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ABSTRACT

The southernmost region of Bahia is characterized by disorder in land use and occupation, responsible for environmental
impacts on the region's sub-watersheds. Historical changes in land use have led to alterations in one of Brazil's main
biomes, the Atlantic Forest, considered a biodiversity hotspot. In this context, the objective of this research was to evaluate
the chemical composition of river waters in the region's sub-watersheds, identifying the sources of chemical elements and
discussing the influences of the buffer zone. To achieve these objectives, water samples were collected at various sampling
points in rivers within the Parque Nacional do Descobrimento. Sampling was conducted in the Cahy River, Japara River,
Do Sul River, and Imbassuaba River. In the field, physico-chemical parameters were evaluated. In the laboratory, the
following parameters were determined: alkalinity, TSS, chlorophyll-a, PO47, and SiO,, F-, CI', SO42, NO;", NH,", Na”,
K", Ca™, and Mg*2. Data were statistically treated through factor analysis with factor extraction by principal components
using the Statistica software. The results indicate that the chemical composition of river waters at different sampling
points in the PND rivers is influenced by marine contribution, geological influence from the Barreiras formation, and
anthropogenic influence due to the use of fertilizers from the PND's buffer zone. Monitoring the biogeochemistry of the
main rivers crossing the PND provided fundamental data and information that will be used by the park management.
Keywords: watershed, monitoring, conservation unit.

Estudo da Biogeoquimica e Caracterizacio de Fontes de Elementos Quimicos
para Aguas Fluviais de Pequenas Bacias Hidrograficas: Estudo de Caso do
Parque Nacional do Descobrimento, Bahia, Brasil

RESUMO

O extremo sul da Bahia ¢ caracterizado pela desordem no uso e ocupagdo do solo, responsavel por impactos ambientais
nas sub-bacias hidrograficas da regido. As mudangas histdricas no uso do solo foram responsaveis pela alteragao de um
dos principais biomas brasileiros, a Mata Atlantica, considerado um hotspot de biodiversidade. Nesse sentido, o objetivo
da pesquisa foi avaliar a composi¢do quimica de aguas fluviais de sub-bacias hidrograficas da regido, identificando as
fontes de elementos quimicos ¢ discutir as influéncias da zona de amortecimento. Considerando os objetivos propostos,
foram coletadas amostras de aguas em diferentes pontos de amostragem em rios do Parque Nacional do Descobrimento.
As amostragens foram realizadas no Rio Cahy, Rio Japara, Rio do Sul e Rio Imbassuaba. No campo foram avaliados os
pardmetros fisico-quimicos. No laboratério foram determinados os pardmetros alcalinidade, MPS, clorofila-a, PO4™ e
SiO,, F, CI', SO42, NO3, NHs", Na®, K*, Ca*?, Mg*2. Os dados foram estatisticamente tratados por meio de uma analise
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fatorial com extragdo dos fatores por principais componentes utilizando o software Estatistica. Os resultados indicam que
a composicdo quimica das aguas fluviais nos diferentes pontos de amostragem nos rios do PND ¢ influenciada pela
contribui¢do marinha, pela influéncia geologica da formagdo barreiras e antrépica devido ao uso de fertilizantes
proveniente da zona de amortecimento do PND. O monitoramento da biogeoquimica fluvial nos principais rios que
atravessam o PND aprovisionaram dados e informagdes fundamentais que serdo utilizados pela gestdo da unidade.
Palavras-chaves: bacia hidrografica, monitoramento, unidade de conservagao.

Introduction

Watersheds are environmental systems that
can be compartmentalized into different
biogeochemical domains according to the
landscape characteristics in which these systems
are embedded (Sioli, 1975; Oliveira et al., 2019).
From this perspective, biogeochemistry studies the
processes of mobilization, migration,
transformation, and accumulation of chemical
elements and/or molecules within landscapes.
These processes are influenced by biotic, abiotic,
and anthropogenic factors that coexist within a
watershed area (Christophersen et al., 1994;
Griffiths and Mulholland, 2021; Pei et al., 2024).

Several authors have recognized that the
chemical composition of river waters is affected by
processes occurring on the continental surface,
such as weathering, nutrient cycling, surface
runoff, and changes in land use (Berner and Berner,
2012; Pei et al., 2024). From this perspective, using
environmental indicators such as the concentration
of major dissolved elements, nutrients, and
physicochemical parameters, it is possible to
compartmentalize  watersheds into  distinct
biogeochemical domains based on the processes
controlling river water chemistry at different study
points. In other words, through the chemical
composition of river waters, it is possible to
identify biogeochemical barriers, source areas and
processes for elements, and anthropogenic
interference in watersheds (Krusche et al., 2005;
Costa et al., 2009; Figueiredo et al., 2014; Siefert
and Santos, 2018; Pei et al., 2024).

Watersheds are environmental systems that
can be compartmentalized into different
biogeochemical domains according to the
characteristics of the landscape in which the
systems are inserted (Oliveira et al., 2019). From
this perspective, biogeochemistry studies the
processes of mobilization, migration,
transformation and accumulation of chemical
elements and/or molecules in landscapes. These
processes are affected by biotic, abiotic and
anthropogenic factors that coexist in a watershed
(Griffiths and Mulholland, 2021).

Some authors have recognized that river
chemical composition is affected by processes that

occur on the continental surface, such as
weathering, nutrient cycling, surface runoff and
changes in land use in an area (Berner and Berner,
2012). From this perspective, using environmental
indicators such as the concentration of major
dissolved elements, nutrients and physicochemical
parameters, it is possible to compartmentalize river
basins into distinct biogeochemical domains, based
on the processes controlling river water chemistry
at the different points studied. In other words,
through the chemical composition of river waters,
it is possible to identify biogeochemical barriers,
source areas and processes of elements, as well as
to identify the anthropogenic interferences that
occur in the watersheds (Krusche et al., 2005;
Costa et al., 2009; Figueiredo et al., 2014; Siefert
and Santos, 2018).

Despite the above, it is difficult to monitor
river water quality in Brazil, often attributed to the
scarcity of data and information available on
environmental agency portals and the lack of
access to data from private sources on the internet.
In addition, problems such as the lack of funding to
promote research aimed at assessing water quality
in rivers and lakes contribute to a limited choice of
study sites in various water resources in the country
(Rocha, 2020).

The natural resources adjacent to the sub-
watersheds within which the Descobrimento
National Park is situated are exploited in various
ways  through  extractivism, agricultural
production, and fishing. Consequently, these
resources are utilized in the vicinity of the park may
pose threats to biodiversity and compromise the
quality of water resources.

The buffer zone of the park is occupied by
various rural properties where land use is diverse.
Most of these properties utilize their areas for
pasture, eucalyptus monoculture, and the
cultivation of crops such as coffee and papaya,
which are agricultural activities considered to have
a high impact on the river channels that traverse the
conservation unit. Additionally, other activities
include fruit farming, mining, shrimp farming, and
poultry farming (Pontes Junior et al., 2020).
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The historical changes in land use in the
region have been responsible for altering one of
Brazil's primary biomes, the Atlantic Forest, and
this historical context underscores the importance
of conducting this research (Dean, 1996; Amorim
and Oliveira, 2007). Although the data generated
by this type of study alone cannot solve the
environmental problems of the region, they provide
essential information to develop a diagnosis of the
water resources in the area, which is necessary for
the implementation of natural resource
management policies. The primary objective of this
study is to evaluate the chemical composition of
river waters in different rivers within the sub-
watersheds located in the Descobrimento National
Park, identifying the sources of chemical elements
and the influences of the buffer zone of this
conservation unit on the river waters.

This work aims to carry out a
biogeochemical characterization of river waters at
different sampling points within the areas of the
Descobrimento National Park. Historically, land
use and occupation in the region has occurred in a
disorderly manner, causing a series of negative
environmental impacts in the micro-watersheds of
the Far South of Bahia (Almeida and Teixeira,
2010; Cerqueira Neto and Silva, 2014).

The natural resources adjacent to the sub-
basins where the Descobrimento National Park is
located are exploited in various ways through
extractivism, agricultural production and fishing;
consequently, the way in which these resources are
used around the PND can represent a threat to
biodiversity and compromise water resources.

The PND is under influence of the
Jucurugu river basin and adjacent watersheds.
Geographically, the PND is situated in a region
where several watercourses of limited length come
together to form small river basins (MMA/ICMbio,
2014). The study area covers the watershed of the
Jucurugu River, which is in the Water Planning and
Management Region III (RPGA III), and which is
also made up of portions of the Itanhém and
Peruipe River Basins - located from the border
between Bahia and Minas Gerais to the Atlantic
Ocean, where the mouth is located. These
watersheds cover an area of 16,161 km? (INEMA,
2023).

As part of the Atlantic Forest biodiversity
corridor, the Jucurugu River basin is of great
regional importance. Due to the occupation of the
riverbanks and logging in the region, much of the
riparian forest of the rivers and the Atlantic Forest
has been removed, causing a huge impact on the
landscape and intense silting of the river (Ferreira,
2018). From a regional perspective, the Jucurucu,

Japara Grande and Cahy rivers stand out, with the
Jucurugu being the largest among them
(MMA/ICMBIO, 2014).

It can be inferred that, according to the
fluvial hierarchy, the rivers in PND are first order,
i.e. they are spring rivers with a low flow rate.
Second-order rivers are formed from the
confluence of two first-order channels. This makes
the UC an area that takes on the role of protecting
springs, which are responsible for water supply and
drainage in the region (Lima et al., 2023). Its
springs are found on the pre-littoral surfaces, which
are significant elevations in the region's
topography (MMA/ICMBIO, 2014).

The PND buffer zone (BZ) is occupied by
several rural properties in which land use is varied.
Most of these properties use their areas for grazing,
eucalyptus forestry and plantations mainly of
coffee and papaya, which are agricultural crops
considered to have a high impact on the river
channels that cross the PND. In addition to fruit
farming, mining, shrimp farming and farms (Pontes
Junior et al., 2020).

The historical changes in land use that have
taken place in the region have been responsible for
altering one of Brazil's main biomes, the Atlantic
Forest, and this historical context justifies the
importance of carrying out this research (Amorim
and Oliveira, 2007). In isolation, the data generated
in this type of work does not solve the region's
environmental problems, but it does provide basic
information for a diagnosis of the region's water
resources, which is necessary for the
implementation of natural resource management
policies.

Our hypothesis is that the buffer zone has
an impact on the fluvial biogeochemistry of the
rivers that cross the PND. So, this study aims to
perform a biogeochemical characterization of river
waters at different sampling points within the
domains of the Descobrimento National Park.
Historically, land use and occupation in the region
have been disordered, causing a series of negative
environmental impacts on the micro-watersheds in
the southernmost region of Bahia (Almeida and
Teixeira, 2010; Cerqueira Neto and Silva, 2014; Pei
et al., 2024).

Material and methods

Study Area - the Descobrimento National
Park (PND) is a fully protected Conservation Unit
(CU) established by a federal decree on April 20,
1999, initially encompassing an area of 21,129
hectares. Subsequently, on June 5, 2012, it was
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expanded by an additional 1,549 hectares, resulting
in the current total area of 22,673.97 hectares. This
park represents one of the last remnants of the
Atlantic Forest biome in the southernmost region
of Bahia and harbors immense biodiversity
(MMA/ICMbio, 2014).

Among the benefits that the PND brings to
the region, along with other surrounding UCs, are
contributions to the microclimate, water balance,
and conservation of the micro-watersheds. The
predominant climate in the region is tropical humid
or super-humid, with an average temperature above
18°C in the hottest month. January and February
are considered the hottest months of the year, with
temperatures ranging from 24 to 25°C. According
to data from the National Institute of Meteorology
(INMET), during the months this study was
conducted (April to November) in 2023, the
highest average temperatures were recorded in
April, October, and November (25.61 °C; 25.75 °C;
27.2 °C), while the lowest average temperatures
were recorded in May and June (22.53°C; 21.39°C)
(INMET, 2023).

The CU is entirely located within the
municipality of Prado in the southernmost region
of the State of Bahia, between the coordinates
16°55" and 17°15' South latitude, and 39°25' and
40°10' West longitude. The park's area
encompasses parts of the micro-watersheds of the
Jucurugu, Japara, Japara Grande, Ouro,
Imbassuaba, Peixe, and Cahy rivers, with a notable
presence of headwaters of tributaries to state rivers
of regional significance, in addition to the S6 Ndo
Vou lagoon, located geographically at the center of

the conservation unit and of great importance to the
CU (MMA/ICMbio, 2014).

The topography, lithology, and soils of
these areas contribute to making them essential
sources of water resources in the region. The
geology of the PND area is characterized by the
presence of Precambrian rocks, including granitic,
gneissic, schistose, and quartzitic lithotypes.
However, these Precambrian lithotypes are not
present within the current boundaries of the park.
Tertiary Cenozoic rocks (Barreiras Group) form
extensive plateaus along the Atlantic coast,
interrupted near the coastline by cliffs. Lastly,
Quaternary depositional formations occur in the
surrounding area of the UC (MMA/ICMbio, 2014).

Water samples were collected from
riverine locations within the conservation unit
(CU) and at points situated in the buffer zone (BZ)
of the conservation unit. Three sampling points
were selected along the Japara River (identified as
JP 01, JP 02, and JP 03), all located in the park's
buffer zone. JP 01 is near the Nova Esperanga site,
JP 02 is at the bridge beside Marechal Rondon
municipal school, and JP 03 is at the bridge towards
Cumuruxatiba. One point on the Cahy River (RC)
is in the park's buffer zone in front of the Bela Vista
farm. Another point on the Do Sul River (RS) is
located near the Alegria Nova Village within the
Comexatiba Indigenous Land, a territory under
dual protection with the Descobrimento National
Park. Finally, a sampling point on the Imbassuaba
River (RI) is entirely within the PND, at a location
known as S6 Nao Vou lagoon (LSNV) (Figure 1).
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Figure 1. Map of the Descobrimento National Park, highlighting the hydrographic networks and the
sampling points in this study. Japara River (JP 01, JP 02, JP 03); Cahy River (RC), Rio do Sul (RS) and

Imbassuaba River (RI).
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The sampling points were determined to
enable the chemical characterization of river waters
from the sub-watersheds within the PND (points RI
and RS) and to identify the influences of the buffer
zone on the chemical composition. This will be

achieved through data monitored at the Japara and
Cahy River points (JP 01, JP 02, JP 03, and RC).
Table 1 presents the rivers where water samples
were collected, along with the names and UTM
coordinates of each point.

Table 1. Coordinates of the river water sampling points collected in this study.

. Coordenadas UTM
Ponto Rio X | %
JP1 Japara River 465363.16 8110422.50
P2 Japara River 471587.34 8097433.14
JP3 Japara River 476249.32 8101403.23
RC Cahy River 467650.36 8122011.33
RS Do Sul River 471407.59 8120695.45
RI Imbassuaba River 465363.21 8110391.77

Fonte: The authors, 2023.

Eight sampling campaigns were carried out
during the year 2023, although seasonality is not so
marked in the region, the collections took place
from April/2023 to November/2023, since
seasonality can affect the concentrations of
physicochemical variables in rivers (Silva et al.,
2008).

Following the procedures recommended
by Brandao et al. (2011), at the sampling points the
water was collected from the central portion of the
river channel using a plastic bucket and packed in
polypropylene bottles. The bottles were prepared in
the laboratory by sanitizing them with a 2% (v/v)
Detertec solution, a 2% (v/v) HCI solution and
washing them with distilled water. A thermal box
with ice was used to transport the samples to the
laboratory so that they were properly preserved
(Brandao et al., 2011).

The physicochemical parameters pH,
electrical  conductivity, temperature, redox
potential and D.O. concentration was also
measured in the field using a Hanna Instruments
HL9829 multiparameter probe. The probe was
previously calibrated with a calibration solution.

In the laboratory, suspended particulate
matter (SPM) was determined using the
gravimetric method adapted from the method
proposed by Strickland and Parsons (1972). To
determine the concentrations of SPM in the
samples collected, the samples were vacuum
filtered, and the glass fiber filters were prepared by
drying them in an oven at a temperature of 60 °C
for two hours.

Finally, the filtration process consisted of
filtering approximately 250 ml of each water
sample through cellulose acetate filters with a pore
size of 0.45 pm. Filtering was carried out to

fractionate the samples into a dissolved fraction
and a particulate fraction. The filtered samples
were placed in Falcon tubes and frozen, after which
the concentrations of NOj3", NHa, PO43, SiO, major
cations and anions present in solution were
determined.

The alkalinity of the water samples was
also determined in the laboratory using the Gran
method (1952). A volume of 50 ml of filtered water
samples was added to a 100 ml beaker. This sample
was stirred in a magnetic stirrer and the initial pH
was measured. If the pH was higher than 5.75, a
standardized solution of 0.05 M sulphuric acid
(H2SO4) was added until the pH value reached 4.3.

The chemical analyses were performed to
determine the PO4? and SiO, concentrations were
carried out in triplicate using the colorimetric
method, using the U.V. visible spectrophotometry
technique with the FEMTO CIRRUS 80 model
spectrophotometer using reagents, wavelengths
and specific calibration curves for each
determination (Carmouze, 1994). The
concentration of chlorophyll-a was determined
according to Carmouze (1994), wusing a
colorimetric method carried out in a U.V. visible
spectrophotometer model FEMTO CIRRUS 80.

Another subsample was used to determine
the major cations and anions in solution (F-, CI-,
SO42, NOsy, NO>, NH4%, Na', K*, Ca™, Mg™)
using the ion chromatography (IC) technique in
Metrohm equipment (Model 850 Professional IC
coupled to a Model 858 Professional Sampler
Processor automatic sampler), using ion exchange
columns and a conductivity detector.

To analyze the factors controlling river
hydrochemistry, a Piper (1994) diagram was
constructed using Qualigraf software. The same
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software was used to calculate the hydrochemical
ratios for the rivers studied in the PND. To
understand the sources controlling the input of
chemical elements into the river waters, a Gibbs
diagram (1970) was drawn up using the Excel
program with the calculated TDS concentrations
and the calculated ratios between the Na* / (Na* +
Ca'?) concentrations. The data was statistically
analyzed using a factor analysis with extraction of
the factors by principal components using the
software Statistic.

Finally, to enable the sub-basins to be
compartmentalized, a cluster analysis or
(Hierarchical Cluster Analysis) was carried out
using the complete linkage method or farthest
neighbor grouping technique considering the
hydrochemical variables measured throughout this
study at each of the sampling points, using NCSS
2024 Data Analysis software, the results were
presented in the form of a dendrogram.

Results and discussion

The physicochemical parameters - pH,
temperature, electrical conductivity, redox
potential, dissolved oxygen concentration,
alkalinity, and concentrations of suspended
particulate matter and chlorophyll-a - for the
sampling campaigns at the different collection
points are presented in Table 2.

According to Fritzsons et al. (2009),
elevated pH values (above 8.5) are typically found
in areas with water bodies influenced by seawater,
which consequently bring significant contributions
of carbonates and bicarbonates, in regions where
the water balance is negative, and in karst regions.
The pH value in natural waters can vary between 6
and 8.5. Water bodies with high organic content
exhibit lower pH values. The water from the Sul
River point shows the presence of humic
substances, evidenced by its brown-yellow
coloration, characteristic of environments with
high organic content. This explains why the Sul
River has lower pH values compared to other

sampling points over the months. Photosynthetic
organisms consume and produce carbon dioxide
(CO,), which can cause pH variation, along with
respiration or fermentation phenomena that
produce weak acids (Nozaki et al., 2014).

June 2023 recorded the lowest
temperatures among all the campaign months, with
the Sul River showing the lowest temperature
(20.41°C) compared to the other points. The
highest temperatures were recorded in October and
November 2023, with a maximum of 33.65 °C in
the Cahy River in November 2023. It is worth
noting the significant increase in temperature from
June 2023 to October and November 2023. In
watercourses, temperature variations occur; these
variations are seasonal and follow the climatic
changes throughout the year.

The Cahy River recorded the highest
electrical conductivity values compared to the
other sampling points, with maxima measured in
May 2023 (144 uS.cm™) and June 2023 (133
uS.cm™). October and November 2023 stood out as
the conductivity values varied significantly across
all sampling points. In October 2023, elevated
values were recorded at points JP 01 (226 uS.cm"
N, RC (179 uS.cm™), RS (131 pS.cm™), and JP 03
(126 puS.cm™), while lower values were observed at
points RI and JP 02, with 70 and 63 pS.cm™,
respectively. In November 2023, points JP 01 and
RC exhibited a sharp decrease in -electrical
conductivity (48 uS.cm! and 85 pS.cm)
compared to October 2023, whereas point RI
showed a significant increase from the previous
month (164 uS.cm™). Points JP 02, JP 03, and RS
had similar electrical conductivity values for this
month, being 137 pS.cm™, 129 pS.cm’, and 136
uS.cm, respectively. According to Von Sperling
(2007), natural waters have conductivity levels in
the range of 10 to 100 uS.cm™!, while river channels
polluted by domestic or industrial effluents can
reach up to 1000 puS.cm™.
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Table 2: Physicochemical parameters - pH, temperature, electrical conductivity, redox potential, dissolved
oxygen concentration, alkalinity, and concentrations of suspended particulate matter and chlorophyll-a.

pH Temp e(°C) ical C ivity (HS/cm)  Redox potential (mV) Dissolved Oxygen (mg/L) Total alkalinity (mg/L CaCO ;) SPM (mg/L) Chlorophyll a(mg/L)
RC April/23 6.17 25.76 68.00 50.8 4.86 11.33 0.0062 6.11
RC May/23 6.46 24.14 144.00 34.8 3.38 3.67 0.0040 10.31
RC June/23 6.43 22.29 133.00 40.0 7.23 12.00 0.0040 8.40
RC July/23 6.25 27.55 70.00 43.8 6.11 8.33 0.0095 6.11
RC September/23 6.16 29.88 81.00 47.1 6.24 4.67 0.0040 0.76
RC October/23 6.25 33.09 179.00 44.9 5.5 4.00 0.0058 7.60
RC November/23 6.15 33.65 85.00 45.8 6.14 4.00 0.0058 7.64
J1 April/23 55 29.92 49.00 90.0 6.42 6.00 0.008 9.93
/1 May/23 5.69 24.83 106.00 77.9 3.54 3.00 0.0022 9.16
J1June/23 5.66 22.73 99.00 81.0 6.94 5.67 0.0022 9.16
J1 July/23 5.85 28.26 56.00 67.0 6.33 1.67 0.0095 10.31
/1 September/23 5.34 29.93 61.00 9.2 5.49 2.00 0.0072 229
/1 October/23 5.82 32.45 226.00 70.8 4.75 2.00 0.0498 4.58
J1 November/23 5.76 32.78 47.90 80.5 7.5 2.00 0.036 8.40
J2 April/23 6.14 25.20 69.00 55.6 7.32 6.00 0.0025 6.49
/2 May/23 6.03 23.59 114.00 66.9 3.66 3.00 0.0015 5.73
/2 June/23 6.21 20.84 109.00 48.3 7.18 5.67 0.0015 5.73
J2 July/23 6.10 26.51 57.00 58.1 7.00 2.67 0.0022 10.96
/2 September/23 5.94 28.32 60.00 59.3 8.31 2.00 0.0032 9.55
J2 October/23 6.07 30.80 63.00 56.7 6.14 2.00 0.0048 4.20
J2 November/23 6,00 31.84 137.00 57.9 7.40 2.00 0.0050 8.40
J3 April/23 5.65 26.48 57.00 79.8 5.42 4.67 0.0048 10.69
J3 May/23 5.68 23.39 112.00 81.0 4.64 3.00 0.0010 3.82
/3 June/23 6.07 21.35 106.00 63.3 7.00 5.00 0.0010 9.55
/3 July/23 5.74 26.9 56.00 64.9 6.08 3.33 0.0010 9.55
/3 September/23 5.76 28.96 73.00 70.5 7.16 2.00 0.0033 10.69
J3 October/23 5.90 31.03 126.00 67.2 5.65 2.00 0.0058 9.16
J3 November/23 5.94 35.57 129.00 60.0 6.70 2.00 0.0053 8.78
RS April/23 4.85 22.23 55.00 125.2 6.02 2.00 0.0015 13.77
RS May/23 4.98 22.55 105.00 121.4 3.97 0.90 0.0020 1.91
RS June/23 5.22 20.41 103.00 103.9 8.65 3.00 0.0013 5.73
RS July/23 5.29 26.52 50.00 93.9 7.05 1.00 0.0020 11.46
RS September/23 5.09 27.49 53.00 116.5 8.51 1.00 0.0008 4.20
RS October/23 5.34 30.23 131.00 102.8 6.04 1.00 0.0033 9.55
RS November/23 5.28 31.84 136.00 101.5 6.44 1.00 0.0025 6.11
RI April/23 5.30 25.24 52.00 97.8 8.74 4.00 0.0075 9.93
RI May/23 5.46 22.42 115.00 96.6 4.74 3.00 0.0025 7.26
Rl June/23 5.63 21.6 109.00 90.0 6.37 4.67 0.0025 4.96
Rl July/23 5.75 26.35 52.00 76.6 6.25 2.67 0.0005 13.37
RI September/23 5.45 28.83 71.00 72.3 5.73 1.33 0.0008 4.20
RI October/23 5.88 31.43 70.00 67.4 7.16 2.00 0.0022 6.49
RI November/23 6.50 33.20 164.00 22.4 6.22 1.33 0.0023 10.69

According to by Lima et al. (2023), the
electrical conductivity values for all sampling
points in May 2022 were lower compared to 2023.
In 2022, this parameter ranged between 42.8 and
57.4 uS.cm’', while in 2023, the variation was
between 105 and 144 pS.cm™'. It is important to
highlight that the Cahy River, in both years of the
study and for the month of May, recorded the
highest electrical conductivity value compared to
the other sampling points.

Redox potential is related to the solubility
of metals and the availability of nutrients for
aquatic organisms. This parameter allows us to
detect changes in the oxidation state of many ions
or nutrients. Positive redox potential values
indicate oxidizing conditions, while negative
values indicate electron availability, or reducing
conditions (Tundisi, 2008; Sousa et al., 2021). The
results for redox potential at the six sampling points
over the months of collection were positive,
indicating oxidizing conditions in all the rivers
analyzed in this study.

The significant decrease in dissolved
oxygen (DO) values can be attributed to intense
biological activity, primarily due to the high
organic load in the receiving body of water from

agricultural effluents. Another important factor to
consider is that a low DO concentration at a
sampling point does not necessarily indicate
proximity to the pollution source; generally, the
pollution occurs at an upstream location from the
collection site (Nozaki, 2014; Lima et al., 2023).

The results of this study showed low
alkalinity values throughout all months. Waters
with low alkalinity (<24 mg/L CaCOs) have a low
buffering capacity, making them more susceptible
to pH changes (Chapman and Kimstach, 1992;
Fritzsons et al., 2009; Brasil, 2014).

Considering what occurred at point JP 01
in October 2023, several authors attribute the
accumulation of suspended particulate matter
(SPM) to various factors, such as flow rate,
sedimentation, siltation, floods, and tidal variations
during spring and neap tides, as well as the
accumulation of nutrients in the river during its
hydrographic course (Mayerle et al., 2015). SPM is
primarily composed of particles originating from
the weathering of rocks present in the watershed,
along with organic particles (Nascimento et al.,
2008), which may explain the consistency in the
values recorded over the sampling periods.
Nascimento et al. (2008) also cites anthropogenic
intervention as one of the main factors in the
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regulation of SPM, arising from aspects such as
deforestation of riverbanks, agricultural land
management practices, and dam construction
within the basin.

Chlorophyll-a concentrations in the waters
of the Cahy, do Sul, Japara, and Imbassuaba Rivers
at all sampling points were < 1.0 pg/L, except at
point RC in October 2023 (0.76 pg/L) and > 14.0
ug/L. Seixas et al. (2019) found chlorophyll-a
concentrations < 1.0 pg/L and 1.2 pg/L, and the
authors indicated that chlorophyll-a concentration
is directly related to the amount of microalgae
present in the water body. Therefore, this result
suggests that the river water analyzed in their study
has a low quantity of algae (Esteves, 1998; Seixas
et al., 2019).

Cordeiro et al. (2021) found in their study
average chlorophyll-a concentrations ranging from
4.80 ug/L to 7.70 pg/L, however, during the dry
season, this concentration was higher than in other
periods, averaging 8.52 ng/L. Thus, they observed
that seasonality influenced this variable, and along
with the dry season, the authors attributed these
concentrations to factors such as reduced river
depth and anthropogenic influences such as
laundry activities, input of domestic and industrial
effluents, and release of nutrients used in small-
scale agriculture, which contributed to nutrient
input, enabling phytoplankton development and
consequently increasing chlorophyll-a
concentrations. They also related this to decreased
sediment washing from the river and exposure of
water to sunlight due to removal of riparian
vegetation. Similar results were found by Oliveira
et al. (2014) and Aguiar et al. (2014) in their
studies.

To characterize the chemical composition
of river waters and determine the influence of
controlling sources on the biogeochemistry of the
Cahy, Japara, Imbassuaba, and do Sul rivers, Table
3 presents the concentrations of ions F-, CI-, SO472,
NOs, NO>, NH4", Na¥, K*, Ca*?, Mg*™?, and TDS.
Additionally, the Piper and Gibbs diagrams were
used as a tool for interpreting the predominant
chemical processes in river waters.

The Piper diagram was constructed based
on the ionic concentrations of the Cahy, Japara, do
Sul, and Imbassuaba river waters during the
sampling campaigns from April/2023 to
November/2023. According to the diagram in
Figure 2, when observing the cations triangle, the
waters were classified as mixed and sodic, whereas
in the anion’s triangle, the classification of the
waters was entirely chloride-dominated. Analyzing
the results through the overall classification, the

predominant waters in this study were classified as
sulfated or chlorinated calcium or magnesium
waters and sulfated or chlorinated sodic waters.

From a hydrochemical perspective,
sulfated waters may result from the dissolution of
minerals containing sulfate in their mineralogical
composition or may indicate the influence of
fertilizer use (which contains sulfates). Chlorinated
waters originate from the dissolution of minerals
such as halite and indicate the influence of marine
sediments as occurs in the region of this study.
Calcic waters are influenced by the dissolution
processes of rocks rich in limestone and dolomite.
Magnesian waters are related to the dissolution
process of minerals such as dolomite, magnesium,
and serpentinite. And sodic waters derive from the
dissolution of minerals such as sodic feldspars or
by ion exchange from clays. They are characteristic
waters of environments influenced by saline
intrusion (Brasil, 1945; Nascimento et al., 2008;
Sequinel et al., 2011).

The Piper diagram presented in the study
by Damasceno et al. (2021), which investigated
surface waters of the Gajiru and Mudo rivers
located in Rio Grande do Norte, northeastern
Brazil, classified the waters mainly as sodic
chlorides, a behavior like that found in this study.
The authors attributed this characteristic to the
interaction of the waters with the different rocks
existing in the study area, with part of the sample
group being influenced by the Barreiras Formation.

A study conducted by Barros et al. (2011)
in the Centro Sul region of the state of Ceara,
Oliveira Filho et al. (2018) in the Barreiras and
Pirabas aquifers in Belém/PA obtained results like
those of this study. According to the overall
classification of the Piper diagram, the waters were
classified as sulfated or sodic chlorides.

Sequinel et al. (2011) found in their study
that in the rural area near where agricultural
activities were being carried out, the concentrations
of calcium and magnesium in surface waters were
the highest of the entire study. The authors
observed that these, among other ions, may be
present in the fertilizers used in agricultural
activities. The results of this study corroborate with
the classification of calcic and magnesian
chlorinated waters found in the rivers of the PND.
The authors also highlight that the ions are not
completely absorbed by plants and much of them
are deposited in the soil and end up being leached
by rainwater, thus being detected in the surface
waters of rivers adjacent to agricultural areas.
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Table 3. Ionic concentrations in river water samples.

Lima, N. S., Ribeiro, G. C., Souza, G. N., Jesus, M. S., Neves, J. M. C. S. O., Neves. F. M.

Si0, (mg/l) PO ,° (mg/) Na'® (mg/l) K* (mg/ll) Ca” (mg/ll) Mg™ (mg/l) CU (mg/l) S0,2 (mg/L) F (mg/L)
RC April/23 0.389 0.266 8.10 2.53 3.02 2.71 9.96 1.60 0.187
RC May/23 0.378 0.304 8.83 2,00 3.65 3.39 12.16 1.30 0.172
RC June/23 0.352 0.117 7.75 2.57 2.83 2.89 10.47 1.30 0.002
RC July/23 0.363 0.155 7.75 2.57 2.83 2.89 10.47 1.30 0.193
RC September/23 0.307 0.453 9.50 2.28 371 3.58 12.31 111 0.223
RC October/23 0.333 0.322 9.75 2.03 3.33 3.54 12.24 131 0.185
RC November/23 0.183 0.322 8.63 1.65 3.64 3.48 12.23 131 0.191
J1 April/23 0.255 0.509 5.60 0.58 3.87 1.55 8.13 131 0.152
/1 May/23 0.318 0.527 5.46 0.45 2.95 154 8.40 1.06 0.002
/1 June/23 0.202 0.36 6.38 0.55 3.7 1.88 9.87 1.25 0.002
1 July/23 0.330 0.378 6.74 0.73 2.96 1.84 10.81 1.45 0.16
J1 September/23 0.315 0.527 6.75 0.7 3.38 2.14 11.04 1.43 0.174
J1 October/23 0.251 0.751 481 0.54 2.79 176 7.76 0.92 0.145
/1 November/23 0.322 0.322 6.58 0.64 3.04 2.09 13.64 1.29 0.158
J2 April/23 0.288 0.602 5.43 0.22 0.9 1.07 8.57 1.25 0.145
/2 May/23 0.326 0.322 7.05 0.24 1.41 113 10.98 1.58 0.002
J2 June/23 0.303 0.266 7.39 0.34 115 1.43 11.70 1.66 0.184
2 July/23 0.217 0.676 6.65 0.39 0.91 1.34 10.53 1.74 0.146
J2 September/23 0.315 0.471 7.01 0.27 1,00 1.41 10.85 1.55 0.161
J2 October/23 0.270 0.341 7.73 0.81 1.02 1.27 11.35 2.56 0.236
J2 November/23 0.255 0.378 6.88 0.58 1.22 1.46 11.47 1.43 0.21
3 April/23 0.300 0.397 6.93 0.77 2.27 161 9.90 1.74 0.164
/3 May/23 0.352 0.173 7.20 0.54 2.24 184 10.93 1.88 0.002
/3 June/23 0.315 0.173 6.64 0.42 1.97 18 10.75 1.84 0.002
I3 July/23 0.288 0.248 6.13 0.73 1.77 176 9.61 2.02 0.002
3 September/23 0.300 0.341 7.28 0.4 1.66 178 11.04 1.87 0.002
J3 October/23 0.270 0.043 7.32 0.55 213 1.87 11.10 1.70 0.171
/3 November/23 0.232 0.229 7.40 0.51 1.91 178 11.10 153 0.002
RS April/23 0.300 0.190 7.85 0.76 2.56 1.99 11.08 1.45 0.156
RS May/23 0.236 0.078 8.15 0.71 2.54 2.15 11.92 1.58 0.002
RS June/23 0.187 0.173 7.81 0.72 2.56 2.26 12.05 1.65 0.002
RS July/23 0.251 0.155 7.98 0.77 212 1.93 11.56 1.81 0.002
RS September/23 0.165 0.115 8.20 0.27 2.55 2.43 11.83 1.52 0.172
RS October/23 0.236 0.397 8.30 0.68 2.43 25 12.30 1.56 0.164
RS November/23 0.307 0.136 7.97 0.66 2.42 2.4 15.60 1.86 0.184
RI April/23 0.228 0.08 7.14 0.87 3.42 2.22 10.44 1.57 0.169
RI May/23 0.262 0.099 7.19 0.54 151 1.66 10.07 1.76 0.002
RIJune/23 0.146 0.004 8.15 0.59 1.86 1.94 11.77 2.02 0.002
RIJuly/23 0.206 0.058 7.96 0.85 2.03 1.99 11.42 2.20 0.151
RI September/23 0.300 0.039 8.79 0.82 2.2 18 12.72 1.84 0.002
RI October/23 0.326 0.043 12.67 0.88 2.45 2.99 19.67 2.58 0.179
RI November/23 0.345 0.043 9.14 0.87 2.5 2.55 15.71 1.74 0.204
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Figure 2. Piper diagram with the classification of the waters of the Japara, Imbassuaba, Cahy and Sul rivers,

according to ionic concentration.

The  Gibbs diagram  takes into
consideration that the chemical composition of
water is mainly controlled by processes such as
atmospheric precipitation, interaction with rocks
through weathering, and
evaporation/crystallization. Given these factors for
its construction, the Gibbs diagram is an important
tool in biogeochemistry to understand the chemical
evolution of natural waters and the processes that
control chemical composition (Marandi and Shand,
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2018). Based on the values of total dissolved solids
and the ratio Na*/ (Na*+ Ca*?), Figure 3 shows how
the points RC, JP 01, JP 02, JP 03, RS, and RI are
distributed. All samples were found to be fully
inserted in the lithological dominance region,
indicating that the rivers of the PND present a
dominance of lithological influence regarding the
ionic composition present in the samples of river
waters.

Dominance of evaporation
= and crystallization

| Dominance of
lithology

Dominance of
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Figure 3. Distribution of samples from points RC, JP 01, JP 02, JP 03, RS and RI in the Gibbs diagram. Source:
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A study conducted by Silva et al. (2021)
found results like those of this study for the Poxim-
Agu River, located in the Sergipe River basin. The
water samples from this river were situated in the
dominance of precipitation and lithology; however,
the authors observed a clear evolution towards
lithological dominance. Marandi and Shand (2018)
explain this evolution towards weathering
dominance; according to these authors, the
interaction with rocks becomes the most important
process and usually occurs relatively quickly, with
the ionic dominance of the water shifting to Ca*
and HCOs.

Queiroz et al. (2012), in a study of the
fluvial waters of the Paquequer River basin,
showed that weathering is the main natural source
of elements for the rivers in the studied basin. This
fact corroborates with what was found in this study.
The explanation provided by the author is that
silica is the most abundant element in the chemical

composition of this river; however, sodium also
presents high concentrations in these waters. Part
of the Na* found in this study originates from
natural sources (soil/rock and precipitation),
mainly from the weathering of sodium feldspars.
The other portion originates from anthropogenic
sources and possibly from pasture areas.

The data were statistically analyzed
through a factorial analysis with factor extraction
by principal components using Statistical Software.
This statistical analysis allows for a better
correlation structure among the variables analyzed
in the present study. Figure 4 shows the graphical
representation of the 5 factors over the months of
the study at the six sampling points.

From the factorial analysis, 5 factors were
extracted explaining together 82.67% of the
observed variation in the data (Table 4, Table 5,
Figure 4).

Table 4. Correlation values established for the 5 factors extracted from the factor analysis.

F1 F2 F3 F4 F5

pH (LOG) -0.060807 -0.89737 0.044445 -0.224234 -0.118138
Ca'? (LOG) -0.035475 -0.166545 0.916256 0.116881 0.027408
Mg (LOG) 0.441334  0.079843 0.852954 0.070299 0.06996
Na' (LOG) 0.879558 0.090429 0.326529 -0.143513 -0.004901
K" (LOG) 0.240681  0.396225 0.795323 -0.056563 0.030721
CI' (LOG) 0.940588 -0.062645 0.071563 0.003652 0.112744
S0, (LOG) 0.340727 -0.177707 -0.477662 0.5399 -0.317212
Alkalinity (LOG) |-0.418884 0.710983 0.289367 -0.187027 -0.242038
NO; (LOG) 0.009901  -0.08398 -0.038414 0.95715 0.002183
PO, (LOG)  |-0.602382 0.133869 -0.062949 0.014425 0.656898
F (LOG) 0.166313  0.106067 0.109731 0.048321 0.787527
Si' (LOG) 0.045083 0.609807 0.040123 0.053231 0.370692

Table 5. General summary of the factor analysis with the scores, eigenvalues and percentage of each of the 5
factors extracted that explain the variation in the data in this study.

Eigenvalue % Total

variance
F1 | Na-Cl-Mg(+)/PO,-HCO; (-) 3.39 28.23
F2 HCO3-Si (+)/pH (-) 2.72 22.69
F3 Ca-Mg-K (+)/SO, (-) 1.48 12.30
F4 NO3-504 (+) 1.33 11.10
F5 F-PO4 (+) 1.00 8.35
9.92 82.67

Factor 1 is positively related to the
concentrations of Na*, Cl, Mg*2, and negatively
related to the concentrations of PO42 and HCOs,
accounting for 28.23% of the observed variation in
the data. The positive correlation between the
concentrations of Na*, CI, Mg suggests the
marine influence (marine spray) from the marine

sedimentary deposits of the Barreiras Geological
Formation in the region. The negative correlations
between the concentrations of PO~ and HCOs
suggest the influence of agricultural additives in
the buffer zone of the PND and may be influencing
the chemical composition of these waters, as well
as the liming process of the soil in this buffer zone.
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Factor 2 is positively related to the
concentrations of Si and HCOs3™ and negatively
related to pH values, explaining 22.69% of the
observed variation. This relationship can be
justified by the weathering process that occurs in
the watershed area.

Factor 3 is positively related to the
concentration of Ca™2, Mg*?, and K* and negatively
related to the concentration of SO42, explaining
12.30% of the observed variation in the samples.
This positive correlation can be explained by the
weathering action and the influence of the
mineralogy that occurs in the Barreiras Formation.
The influence of sulfate can be explained by the
marine influence of the sedimentary deposits of the
Barreiras Formation and by the marine influence
(marine spray) in the study area, considering that
we are studying a small coastal watershed. The

SO4 present in the river waters also suggests that
there may be an influence of agricultural additives
in the buffer zone of the PND.

Factor 4 explains about 11% of the
observed variance in the samples and is positively
related to the concentrations of NOs and SOg,
reinforcing the hypothesis of the influence of
agricultural additives in river waters. This factor
also shows a negative correlation with pH, Na*, K*,
and HCOj, which can be explained by the dilution
process caused by rainfall.

Factor 5 explains about 10% of the
observed variance in the data and is positively
related to the concentrations of PO4> and F-. This
positive correlation can be explained by the
influence of weathering activity and the
mineralogical composition of the Barreiras
Formation, which occurs in the study area.

3

%'A/\ LA /\A'/\/\f \/\/\ MJ\J\
VV\/ U )

Figure 4. Graphical summary of the factor analysis with the scores and the 5 factors that explain the variation

between the sampling points.

Considering the results from the statistical
analysis, it can be inferred that three main factors
influence the river waters analyzed in the PND,
namely: marine influence, geological influence,
and influence of the Barreiras Group, in addition to
negative influences from the use of agricultural
additives in the buffer zone of the UC. Due to the
various activities carried out in the buffer zone of
the PND, this unit presents a complex context,
being surrounded by vast areas of pastures for
cattle breeding and forestry, activities that are very
common in the southernmost region of Bahia and
have fostered intense deforestation and rural
exodus. There are also plantations of coffee, cocoa,
pepper, papaya, and passion fruit, as well as mining
activities, shrimp farming, and poultry farms.

Regarding the marine influence, Silva
(2021), studying salinization in northeastern
Brazil, shows Na*/CI ratios like those of seawater.
This fact is explained by the author due to the
influence of marine aerosols (marine spray)
incorporated into atmospheric water vapor during
the evaporation of seawater. This occurs when
clouds enter the continent and precipitation causes
these components to encounter the surface,
reaching surface waters. The region studied by the
author is about 40 km from the coast, marine spray
particles can travel long distances from the source
region, reaching about 250 km from the coast, and
even lighter droplets, which move more easily, can
move more than 500 km away from the coast.
Therefore, as justified by the authors and evidenced
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in this study, the increase in the levels of some
elements responsible for the increase in salinity and
their respective correlation with seawater may also
be partly related to the influence of marine
aerosols.

Regarding dilution by rainwater, as shown
in Figure 3, the year 2023 experienced a period of
rainfall scarcity, with the maximum precipitation of
the year occurring in April (144.44 mm), in the
other months there was no recorded precipitation,
or it was below 60 mm. According to our data, the
composition of river waters could be strongly
influenced by atmospheric precipitation. Rain, in
addition to washing the basin lands, also provides
the dilution of ions present in the river channel.
Chemical composition is of utmost importance in
determining environmental factors and can be
classified based on the dissolved elements found.

Hierarchical cluster analysis is a
multivariate analysis method used to divide
samples into classes or groups, which is why it was
used to help compartmentalize the sub-basins in
this study. Samples are grouped because they are
similar in terms of the variables studied (Longhi,
1997; Ferreira et al., 2020). The dendrogram is the
most widely used representation in cluster analysis,
as in addition to the sequence of groupings, it
shows the similarity with which the groups are
formed. The dendogram is made up of arcs that
represent the grouping between the clusters, the
distance of each arc represents the similarity that
resulted in the grouping to which the ends are
connected. Figure 5 shows the dendogram for the
hydrochemical variables analyzed throughout the
study.

The graph shows that the sampling points
were divided into two groups, one formed by the
Rios Japara 02 and 03 (Rows 3 and 4) and the other
formed by the Rios do Sul and Imbassuaba (Rows
5 and 6). These last two were also found to have the
lowest similarities in relation to the other sampling
points. This lower similarity is due to the points
being located within the conservation unit,
suffering less interference from the CU's buffer
zone. The highest similarities were found in Rio
Cahy (Rows 1) and Rio Japara 01 (Rows 2).

Dendrogram of Rows

Rows

00 05 1.0

Distance

Figure 5. Dendogram obtained from the
hydrochemical variables evaluated at the six
monitoring points, namely (1) Rio Cahy, (2) Rio
Japara 01, (3) Rio Japara 02, (4) Rio Japara 03, (5)
Rio do Sul and (6) Rio Imbassuaba.

According to the data, it can be inferred
that the rivers in the PND differ from one another,
with points RI and RS, located in the conservation
unit, being less chemically influenced by the
surrounding activities than points JP 01, 02, 03 and
RC, which are in the buffer zone. The cluster
analysis reinforced what was pointed out
throughout the study, that the AZ influences the
chemical composition of the CU's river waters.
Works such as those by Malfatti et al. (2018) also
used cluster analysis to compartmentalize river
basins and sub-basins and identify similarities
between sampling points.

We can therefore compartmentalize the
sub-basins of the Descobrimento National Park
into: Area 1 - Imbassuaba river (RI) and Do Sul
river (RS), influenced by rock weathering
processes, marine influence, dilution by rainwater;
Area 2 - Rio Japara 01 and 02 (RJ 01 and RJ 02);
Area 3 - Rio Japara 01 (JP 01); Area 4 — Cahy River
(RC), the last three areas being influenced by soil
liming and the use of pesticides in the buffer zone,
in addition to the factors mentioned.
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Conclusions

Based on the data analyzed in this research,
it was possible to verify that the pH values are not
high, ranging from 4.85 to 6.46, typical of water
with a high organic content. Point RS presents the
lowest values throughout the year due to specific
characteristics of its water, namely, humic
substances and a brownish-yellow coloration.
Despite being high, electrical conductivity is
within the standards for natural waters and did not
reach the range of values for river channels
polluted by domestic or industrial effluents. On the
other hand, the redox potential values found over
the six-month collection period indicate that the
water has oxidizing conditions.

The alkalinity parameter showed low
values throughout the months, which consequently
have a low buffering capacity, making pH
susceptible to change. In October, there was a
significant accumulation of suspended particulate
matter, but for the other months, a constancy in the
values was recorded. Based on the data analyzed, it
can be said that the sections in the Japara River,
Imbassuaba River, Cahy River, and Do Sul River
are within the parameters established by current
legislation within the ranges established by some
authors.

The graphical result of the Piper diagram
for the study area indicates that the waters of the
PND rivers are sulfated or chlorinated with calcium
or magnesium and sulfated or chlorinated with
sodium. From a hydrochemical perspective, these
results indicate marine influence, geological
influence from the Barreiras Formation, and signs
of fertilizer use in the studied waters. From the
results obtained in the Gibbs diagram, it was
possible to infer that the rivers of the PND present
a dominance of lithological influence regarding the
ionic composition present in the samples of river
waters, confirming the results presented in the
Piper diagram.

Finally, from the statistical analysis, 5
factors were extracted that together explained
82.67% of the observed variation in the data. It can
be concluded that the variations can be justified by
factors such as the influence of the Barreiras
Geological Formation, which occurs in the region,
and the influence of agricultural additives in the
buffer zone (BZ) of the PND, as well as the soil

liming process in this BZ. Throughout the
environmental monitoring period carried out
during the year 2023 to analyze fluvial
biogeochemistry in the main rivers crossing the
PND, it was possible to provide unprecedented and
fundamental data and information that will be used
to assist in the management of the conservation
unit.

Finally, the dendrogram shows that the
sub-basins analyzed have similarities, however,
points RI and RS located within the UC are the
ones that show the least similarity in chemical
composition when compared to the other points,
being less impacted by the BZ of the unit. It can be
concluded that the sub-basins studied were divided
into four areas, with area 1 containing points RI and
RS with similar chemical composition and
influenced by rock weathering processes, marine
influence and dilution by rainwater. Areas 2, 3 and
4 include points RJ 01, 02, 03 and RC, which are
also influenced by the factors in area 1 and by
liming the soil and the use of agricultural additives
in the BZ.

Throughout the period of environmental
monitoring carried out to analyze fluvial
biogeochemistry in the main rivers that cross the
PND, it was possible to provide unprecedented and
fundamental data and information that will be used
to help manage the conservation unit.
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