quality established in association with bioindicators? What about
Questions. climate change? What about Environmental Education?
The inclusion/exclusion of the literature was performed from the careful
establishment of the following selectors:
Inclusion and 1. time_sca_le (2013 to 2022); _
3 | Exclusion 2. publ!cat!ons from the North region
3. publications in the Pard Amazon;
4. publications on the Capim River Integration Region, especially on the
municipality of Paragominas;
5. context of surface water.
The contents were assessed:
1. Did the water quality analysis involve only the physical-chemical parameters
Content established in CONAMA Resolution #357/2005?
4 | Evaluation 2. Did it associate bioindicators or not? Which ones?

3. Did it involve changes in water quality resulting from climate change?
4. Is there a narrative about Environmental Education as a tool for using and
conserving water and maintaining its quality?
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The levels of evidence described by Guimarées et al. (2019) were adapted from
those described by the Agency for Healthcare Research and Quality: level 2 -
individual studies with experimental design; level 3 - case reports/experiences;
level 4 - descriptive studies or studies with a qualitative approach.

Levels of
5 Evidence.

Interpretation of | Preparation of the summaries of the knowledge contained in the selected and
6 | results. analyzed literatures, only of the literatures published between 2018 to 2022, to
verify data from the last five years.

Elaborated from data contained in Guimaraes et al. (2019).

As for the establishment of the inclusion/exclusion process, we took as a basis what is
described by Carlomagno and Rocha (2016), complemented by the arguments of Sousa and
Santos (2020) on content analysis. These authors wrote that this type of analysis presents
contributions to both the description and interpretation of texts selected for studies of this nature.
The National electronic databases consulted were Google Scholar, Portal da Coordination for the
Improvement of Higher Education Personnel (IHEP), National Water Agency (NWA), Higher
Education Institutions (HIE), Brazilian Institute of Geography and Statistics(BIGS), Scopus Web
Science, among others. The statistical analysis of the data was conducted with the help of Excel
software, version 2013, using the spreadsheet contained in this digital tool. Descriptive statistics
was used to calculate frequencies (relative absolute), mean, and standard deviation. The charts
and tables were prepared according to the standards established by the Brazilian Institute of
Geography and Statistics (IBGE, 1993).

RESULTS
SELECTION OF ACADEMIC LITERATURE

For this step, it was identified that in Brazil, regardless of the period, for surface waters,
118,000 publications were found. After applying pre-established filters and the process of

exclusion and inclusion, the final selection was made (Figure 2).
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Figure 2 - Quantitative academic literatures in without the time scale and with the time scale to
the Capim River Integration Region, southeastern mesoregion of Para.
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Prepared by the authors (2023).

For the municipality of Paragominas, there were 96 literatures read in their entirety, with
special attention to the objective, results, and conclusion. v It was found that most of them (n =
80; 83.4%) did not associate water quality studies with biodiversity, climate change, and
environmental education. With this, only 16 (16,6%) that addressed the four themes of this

research (Figure 3).

Figure 3. Distribution of the 16 selected literatures on the four themes of this search.
Paragominas. Para.

f Water quality ‘ Bioindicators
(n = 4,0; 26,7%) (n=7,0; 46,7%)
SELECTED
(n = 16,0; 100,0%0)
Climate Change Environmental Education
(n = 2,0; 12,5%) (n = 3,0; 20,0%)

Prepare by the authors (2023).

LEVEL OF EVIDENCES

The application of the level of evidence (L.E.) indicated that of the 16 academic
literatures selected for the period between 2019 and 2022. L.E. 2 was the most frequent, which
demonstrates a concern with water quality and the use of environmental identifiers that allow a

more effective analysis to establish this quality (Table 1).
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Table 1 - Level of evidences (absolute = fi, and relative = fr (%), identified after contents
analysis of the 17 selected articles. Paragominas — Para.

Levels of evidences fi fr %)
2 9 56,3
3 2 12,5
4 5 31,3
> 16 100
X*o 5,3+3,5 --

Prepared by the authors (2023).

WATER QUALITY

It is observed that in the four articles (Chart 1), the application of the CONAMA
Resolution 375/2005, is still the driving vehicle for water quality. Another factor that draws
attention is the concern of researchers with the Uraim River, although there is a right-bank
tributary that currently plays the role of a receiver of domestic effluents, especially in the urban
area: the Prainha or Paragominas River, which is a right-bank tributary of the Uraim River, who

plays the role of a source for the municipality of Paragominas.

Chart 1. Literature on water quality selected for the municipalities of the Rio Capim Integration

Region, Paragominas - Para.

Author/Year | L. E Obijectives and results Conclusion and
Recommendations
- Analyze the water quality in an urban | In this stretch, the water
. stretch of the Uraim River. quality has been
2019, Silva . . .
ot al 2 - Of the five points analyzed two of comprom_lsed by
e them showed high values for DO, BOD | urbanization.
and COD.
- The water in the Capim
- Analysis of water quality for pesticide | River region is suitable for
. application the application of
2019, Pratt. 2 - Hardness x pH, EC x pH, and SDT x | pesticides.
pH; SDT x EC. With negative degrees | - Promote testing whenever
of correlation acid pH. you use water from the
irrigation site.
. . - The water quality
- To previously evaluate '_[he ql_Jallty of parameters of the Uraim
the raw water of the Uraim River and | . i
. . River are within the Class 2
2020 compare the results with those requi red requirements
. by the CONAMA 357/2005 resolution. ' o
Nascimento 2 . . - - Long-term monitoring is
- With the exception of pH, turbidity, N
etal. o recommended in view of the
temperature, DO, they are within the I .
X ; . peculiarity of this river and
normative standards in resolution the cveling of nutrients
357/2005. yeling '
2021, Neves 4 - Evaluate quantitative and qualitative | - The deactivation of the
et al. data during and after the deactivation of | dam did not influence the
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Paragominas-PA.

the flow rate changed.

a dam at the Parariquara Igarapé,

- During and after the activation only

water quality; the flow was
restored.

Legend: L. E = level of evidence. Prepared by the authors (2023).

BIOINDICATORS

As for the use of bioindicators, the eight articles analyzed (Chart 2) already reveal a more

pronounced concern with the association between them and water quality, from the analysis of

physical-chemical parameters, as well as the classification of the aquatic environment
(GOULART; CALLISTO, 2003). There has also been the inclusion of climate change, as well as
a study conducted on the Prainha or Paragominas River (SILVA et al., 2020).

Chart 2. Eight literatures whose content links the use of bioindicators to water quality.

Paragominas - Para.

Author/Year | L.E Objectives and results Conclusion and
Recommendations
) |dentification of the The Uraim River is classified as
macroinvertebrates of the Uraim | ., .. .o
2018, Braga River disturbed" in terms of water
etal. 2 |- Identification of 211 species, quality. .
. - The data may guide further
with prevalence of the so-called .
studies.
tolerant ones.
- The use of biological indicators
- Introduce the importance of IS Important  to |dent|fy
. o . contamination  in  aquatic
] biological indicators and climate .
2019, Sa et . - ecosystems in terms of water
al. 3 change in  water quality quality.
assessment, - Use the biological indicators as a
complement to the physical-
chemical analysis of the water.
- The waters of both lotic
- Quantitative analysis from the | environments tend to lose
presence/absence of diatoms as | quality in the dry season.
indicators of water quality in | - Presence of representative
. Prainha and Uraim rivers. individuals in the Prainha River
2020, Silva et . .
al 2 | - The parameters phosphorys and in the d_ry season. In _the rainy
' pH presented changes in the | season in rivers Prainha and
values allowed by the water Uraim, the frequency of
legislation. individuals decreases.
- Continued research for better
monitoring of water quality,
- Assess the importance of semi-
aquatic insect species in a mineral | - The presence/absence/absence
extraction area. of forests directly influences the
2021, Silva. 2 |- In 16 streams/riffles of | concentrations of the species
Paragominas with greater | - Riparian vegetation contributes
vegetation cover, there was a | directly to this distribution.
greater distribution of species
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- To analyze the history of the use
of some groups of aquatic insects | - Aquatic insects of the orders
as bioindicators of environmental | Ephemeroptera, Heteroptera,
2022, Brasil 2 change in the state of Para. Odonata, Plecoptera, and
et al. - Ephemeroptera, Plecoptera, | Trichoptera are efficient
Trichoptera and Odonata, current | bioindicators.
as aquatic and terrestrial indicators
at some stages of their life cycle.
- Study the effects of changes in
pﬂyz:g?)lchemic;;[rug;[::r?eters inazn',gI - Changes in land use, cause
2022, Moy et pny . P changes in water EC and modify
al 2 | lotic environments. Gerromorpha communities
' - Changes in EC, causes little P '
change in the Heteroptera
community (6%).
- Assessing anthropogenic impacts | - 1€ richness indices are much
g P ,g mp: more responsive than the others to
as a function of EPT's sensitivity anthrobogenic actions
2022. Santos - In the 32 sampling sites, the Pog
2 . . - They suggest that future
et al. different land uses caused different .
applications of the BMWP! Index
responses to these pressures as
. o should always be adapted to
occurred in species richness. . -
Amazonian water conditions.

Legend: L. E = level of evidence; EPT’s’ = Ephemeroptera, Plecoptera and Trichoptera; EC =
Eletric Conductivity; BMWP = Biological Monitoring Working Party . Prepared by the authors

CLIMATE CHANGE

The one articles that were read and analyzed for this theme (Chart 3), bring an association

(2023).

between these changes, and the use of biondicators to demonstrate the alterations caused in the

strata of the aquatic ecosystems that occurred both in the physicochemical and in the rainfall rates

in this municipality, and that can interfere in both biotic and abiotic factors. The consequence of

these actions is the alteration of the water quality.

Chart 3. Studies of climate change and water quality in the two rivers: Prainha and Uraim.

Paragominas - Para.

Conceicéo et al.

parameters of the water quality
of the Uraim River.

Author/Year | L.E Objectives and results Conclusion and
Recommendations
- Quantitatively analyze the - The Amazonian winter can
rainfall distribution in suffer changes, both in the
Paragominas from the EI Nifio | wettest and the least rainy period
2019, Giuliatti 4 and La Nifa phenomena. as occurred in 1992 and 2009.
et al. - There is both monthly and - The study can contribute to
annual variability in rainfall better urban and rural planning in
ranging from 1096 mm to 2716 | the municipality of Paragominas
mm.
- ldentify the influence of the | , The application of Fuzzy Logic
. . better exposes the interference of
rainfall regime and the changes | . ; .
2020, . . . rainfall in relation to
4 |in the physicochemical

physicochemical parameters such
as pH.
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- pH, turbidity, color BOD,

change during the rainy season,

with high decomposition of

organic matter.

Legend: L. E = level of evidence. DO, Dissolved Oxygen; Biological/Biochemical Dissolved
Oxygen; COD. Chemical Dissolved Oxygen. Elaboration; pH, Hydrogen potential.

Prepared by the authors (2023).

ENVIRONMENTAL EDUCATION
The literature selected for this theme, in the municipality of Paragominas, indicated that
in this municipality, a municipal public policy is already in place for the application of this

educational line. However, the integral practice of it is not yet evident in the selected studies

(Chart 4).

Chart 4. Three literatures selected to environmental education. Paragominas — Para.

Author/Year

L.E

Objectives and results

Conclusion and Recommendations

2019, Paixao
e Silva.

- To analyze Environmental
Education as a public policy
implemented by the
municipality of Paragominas
in the management of natural
resources.

- Proposal for solving the
environmental crisis that has
occurred since 2008.

- The actions of EE provoked strong
impact in the community regarding the
"awareness" for the care, preservation,
and appreciation of the urban
environment, with "cleaner schools and
more sustainable practices".

2021,

Azevedo et al.

- To get to know the
Environmental ~ Education
Policies  developed in
Paragominas.

- Teachers have an area of
training that is not focused
on the application of EE,
although most of them do not
know that it has already been
implemented.

- The Environmental Education
Policies are still poorly applied, even
with  the  seriousness of the
environmental problems, among them
"water shortage, basic sanitation,
among others.

2021, Lopes
et al.

- Applying Environmental
Education in the context of
watersheds

- The descriptors already
developed are punctual,
fragmented, with a nature
conservation character.

- It needs to provide initial and
continuing training for teachers
working in Environmental Education
with a transversal and interdisciplinary
character.

-Society must exercise more effective
social control over public policies.

DISCUSSION
Water quality

Legend: L. E = level of evidence. Elaboration: Authors (2023).
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The Water Quality index values for most (n = 15; 57.7%) of the 26 Brazilian states, and
the Federal District, allow for a classification of water quality (Table 1).
Table 1. Values for water quality assessment

Faixas | Faixas Il
States AL, MG, MT, PR, RJ, RN, BA, CE, ES, GO, MS, PB, PE,
Water RS SP
Quality
Rating.
Great 91-100 80-100
Good 71-90 52-79
Reasonable 51-70 37-51
Bad 26-50 20-36
Terrible 0-25 0-19

Prepared from data contained in the Water Quality Portal (ana.gov.br)

Table 1 does not indicate the presence of established values for the state of Para. The

possibility that the pedogenesis, vegetation, the presence of a single climatic season, and the large
concentration of sediments, decomposing organic matter that can change the value of pH, DO
and, consequently, the BOD, is raised. However, in the literatures that were the object of this
review, it was noticed the application of the classification according to this table.
In the Uraim River, Silva et al. (2019), Nascimento et al. (2020) and Nascimento et al. (2021),
analyzed five physical-chemical parameters (pH, Turbidity, Temperature and DO) of water
quality at points with higher and lower population agglomeration, and the data obtained were
compared with standards already stipulated in Resolution 357 (BRASIL, 2005).

In the same year, Pratti (2019), analyzed five STD, Color and turbidity, EC, pH,
hardness), in waters available for pesticide application, and compare the values found with the
descriptors in the Water Treatment Gate that obeys the standards established by the Normative
COPAM/CERH-MH, No. 01 (MINAS GERAIS, 2008). There was no relationship between the
Temperature variations that directly influence the Electrical Conductivity, and since irrigation
uses ionic substances, they may not adhere to the water molecules in the face of these variations.

The most evident gap is the lack of concern with the association of these surveys with the
use and occupation of the soil, loss of APP, and the association of the data obtained with the
parameters analyzed, in addition to the geomorphology of the soil, via ionic dissolved solids
coming from it from the surface runoff that rises or the absence of marginal vegetation. Changes
in DO can be derived not only from the reception of domestic and/or industrial effluents. The

input of organic matter (OM) from bare soil causes a decrease in the bioavailability of DO.
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BIOINDICATORS

Most Studies (BRAGA et al., 2018; SA et al., 2019; SILVA et al., 2020; MOY et al.,
2022; SANTOS et al., 2022) selected for analysis the physicochemical parameters that identify
the water quality of bioindicators. The core of the question in these researches, was directed to
the quantitative of the species classified as tolerant, sensitive, or intolerant and, there is also a
direction to the impact factor as mining (SILVA, 2021).

In the research conducted v by these authors, at Ouricuri River, municipality of
Capanema-PA, the authors classified the macroinvertebrates in three groups: Sensitive
(Ephemeroptera, Plecoptera and Trichoptera); Tolerant (Odonata, Megaloptera, Coleoptera and
Heteroptera) and resistant (Diptera, Mollusca and Anellida). Regarding water quality, four
parameters were measured: pH, T°, DO, EC. They applied bioindicators in two strands:
BMWP/ASPT and EOT, where they associated Ephemeroptera, Odonata and Trichopetera

(EOT), i.e., sensitive, and tolerant specimens in the three surveyed points (Figure 3)

Figure 3. application of bioindicators and classification of water quality. Paragominas — Para.

SPRING URBAN PERIMETER MOUTH

Rainy= 2.034

Rainy = 2.233

—  Rainy =1.663

Less rainfall =1.618 Less rainfall = 3.122

— less rainfall = 3.543

( e
Index: BMWP e ASOT: f Index: BMWP e ASPT.

: Index: BMWP e ASPT. .
Class and Water Quality L Class and Water Quality:
Class 3 = Regular: Class and Water Quality:

= Class 3 = Regular.
Class 2 = Good. Class 3 = Regular. q ass egular

.

Prepared by the authors (2023).

It was evident that the application of bioindicators for a water quality analysis is more
effective and makes the classification more secure, especially when these analyses are directed to
water potability, as well as reinforces the index of Minimum Parameters for the Preservation of
Aguatic Life (MPPAL), as well as allows a better analysis of the trophic state of aquatic
ecosystems (TSAE), since both make up the Index of Water Quality for the Protection of Aquatic
Life (IWQ), whose quality ranges from "optimal = IWQ < 2.5”, to "poor = IWQ > 6.8”

(https://www.pna.ana.gov.br/indicares-protecao-vida.aspx)


https://www.pna.ana.gov.br/indicares-protecao-vida.aspx
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CLIMATE CHANGES

This area of research still lacks studies on the association between water quality and
climate change, although the municipality of Paragominas has an economic vein based on
commodity: sojiculture, which has a very pronounced need for water, since the hydrological cycle
is associated with climate. One of its components, precipitation, was the object of study by
Giuliatti et al. (2019), v in this locality, and they alerted to the fact that local agriculture can indeed
be affected by variations in the precipitation rate, as in 2011, where there was a 4° C increase in
temperature, and even floods, such as the one that occurred in 2018, in view of the increase in
rainfall volume that was between 581 and 561 mm, when the local average ranges from 285 to
365 mm.

Therefore, the ways to measure these precipitations altered due to climate change, and
that influence the physical-chemical parameters and consequently the water quality. On this
subject, Conceicdo et al. (2020), analyzed parameters such as pH, turbidity, color, and BOD of
the waters of the Uraim River, with the application of fuzzy logic, and proved that the application
of this logic can improve the analysis of the parameters measured and establish the most effective
levels for water quality.

It is noted that in these two studies, there was no application of aquatic environmental
bioindicators, although they can contribute to the formation of a database on changes in water
quality in the municipality of Paragominas, not only for the agricultural sector but also for human
supply, since the Uraim River is the source of this locality, and only with the use of parameters
already specified, but that do not involve other aspects such as coverage of basic sanitation in

urban and rural areas.

ENVIRONMENTAL EDUCATION

In the municipality of Paragominas, since 2016, a Municipal Environmental Education
Plan was constituted. But Azevedo et al. (2021) and Paixdo and Silva (2019), analyzed the
applicability of EE in this locality from this document, and concluded that the implementation
was not disseminated in the local community, i.e., did not go beyond the classroom, then, it does
not cover the municipality as a whole, and is restricted to the pedagogical process in this formal
space of education.

It is worth mentioning that the public policy inherent to EE, in the context of water
resources conservation, at the Brazilian level, has shown advances in attention to the legislative
provisions contained in Law n. 9433 (BRASIL, 1997), as described by Lopes et al. (2021).
However, in the municipality under study, it was not yet evident that the concern with water
conservation, because the local community has no knowledge about the municipal plan for this
action, since there is a limitation on its application in formal environments of knowledge

acquisition.



CONCILIUM |84

CONCLUSION

In the municipality of Paragominas, the state of the art about water quality is still scarce,
because the concentration of studies and research is still based on the Uraim River, due to the role
of source that this body of water plays. Another factor is the application of bioindicators as an
associative tool for classifying the quality of the water, which is in a stage of development and
growing occurrences, and phytoplanktonic or non-phytoplanktonic invertebrates have already
been identified, although there has not yet been an expansion to the other tributaries of this body
of water, among them the Prainha/Paragominas River.

Regarding the reports of diseases transmitted by ingestion of contaminated water in the
municipality, there is a scarcity of literature, which may cause a feeling that "everything is in
accordance with the water legislation”. However, this may only be a more optimistic view in a
municipality of 54 years of existence, where three institutions of higher education and vocational
education coexist.

Therefore, it is necessary to expand the theoretical and practical application of
Environmental Education to the community in general, from the generation of workshops and
training that increase sensitivity to the conservation of water and other natural resources. In
addition, it verifies the application of the guidelines offered by the National Water Agency
associated with climate change, whose scarcity of research and studies in this area are evident in
Paragominas.

The obstacles to environmental enforcement reported here can be overcome, and one of
them already has a defined public policy. The others depend on the knowledge that the
Paragominas community has about it, and what is the real engagement of each member of it in
the conservation of water quality. The research on these associations must be continued in order
to evaluate the real situation of the Paragominas water network and the evolution that it presents

in future studies.
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