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Carbon and nitrogen deposition on the surface of marginal
sediments under different land use systems along the Paraopeba
river basin (Minas Gerais, State)

The knowledge of the contents of organic compounds in aquatic ecosystems is of great importance, since the dissolved organic matter represents a dynamic component in the interaction
between geospheres. The objective of this study was to evaluate the levels of carbon, nitrogen, and carbon-to-nitrogen ratio in the marginal sediments and the carbon content in the waters
along the Paraopeba river basin (MG). The samples were collected in five locations (Jeceaba, Brumadinho, Fortuna de Minas, Florestal, and Trés Marias) corresponding to the high, medium,
and low river segments. The carbon content was determined by the Walkley & Black method and the nitrogen content by the Kjeldahl method. The carbon content ranges from 4.75 to 5.97
g kgL Nitrogen ranged from 0.73 to 1.08 g kg™. Finally, the carbon-to-nitrogen ratio varied from 5.15 to 21.25. The carbon content in the water samples ranged from 0 to 0.25 g L. As the
values of dissolved organic carbon were very low or even zero, the nitrogen content and the carbon-to-nitrogen ratio were not determined. There was a negative and a positive correlation
with the aluminum content (r = -0.70 and r = 0.74, respectively) indicating possible contamination by heavy metals. Therefore, the levels of carbon, nitrogen, and the carbon-to-nitrogen ratio
were sensitive indicators of changes in the aquatic ecosystem.
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Deposigdo de carbono e nitrogénio na superficie de sedimentos
marginais sob diferentes sistemas de uso do solo ao longo da bacia
do rio Paraopeba (Estado de Minas Gerais)

O conhecimento dos teores de compostos organicos em ecossistemas aquaticos é de grande importancia, uma vez que a matéria organica dissolvida representa um componente dindmico
na interagdo entre as geosferas. Objetivou-se nesse estudo avaliar os teores de carbono, nitrogénio e razdo entre carbono e nitrogénio nas nos sedimentos marginais e o teor de carbono nas
dguas ao longo da bacia Rio Paraopeba-MG. As amostras foram coletas em cinco localidades (Jeceaba, Brumadinho, Fortuna de Minas, Florestal e Trés Marias) correspondentes aos segmentos
alto, médio e baixo curso do rio. Os teores de carbono foram determinados pelo método de Walkley & Black e os de nitrogénio pelo método de Kjeldahl. Os teores de carbono variam de 4,75
a5,97 g kg, O nitrogénio variou de 0,73 a 1,08 g kg™, E, por fim, a razio entre carbono e nitrogénio apresentou variagio de 5,15 a 21,25. Os teores de carbono nas amostras de agua oscilaram
entre 0a 0,25 g L. Como os valores de carbono organico dissolvido foram muito baixos ou mesmo zero ndo se determinaram os teores de nitrogénio e a razdo entre carbono e nitrogénio.
Verificou-se uma correlagdo negativa e uma positiva com o teor de aluminio (r= -0,70 e r= 0,74 respectivamente) indicando possivel contaminagdo por metais pesados. Portanto, os teores
de carbono, nitrogénio e razdo entre carbono e nitrogénio, foram indicadores sensiveis de alteragdes ocorridas no ecossistema aquatico.

Palavras-chave: Matéria organica; Sedimentagdo; Geoquimica; Manejo de solos.
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SILVA, L. J.; BALDOTTO, M. A.; BALDOTTO, L. E. B.; SANDER, N. L.; LEITE, F. F. G. D.

INTRODUCTION

Land use and land cover have a fundamental role in shaping the environment on a global, regional
and local scale (FERREIRA et al., 2017; GUTIERREZ et al., 2017; CAMPELO et al., 2020). Changes in land use
and land cover influence the biological diversity (OLSON, 1985), climate (PANHOTA et al.,, 2003),
biogeochemical and water cycles (MEIXNER et al., 1999). The removal of native forest results on the increases
of soil temperature, erosion, changes in water balance and nutrient availability (VITOUSEK et al., 1979;
SWANK et al., 1988). Consequently, the transport of sediments, organic materials, and nutrients of associated
rivers are also altered, generally, in a vicious cycle of environmental disturbances (PANHOTA et al., 2003).

The degradation of organic matter in aquatic ecosystems gives rise to a complex cycle of C (carbon)
and N (nitrogen) that determines both the structures and the functioning of aquatic ecosystems (SILVA, 2019;
CUNHA, 2020). According to Mayers et al. (1999), organic matter goes into these systems in the form of
dissolved (DOC) and particulate organic carbon (POC) and originates from the complex mixture of lipids,
carbohydrates, proteins, and other compounds produced by organisms that live in the lakes and in its
drainage basin. For Wetzel et al. (1995), the biochemical transformation of organic matter introduced by
microbial metabolism is fundamental to the dynamics of nutrient cycles and to the energy flow of aquatic
ecosystems. Thus, the incorporation of organic material in the marginal sediments along the course of the
rivers may have an allochthonous or autochthonous origin (WETZEL, 1992).

Similar to C, N is also found in its dissolved and particulate forms in aquatic ecosystems, having native
and alien origin (CONSUL, 2004). For example, in agricultural areas, the runoff of rainwater through fertilized
soils is also responsible for the incorporation of N into the sediments of the rivers, as well as in urban areas,
where the rainwater drainage associated with the deficient public sanitation system are a potent source of
nitrogenous components for rivers (MOROZOVA et al., 2003).

Within this context, there is the Paraopeba River, which is located in the southeast of the state of
Minas Gerais, corresponding to an area of 12,054 km?, covering 48 municipalities, inserted in a transition
area between the Atlantic Forest and Cerrado biomes. It is one of the main tributaries of the S3o Francisco
River. In addition, it exhibits very diverse landscapes, cultures, and socioeconomic and environmental
realities, being of great importance for the state, mainly for the metropolitan region of Belo Horizonte, which
has 53% of its population supplied by the waters of the river.

It is worth mentioning that on the last 25th of January 2019, the rupture of the “Cérrego do Feijao”
dam in the municipality of Brumadinho strongly affected the Paraopeba River. It prevented the water
distribution in several municipalities through which the river flows, since 12 million cubic meters were spread
along the river, leaving more than 250 people dead (THOMPSON et al., 2020). Furthermore, there was a
metal level increase of 21 times the acceptable level (RODRIGUES FILHO et al., 2019), destroying 113.27 ha
of the Atlantic Forest and 70.65 ha of protected areas along the river's course.

Given this premise, the objective of the present study was to analyze the levels of C, total N, and C/N
ratio in marginal sediment samples and C in water samples over five municipalities corresponding to the high,
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medium, and low course of the river, before the dam burst. We also correlated these attributes with the

chemical and physical attributes of the soils surrounding the Paraopeba River.

MATERIALS AND METHODS
Study area

We carried out the research in five municipalities along the Paraopeba-MG River basin, in regions
corresponding to the segments known as high, medium, and low course of the river. The municipalities (and
in parentheses the geographic coordinates) are Jeceaba (20 ° 32 '6 S and 43 ° 58' 58” O), corresponding to
the upper Paraopeba, with a temperate climate and mild summer, with temperatures oscillating around 182
at 22°C; Brumadinho (202 08 '34 ”S and 442 12' 00” O) and Florestal (192 53 '20"S and 442 25' 58 “Q), which
belong to the medium Paraopeba, with a temperate climate and hot summer, with temperatures around 192
to 2429C; and finally Trés Marias (182 12 '21” S and 452 14 ’'31” O); and Fortuna de Minas (192 33 '39 ”S and
442 26' 49” 0), which, in turn, are located in the lower Paraopeba, with a rainy, hot and humid tropical

climate, with dry winter and rainy summer (Figure 1).

Sampling

Sampling was carried out on the margins of the basin, as shown in the Figure below with the
respective points of geographic location (Figure 1). The sediment samples were collected only in the
superficial layer (2 cm deep) corresponding to the active layer of the sediment, with the assistance of a
spatula. We collected the water samples with the aid of a polypropylene bottle. All samples were hermetically
sealed and placed in a temperature-controlled cool box until they arrived at the laboratory, where we froze

the samples for further analysis.

. — e o
Figure 1: Geographic location of the water and sediment collection points on the banks of the Paraopeba River Basin
(MG).
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The soil samples were only sampled in the superficial layer (0-20 cm deep) according to EMBRAPA
(1997), taken from different points, considering three systems of soil use and management: Native forest,
pasture, and shrubbery (areas in process of regeneration with small agglomerated vegetation). We collected
the soil in two samples, which were packed in plastic bags, taken to the laboratory, removed, sieved in a 2

mm mesh, and air-dried.

Chemical analysis
Organic Carbon in Water and Sediments

The determination of the C content in marginal sediments and water was carried out using the wet
method according to Walkley & Black (1934), according to EMBRAPA (1997; 2013). It consists of the sulfur
oxidation of organic material. For the analysis of the carbon content in water, we used an aliquot of 2 mL of
water, which was mixed with 10 mL of K,Cr,07 solution and 25 mL of H;SO4 p.a. in 125 mL conical flasks, at
room temperature (£ 252C). After cooling, we added 40 mL of distilled water, 10 mL of H3PO,4 p.a. and titration
with (NH4) 2Fe (S04),-6H,0 solution, using the 1% diphenylamine acid solution as an indicator. The procedure

was performed in duplicate and, in parallel, blank tests were performed.

Nitrogen in Sediments

The N content in the sediments was determined by the method of Kjeldahl (1883), as proposed by
EMBRAPA (1997), where the N present in approximately 0.5 g of sediment is converted into ammonium
sulfate through oxidation, with a digesting mixture based on CuSO4, NaSO4, and selenium. We carried out the
digestion in a hot plate or digesting block under a temperature above 3609C, for approximately five hours,
with subsequent steam distillation. The distillate was collected in an HsBOs solution (20 g L), mixed with a
solution of bromocresol green and methyl red, and then titrated with a solution of HCL 0.05 mol L, until the

boric acid indicator solution turns orange. The nitrogen content was verified in duplicate, with blank tests.

Fertility of surrounding soils

For the chemical characterization of soils and to assist in the discussion of results, the pH in the water
and the levels of P and K available by the Mehlich? extractor (mg dm?3). Ca2*, Mg?*, exchangeable acidity,
and potential acidity were determined (cmolc dm?3) in the basement soils, in the five sampling municipalities,
considering only the active soil layer (20 cm deep). Based on the results, the values of the sum of bases (V%)
and saturation by aluminum (m%) were calculated. We based all the chemical determinations on standard

EMBRAPA techniques (1997).

Statistical Analysis

In order to compare the soil fertility in the five sampled municipalities and the incorporation of Cand

N in the sediments from the Paraopeba river basin, the mean and standard error for each experimental
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variable was estimated (one-way ANOVA, P < 0,0001). We also performed a multivariate analysis of the data,
obtaining the cluster test, using the Euclidean distance — a measure of dissimilarity between the samples,
determined from the variables of a sample set. The result of the multivariate analysis of the data was a
dendrogram, in which the more distant the samples, the smaller their similarity (CRUZ, 2006). We also
performed the Pearson's correlation analysis between the chemical attributes of the soil and the chemical
attributes of water and sediments (STEEL et al., 1960). All analyzes were performed using the R Core Team

program.

RESULTS AND DISCUSSION
Soil fertility

The results were interpreted from the recommendations for the state of Minas Gerais, presented by
Alvarez et al. (1999) and shown by Baldotto et al. (2015). They are exposed in the table below (Table 1). The
pH values were average in the Forest and Shrubbery systems in Fortuna de Minas, and the active acidity was
high (pH = 4.0) in the Shrubbery and Pasture systems in the municipalities of Jeceaba, Brumadinho, Florestal,
and Trés Marias, respectively.

The organic matter content for the superficial layers of marginal sediments (0-20 cm) presented
average levels in all sampled municipalities and all systems of use and management of the soils surrounding
the basin. The exception was in the Shrubbery system, which presented low levels of organic matter, what
can be linked to low waste inputs, since these areas are systems in a process of regeneration (AYRES NETO
et al., 2016).

The soil under the Forest system showed high pH in the municipalities of Jeceaba and Brumadinho.
The results of chemical analyzes in the superficial layer (0-10 cm) of the soils surrounding the Paraopeba
River basin are shown in Table 1. Regarding the exchangeable acidity, it was moderate in the Shrubbery,
Pasture and Forest systems for all municipalities along the Paraopeba River, with AI** being equal to zero in
all systems in the municipality of Jeceaba, moderate in the Forest, Shrubbery and Pasture in the
municipalities of Brumadinho, Florestal and Fortuna de Minas, and high in the Forest system in Trés Marias.

Considering the phosphorus content, we observed very low magnitudes in all systems in every
municipality, except for the Forest in Fortuna de Minas system (33.5 mg dm?3, CV = 23%). In all evaluated
systems, the levels of Ca?* and Mg?* varied from very low to medium. Regarding the K content, it was
classified as good for all systems except the Forest and Pasture system in Brumadinho, the Shrubbery system
in Florestal and all systems in Fortuna de Minas, which were very low, and the Forest and Pasture systems in
Trés Marias. However, the values that we obtained were not sufficient to alter the result of the sum of bases
that remained between the very low to average classes, except for the Pasture system in Fortuna de Minas
and Trés Marias.

The cation exchange capacity (CEC), both effective (t) and total (T), varied from low to medium, for
all systems in all sampling municipalities. When relating the sum of bases (SB) to the CTC of the soils, we
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noted that the base saturation (V) in all systems varied from low to very low, indicating low soil fertility along

the Paraopeba River.

Table 1: Chemical analysis of soils in the five sampling regions along the Paraopeba River.

County Sample SOM pH P K Ca* Mg* AP* H+Al SB t T \Y m
Management dag kg* -~-mg dm-3-- s cmoleddm® ceememeeeeeeeeeee e Y%o--==-
Jeceaba Forest Mean 5,5 6,5 3,2 65,9 3,4 3,0 0,0 2,4 6,6 6,6 8,9 73,5 0,0
SD 0,3 0,7 0,1 5,5 0,0 0,0 0,0 0,2 0,1 0,1 0,2 1,7 0,0
cv 4,6 10,1 2,1 8,4 0,7 1,5 0,0 7,8 0,9 0,9 1,7 2,3 0,0
(%)
Shrubbery Mean 5,8 4,7 2,5 78,7 2,5 1,8 0,0 1,5 4,5 4,5 5,9 75,4 0,0
SD 0,5 0,5 0,1 0,0 0,0 0,1 0,0 0,1 0,1 0,1 0,1 1,5 0,0
cv 8,0 11,0 4,7 0,0 0,9 5,0 0,0 6,4 2,5 2,5 1,8 2,0 0,0
(%)
Pasture Mean 5,4 4,1 1,7 177,5 2,3 2,5 0,1 3,7 5,2 5,3 8,9 58,9 1,8
SD 0,0 0,1 0,2 27,6 0,0 0,0 0,0 0,1 0,1 0,1 0,0 1,0 0,0
cv 0,7 1,6 9,0 15,6 2,0 1,6 0,0 2,5 1,6 1,6 0,3 1,7 1,6
(%)
Brumadinho | Forest Mean 3,1 6,6 1,5 37,3 0,9 1,0 1,0 6,9 1,9 2,9 4,9 39,8 33,9
SD 0,1 0,6 0,2 5,5 0,0 0,1 0,0 0,1 0,1 0,1 0,1 0,2 0,6
cv 4,0 9,4 13,3 14,8 2,6 6,2 0,0 1,2 2,7 1,8 2,1 0,6 1,8
(%)
Shrubbery Mean 1,7 4,9 3,3 78,7 1,7 1,6 0,9 7,5 3,5 4,3 7,8 44,4 20,2
SD 0,1 0,5 0,6 0,0 0,2 0,2 0,1 0,1 0,0 0,1 0,1 0,3 1,0
cv 6,0 10,1 183 0,0 104 11,2 60 1,1 1,1 15 12 07 49
(%)
Pasture Mean 3,9 4,2 2,0 40,4 1,5 0,2 0,7 4,2 1,8 2,5 4,3 419 27,8
SD 0,2 0,2 0,9 0,0 0,1 0,1 0,1 0,1 0,0 0,2 0,2 1,3 4,0
cv 4,8 3,6 43,2 0,0 6,7 40,8 199 3,6 2,2 6,3 4,2 3,2 14,3
(%)
Florestal Forest Mean 4,5 4,4 2,6 78,7 1,8 0,7 0,4 6,6 2,7 3,1 5,8 46,4 13,5
SD 0,1 0,1 0,3 0,0 0,1 0,1 0,2 0,0 0,1 0,2 0,3 1,2 4,0
cv 2,4 3,1 13,3 0,0 3,8 15,2 353 0,0 2,9 6,1 4,3 2,5 29,8
(%)
Shrubbery Mean 4,3 4,3 7,8 59,6 1,9 1,0 0,2 5,8 3,0 3,2 6,3 48,4 6,1
SD 0,0 0,1 0,6 0,0 0,0 0,1 0,0 0,2 0,1 0,1 0,2 0,0 0,1
cv 0,1 1,5 8,2 0,0 2,1 6,6 0,0 4,2 2,6 2,4 2,5 0,1 2,4
(%)
Pasture Mean 4,0 4,0 3,3 72,3 0,8 0,1 1,0 6,3 1,1 2,1 3,2 34,2 47,9
SD 0,1 0,1 0,8 5,5 0,0 0,1 0,1 0,2 0,1 0,0 0,1 1,1 2,6
cv 1,9 2,1 22,8 7,6 2,9 55,8 5,6 2,9 49 0,1 1,6 3,3 5,5
(%)
Fortuna de | Forest Mean 5,5 5,4 33,5 31,7 5,0 2,3 0,1 2,2 7,3 7,4 148 49,7 13
Minas SD 0,3 0,0 8,0 12,8 0,5 0,1 0,0 0,1 0,6 0,6 1,1 0,0 0,1
cv 53 0,6 23,9 40,5 104 3,0 0,0 4,2 7,7 7,6 7,6 0,0 7,3
(%)
Shrubbery Mean 6,0 5,5 1,8 8,0 0,2 0,6 0,0 3,2 0,9 0,9 1,8 50,0 0,0
SD 0,4 0,3 0,3 0,6 0,2 0,2 0,0 0,1 0,3 0,3 0,5 0,0 0,0
cv 6,4 4,6 16,1 7,3 68,1 27,6 0,0 2,9 29,3 293 293 0,0 0,0
(%)
Pasture Mean 5,4 6,0 1,7 20,8 0,3 0,3 0,2 1,4 0,6 0,9 1,5 41,4 27,7
SD 0,1 0,4 0,2 0,0 0,2 0,3 0,2 0,0 0,4 0,4 0,9 7,1 20,5
cv 1,1 6,4 8,9 0,0 54,6 102,6 990 0,0 69,4 51,2 570 17,2 74,2
(%)
Trés Marias Forest Mean 4,4 4,4 2,0 50,0 0,5 0,5 1,2 5,8 1,1 2,3 3,4 32,7 51,2
SD 0,2 0,1 0,1 4,0 0,0 0,2 0,2 0,2 0,3 0,3 0,5 3,6 7,7
cv 5,2 3,0 3,5 7,9 8,4 48,3 14,4 4,2 22,6 12,2 148 109 15,0
(%)
Pasture Mean 4,4 4,3 1,3 35,6 1,2 0,5 1,0 4,5 1,9 2,9 4,8 39,0 35,9
SD 0,1 0,1 0,0 3,6 0,0 0,2 0,1 0,5 0,2 0,2 0,4 1,4 3,8
cv 3,0 3,3 2,7 10,0 1,8 42,2 5,4 11,6 12,2 6,9 8,9 3,6 10,5
(%)

* SD= Standard deviation; CV= Coefficient of variation
Organic Carbon, Total Nitrogen and C/N Ratio in Sediments

The results of C levels in the five sampled municipalities are shown in Figure 2. It is possible to see
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that the C levels ranged from 4.75 g kg to 5.97 g kg}, and did not show any statistical difference considering

the margin of error (p <0.0001).
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Figure 2: C levels in sediments from different regions sampled around the Paraopeba River basin (MG).

The high levels of organic C verified in the sediments of this study were higher than those found by
Ayres Neto et al. (2016), when studying the origin of the deposition of organic matter in mangrove sediments
in the northwestern portion of the “Todos os Santos” Bay, where the maximum value found is around 3.99 g
kg in eight immersed stations. The higher C values in the sediments in the present work are indicative that
the regions may be subject to large contributions of organic waste (anthropic or not). They may come from
the tributaries of the Paraopeba River basin or even happen by the contribution of organic material coming
from the surrounding areas of the river, since it is located close to urban and rural areas with intense
agricultural and extractive production (e.g., sand extraction and mining activity).

Another fact that can also explain the incorporation of C in marginal sediments is the decomposition
of heterotrophic planktonic organisms, such as bacteria and protozoa (WETZEL, 1992; LIMA, 2007; TUMIATI
et al., 2020). It should be noted that sediments, due to their more oxide mineralogy (positive charges) and
more soluble OM, are negatively charged. Sediments from tropical regions tend to sequester more carbon
(CARDOSO et al., 2014; KALAIVANAN et al., 2017).

The C content of the sediments (Cseq) correlated negatively with the AI** content (r = -0.70) (Figure.

I** and soil acidity.

3A), and this fact can be attributed to the pH, since low pH values increase the levels of A
Thus, it appears that an increase in the content of OM provided an increase in the levels of C, leading to a
reduction in the content of Al* and concomitantly reducing its saturation and potential acidity (OLIVEIRA,

2018).
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Figure 3: Correlation between the aluminum content (Al**) versus the total carbon content in the sediments (Csed) (A)
and carbon present in the waters (Ch20) (B).

For N (Figure 4), the levels ranged from 0.28 g kg to 1.08 g kg. The Florestal region presented the
highest value (1.08 g kg), which was 28% higher than the others municipalities, followed by the Fortuna de
Minas (0.94 g kg!) and Brumadinho (0.76 g kg), showing an increasing trend in the average portion of the
Paraopeba River towards its mouth in the Trés Marias region. The lowest N content was observed in the
Jeceaba region (0.28 g kgl). It is worth mentioning that the lower C and N values found in the municipality
of Jeceaba may be a consequence of the fact that it is located in a poorly preserved headboard, found during
the sampling.

Our results for N were superior to those found by Pereira et al. (2006). When verifying the chemical
characterization and relevant geochemical aspects of the suspended sediment matter at the mouth of the
Amazon River, they found very low concentrations of N, with maximum values reaching the level of 0.13 g
kg™. The higher concentrations of N can be associated with domestic sewage inputs and incorporation of
nitrogen fertilizers, since the middle portion of the river is inserted in an area of intense agricultural
production, which incorporates the organomineral particles present in the sediments, as Cebron et al. (2005)
proposed.

As for the C/N ratio (Figure 5), it is possible to notice that the region that presented the highest value

was Brumadinho, which presented a 47% higher C/N ratio compared to the other regions under study (p

<0.001).
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Figure 4: N content in sediments from different regions Figure 5: C/N ratio in sediments from different regions
sampled around the Paraopeba River basin (MG). sampled around the Paraopeba River basin (MG).

Regarding the stability of OM (C/N ratio), the values were higher than those found by Almeida et al.
(2007), which worked on temporal variation, transport and partition of mercury and organic carbon in the
particulate and dissolved fractions of the water column of the lower basin of the Paraiba do Sul River, RJ,
where the smallest and largest values oscillated around 4 to 10. The median region of the Paraopeba River
suffers from periodic fires by the producers to clean the pastures. The residues of the carbonized organic
matter (e.g., lignin and cellulose) can increase the C/N ratio by up to 80 (DICK et al., 2013), due to the
contribution of aromatic groups (C=C), which contribute to the increase in the aromaticity of organic matter.

Therefore, the variation of the values obtained by the C/N ratios, as observed in this study may be
related to the organic matter pyrogenesis, to granulometric differences between one point and another, and
to the selective degradation of the OM components. Moreover, it can also be related to the lower rate of
preservation of N concerning C, with the use of cultural and persistent fire, which is often used in the region,
increasing the C/N ratio (BADER, 1955).

The regions that obtained the lowest values of C, N, and C/N ratio can be explained by the lower
entrance of OM of allochthonous and autochthonous origin in the system, by its oxidation, and by the
incorporation of less lignified products in the sediments, which facilitates rapid decomposition by
microorganisms (CANUEL, 2001). Those parameters are also influenced by the flow of the river and the
season, increasing in rainy periods, a fact that occurred during the collections, which we carried out during
periods of high rainfall.

To better explain the data in terms of grouping, we performed a multivariate analysis on the entire
data set, generating four dendrograms represented by Figures 6a, 6b, 6¢, and 6d, which indicated the division
between groups of samples, with higher and smaller Euclidean distance, that is, less or more similar (CRUZ,
2006), in both sampling regions.

In this analysis, for the carbon of the marginal sediment samples, we grouped the municipalities
of Jeceaba, Trés Marias, and Florestal separately from the municipalities of Brumadinho and Fortuna de
Minas (Figure 6a). Still, in the dendrogram, it is possible to observe that Jeceaba stands out in its group, being
different. Regarding N (Figure 6b), we obtained two groups: one formed by the municipalities of Brumadinho
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and Trés Marias; and the other formed by Fortuna de Minas and Florestal, indicating similarity in the levels
of N. The municipality of Jeceaba, on the other hand, grouped separately from the others, being different. In
the dendrogram obtained for the C/N ratio (Figure 6c), we observed the formation of two groups: one formed
by the municipalities of Florestal and Fortuna de Minas and the other formed by Jeceaba and Trés Marias,
showing similarities between the C/N ratio. The municipality of Brumadinho is grouped separately being the
most dissimilar. Finally, for the carbon verified in the waters (Figure 6d), we grouped the municipalities of
Brumadinho, Fortuna de Minas, and Florestal separately from the municipalities of Jeceaba and Trés Marias,

which were the most different.
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Figure 6: Grouping by minimum variance and Euclidean distance using multivariate analysis for the data set of the
studied samples.

Total Organic Carbon in Water Samples (Cuz0)

The Cuxz0 concentration verified in the water samples are presented in the figure below (Figure 7). It
is possible to notice that the concentrations varied from 0 to 0.25 g L}, with the mouth region (Trés Marias)

presenting a value 9% higher than the other regions, which did not differ statistically (p <0.0001).
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Figure 7: C levels in the waters of the Paraopeba River basin (MG).

Regarding the Cuao concentration found in the water samples, the levels were very low in relation to
other studies. Alberts et al. (1990) found Cuzo values for rivers in the southeastern United States that ranged
from 0.31t0 2.29 g L'X. Wen (1992) found similar values in the study of the Changjiang River, in China, which
ranged between 0.34 and 2.13 g LY. Wetzel (1992), in his study on Lake Lawrence, in Michigan, USA, found
minimum and maximum Cuzo values around 1.73 and 2.73 g L%, respectively. All the previously cited values
proved to be higher than those verified in the present study.

An explanation for the low Cyy0 values found in the Paraopeba River basin is the "sediment input"
with low organic matter content. According to Robarts et al. (1988), the relative importance of indigenous
and allochthonous Ciz0 inputs to rivers will depend on several factors, such as the use of the area, the
activities developed in its surroundings, the extent of the basin, and the trophic level at which an aquatic
system is found. It is possible to infer that the ecosystems studied in this work sequester C in sediments in a
more intense manner, as they have more weathered mineralogy, and there is a nascent/empty flow.

In the Brumadinho region, the Cuao levels were not identified. It may have happened because such
region is under the constant influence of sand extraction and mining, a fact that moves water in the sample
site propitiating the migration of organic material to other points, evidenced by the enrichment in the
direction from the head to the mouth of the river. The positive correlation found between the C content
found in the water (Cu20) and the aluminum content (r = 0.74) (Figure 3B) can be explained by the
complexation of Al** by the OM, which was incorporated into the water body by processes of percolation
(OLIVEIRA, 2018).

This fact differs from the one found by Céser (1990). When analyzing the effect of different coverings
on the chemical and physical characteristics of an Alicos Red-Yellow Oxisol, he found a lower correlation
value (r = 0.24 *). It is worth mentioning that the high correlation between the levels of Csq and Ciz0 with
aluminum, a metallic ion, allows us to infer that heavy metal pollution could be present in these sediments,

and could lead a potential environmental impact.
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CONCLUSIONS

The levels of C, N, and C/N ratio proved to be sensitive indicators to disturbances that occurred in
the aquatic ecosystem, due to changes in land use around the basin. The highest C levels were found in the
Fortuna de Minas region, which had a C content 22.5% higher than the other regions evaluated. The lowest
levels of C were found in the Florestal region, which had the highest value for N, 28% higher compared to the
others. The lowest levels of N were observed in the Jeceaba region. For the C/N ratio, the region that showed
the highest value was Brumadinho, which presented a 47% higher C/N ratio compared to the other regions,
and in contrast, the lowest ratio was found in the Florestal region. Regarding the C content in the waters, we
found that the Trés Marias region had a C content 9% higher than the other areas under study. From the

|3+

correlation analysis, it was possible to verify that the Chz0 and Cseq correlated with the Al** content, showing

disturbance in the system by heavy metals.
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