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Abstract: Springs are water bodies that are essential for the ecological balance of river basins, which are ideal units for use in environmental studies.
Therefore, sought to evaluate the springs and their Permanent Preservation Areas, including the microbacteria of Riacho Algodoais, in the area of
influence of the Port of Suape, using geotechnologies, such as the Mapbiomas program. The methodology consists of creating thematic maps and
collecting quantitative data, analyzing from 2002 to 2022 variations in land use and occupation and contour dynamics that can influence the flow of water
in the soil, such as the transport of materials and a possible distribution of contamination in the area. In the selected period, an increase was observed in
the Urbanized Area class (+ 77.17%), as well as in Forest Formation (+ 53.51%). However, there was a reduction in the River, Lake and Ocean (-59.55%),
which includes the water bodies in the research area. The study showed similarity with related publications, demonstrating that geotechnologies are
effective tools for environmental monitoring, with an accurate approach to vegetation cover and contributing to the implementation of appropriate
measures. Furthermore, they are essential in preventing and mitigating problems resulting from adverse environmental impacts caused by the interaction
between human activities and the environment.

Keywords: Remote sensing; Forest Code; Environmental monitoring.

Resumo: As nascentes sdo corpos hidricos fundamentais para o equilibrio ecoldgico das bacias hidrograficas, que sdo unidades ideais para utilizagdo em
estudos ambientais. Em virtude disto, buscou-se avaliar as nascentes e suas Areas de Preservagdo Permanente, inclusas na microbacia do riacho Algodoais,
da area de influéncia do Porto de Suape, por meio de geotecnologias, como o programa Mapbiomas. A metodologia consistiu em elaborar mapas tematicos
e levantar dados quantitativos, analisando de 2002 a 2022 variagdes de uso e ocupagdo do solo e dindmicas de curvas de nivel que podem influenciar no
fluxo da agua no solo, com o transporte de materiais € uma possivel disseminag@o de contaminagdo na area. No periodo selecionado, observou-se aumento
da classe Area Urbanizada (+ 77,17%), como também de Formagdo Florestal (+ 53,51%). Contudo, houve reducio de Rio, Lago e Oceano (-59,55%),
que contempla os corpos hidricos na area da pesquisa. O estudo apresentou similaridade com publicagdes relacionadas, mostrando que as geotecnologias
sdo eficientes ferramentas de monitoramento ambiental, com abordagem precisa da cobertura vegetal e contribuindo para implementag¢do de medidas
apropriadas. Além disso, sdo fundamentais na prevencgdo e mitigagdo de problemas decorrentes dos impactos ambientais adversos da interagdo entre
atividades humanas e meio ambiente.
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1. Introduction

Watersheds can be used as a study area because, in addition to being hydrological units, they are also biophysical and
socio-political units, with key contributions to the definition of food, social, habitat and economic services, i.e. life-
supporting attributes (Taye e Moges, 2020).

Springs are essential for the formation and maintenance of watercourses in basins (Martins et al., 2020). The riparian
forest near the springs acts as a means of preserving the diversity of the environment and as a “sponge” for absorbing
rainwater and recharging the water table (Freire et al., 2022).

In this way, these established forest systems are fundamental for reducing siltation and environmental degradation, as
well as being a natural means of processing and transforming environmental diversity. Monitoring the strips along the
banks of water bodies is essential, as it is a safety support for the balance of the ecosystem and its intrinsic relationships,
and is associated with the management and conservation of natural resources (Castro; Castro; Souza, 2013)

The Brazilian Forestry Code establishes the delimitation of Permanent Preservation Areas (APP), among other criteria,
as to the areas surrounding springs and perennial waterholes, regardless of their topographical situation, within a minimum
radius of 50 (fifty) meters. Corroborating this, the aforementioned legislation defines a spring as “a natural outcropping of
the water table that is perennial and gives rise to a watercourse” and a waterhole as “a natural outcropping of the water
table, even if intermittent” (Brasil, 2012).

The work made by Alvarenga et al. (2012) highlighted the importance of conducting studies that characterize the areas
where springs contribute, as these are areas of extreme influence and environmental importance, as they are the cradles of
watercourses and, primarily, of all available water supply.

In 2014, the Suape Springs Program of the Governador Eraldo Gueiros - Suape Port Industrial Complex (CIPS) was
published, with the aim of learning about the location and environmental conditions of the springs located in the Ecological
Preservation Zone (ZPEc). The Suape Springs project (2018) identified around 70 springs distributed throughout the area
of influence of the Algodoais Creek watershed, in the aforementioned municipality and in the neighboring municipality of
Cabo de Santo Agostinho.

Technological advances related to the analysis of cartographic documents and images obtained by remote sensing have
been a fundamental tool for studying land use and land cover (Francisco et al., 2020). In the case of river basins, use and
cover can be modified by anthropogenic activities, resulting in alterations to the physiographic attributes of the natural
environment (Vale; Costa; Pimentel, 2021).

The automatic classification of the images obtained makes it possible to create different types of indices according to
different needs. One example is Normalized Difference Vegetation Index (NDVI), which is used to study anthropized
areas to check the biomass of vegetation cover (Moreira, 2012).

The use of geoprocessing, remote sensing and geographic information system techniques associated with the Annual
Mapping of Land Use and Land Cover in Brazil Project - MapBiomas, performs cloud processing and automated
classification for development and operation on the Google Earth Engine platform, generating a historical series of annual
maps of land use and land cover in Brazil (Mapbiomas, 2021).

According to the scientific reference publication, Souza et al. (2020), the MapBiomas classification scheme is a
hierarchical system with a combination of land use and occupation classes compatible with the classification systems of
the Food and Agriculture Organization (FAO) and the Brazilian Institute of Geography and Statistics (IBGE).

The aim of this study is to evaluate, using geoprocessing and digital image processing techniques, the spatio-temporal
evolution of land use and occupation in the territory adjacent to the APPs of springs located in this area of influence of the
Port of Suape, Pernambuco. In the discussions, based on numerical data and interactive maps, it is proposed to verify
possible causes for changes in the environmental quality of these sensitive water bodies in the region.

2. Methodology

2.1 Description of the study area

The SUAPE Industrial Port Complex (CIPS) is located in the Pernambuco municipality of Ipojuca, about 40 km from
the capital Recife. In this area, intense economic activities are carried out, port activities for the export and import of
products at national and international level, in addition, there are communities living in the place, as it is a strategic region.

In terms of its physical characterization, CIPS is located in the Pernambuco Coastal Physiographic Zone, with a warm
humid climate, according to the Koppen climate classification system. The complex is located in the southern sector of the
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Pernambuco Basin, which is part of the classification of the Brazilian Marginal Basins, which are sedimentary basins along
the continental margin, with a base of igneous rocks of Precambrian age and Cretaceous volcano-sedimentary sequence
(Cabo Formation and volcanics of the Ipojuca Suite) and Quaternary sediments (CIPS, 2011).

In addition to these physical aspects, this area is located in a humid zone, with good soil development, which favors
the occurrence of groundwater due to the direct infiltration of rain. The water is recharged in the outcrops of the aquifers
and discharged into the rivers and the sea (CIPS, 2011).

The Port of Suape is a set of infrastructures and industries for development, production and commercial transportation,
a benchmark in the state of Pernambuco for its economic potential. The port is located in the Ipojuca river basin. In this
basin, among the other constituent micro-basins, is the Algodoais creek, which falls within Suape's area of influence and
is responsible for supplying water for consumption, agriculture and industry. This watershed stands out for its abundance
of springs.

According to the CIPS Master Plan, the territorial area of CIPS is divided into two Macrozones: Economic
Development Macrozone - MADE and Environmental and Sociocultural Protection Macrozone - MAAS, the latter
containing the Ecological Preservation Zone - ZPEC, which “comprises the areas with diverse environmental
characteristics that surround the productive zones of CIPS, destined for protection for ecological preservation purposes, as
well as for the promotion of future environmental compensation within the scope of CIPS” (Pernambuco, 2022).

Four points of interest were selected for sampling (figure 1), representing watercourses contributed to by these springs,
which are included in the Algodoais creek micro-basin, within Suape's area of influence.
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Figure 1 — Location and real photos of the study sites.
Source: Authors (2024) and Google Satélite (2015), made by software QGIS 3.10.14.
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2.2 Data collection and processing

The four points chosen (Table 1) were georeferenced on site using a Garmin Etrex Vista HCx GPS, attached to Google
Earth Pro and extracted into files compatible with the free QGIS software (.kml). From this vector data, the coordinates
were reprojected to the Coordinate Reference System (CRS) EPSG:31985 - SIRGAS 2000 / UTM zone 25 S. With the
points adjusted using the Buffer tool, the APPs were demarcated within 50 meters of each water body, as determined by
the Forest Code (Brasil, 2012).

Table 1 — Sampling location.

Point of Study Longitude Latitude
A 35°2'22.569" O 8°19'47.038" S
B 35°1'21.036" O 8°19'52.300" S
C 35°1'11.882" O 8°19'51.272"S
D 35°0'43.727" O 8°22'7.612"S

Source: Authors (2024).

To analyze land use and occupation, MapBiomas Collection 8 was used, which includes maps and annual data for
Brazil from 1985 to 2022. The files for the years 2022, 2018, 2014, 2010, 2006 and 2002 were extracted in order to check
soil variation over time at a four-yearly frequency. The files were downloaded in the original SRC EPSG:4326 - WGS 84
and then reprojected into the SRC EPSG:31985 - SIRGAS 2000 / UTM zone 25 S.

A polygon was created containing the 4 points of interest, which fall within the area of influence of the Organized Port
of Suape, according to the polygon that comprises the port facilities and the port protection and access infrastructure (Brasil,
2022), illustrated in figure 2.
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Figure 2 — Location map of the area of interest.
Source: Authors (2024), made by software QGIS 3.10.14.
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All the reprojected images were cropped according to the mask layer of the polygon created. The images were processed
according to the land cover and land use classification system for MapBiomas in Brazil, obtaining the classes listed in

table 2.

Table 2 — Land use and occupation classes from the Mapbiomas Project.

MAPBIOMAS CLASSES - COLLECTION 8

Rocky Outcrop Cotton Hypersaline Tidal Flat
Aquaculture Urban Area Rice
Coffee Wetland Sugar cane
Citrus Palm Oil Floodable Forest
Grassland Forest Formation Savanna Formation
Mangrove Mining Mosaic of Uses

Other non Vegetated Areas

Other non Forest Formations

Other Perennial Crops

Other Temporary Crops

Pasture

Beach, Dune and Sand Spot

Wooded Sandbank Vegetation

Herbaceous Sandbank Vegetation

River, Lake and Ocean

Forest Plantation

Soybean

Source: Souza et al. (2020).
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The shapefile layer of the watercourses was obtained from the Metadata platform of the National Water Resources
Information System (SNIRH), using hydrographic contribution areas from the Ottocoded Hydrographic Base (BHO) used
by the National Water and Basic Sanitation Agency (ANA) in water resources management from the Brazilian Systematic
Mapping.

The contour lines layer was developed with the aid of the QGIS add-on called Open Topography, which can provide
the Digital Elevation Model (DEM) for determining the topographic differentiation profiles. The Copernicus Global DSM
30m DEM was used to download the spatial image of the previously defined polygon. In QGIS itself, the image was
converted to shapefile format with an equidistance of 10 meters between curves, in order to analyze the variations in relief
in the study area.

The Mapbiomas images were obtained in matrix format and the pixels were converted to shapefile in order to read the
attributes. In QGIS, the tools “pixel to polygon”, “geoprocessing to vector” and finally the creation of the attributes table
were used, creating a column to calculate the area in square kilometers (km?) of each soil class included in the area of
interest. This information was calculated for all the study years and then processed using Microsoft Excel software.

Once all the graphs and maps had been drawn up, the results obtained were discussed in the light of relevant and current
scientific publications, as well as legislation and technical documents, which were collected by searching digital platforms
(Scholar Google) and scientific journals (Peridédicos Capes - remote access via institutional CaFe).

3. Results and discussion

The survey of environmental aspects combined with remote sensing data and geoprocessing techniques enabled a series
of discussions to be held about the area of interest in this study. The first aspect discussed is the drainage pattern and runoff
regime. Surface runoff refers to the movement of water over the soil surface when the intensity of precipitation exceeds
the infiltration capacity of the soil (Pinto et al., 2011).

Silva et al. (2019) assess that recharge areas can play a satisfactory hydrological role when they take into account the
presence of infiltration areas. Using geographic tools and analyzing contour lines, the aim is to find these areas of
infiltration or contribution of the points of interest to the watershed in which they are located. A more advanced study,
using hydrological modeling, can assess the effect on the generation of surface runoff (Silva, 2023). To analyze this
environmental variable, the maps in Figures 3, 4 and 5 were created, outlining the possible surface runoff of rainwater
according to the differences in level of the relief around the points of interest.
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Figure 3 — Contour lines of the point of interest A.
Source: Authors, made by QGIS v. 3.10.14 and data from DEM Copernicus Global DSM 30m.
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Figure 4 — Contour lines of points of interest B and C.
Source: Authors, made by QGIS v. 3.10.14 and data from DEM Copernicus Global DSM 30m.
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Figure 5 — Contour lines of the point of interest D.
Source: Authors, made by QGIS v. 3.10.14 and data from DEM Copernicus Global DSM 30m.

The flow of water in the soil can favor the transport of materials and, due to the differences in level and soil
characteristics, can carry and spread pollutants. In this way, the soil can be contaminated at a certain point and this pollution
can spread throughout the underground aquifer, reaching water bodies, resulting in effects - harmful to human health (Silva,
Borges e Vasconcelos, 2020).

Given the location of the springs under study, the dynamics of the adjacent slopes should be considered in order to
understand whether direct surface runoff is greater than the processes of infiltration and groundwater recharge, which could
reduce the flow over time (Oliveira et al., 2014; Menezes, 2007). As can be seen in Figures 3, 4 and 5, the points of interest
do not refer specifically to the place where the water outcrops, but it is an area that receives contributions from the
watercourse of these springs and is susceptible to water exploitation due to the development, natural or otherwise, of an
area of water accumulation.

In this context, it is important to differentiate between the hydrogenetic zones that make up the areas of the springs, be
they: catchment, transmission and outcrop zones (Cortines, 2008). These zones are created by dividing a stable micro-
basin according to the primary functions of the water cycle, with homogeneous and well-structured soils, infiltration and
water storage will be according to the particularities such as capture/recharge, transmission/erosion and
outcropping/moisture reinforcement (Valcarcel, 2003).

This is how begin to evaluate the elements that can cause these instabilities, which make it difficult to balance the
natural processes of these bodies of water. In watersheds with preserved vegetation, there is a supply of water with good
distribution throughout the year and of better quality, due to the fact that the hydrological cycle occurs naturally and
without anthropogenic interference (Tucci, 2001). Differences in land use and land cover have a direct influence on a
region's hydrological response to rainfall events (Silva, 2023). Thus, studying these advances helps to prospect for changes
in the recharge of water bodies, whether underground or surface.

For the analysis of land use and occupation, the temporal observation of the distribution of classes allowed the
identification of different activities present in the study area. Figures 6, 7, 8, 9, 10 and 11 illustrate the four-year variations
in land characterization, highlighting the classes mapped by Collection 8 of the Mapbiomas project.
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Figure 6 — Image classification of the area in 2002.

Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.
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Figure 7 — Image classification of the area in 2006.

Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.
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Figure 8 — Image classification of the area in 2010.
Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.

275000.00 278100.00 277200.00 273300.00 279400.00

LEGEND
Point of interest
| APP
2014
CLASSES
W Forest Formation
Savanna Formation
B Mangrove

9078300.00
9078300.00

B Floodable Forest
M Forest Plantation
-

s s Wetland

S S Grassland

o I Other non Forest Formations
15 5 T Pasture

8 2

I Sugar cane
Mosaic of Uses
Beach, Dune and Sand Spat

s 3 B Urban Area
=] g I Other non Vegetated Areas
@ 1 Rocky Outcrop
a2 2 M Mining
B Aquaculure
I Hypersaline Tidal Flat
M River, Lake and Ocean
g 8 M Palm Qil
= =
=1 S
= o B Other Temporary Grops
I Coffee
M Citrus
__ Other Perennial Crops
—_ —— B Wooded Sandbank Vegetation
275000.00 276100.00 277200.00 275200.00 M Herbaceous Sandbank Vegetation
UTH 258 projection system, Datum: Sirgas 2000 I Cotion

Base referring to 2002-2022
(Adapted from MAPBIGKAS, 2021).

Figure 9 — Image classification of the area in 2014.
Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.
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Figure 10 — Image classification of the area in 2018.
Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.
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Figure 11 — Image classification of the area in 2022.
Source: Authors, made by QGIS v. 3.10.14 and data from Mapbiomas Collection 8.

The four points of interest were located in areas that, at first, were not preserved. Over the course of the study period,
the progress made in preserving the APPs under study is remarkable. This can be seen in the enactment of the New
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Brazilian Forest Code, Federal Law No. 12.651/2012, which was the first legal instrument to define the extent of the region
around springs and waterholes to be preserved.

Despite this, points of anthropogenic pressure can extend beyond the defined radius, thus highlighting the need to
monitor not just a pre-determined area, but an entire territory of direct and indirect influence. CONAMA Resolution No.
303/2002 establishes that the APP is, in addition to the minimum radius of fifty meters, the area located in such a way as
to protect, in each case, the contributing watershed. In this way, even though the regions adjacent to springs and waterholes
are analyzed, it is important to observe the entire area of contribution that directly influences the flow of the basin.

As can be seen visually, the study area is partially urbanized in all the years analyzed, a fact that has intensified
especially in recent years. In order to quantitatively understand the behavior of the temporal evolution of the classification
of occupations, the data of the main 9 classes were collected, identifying the values in area (km?) per class and the difference
between the first and last year of analysis, contained in table 3.

Table 3 — Spatio-temporal evolution of land use and classification in the study area.

AREA (km?) DIFFERENCE
CLASS 2022 - 2002
2002 2006 2010 2014 2018 2022 (%)

Mosaic of Uses 252900 24,3945 213498 19,8603 19,1394 17,7642 -29,76%
Forest Formation 3,8268 4,3605 5,2542 5,9895 7,2171 8,2314 +53,51%
Sugar cane 2,8494 28719 25560  2,5227  2,4003 24039 - 15,63%
Urban Area 12366 19305 45081 51210 53649 54162 +77,17%
Mangrove 1,5021 1,5255 1,511 1,5498  1,5219 11,5444 +2,74%
Pasture 0,9540  0,6588 06165 04869 00837  0,2736 -71,32%
River, Lake and Ocean 04383 03870 02826 03240 02322  0,1773 -59,55%
Other “Z‘;;:getated 03456 03186  0,3915 0,5886  0,4689  0,6030 +42,69%
Wetland 0,0792  0,0747  0,0522  0,0792  0,0936  0,1080 +26,67%

Source: Authors, made by Excel v. 2016 and data from Mapbiomas Collection 8.

According to the quantitative data, the predominant class in the area of interest in all the years is called “Mosaic of
uses” and, according to the Mapbiomas Project legend (Souza ef al., 2020), it is defined as “areas of agricultural use where
it was not possible to distinguish between pasture and agriculture”. Among these, pasture is an activity that generates clear
impacts through trampling and soil compaction by the flow of animals, causing incomplete plant development, exposure
and soil erosion (Santo et al., 2020).

Although they make up the class discussed above, pasture have a class of their own and this was the second largest
decrease in the study area. Even with the reduction, this activity cannot be reversed in any way, but must go through the
process of recovering the degraded area, with the aim of changing the degraded site to a form of land use with
environmental stability (Brasil, 1989).

In the diagnosis of the APPs studied, there is evidence of environmental degradation in terms of the removal of native
vegetation, proximity to inhabited areas and roads, proximity to pasture areas and agriculture. Agricultural activities,
mainly monoculture (which also includes other classes, such as sugar cane), use chemical fertilizers in the soil, causing
water contamination and making human consumption impossible (Santos and Cavalcanti, 2022).

The class that encompasses urbanized areas, “with a significant density of buildings and roads, including areas free of
buildings and infrastructure”, was the one that grew the most in percentage terms during the period studied. It is inferred
that this is, among other reasons, due to the growing expansion of economic and industrial activities in this region, with
the Suape Port Complex being an important driver of Pernambuco's economy (Ribeiro ef al., 2013).

Currently, roads and highways have been built in this area, particularly near point D, according to satellite images
(figures 1 and 5). Rezende and Coelho (2015) highlight negative environmental impacts arising from their construction
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and operation, such as intensification of erosion processes, alteration of watercourses, deposition of waste materials,
suppression of native vegetation, alteration of habitats, among others.

With regard to surface water resources, the “River, Lake and Ocean” class includes water bodies such as rivers, lakes,
dams, reservoirs and others. It is important to mention a significant reduction in its area with each year studied, resulting
in 59.55% less area in the 20 years of analysis. Corroborating this, Amorim et al. (2023) studying coastal erosion in the
municipality of Ipojuca - PE, also found a significant decrease in the area occupied by water bodies between the years
1985 and 2019, the time interval covered by the research. However, more than observing quantitative changes, it is
important to pay attention to monitoring the quality of surface water, since it is exposed to various natural and
anthropogenic aspects that can compromise its availability and multiple uses.

On the other hand, the “Forest Formation” class showed an increase of more than 50% in area, demonstrating the
efficiency of preservation actions in the study area. Federal Law No. 14.653/2023 regulates the intervention and
implementation of facilities necessary for the recovery and protection of springs. In the state of Pernambuco, where the
study site is located, Ordinary Law No. 17,947 was enacted in 2022, with the aim of encouraging the implementation of
Programs for the Preservation of Springs and Conservation of Riparian Forests on the banks of streams and rivers by the
municipalities of Pernambuco.

Alves (2016) pointed out that the CIPS activities were responsible for causing various negative socio-environmental
impacts in the territory, including those related to the suppression of vegetation that alters fauna and flora, the degradation
of ecosystems, fishing resources and alteration of the quality of the environment, with loss of biodiversity.

According to the study conducted by Jones et al. (2018), approximately one third (32.8% or around 6 million km?) of
terrestrial protected areas around the world face intense anthropogenic pressure, suffering degradation due to the presence
of roads, pastures or urbanization. The researchers stress the urgency of making efforts to allow an objective assessment
of human pressure and housing conditions in these areas. In addition, they emphasize the importance of implementing
better management practices in the regions surrounding these protected areas.

Vasconcelos, Lima and Paranhos Filho (2022) stated that the use of Mapbiomas expands the possibilities for
environmental studies in Brazil. This consideration can be attested to through the various discussions raised through this
study, which reinforces the demand for this monitoring in various areas, however, in particular in the territory of influence
of the Port of Suape, given the socio-environmental conflicts related to environmental degradation already intensified in
this region (Alves ef al., 2021).

4. Final considerations

The use of digital image processing, geoprocessing and remote sensing is proving to be an efficient tool for monitoring
APPs, especially around springs, which are water bodies that are sensitive to significant environmental changes and play
an important role in ecological balance.

The analysis of the temporal evolution of land use and occupation in the area of this study indicates that anthropic
activities tend not to consider the hydrogenetic zones that make up the areas of the springs, nor the waterholes and
outcropping points themselves, where unbridled exploitation of the resource generally occurs without even knowing the
environmental aspects that may be compromising water quality.

The diagnosis of these areas and zones, through the application of geotechnological tools, allows a precise approach to
vegetation cover and thus contributes to the implementation of appropriate measures to prevent and mitigate current and
future problems caused by adverse environmental impacts related to the interaction between human activities and the
environment.
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