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ABSTRACT

Environmental impacts in watersheds are a global concern, resulting from actions such as deforestation,
urbanization, and pollution. These processes compromise water quality and the balance of ecosystems.
The environmental impact caused by deforestation in the Inhamum stream basin in Caxias (MA) is
evident, especially regarding the degradation of hydrographic systems and native vegetation cover. The
destruction of riparian vegetation promotes erosion and river siltation, reducing flow and compromising
water quality, alongside urbanization processes. Given this, the general objective of the research is to
identify the impacts of deforestation on the banks of the Inhamum stream and its effects on the
hydrography in the Caxias-MA region. To this end, the following specific objectives were defined: to
characterize the physiographic aspects of the study area; to identify the main consequences of
anthropogenic actions within the watershed; and to analyze the effectiveness of public policies and
environmental management practices implemented to combat deforestation and preserve water resources.
The research has a qualitative nature and a descriptive approach, with data collection through direct
observation, photographic records, and the use of geotechnologies such as QGIS software. The results
indicate that the loss of vegetation cover has directly affected the basin’s hydrological cycle, contributing
to erosion, siltation, and reduced water availability. The study aims to contribute technical input for the
development of environmental management strategies and the strengthening of public policies aimed at
protecting natural resources and promoting the sustainable development of the region.
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INTRODUCTION

Water is an essential resource for the maintenance of life and the balance of ecosystems. However,
increasing anthropogenic actions, especially deforestation and the disorderly occupation of land, have
significantly compromised the quality and availability of this resource in various regions. The
municipality of Caxias, located in eastern Maranhao, contains two important rivers—Itapecuru and
Parnaiba—as well as a network of streams that, in recent decades, have been impacted by environmental
degradation processes, particularly in the Inhamum stream basin.

The removal of vegetation, especially riparian forests, leaves the soil exposed to erosion,
contributing to the siltation of watercourses and the loss of biodiversity (Castro; Martinez; Souza, 2013).
According to Moreto et al. (2021), monitoring the dynamics of land cover is essential to ensure the
maintenance of environmental quality, enabling planning and management actions for natural resources.

The Inhamum stream basin is particularly sensitive to these dynamics due to its proximity to urban
areas and the presence of the MA-127 highway, which crosses the Inhamum Environmental Protection
Area (APA), facilitating access and disorderly occupation. This dynamic not only leads to ecosystem
degradation but also directly threatens the water supply capacity of the basin, which serves part of the
population and economic activities of Caxias. Additionally, cultural and traditional practices, such as
wood extraction for local festivities (Araujo, 2012), combined with hunting, firewood extraction, and
urban expansion, intensify the degradation scenario.

Thus, the research problem arises: What are the main environmental impacts resulting from
deforestation in the Inhamum stream basin in Caxias (MA), and how do anthropogenic actions and public
policies influence the conservation of the region’s water resources? To address this question, the general
objective was formulated: to identify the impacts of deforestation on the banks of the Inhamum stream
and the effects on hydrography in the Caxias-MA region. To achieve this objective, the following specific
goals were outlined: to characterize the physiographic aspects of the study area; to identify the main
consequences of anthropogenic actions within the Inhamum stream watershed; and to analyze the
effectiveness of public policies and environmental management practices implemented to combat
deforestation and preserve water resources in the region.

The research is qualitative in nature and adopts a descriptive approach, with emphasis on direct
observation and environmental analysis. According to Gil (2019), this type of approach seeks to
understand phenomena from their context. Data collection was conducted through field research in the
Inhamum stream basin in Caxias (MA), as highlighted by Cunha and Silva (2001), using observation,
notes, and photographic records (Trivinos, 2008). QGIS 3.4 software was used to create the location map,
supported by GIS, an essential tool for representing and analyzing spatial dynamics (Camara et al., 2001).

The data were interpreted through descriptive analysis, which, according to Yin (2016), allows for the
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identification of patterns and the development of preliminary diagnoses of observed environmental
impacts.

Therefore, the research is justified by the urgency of diagnosing these impacts, understanding their
causes, and proposing strategies to support public policies aimed at preserving native vegetation and
protecting water resources. Furthermore, the proximity of the APA to urban areas and the presence of the
MA-127 highway amplify the effects of anthropogenic actions and hinder enforcement, making a
technical and analytical perspective on the local reality even more necessary. By diagnosing the main
problems and their consequences, the study strengthens the discussion on the preservation of natural

resources and sustainable development in Caxias and its surroundings.

LITERATURE REVIEW
DEFORESTATION AND ITS IMPACTS ON WATER RESOURCES AND ECOSYSTEMS

As Fausto et al. (2023) affirm, deforestation and vegetation removal—characterized by tree
cutting through machinery—are primarily associated with agricultural activities. Pre-use land clearing
often involves burning, a practice that has become routine yet remains highly harmful.

Land use along riverbanks and lakes can severely degrade their ecosystems, affecting springs,
streams, and creeks they traverse or interact with, leading to rapid siltation and significant loss of local
flora and fauna, potentially resulting in their disappearance. According to Bastos (2022), although natural
causes exist, deforestation is predominantly driven by human activities such as logging, agricultural
expansion, and unregulated urbanization.

There is a profound impact on biodiversity, with native devastation especially in the Cerrado and
other Brazilian biomes, causing ecological imbalance. Castilho (2010) argues that this demands the
creation of public policies focused on conservation and protection of remaining areas. Gelain (2012)
views these issues within a broader framework of destructive practices tied to the globalized economy,
which intensify predatory deforestation and sustain deep environmental degradation. Carepa (2010) notes
that streams, creeks, and springs may also be classified as lakes and reservoirs, where riparian forests are
found. These phytophysiognomies occur in moist or waterlogged soils prone to periodic flooding.

The removal of forests in riparian zones and vegetation suppression in watersheds directly impacts
the hydrological cycle, impairing water infiltration and increasing surface runoff and erosion. According
to Soares et al. (2019), such actions may alter the microclimate, increase rainfall variability, prolong
droughts, and accelerate the manipulation of natural environments.

The lack of effective public policies and environmental oversight exacerbates this situation.
Aratjo et al. (2009) highlight the absence of controlled management of natural resources, negatively

affecting both the quality and quantity of available water. Garcia (2016) emphasizes that unplanned
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anthropogenic actions damage drainage systems and ecosystems, also impacting geomorphological
stability and intensifying progressive environmental imbalances.

It is imperative to implement sustainable practices such as deforestation monitoring, ecological
restoration, and deforestation verification, all of which must be backed by the conservation of Permanent
Preservation Areas (APPs). As Carvalho (2012) demonstrates, such interventions are crucial to ensure
ecological system resilience and consistently reduce threats that could render natural resources
unsustainable.

Another important point is the link between deforestation and climate change. According to Santos
(2017), vegetation plays a fundamental role in regulating atmospheric gas balances, particularly in CO:
sequestration. The removal of vegetation cover contributes to increased atmospheric concentrations of
this gas, worsening the effects of global warming. Gil (2020) goes further, stating that the advance of
deforestation compromises not only biodiversity but also the health of aquatic ecosystems, deteriorating
water quality and availability.

Fausto et al. (2023) emphasize the need for governmental actions, such as those outlined in the
National Plan for Controlling Illegal Deforestation and Recovering Native Vegetation, prioritizing
bioeconomy, land regularization, and territorial planning as measures to combat deforestation. Research
by Rocha and Vianna (2008) and Araujo et al. (2009) reinforces that addressing the impacts of
deforestation requires joint action among the State, society, and environmental institutions, with the goal
of developing public policies capable of effectively promoting natural resource conservation and

environmental sustainability.

PUBLIC POLICIES AND ENVIRONMENTAL MANAGEMENT IN WATER RESOURCE
CONSERVATION

Natural resources, such as water, require public policies for environmental management aimed at
their preservation and protection. These policies serve functions such as regulating the use of geographic
space, controlling human activities that impact the environment, and ensuring the sustainable
management of resources. To this end, legal frameworks addressing environmental issues have been
established. Coutinho (2007) states that “the environment is increasingly a collective concern [...]
scientific knowledge and governmental action are indispensable.” There has been a historical evolution of
environmental concerns, from cultural/religious roots to agendas centered on public policies (with
presence in constitutional texts).

In Brazil, the National Water Resources Policy was established by Law No. 9,433/1997, which

outlines important instruments to optimize water use and management efficiency. These include Water
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Resource Plans, classification of water bodies by usage categories, granting or charging for water use, and
an information system on water resources (Berlinck, 2003).

According to Araujo et al. (2018), despite the availability of a legal framework, the effectiveness
of environmental policies still faces challenges such as deficiencies in enforcement, sanctioning
mechanisms, and insufficient investment in regulatory and oversight agencies. These issues necessitate an
integrated, multi-level environmental management approach, where all levels of government—federal,
state, and municipal—collaborate to implement truly effective solutions. Kersting (2023) argues that
central water resource management policy should be decentralized, as this would strengthen
environmental governance through integration among various public spheres, considering that water
management affects other urban, environmental, and territorial policies.

Paula et al. (2024) add that the administration of natural resources must aim for sustainability by
ensuring equitable access to water with minimum quality standards essential for use, as well as for
environmental conservation and preservation. Santoro et al. (2021) also emphasize the importance of
societal involvement in policy implementation and in monitoring government actions.

However, the implementation of these policies often encounters obstacles such as shortages of
human, financial, and institutional resources. As Brandao et al. (2022) warn, political instability and
budget cuts affect oversight agencies like IBAMA and ICMBio, making it impossible to properly carry
out essential functions and directly impairing their operational capacity. Losekann and Paiva (2024)
highlight that, in addition to financial limitations, there are also social challenges and weaknesses in
environmental control mechanisms, which compromise the effectiveness of protection efforts.

According to Andreoli (1992), environmental policy reflects the development model adopted by a
society. Thus, the more committed this model is to conservation, the more effective the existing public
policies will be in promoting environmental preservation. Breaking away from predatory models to move
toward more sustainable practices requires not only informed political will but also significant social

engagement and the strengthening of necessary legal instruments.

SUSTAINABLE USE CONSERVATION UNITS AND THEIR CHALLENGES IN ENVIRONMENTAL
PROTECTION

Conservation Units (CUs) serve as essential tools for the protection of natural resources and are
primarily classified into two distinct groups: full protection and sustainable use. These include Ecological
Stations (Esec), Biological Reserves (Rebio), National Parks (Parna), Natural Monuments (Monat),
Wildlife Refuges (RVS), and Environmental Protection Areas (APA); as well as National Forests (Frona),
Extractive Reserves (Resex), Fauna Reserves (Refau), Sustainable Development Reserves (RDS), and

Private Natural Heritage Reserves (RPPN).
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Brazil has made significant progress in environmental management following the creation of the
National System of Conservation Units (SNUC), regulated by Law No. 9,985 of 2000 and Decree No.
4,340 of 2002. Gartner (2003) provides insights into how SNUC established standardized guidelines that
shaped policies for an ecologically sound climate, aiding not only in environmental maintenance but also
in incorporating offenders and locations into governance procedures.

The Environmental Protection Area (APA) falls under the sustainable use category, allowing for
the coexistence of economic and social activities, provided they align with the conservation of natural
resources. Rente (2006) notes that the development of APAs was driven by the need to mitigate
environmental impacts caused by nature exploitation and to make such activities more sustainable.
According to Brandao et al. (2022), Federal Decree No. 4,340/2002 provides criteria for the development
of management plans, the operation of management councils, and the definition of secure rights to natural
resources within these units.

However, Bethonico (2009) argues that although APAs represent a significant advancement in
integrated environmental management, they are limited by the lack of participatory social monitoring.
Literature on conservation units also indicates that the challenges faced are reflections of the current
socio-environmental crisis. Oliveira (2023) points out that even in legally designated protected areas,
there is intense competition for urban expansion, agriculture, economic extractivism, and other activities
that exceed permitted limits and degrade the CUs.

Rosa (2015) emphasizes that these contradictions allow for reflection on the country’s historical
trajectory, which has been marked by predatory practices and, more recently, by a sustained attempt to
build a development model aligned with sustainability. Gartner (2003) reinforces that although the
concepts of preservation and conservation have theoretical differences, both aim to ensure the
maintenance of ecosystems and environmental services for current and future generations.

In this context, protecting the effectiveness of Conservation Units, especially APAs, requires more
than a public and regulatory political framework—it also demands a comprehensive constructive
approach focused on improving management instruments, responsible action by environmental

authorities, and active engagement and advocacy by society regarding shared environmental commons.

METHODOLOGY
CHARACTERIZATION OF THE STUDY AREA

The Inhamum Stream watershed (Figure 1) encompasses a significant area within the
municipality of Caxias, Maranhao. It is located on the right side of the BR-316 highway and is intersected
by the MA-127 road. Designated as an Environmental Protection Area (APA) by Law No. 1,464/2001 and
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officially established in 2001, the area faces serious challenges due to unregulated urban growth and

anthropogenic activities, which have contributed to its environmental degradation.

Figure 1- Location of the Municipal Environmental Protection Area and the Inhamum Stream watershed, with some natural
and anthropogenic elements.
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The map illustrates the limits of the Inhamum Stream Watershed (BHRI) and the Municipal
Environmental Protection Area (APA do Inhamum), located in the municipality of Caxias, Maranhao. It
highlights hydrographic features, altimetry curves, the Itapecuru River, and major roads (BR-316 and
MA-127), as well as the 230 kV transmission line. The cartographic base uses the UTM 23S coordinate
system with SIRGAS 2000 datum. The inset shows the location of the watershed within the municipality
of Caxias.

The Inhamum Stream basin plays a direct role as a water source for Caxias, supplying water to
industries, residences, and local agriculture. However, the area has been frequently subjected to illegal
invasions and activities such as hunting and wood extraction, which compromise its environmental
integrity. The ongoing pressure on this region threatens its ability to maintain biodiversity and the quality

of available water resources.

METHODOLOGICAL PROCEDURES
This research is characterized as a qualitative study with a descriptive approach, based on

methodological procedures that integrate field research, spatial analysis, and environmental interpretation.
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As Gil (2019) states, qualitative research seeks to understand phenomena from the perspective of the
subjects and the context in which they are situated.

This approach aligns with environmental and territorial studies, where social and ecological
relationships are intertwined. Most scholars focus on field surveys, which, according to Marconi and
Lakatos (2017), involve direct observation of phenomena in their natural environment, allowing
researchers to collect data through notes, photographic or video records, and situational analysis of the
dynamics under study. In the municipality of Caxias (MA), the activities were conducted within the
boundaries of the Inhamum Stream sub-watershed, aiming to identify and document the predominant
environmental impacts in the area.

Observations were guided by a systematic environmental analysis framework, developed based on
criteria proposed by Cunha and Silva (2001). During data collection, the method of direct participant
observation was employed, supported by photographic records and field diary notes, in accordance with
Trivinos (2008), who recommends such methods for environmental and territorial studies.

For spatial representation of the study area, geotechnologies were utilized, particularly the QGIS
3.4 geoprocessing software, which enabled the creation of a location map based on cartographic data and
satellite imagery. As Camara et al. (2001) point out, Geographic Information Systems (GIS) are essential
for visualizing, analyzing, and understanding spatial and environmental dynamics, making them a
fundamental tool in watershed research.

Upon completion of field activities, descriptive and interpretative analysis of the collected data
was conducted, integrating empirical records with specialized literature. According to Yin (2016),
descriptive analysis is effective in identifying patterns and relationships among environmental variables,

allowing for the formulation of preliminary diagnoses.

RESULTS AND DISCUSSION
CHARACTERIZATION OF THE PHYSIOGRAPHIC ASPECTS OF THE INHAMUM STREAM
BASIN
The Inhamum Environmental Protection Area, located in the municipality of Caxias, Maranhao,

possesses physiographic characteristics that include climatic, hydrographic, geomorphological, and
geological conditions. The region’s climate exhibits relatively regular rainfall distribution, with annual
precipitation ranging between 1,600 and 1,800 mm, and consistently high temperatures throughout the
year, with an average exceeding 24°C (Araujo, 2012).

The Inhamum watershed is drained by the Inhamum stream, a second-order watercourse with
permanent flow, as well as by small tributaries of the Itapecuru River basin, especially near the MA-127

highway. The area is situated within the sedimentary basin of the Meio-Norte region, characterized by
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depressions with alluvial soils and quartz sand deposits commonly found along the stream’s margins. The
Motuca and Corda formations predominate geologically, forming the rocky substrate that influences the
local morphology (Figure 2). These features make the landscape vulnerable to erosive processes and

siltation (Aragjo et al., 2024).

Figure 2 - Geological Base of the Inhamum Environmental Preservation Area (APA), Caxias, Maranhao, Brazil.
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The map shows the boundary of the APA do Inhamum (red polygon) superimposed on mapped
geological units within the municipality of Caxias. Geological units displayed in the legend comprise:
Alluvial deposits, Detrital-Lateritic cover, Corda Formation, and Motuca Formation. The main panel
contains a scale bar (0-3 km) and a north arrow; an inset map locates the APA within the municipal
boundaries of Caxias. Geographic coordinates and graticule marks are indicated (approx. 43°24'W
longitude and 4°45'S latitude). Cartographic datum and coordinate system: SIRGAS 2000 (geographic).
Data sources and processing are noted in the map: IBGE (2018; 2022); organized by Adolfo Lincoln and

Juliana Oliveira Aratjo (2023); geoprocessing by Francisco Wellington de Araujo Sousa.

IDENTIFICATION OF NEGATIVE IMPACTS IN URBAN SECTIONS OF THE INHAMUM STREAM
BASIN
From the analysis carried out during the research on deforestation and water resources in Caxias, it

was possible to identify some elements that are degrading the space in this region. The results and data
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collected through field observation and photographic records, such as the suppression of forest vegetation,
the improper disposal of garbage, and the sewage discharged without prior treatment in the vicinity and
into the stream bed, are the main agents causing negative environmental impacts that directly affect the
region’s water resources.

The sections of the Inhamum stream that cut through the urban area of the municipality have been
receiving irregular uses, configuring new untreated domestic sewage outlets and accumulation of solid
waste, which are often dumped directly into its bed. Such practices significantly contribute to the
degradation of water quality and the imbalance of the local environmental system.

Cantinho do Céu, Marinha, Ponte do Bab4a, Travessa da Gloria, Piscina da Ponte, and the bridge at
Travessa da Unido are the main segments impacted by these anthropic actions. Figure 3 highlights a

section of the Inhamum stream, popularly known as Cantinho do Céu:

Figure 3 - A: Bridge over the Inhamum stream, in a section known as Cantinho do Céu; B: Preserved riparian forest vegetation.
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The section of the Inhamum stream, popularly known as Cantinho do Céu, as shown in Figure 3
above (images A and B), is located within the urban perimeter, where partially preserved riparian forest
vegetation is observed. However, anthropic interventions are evident, such as the construction of a bridge
over the watercourse and the installation of an electric pole directly in the channel bed.

The irregular discharge of domestic sewage and the significant accumulation of solid waste on the
stream’s banks are evidenced in Figure 4, constituting a relevant environmental degradation factor, in

addition to representing a potential public health risk.
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Figure 4 - Section of the Inhamum stream known as Mariinha.. A: Presence of solid waste improperly discarded. B:
Construction of houses very close to the stream bed area.
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As highlighted by Silva et al. (2011), solid waste improperly discarded in unsuitable locations has
a high pollution potential and can favor the emergence of infectious diseases, especially considering the
ease with which this improper disposal attracts animals such as rats, mosquitoes, flies, cockroaches,
among other types of insects, as well as other biological and chemical agents, such as fungi, bacteria, and
protozoa. It is also observed that the riparian forest in this section is significantly reduced, which directly
contributes to the siltation process of the stream bed.

Figure 4, image B, illustrates the presence of residential buildings located near the riverbed. This
configuration, in addition to intensifying negative environmental impacts on the watercourse, represents a
potential housing risk, since in flood situations, residents may be exposed to inundations. Furthermore,
unregulated land occupation is observed, which may result in various socio-environmental implications.

In the analyzed section shown in Figure 5, the presence of a structure was observed whose
foundation was compromised due to erosion caused by the stream’s current. As a result, the structure

collapsed, falling into the watercourse and causing a partial obstruction of the channel.
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Figure 5 - Section of Ponte do Baba.
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Additionally, the absence of riparian vegetation along this segment was noted, which further
aggravates the environmental degradation processes in the area. In Figure 6, artificial narrowing of the

stream bed is observed, resulting from an attempt to channel the water flow.

igure 6 Section of Ponte do Baba.
W 1% SE :

| Source: author (2025).

The presence of accumulated bamboo branches is observed, forming a small natural dam, which

can retain water and increase the risk of overflows. Thus, unplanned human intervention is evident in this
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scenario. Figure 7 shows the construction of a new building very close to the stream bank, as well as the

visible discharge of untreated sewage.

CONSTRUCTION

Source: author (2025).
It is noted that the irregular urbanization process, by suppressing the remaining riparian forest

trees, directly contributes to environmental degradation and the compromise of water quality. The area is
used as a space for urban expansion without environmental control, which demonstrates failures in
municipal oversight. In several sections of the basin, the presence of solid waste inside the channel is
noticeable, especially plastics and organic waste, such as human feces. This indicates a continuous
pollution process, which transforms the stream into an open sewer (Figure 8). As a result, water quality is
compromised, affecting the aquatic ecosystem and the population that may eventually use this water for

consumption or recreation.

Figure 8 - Section of Travessa
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Source: author (2025).
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The lack of environmental education policies and basic sanitation infrastructure is therefore
alarming, considering that waste such as plastic bags and cleaning product packaging, discarded directly
into the stream by laundry workers, are significant sources of water contamination (Santos et al., 2015).

Residential constructions near the stream bed are also identified as determining factors for its
destruction. Given this scenario, the absence of effective preservation actions may lead to the irreversible
loss of this water source, essential for supplying a large portion of the local population, as shown in

Figure 9.
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The presented section is, among all, the most well-known in the municipality, as it houses a dam
called “Piscina do Ponte.” It was possible to identify the presence of solid waste and a large amount of
sewage being discharged directly into the stream. It is observed that much of the riparian vegetation in
this area has been suppressed, and the banks have been paved with concrete and asphalt, which hinders
rainwater infiltration. This impermeabilization increases the runoff force of rainwater, contributing to the
transport of waste improperly discarded on public roads, instead of in appropriate containers. In contrast,

the section in Figure 10 shows a greater presence of native vegetation, suggesting a less impacted area.
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Figure 10 - Section of Travessa da Un
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Source: author (2025).

It is noted, however, that the image reveals the cutting of a medium to large tree, evidencing the
continuity of human intervention. There are also clear signs of siltation on the stream banks, resulting
from sediment transport caused by the lack of vegetation cover. The contrast between the existing
vegetation and the negative impacts indicates a transitional stage between conservation and degradation.
In this context, Figure 11, which highlights the same section, confirms the signs of human interference

and degradation.
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Figure 11 confirms the signs of human interference and degradation presented in the previous
figure. The still-resistant vegetation shows that there is potential for ecological recovery, provided that
preservation and reforestation actions are implemented. However, the presence of accumulated
sedimentary material on the banks alerts to the need for intervention, aiming to contain the advance of
siltation and restore the ecological functionality of the stream.

The landscape mismatches caused by degradation in a watershed area or its boundaries, such as
valleys, slopes, meanders, or springs, may become irreversible depending on the extent of the devastation,
bringing harm not only to nature but also social losses near the basin areas (Rocha and Viana, 2008).

As previously mentioned, although the study area presents well-preserved sections, it also shows
signs of anthropic interventions. Figure 12 exemplifies a well-preserved section of the basin area. The site

is known as Sumidouro do Padre, accessible via trails in the conservation unit.

This environment presents significant environmental integrity, with well-preserved riparian
vegetation and high-quality water resources, referring to a spring area, characterized by clear waters and
continuous flow, without the presence of anthropic barriers that compromise the natural dynamics of the

water. Figure 13, in turn, presents a lagoon formed near the Alambique trail.

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




At this point, it is already possible to identify evidence of anthropic intervention, considering that
a distillery operated in the vicinity, which in turn demonstrates negative impacts directly on the soil and
water resources. Despite this intervention, the riparian forest vegetation remains preserved, with only a
few tree trunks that apparently fell naturally over time, but which may possibly be associated with some
type of previous negative impact, such as selective cutting, wood extraction, or trail opening. Figure 14

presents a photograph of the margins of Lagoa da Soledade, located closer to the MA-127.

Figure 14 — Area on the margins of Lagoa da Soledade. (A): Apparently preserved riparian forest.(B): Tree cutting
representing deforestation.
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It is observed that the riparian forest surrounding the lagoon remains in excellent conservation
condition, characterized by dense, well-structured vegetation with few signs of direct anthropic
intervention. On the other hand, a clear indication of human intervention on the environment is observed
(Figure 14B), represented by a recently cut tree trunk. It was also possible to observe, at the beginning of

the Lagoa do Padre trail (Figure 15), signs of deforestation directly resulting from human action.

Figure 15 - Signs of deforestation at the beginning of the Lagoa do Padre trail.
S PRI P

The site presents evident signs of deforestation, characterized by the opening of clearings amid
denser vegetation, resulting from anthropic interventions. Such actions represent potential risks to the
Environmental Protection Area (APA), compromising ecological balance and the maintenance of
ecosystem services.

Continuing the route around the basin area, it was once again possible to perceive the presence of

solid waste improperly discarded in the APA (Figure 16).
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This situation constitutes an environmental degradation factor, negatively impacting the local
ecosystem, in addition to revealing the fragility of existing monitoring and control mechanisms. This
scenario, therefore, proves inconsistent with the assumptions that underpin the current conservation
policy of the referred conservation unit.

After the on-site analysis in the Inhamum Environmental Protection Area (APA), it was noted that
although some sectors maintain a high degree of preservation, characterized by well-preserved riparian
vegetation and quality water resources, it is also possible to observe clear signs of anthropic impacts. The
presence of old structures such as the distillery tank, traces of deforestation, and improper solid waste
disposal demonstrate pressure on the local ecosystem. This scenario highlights the importance of
increasing monitoring, control, and environmental awareness actions to ensure the conservation of natural

resources and the functionality of the conservation unit.
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THE EFFECTIVENESS OF PUBLIC POLICIES AND ENVIRONMENTAL MANAGEMENT
PRACTICES IMPLEMENTED TO COMBAT DEFORESTATION AND PRESERVE WATER
RESOURCES IN THE REGION

Although there are many laws and guidelines, such as the Master Plan of Caxias (Law No.
1,631/2006) and the National Water Resources Policy, they are not applied with due comprehensiveness.
The absence of interregional coordination, the scarcity of resources, and low oversight hinder the
implementation of the planned actions. Furthermore, many environmental policies are disjointed, poorly
coordinated, or discontinuous, which makes their implementation fragile and undermines their
preservation objectives.

Basic sanitation in Caxias is subject to a range of federal, state, and municipal laws, as well as
plans, such as the Municipal Basic Sanitation Plan (PMSB). At the federal level, Law No. 11,445/2007,
called the National Basic Sanitation Law, provides general guidelines for these services. It requires
municipalities to create their own plans, define universalization goals, and methods of social control.

This law was modernized by Law No. 14,026/2020, the New Legal Framework for Sanitation,
which strengthens the expansion of access to water and sanitation by 2033. It encourages private sector
participation and imposes stricter rules for oversight and regulation. At the state level, the State Basic
Sanitation Policy is governed by Law No. 8,923/2009, defining principles such as universal access,
environmental and financial sustainability, and integration with Maranh@o’s Water Resources Plans.

At the municipal level, the PMSB of Caxias was established by Municipal Law No. 2,361/2017,
an essential urban planning instrument aimed at the four crucial pillars of sanitation: water supply,
effective sanitary sewage, urban drainage, and solid waste treatment.

Recently, Municipal Decree No. 310/2023 instituted a commission tasked with reviewing the
PMSB, seeking to align it with new legal demands and local issues. Even with these laws already in force,
establishing precise guidelines for sanitation management, the reality in the rural communities of Caxias
reveals incomplete oversight, poorly executed actions, and a notable failure to educate the population
about the importance of sanitation, delaying progress toward the planned goals.

According to Assis et al. (2012), the environmental issue is complex and involves multiple actors
with divergent perspectives. In the debate on the Forest Code, for example, the requirement for Legal
Reserves and Permanent Preservation Areas is viewed differently by various groups. While some
agricultural sectors consider these restrictions an obstacle to development, others argue that they are
essential to ensure the sustainability of natural resources, such as water and soil, for future generations.

The effectiveness of environmental public policies depends on the collaboration and awareness of
all social segments. Each sector has an important role to play, and it is essential that governments share

decision-making power with the population, including those who have historically been excluded from
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this process, without ignoring the legitimate interests of other economic and social sectors (Siqueira,
2008).

The designation of an area as an Environmental Protection Area (APA), within the scope of the
National System of Conservation Units (SNUC), implies less stringent protection rules than other
conservation units. This flexibility allows for the sustainable use of natural resources, provided that the
rules established by SNUC are respected. However, the absence of a management plan developed and
implemented by the municipality may violate regulations and encourage inappropriate anthropic
activities, leading to biodiversity loss.

The research revealed the urgent need to raise public awareness about the importance of
environmental preservation. The local community, often without access to environmental education,
contributes involuntarily to degradation, without understanding the effects of their actions. It is essential
to invest in educational campaigns, strengthen environmental oversight, and create effective public
policies that involve community participation and ensure the protection of the region’s water resources. A
joint and practical action by public authorities, civil society, and research institutions will be necessary to

reverse the current deterioration and ensure the sustainability of the Inhamum stream basin.

CONCLUSION

The analysis of deforestation and water resources associated with the Inhamum Stream in Caxias
(MA) demonstrates that the degradation of the area is largely due to the removal of riparian vegetation,
the dumping of garbage and sewage into watercourses and bodies of water, and the irregular and intensive
occupation of its banks, consequently compromising water quality and posing health risks, especially in
the most impacted urban sections.

Despite the fact that the Inhamum APA still has well-preserved sections, such as the Sumidouro do
Padre, the presence of selective deforestation processes, garbage, and pressure from the urban area prove
distressing in terms of oversight and environmental management in the region. The absence of an
effective management plan and the disarticulation of public policies aggravate this situation.

Thus, the loss of riparian vegetation cover harms the local hydrological cycle, with the consequent
reduction in water infiltration into the soil, affecting aquifer recharge and increasing vulnerability to
floods and droughts. Therefore, vegetation must be preserved to safeguard water supply and the
environmental balance of the basin. Finally, the research indicates that more integrated actions involving
public authorities, civil society, research institutions, more environmental education, and oversight are

needed so that we can collaborate and overcome the current degradation situation.

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




REFERENCES

1. Andreoli, C. V. (1992). Principais resultados da politica ambiental brasileira: o setor publico [Main
results of Brazilian environmental policy: the public sector]. Revista de Administracdo Publica.

2. Aratijo, F. A. S. (2012). Geomorfologia aplicada a fragilidade e ao zoneamento ambiental de
Caxias/MA [Geomorphology applied to fragility and environmental zoning of Caxias/MA] (Master’s thesis,
Universidade Estadual Paulista — UNESP). Retrieved from http://hdl.handle.net/11449/105033. Accessed
on: 30 June 2024.

3. Aratjo, J. E. A.; Carvalho, R. C. R.; Ferreira, R. L. (2018). A questao ambiental no Brasil: politicas
publicas e estratégias [The environmental issue in Brazil: public policies and strategies]. Caderno Meio
Ambiente e Sustentabilidade, 13(7).

4. Araujo, J. O., et al. (2024). Uso de geotecnologias na caracterizacdo geologica e geomorfologica da
APA do Inhamum em Caxias-MA [Use of geotechnologies in the geological and geomorphological
characterization of the APA of Inhamum in Caxias-MA]. In J. O. Aragjo et al. (Eds.), Geotecnologias:
analises, técnicas e aplicagdes em pesquisa (Vol. 2, pp. 96-116). Editora Cientifica Digital. Retrieved from
https://doi.org/10.37885/240717154. Accessed on: 19 June 2025.

5. Aragjo, L. E., et al. (2009). Bacias hidrograficas e impactos ambientais [Watersheds and
environmental impacts]. Retrieved from
https://www.academia.edu/60882943/Bacias_Hidrograficas e Impactos Ambientais. Accessed on: 30
June 2024.

6. Araujo, R. C. (2010). Efeitos do desmatamento sobre o ciclo hidrolégico: uma comparagdo entre a
Bacia do Rio Curua-Una e a Bacia do Rio Uraim [Effects of deforestation on the hydrological cycle: a
comparison between the Curua-Una River Basin and the Uraim River Basin] (Doctoral thesis, Nucleo de
Altos Estudos =~ Amazonicos, Universidade Federal do Para). Retrieved from
http://repositorio.ufpa.br/jspui/handle/2011/11108. Accessed on: 8 December 2023.

7. Assis, M. P, et al. (2012). Avaliacao de politicas ambientais: desafios e perspectivas [Evaluation of
environmental policies: challenges and perspectives]. Saude e Sociedade, 21(Suppl. 3), 7-20. Retrieved
from https://doi.org/10.1590/s0104-12902012000700002. Accessed on: 24 June 2025.

8. Bacellar, L. A. P. (2005). O papel das florestas no regime hidroldgico de bacias hidrograficas [The
role of forests in the hydrological regime of watersheds] (pp. 1-39). Retrieved from
https://doi.org/http//:www.degeo.ufop.br/geobr. Accessed on: 20 December 2023.

9. Balbinot, R., et al. (2008). Fundamentos de ecologia para o manejo de bacias hidrograficas
[Fundamentals of ecology for watershed management]. Porto Alegre: UFRGS.

10.  Balbinot, R., et al. (2008). O papel da floresta no ciclo hidrolégico em bacias hidrograficas [The
role of the forest in the hydrological cycle in watersheds]. Revista Unicentro, 4(1), 131-149. Retrieved
from https://revistas.unicentro.br/index.php/ambiencia/article/download/294/1892. Accessed on: 13
December 2023.

11.  Bastos, R. H. F. (2022). O desmatamento ilegal: a analise da lei 9605/98 [Illegal deforestation: an
analysis of Law 9605/98].

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




12.  Berlinck, C. N. (2003). Comité de bacia hidrografica: educagdo ambiental e investigacdo-acao
[Watershed committee: environmental education and action research] (Unpublished work). Universidade
de Brasilia, Brasilia-DF.

13.  Bethonico, M. (2009). Rio Pandeiros: territorio e histéria de uma area de protecdo ambiental no
norte de Minas Gerais [Rio Pandeiros: territory and history of a protected area in northern Minas Gerais].
Revista ACTA Geografica, 23-38. Retrieved from https://doi.org/10.5654/actage02009.0305.0002.
Accessed on: 16 April 2025.

14. Brandao, P. C.; Riondet-Costa, D. R. T.; Botezelli, L. (2022). Politicas publicas federais, estaduais
e municipais voltadas para unidades de conservagdo [Federal, state and municipal public policies aimed at
conservation units]. Revista Brasileira de Geografia Fisica, 15(2), 650-669. Retrieved from
https://doi.org/10.26848/rbgt.v15.2.p650-669. Accessed on: 20 April 2025.

15. Camara, G., et al. (2001). Introducdo a ciéncia da geoinformagdo [Introduction to the science of
geoinformation]. INPE.

16.  Carvalho, R. G. (2012). Sistemas ambientais e desmatamento na regido da bacia hidrografica do Rio
Apodi [Environmental systems and deforestation in the watershed region of the Apodi River]. Revista da
Anpege, 8(9), 107-118. Retrieved from https://doi.org/10.5418/ra2012.0809.0008. Accessed on: 1 July
2024.

17. Castilho, M. P. D. (Ed.). (2010). Cerrado: perspectivas e olhares [Cerrado: perspectives and views].
Editora Vieira.

18. Castro, M. N.; Castro, R. M.; Souza, P. C. de. (2013). A importancia da mata ciliar no contexto da
conservagdo do solo [The importance of riparian forest in the context of soil conservation]. Revista
Eletronica de Educacao da Faculdade Araguaia, 230-241. Retrieved from
https://sipe.uniaraguaia.edu.br/index.php/REVISTAUNIARAGUAIA/article/view/172. Accessed on: 8§
August 2023.

19.  Caxias (Municipality). (2006). Lei n® 1.637/2006, de 9 de maio de 2006: Plano diretor de Caxias
(Maranhao) [Law No. 1,637/2006 of 9 May 2006: Master plan of Caxias, Maranhao].

20.  Coutinho, G. de A. (2007). Politicas publicas e a prote¢do do meio ambiente [Public policies and
environmental protection]. Revista Eletronica Direito e Politica, 2(3). Retrieved from
http://www.univali.br/direitoepolitica. Accessed on: (no date provided).

21.  Cruz F. K. F. da. (2021). O despejo de esgoto em ribeirdes na cidade de Gonzaga-MG [Sewage
disposal in streams in the city of Gonzaga-MG]. In Jornada Académica das Engenharias (proceedings).
Governador Valadares, 2021.

22.  Cruz, R. de C. A. da. (1997). Os caminhos da pesquisa de campo em geografia [The paths of field
research in geography]. GEOUSP: Espaco e Tempo (Online), (1), 93. Retrieved from
https://doi.org/10.11606/issn.2179-0892.geousp.1997.123230. Accessed on: 16 May 2025.

23. Cunha, S. B.; Silva, R. R. (2001). Meio ambiente ¢ desenvolvimento sustentavel [Environment and
sustainable development]. Sdo Paulo: Moderna.

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




24.  DaSilva, C. L.; Kersting, C. B.; Griboggi, A. M. (2023). Participagdo social na gestao dos recursos
hidricos: uma analise dos comités de bacias hidrograficas a partir da matriz GUT (gravidade, urgéncia e
tendéncia) [Social participation in water resources management: an analysis of river basin committees using
the GUT matrix (gravity, urgency and trend)]. Contribuciones a las Ciencias Sociales, 16(4), 1517-1541.
Retrieved from https://doi.org/10.55905/revconv.16n.4-004. Accessed on: 2 July 2024.

25.  Ennes, M. A. (2010). Restratificagdo social em areas de preservagao ambiental: o caso dos povoados
Bom Jardim e Mundés em Itabaiana/SE [Social restratification in environmental preservation areas: the
case of the villages Bom Jardim and Mundés in Itabaiana/SE]. Cadernos Ceru, 21(1), 130-144.

26.  Fausto, D. S., et al. (2023). Desmatamento: causas, consequéncias ¢ medidas preventivas
[Deforestation: causes, consequences and preventive measures]. Reiva Revista, 6(3).

27.  Flor, T. de O., et al. (2022). Revisdes de literatura como métodos de pesquisa: aproximagodes e
divergéncias [Literature reviews as research methods: approaches and divergences].

28. Galvao, M. C. B.; Ricarte, I. L. M. (2019). Revisao sistematica da literatura: conceituacao, produgao
e publicagdo [Systematic literature review: conceptualization, production and publication]. Logeion:
Filosofia da Informacao, 6(1), 57—73. Retrieved from https://doi.org/10.21728/logeion.2019v6n1.p57-73.
Accessed on: 16 May 2025.

29.  Garcia, P. H. M. (2016). Discussdo tedrica dos métodos e técnicas para estudos em bacias
hidrograficas [Theoretical discussion of methods and techniques for watershed studies]. AGB Bauru, 20(1),
44-56. Retrieved from
https://www.agbbauru.org.br/publicacoes/revista/anoXX 1/agb xx1 versao_internet/Revista AGB dez2

016-03.pdf. Accessed on: 30 June 2024.

30. Gartner, C. (2003). A funcao social de uma unidade de conservacdo de uso sustentavel: um estudo
de caso na Area de Preservagdo Ambiental Serra Dona Francisca [The social function of a sustainable use
conservation unit: a case study in the Serra Dona Francisca Environmental Protection Area] (Doctoral
dissertation). Universidade Federal de Santa Catarina, Floriandpolis, 2003.

31. Gelain, A. J. L.; Lorenzett, D. B.; Rizzatti, M. (2012). Desmatamento no Brasil: um problema
ambiental [Deforestation in Brazil: an environmental problem]. Revista Capital Cientifico.

32. Gil, A. C. (2019). Métodos e técnicas de pesquisa social (7th ed.) [Methods and techniques of social
research]. Sao Paulo: Atlas.

33. Gil, E.; Hierro, M. G.; Vesentin, N. A. (n.d.). Desmatamento: causas e consequéncias [ Deforestation:
causes and consequences]. Retrieved from https://www.studocu.com/pt-br/document/universidade-do-
estado-de-minas-gerais/webmarketing/tcc-desmatamento-hhhhhhhhhhh/78075602. Accessed on: 4 May
2025.

34.  Janior, R. S. dos S.; Souza, R. R. (2023). Panorama dos impactos causados pelo descarte inadequado
dos residuos solidos na biodiversidade [Overview of the impacts caused by improper solid waste disposal
on biodiversity]. Journal of Environmental Analysis and Progress, 8(2), 062-069. Retrieved from
https://doi.org/10.24221/jeap.8.2.2023.5284.062-069. Accessed on: 5 May 2025.

35. Kury, K. A. (2008). Despejo de esgoto no Rio Paraiba do Sul pelo centro urbano da cidade de
Campos dos Goytacazes [Sewage disposal in the Paraiba do Sul River by the urban center of the city of

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




Campos dos Goytacazes]. Boletim do Observatorio Ambiental Alberto Ribeiro Lamego, 2(1), 117-149.
Retrieved from https://doi.org/10.5935/2177-4560.20080006. Accessed on: 5 May 2025.

36. Leite, E. D., et al. (2023). Impactos ambientais causados pelo desmatamento no Brasil
[Environmental impacts caused by deforestation in Brazil]. Revista Livre de Sustentabilidade e
Empreendedorismo, 8(1), 19-38.

37.  Lins, K. J. P; Lins, M. A. F. (2019). Saneamento basico: impacto do esgoto despejado na orla de
Olinda-PE [Basic sanitation: impact of sewage discharged along the Olinda-PE waterfront]. Holos
Environment, 19(2), 220. Retrieved from https://doi.org/10.14295/holos.v19i2.12318. Accessed on: 5 May
2025.

38.  Losekann, C.; Paiva, R. L. (2024). Politica ambiental brasileira: responsabilidade compartilhada e
desmantelamento [Brazilian environmental policy: shared responsibility and dismantling]. Ambiente &
Sociedade, 27. Retrieved from https://doi.org/10.1590/1809-4422as0c0176r4vu2711ao. Accessed on: 19
April 2025.

39.  Maranhao (State). (2011). Decreto n® 27.318, de 14 de abril de 2011: Codigo de protecdo do meio
ambiente do Estado do Maranhao [Decree No. 27,318 of April 14, 2011: Environmental Protection Code
of the State of Maranhao].

40.  Marconi, M. A.; Lakatos, E. M. (2017). Metodologia cientifica (7th ed.) [Scientific methodology].
Sao Paulo: Atlas.

41.  Martins, M. F., et al. (2019). Descarte inadequado de lixo e seu impacto no meio ambiente e na
saude da comunidade [Improper waste disposal and its impact on the environment and community health].

42.  Moreira, W. (2004). Revisdo de literatura e desenvolvimento cientifico: conceitos e estratégias para
confeccado [Literature review and scientific development: concepts and strategies for preparation].

43.  Moreto, R. F.,, et al. (2021). Potencial das geotecnologias para monitoramento do impacto da
colonizagdo na floresta nativa na microbacia do Rio Enganado, Amazdnia Ocidental, Brasil [Potential of
geotechnologies for monitoring the impact of colonization on native forest in the microbasin of the
Enganado River, Western Amazon, Brazil]. Revista Cientifica Multidisciplinar, 2(7), e27588. Retrieved
from https://doi.org/10.47820/recima21.v2i17.588. Accessed on: 6 August 2023.

44.  Oliveira, R. B. de. (2023). Anélise da percepgio ambiental sobre a Area de Protegio Ambiental
Municipal do Inhamum, Caxias, Maranhao [Analysis of environmental perception about the Municipal
Environmental Protection Area of Inhamum, Caxias, Maranhdo] (Doctoral dissertation). Universidade do
Vale do Taquari — UNIVATES, Lajeado, 2023.

45.  Paula, V. M., et al. (2024). A necessidade da implementacao de politicas publicas para a gestdao dos
recursos hidricos, com vistas a seguranca hidrica no estado do Acre [The need to implement public policies
for water resources management, with a view to water security in the state of Acre]. Caderno Pedagdgico,
21(3), e3446. Retrieved from https://doi.org/10.54033/cadpedv21n3-215. Accessed on: 2 July 2024.

46. Pereira, P. B, et al. (2021). Analise multitemporal do uso e cobertura da terra na area de protegao
ambiental municipal (APA) do Inhamum, Nordeste do Brasil [Multitemporal analysis of land use and cover
in the municipal environmental protection area (APA) of Inhamum, Northeast Brazil]. In Anais (conference
paper). Retrieved from

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




https://editorarealize.com.br/editora/anais/enanpege/2021/TRABALHO COMPLETO EV154 MDI1 SA
129 ID175727092021161059.pdf. Accessed on: 22 June 2024.

47.  Piedade, F. O. (2013). Legislacdo ambiental e a gestdo de unidades de conservagdo no Maranhdo
[Environmental legislation and the management of conservation units in Maranhdo]. Revista Direito
Ambiental e Sociedade, 3(2).

48. Pozzetti, V. C.; Caldas, J. N. (2019). O descarte de residuos sélidos no dmago da sustentabilidade
[The disposal of solid waste at the core of sustainability]. Revista de Direito Econdmico e Socioambiental,
10(1), 183. Retrieved from https://doi.org/10.7213/rev.dir.econ.soc.v10i1.24021. Accessed on: 5 May 2025.

49, Prodanov, C. C.; Freitas, E. C. de. (2013). Metodologia do trabalho cientifico: métodos e técnicas
da pesquisa e do trabalho académico [Methodology of scientific work: methods and techniques of research
and academic work].

50.  Rente, A. S. G. (2006). Areas de protegio ambiental como inspiragdo para o desenvolvimento
sustentavel com liberdade: o caso da criagao da APA — Alter do Chao/PA [Environmental protection areas
as inspiration for sustainable development with freedom: the case of the creation of the APA — Alter do
Chao/PA] (Master’s thesis). Universidade Federal Rural do Rio de Janeiro, Rio de Janeiro, 2006.

51.  Rocha, A. A.; Vianna, P. C. G. (2008). A bacia hidrografica como unidade de gestdo da dgua [The
watershed as a unit of water management]. II SEMILUSO — Seminario Luso-Brasileiro Agricultura

Familiar e Desertificagdo. Retrieved from http://www.geociencias.ufpb.br/leppan/gepat/files/gepat022.pdf.
Accessed on: 30 June 2024.

52.  Rodrigues, A. B.; Otaviano, C. A. (2001). Guia metodologico de trabalho de campo em geografia
[Methodological guide to fieldwork in geography]. Geografia (Londrina), 10(1).

53.  Rosa,A.A.da. (2015). Area de prote¢io ambiental do Banhado Grande: APABG: escolas, educagao
e preservacao ambiental [Banhado Grande Environmental Protection Area: schools, education and

environmental preservation] (Doctoral dissertation). Pontificia Universidade Catolica do Rio Grande do
Sul. Retrieved from http://hdl.handle.net/10923/7208. Accessed on: 15 April 2025.

54. Santoro, C. C. R.; Oliveira, C. C. V.; Bugalho, A. C. (2021). Politicas ptblicas e o Sistema Nacional
do Meio Ambiente [Public policies and the National Environmental System]. In C. C. R. Santoro, C. C. V.
Oliveira, & A. C. Bugalho (Eds.), Conhecimento, experiéncia e empatia: A envoltura do direito 2 (pp. 149—
156). Atena Editora. Retrieved from https://doi.org/10.22533/at.ed.36721030512. Accessed on: 20 April
2025.

55. Santos, D. S., etal. (2015). A educagdo ambiental como fator sensibilizador para alunos e habitantes
que moram proximo ao riacho do Ponte, Caxias-MA, Brasil [Environmental education as a sensitizing
factor for students and residents living near the Ponte stream, Caxias-MA, Brazil]. Revista Humanas Et Al.,
2(3), 63-71.

56. Santos, D. G.; Romano, P. A. (2005). Conservagao da agua e do solo, e gestdo integrada dos recursos
hidricos [ Water and soil conservation, and integrated water resources management]. Portal Embrapa, 2, 51—
63. Retrieved from https://seer.sede.embrapa.br/index.php/RPA/article/viewFile/536/486. Accessed on: 9
December 2023.

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




57. Santos, T. O., et al. (2017). Os impactos do desmatamento e queimadas de origem antropica sobre
o clima da Amazodnia brasileira: um estudo de revisdo [The impacts of deforestation and fires of anthropic
origin on the climate of the Brazilian Amazon: a review study]. Revista Geogr. Académica, 11(2).

58. Silva, A. M. R. da. (2002). Trabalho de campo: pratica “andante” de fazer geografia [Fieldwork: a
“walking” practice of doing geography]. Geo UERIJ: Revista do Departamento de Geografia, (11).

59.  Silva, V. M. F. da, et al. (2011). Deposi¢do inadequada de residuos sélidos ao longo da bacia do
Riacho do Silva [Inadequate disposal of solid waste along the Riacho do Silva basin]. In Anais do Simpdsio
Brasileiro de Recursos Hidricos. Associagao Brasileira de Recursos Hidricos, Maceio, 2011.

60.  Soares, T. de O., et al. (2019). Impactos ambientais causados pelo desmatamento: uma revisao
sistematica da literatura [Environmental impacts caused by deforestation: a systematic literature review].
Revista Saude e Meio Ambiente — RESMA, 9(2).

61.  Souza, R.F.de,etal. (2023). Agricultura no cerrado ¢ impactos ambientais decorrentes [ Agriculture
in the cerrado and resulting environmental impacts]. Observatorio de la Economia Latinoamericana, 21(12).
Retrieved from https://ojs.observatoriolatinoamericano.com/ojs/index.php/olel/article/view/2475.
Accessed on: 13 October 2024.

62. Tomasoni, M. A.; Pinto, J. E. S.; Silva, H. P. da. (2010). A questdao dos recursos hidricos e as
perspectivas para o Brasil [The issue of water resources and the perspectives for Brazil]. GeoTextos, 5(2).
Retrieved from https://periodicos.ufba.br/index.php/geotextos/article/view/3789. Accessed on: 13 October
2024.

63.  Trivifios, A. N. S. (2008). Introducdo a pesquisa em ciéncias sociais: a pesquisa qualitativa em
educagdo [Introduction to research in the social sciences: qualitative research in education]. Sao Paulo:
Atlas.

64.  Yin, R. K. (2016). Estudo de caso: planejamento e métodos (5th ed.) [Case study: design and
methods]. Porto Alegre: Bookman.

Bridges of Knowledge: Multidisciplinary Encounters
DIAGNOSIS OF ENVIRONMENTAL IMPACTS IN THE INHAMUM STREAM WATERSHED IN CAXIAS — MA




