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Principal component analysis for heavy metals in hydrographic sub-
basins of the rivers Capivari and Mortes/MG

Population growth and industrialization are correlated with the contamination of water resources by the release of untreated effluents into water sources. The
objective of this work was to characterize heavy metals in sub-basins of the rivers Capivari and Mortes and the variability using principal component analysis (PCA).
Three points were sampled at GD1 (P - | at Ingai — Minduri River, P - Il at Capivari River and P - Il at Ingai — Luminarias River) and three points at GD2 (P - IV at
Mortes River, P - V at Peixe River and P - VI at Ribeirao dos Tabuoes). The monitoring period was from April 2015 to February 2016. Analysis of Aluminum, Bromine,
Copper, Hexavalent Chromium, Iron, Manganese, Nickel and Zinc were evaluated. We compared the results with the Maximum Allowed Value in agreement with
class 2, according to DN COPAM CERH 01/08. We also observed variables above the allowed value due to the discharge of domestic and industrial effluents,
interference from precipitation and the contact between livestock and water sources. The principal components analysis (PCA) revealed that on average, the
principal component 1 corresponds to 62.2% of the total variability of the data considering GD 1, and, in GD 2, PC 1 is responsible for a higher average percentage
of the total variability of the data, corresponding to 73.4%, hence being more representative.

Keywords: Anthropogenic interference; Pollution load; Heavy metals.

Andlise de componentes principais para metais pesados em sub-
bacias hidrogrdficas dos rios Capivari e Mortes/MG

O crescimento populacional e a industrializagdo estdo correlacionados a contaminagdo dos recursos hidricos pelo langamento de efluentes néo tratados em
mananciais. O objetivo deste trabalho foi caracterizar metais pesados em sub-bacias dos rios Capivari e Mortes e a variabilidade por meio de andlise de
componentes principais (PCA). Trés pontos foram amostrados no GD1 (P - | no Rio Ingai - Minduri, P - Il no Rio Capivari e P - Il no Ingai - Rio Luminarias) e trés
pontos no GD2 (P - IV no Rio Mortes, P - V no Peixe Rio e P - VI em Ribeirdo dos Tabudes). O periodo de monitoramento foi de abril de 2015 a fevereiro de 2016.
Foram avaliadas as analises de Aluminio, Bromo, Cobre, Cromo Hexavalente, Ferro, Manganés, Niquel e Zinco. Comparamos os resultados com o Valor Maximo
Permitido de acordo com a classe 2, conforme DN COPAM CERH 01/08. Observamos também varidveis acima do valor permitido devido ao langamento de efluentes
domésticos e industriais, interferéncia da precipitagdo e do contato da pecudria com os mananciais. A analise de componentes principais (PCA) revelou que, em
média, o componente principal 1 corresponde a 62,2% da variabilidade total dos dados considerando o GD 1, e, no GD 2, o PC 1 é responsavel por um maior
percentual médio da variabilidade total dos dados, correspondendo a 73,4%, sendo, portanto, mais representativos.

Palavras-chave: Interferéncia antropogénica; Carga de poluigdo; Metais pesados.
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INTRODUCTION

The use and occupation of land in rural and urban water basins along with natural processes, such as
precipitation, erosion and the weathering of rocks, drastically affects water quality, making it unsuitable for
more demanding uses.

In recent decades, anthropogenic actions, both in urban and rural areas, have been responsible for
the degradation of water resources. Thus, one of the factors that contributes the most to such degradation
is the environmentally inappropriate discharge of effluents, hence causing several interferences in the
environment and its organisms. Currently, detailed studies regarding the treatment and monitoring of water
quality are extremely important, as it aims to provide with increasing information that intends to contribute
to the environment conservation and results in future benefits. Water is an abundant resource in Brazil;
however, it has an uneven distribution, being a limiting factor in some regions. In addition to the scarcity, the
lack of adequate treatment and the release of solid and liquid waste into the bodies of water harm society.

Generally, the government aims, through legal mechanisms, to ensure as much as possible the
maintenance of water quality, not disregarding its multiple uses (energy, transportation, recreation, supply,
food production, industrial uses and sanitation, among others) and the development of a specific river basin.
Among studies, the most solid criterion in relation to water resources gained strength and clarity only with
the resolutions of the National Environment Council (CONAMA — Conselho Nacional do Meio Ambiente) and
the Normative Deliberation of the Environmental Policy State Council (COPAM — Conselho Estadual de Politica
Ambiental), which aims to detail the predetermined physical, chemical and biological parameters in the
watercourses. These parameters show what can compromise the use of water resources and harm humans
and the environment, as a result of anthropogenic activities.

Heavy metals are stable and persistent environmental pollutants, since they cannot degrade and,
depending on the physical and chemical characteristics of the aquatic environment, they react, disperse or
are mobilized and deposited in sediments, representing a potential hazard due to the bioavailability
characteristics they can acquire. In this context, the objective of this work was to characterize the values
found for heavy metals along with DN COPAM 01/08 and, for a better interpretation, the use of Principal

Component Analysis along the regions of Alto Rio Grande (GD1) and Vertentes of Rio Grande (GD2).

METHODOLY

The Capivari Basin is characterized by smaller towns, and its use and land occupation are
predominantly agricultural. It presents a strong, wavy topography at the headwater, with the presence of
Cambisols and a smooth wavy topography in the low regions of the UPGRH, where there is a predominance
of Oxisols and Argisols, with altitudes ranging from 802 to 2,631 m. For the basin in this study, 3 sampling
points in 3 sub-basins were selected, named P -1, P - Il and P - lll, respectively (Figure 1).

The Mortes Basin, on the other hand, is marked by larger towns and has characteristics of agricultural

prevalence. The primary soils of the basin are oxisols. According to Vargas (2007), as the river mouth goes
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towards Mortes River, dystrophic red-yellow latosols, cambisols and litolic neossols appear more frequently.
The use and occupation of land are the result of pasture and agriculture, urbanization, mining and fragments
of native forest (IPT, 2008). We named the three sampling points for the monitoring in the sub-basin P - 1V,
P -V and P - VI, respectively (Figure 1).

The two sub-basins present a climate characterized as humid (B3 and B4) according to the
Thornthwaite classification, and might show precipitations above 1,600 mm and temperatures below 18°C.
The climate of the region is considered to have high humidity and low temperatures (MINAS GERAIS, 2008;
OLIVEIRA, 2013).

Table 1 shows the six sampling points, with the geographic coordinates (latitude and longitude) and
the altitude points, which were measured using an Adventure Garmin Map 64 Portable GPS.

We performed the flow measurement directly and indirectly, based on speed and level
measurements. The devices used in the monitoring were the micro flow meter and the Qliner2. For the
indirect measurement, the micro flow meter is more common. They are small propellers that rotate
according to the water speed, and we used them in watercourses with depths under 30 cm. For direct
measurement, we used the Qliner 2. It is an electronic meter based on acoustic doppler and we used it in

watercourses with depths over 30 cm.

Table 1: Sampling points and their respective coordinates.

Points Coordinates Altitude (m) Watercourses UPGRH
Latitude Longitude
P—1 21°30'22.55"S 44°54'56.84” O 995 Ingai — Minduri GD1
P-1 21°28'40.69"S 44°45'57.26"0 863 Capivari GD1
P—1l 21°30’ 22.76” S 44°54’ 56.59” O 898 Ingai — Luminarias GD1
e\ 21°3'44.31"S 44°18'41.93"0 868 Mortes GD2
P-V 21°03'38.86” S 44°29’ 57.38” O 878 Peixe GD2
P-VI 21°4'49.61"S 44°42'8.63” O 864 Rib. Dos Tabudes GD2
0 ‘r:u;{f < b i 2
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Figure 1: UPGRH (GD1 and GD2) and their respective points.

We collected simple samples (in three widths of the watercourse, being 2/3 from the riverbank to
the extremities), using a DH - 49 Suspended Sediment Sampler in vertical movements and the sampling at a
depth of about 30 cm. The procedures for sampling and preserving the samples followed the standards
established by APHA (2012). The monitoring period took place from April 2015 to February 2016, totaling
eight samplings; every two months in the dry season, and monthly in the rainy season.

Analysis of heavy metals were carried out in the Hydrology laboratory at the Water and Soil
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Engineering Center, Engineering Department - DEG/UFLA. The variables evaluated were Aluminum, Bromine,
Copper, Hexavalent Chromium, Iron, Manganese, Nickel and Zinc.

The concentrations of heavy metals were compared with the limits established to the supply for
human consumption for Class 2 according to the Normative Deliberation (DN) COPAM CERH 01/08. It
provides the classification of water bodies and environmental guidelines next to its framework, as well as
establishing the conditions and standards for the discharge of effluents and other measures for the final
destination of the waters, according to the framework.

The Principal component analysis (PCA) is a method of multivariate statistics that allows interpreting
the structure of a set of multivariate data from the respective variance-covariance matrices or correlations
between the considered parameters. In this study, we used the correlation matrix, in which the first
eigenvalue to be determined corresponds to the highest percentage of the total variability present and so
forth. The eigenvectors correspond to the principal components, being the result of the loading of the original
variables in each one of them.

The loading matrix for each variable in the principal components when multiplied by the original data
matrix will provide the scores matrix for each case in relation to the principal components. These values can
be arranged in a dispersion diagram, where the axes are the two most important components and thus show
the relationship between the cases conditioned by the measured variables (BERNARDI et al., 2001).

The data were standardized, in general, before the correlation analysis. Thereby, the correlations
were generated between the analyzed variables, as they are correlated with each other. We considered PCA

as Principal Component Analysis and CP as Principal Component.

RESULTS AND DISCUSSION

The concentrations of heavy metals for the three points monitored in the Capivari sub-basin are
shown in Table 2. The levels of heavy metals in the samples varied for both the dry and rainy seasons.

Aluminum presented concentrations above the maximum allowed value in the eighth sampling
campaign at P - | (Ingai - Minduri). It is important to note that this element can be dispersed in the
environment due to natural or anthropogenic processes, such as erosion. The high concentrations of
Aluminum in contact with humans cause various diseases, especially Alzheimer's (PERL, 1988; FREITAS et al.,
2001).

The heavy metal Copper was over the maximum allowed value in the three sampling points during
most of the monitoring. According to Moore (1991), Copper may have strong tendencies in fish
contamination, with toxicity effects greater than other metals. At the Ingai - Minduri and Capivari sampling
points, the concentration of the heavy metal may be associated with the use of fungicides on farms close to
the two monitoring points. The influence of seasonality was also observed during the monitored period.
According to EPA (1972), concentrations from 0.015 to 3.0 mg. L'! are considered high, hence they are
classified as toxic in fresh water, as they compromise many species of fish, crustaceans, mollusks and

plankton. The P - lll sampling point, on the other hand, had values higher the maximum allowed in five of the
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eight monitored campaigns. Its high concentrations during the rainy season may be associated with point-
source pollution close to the sampling point, such as the inappropriate sewage discharge.

After analyzing Chromium, we found that this heavy metal did not present values higher than the
maximum allowed value during the evaluation period in P - I. In P - ll, we observed values over the allowed
for Chromium in three campaigns. Such results may be associated with the incorrect discharge of industrial
effluents (food and poultry industries) close to the monitoring point. Regarding P - lll, seasonal influence may
have occurred, increasing the concentration in the rainy season. Chromium is released into bodies of water
by industries in general, such as tannery, chrome plating, preparation of dyes and minerals (MARTIN et al.,
1976; PEREIRA, 2004). There are ore extractions close to the region, a factor that may have resulted in the

high levels presented.

Table 2: Concentrations of Heavy Metals, inorganic parameters and comparison with the Class 2 maximum allowed
values of COPAM CERH 01/08 - for the Capivari sub-basin (P -1, P - Il and P - Ill). Note: VMP - Maximum Allowed Value
for Class 1 of DN COPAM CERH 01/08.

Heavy metals analyzed (mg. L)

Sub - basins Date Al Br Cu cr Fe Mn Ni Zn
10/04/15 0,02 0,00 0,01 0,00 11 0,41 0,09 0,02
29/07/15 0,07 0,05 0,01 0,00 0,6 0,30 0,03 0,09
22/09/15 0,03 0,00 0,11 0,00 1,6 0,30 0,56 0,33
P—1 26/10/15 0,00 0,00 0,10 0,00 1,0 0,00 0,74 0,09
23/11/15 0,01 0,35 0,58 0,01 1,9 0,40 0,49 0,06
18/12/15 0,03 0,00 0,01 0,04 2,6 0,00 0,56 0,04
22/01/16 0,00 0,00 0,02 0,00 3,0 0,50 0,71 0,00
19/02/16 0,12 0,00 0,17 0,00 2,1 4,40 0,70 0,00
10/04/15 0,03 0,01 0,12 0,00 0,6 0,22 0,02 0,12
29/07/15 0,01 0,00 0,11 0,00 0,47 0,20 0,00 0,20
22/09/15 0,06 0,0 0,06 0,03 1,10 0,50 0,00 0,19
Pl 26/10/15 0,03 0,04 0,00 0,00 0,76 0,30 0,39 0,08
23/11/15 0,02 0,12 0,21 0,11 0,68 0,60 0,52 0,22
18/12/15 0,00 0,88 0,21 0,05 1,48 1,40 0,34 0,36
22/01/16 0,00 0,09 0,13 0,00 1,41 0,20 0,40 0,02
19/02/16 0,07 0,00 0,14 0,05 1,34 1,90 0,50 0,00
10/04/15 0,04 0,00 0,01 0,00 0,58 0,00 0,02 0,00
29/07/15 0,03 0,00 0,00 0,01 1,07 2,50 0,01 0,44
22/09/15 0,02 0,02 0,11 0,00 1,25 0,00 0,02 0,02
Pl 26/10/15 0,00 0,00 0,11 0,01 0,41 0,90 0,07 0,08
23/11/15 0,01 0,23 0,15 0,00 1,10 0,10 0,80 0,00
18/12/15 0,02 0,01 0,34 0,00 1,45 0,00 0,01 0,00
22/01/16 0,00 0,38 0,00 0,07 1,94 10,9 0,61 0,07
19/02/16 0,00 0,03 0,67 0,01 1,67 0,4 0,70 0,05
Mean 0,026 0,092 0,140 0,016 1,300 1,101 _ 0,345 0,103
Standard Deviation 0,03 0,2 0,171 _ 0,028 0,661 2,317 0,296 0,125
vMP 0,1 ; 0,01 0,05 0,3 0,1 0,025 0,18

The concentration of iron presented values higher than the allowed during the entire monitoring
period, with the highest values observed during the rainy season, which can be associated with the local
mineralogy and the rupture and consequent transport of soils upstream.

The heavy metal Manganese presented values higher than the allowed during most of the monitoring
in the three sampling points, presenting a behavior similar to iron. Minas Gerais watercourses present high
levels of iron and manganese, due to the geochemical characteristics of the basin (BRASIL, 2014). This fact is
associated with its own mineralogy and with nonpoint-source pollutions, that is, fertilizer waste and

fungicides.
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The heavy metal Nickel presented in all campaigns values over the maximum allowed value for the
Ingai — Minduri point and in the other two sampling points throughout the rainy season. According to COPAM
(Environmental Policy State Council), an acceptable value is up to 0.025 mg. L. In the sections of P - Il and P
- lll, the values higher than the allowed occurred during the rainy season, due to the influence of the climatic
seasonality in the region.

Zinc presented values over the acceptable standard for the monitoring points P -1, P - Il and P - lll,
respectively, which can be associated with the uncontrolled discharge of wastewater, from point-source and
nonpoint-source pollutions present in the region.

Figure 2 shows the relationship between the variables of the three Capivari hydrographic sub-basins,
through the Biplot of all sampling campaigns at the respective monitoring points. We considered the principal
components PC1 and PC2 in the respective campaigns in the monitoring. It is important to note that we
obtained the results from the concentration values of heavy metals in the water samples.

Figure 4 shows the Biplot of all sampling campaigns at the respective monitoring points in the
Capivari hydrographic sub-basin. In the first sampling campaign, the first principal CP corresponds to 63.5%
of the variability of all data, with the second principal CP corresponding to 36.5% of the variability of all data.
The first CP represents a general effect of all variables, except Cr, although with a certain predominance of
the effects of the variables Br, Cu and Ni. In the second CP, it represents a greater effect of Mn. Santos (2008)
mentions that in agricultural activity, the presence of the heavy metal Cu is mainly used in the form of CuSQ,,

as a fungicide, in the cultivation of grapes and in the control of coffee rust.
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Figure 2: Biplot based on the scores of the campaigns with the UPGRH - GD1.

In the second campaign, the first and second CPs correspond to 63.13% and 36.9% of the total data

variability, respectively. The first CP represents a general effect of all variables, although with a certain
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predominance of the effects of the variables Cr, Mn, Zn and Fe and the second CP represents a greater effect
of Ni, Cu and Br. An example is Manganese, which is an essential trace element in the physiological processes
of plants and animals. However, in high concentrations it can become toxic. Its contamination has attracted
the attention of researchers mainly due to the intensification of the discharging of this element in the water.
In addition to occurring naturally in the environment, this metal can also come from anthropogenic activities,
through discharges from manufacturing industries such as paper, metal and chemicals, and domestic waste
(BANKS et al., 1997; JESUS et al., 2015).

In the third campaign, the first CP corresponds to 54.7% of the total variation of the data and the
second, to 45.3%. The first CP represents a general effect of all variables, although with a prevalence of the
effects of the variables Mn, Cr, Br and Cu, whilst the second CP represents a greater effect of Ni and Fe, due
to the presence of point-source pollutions, mainly associated with the discharge of untreated industrial
effluents.

In the fourth campaign, the first CP corresponds to 64.27% of the total variability of the data,
representing a certain prevalence of the effects of the variables Mn, Fe, Ni and Cr, which is mainly associated
with the point-source and nonpoint-source pollutions and with the increase of rainfall, which carried several
trace elements to the sampling points (AMANCIO et al., 2020). The second principal CP corresponds to 35.7%
of the variability of all data, being represented by the effects of the variables Br, Cu and Zn with a certain
predominance.

The fifth campaign showed that the first CP represents a predominance of the effects of the variables
Cr and Zn and is responsible for 59.9% of the total variation of the data. The second CP, on the other hand,
represents a predominance of the effects of the variables Ni and Cu, with a value of 40.1% of the total data
variability. In Populina, Sao Paulo, Paganini et al. (2004) presented high values of mercury, nickel, lead and
aluminum at all depths in the work carried out in the described location. The results found were close to the
sewage treatment station, as it gradually affects the region's surroundings, mainly due to the contamination
of groundwater.

In the sixth campaign, the first principal component is responsible for 52.6% of the total variability of
the data, with a greater effect of Zn, Mn, Br and Cr. The second principal CP corresponds to 47.4% of the
variability of all data, corresponding to a predominance of the effect of Fe, Cu and Ni. The responses in the
two principal components were associated with high precipitation carrying different amounts of pollutants
from point-source and nonpoint-source pollutions in the region (AMANCIO et al., 2018).

The first and second CP, for the seventh campaign, correspond to the total variability of the data with
62.4% and 37.6%, respectively. The first CP represents a predominance of the effects of the variables Cr, Mn,
Br and Zn, and the second presents a predominance of heavy metals Ni and Fe, a similar situation to the sixth
campaign.

In the last sampling campaign related to UPGRH GD1, the first CP corresponds to 77.2% of the total
data variability and the second, to 22.8%. Their values are associated, respectively, with a certain

predominance of Ni, Cu, Zn, Br and Mn for the first CP, and in the second, for Cr and Fe. Near the monitoring
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points, the incorrect use of pesticides may have led large amounts of pollutants into the watercourse. Point-
source pollution can be associated, since we can clearly see the incorrect discharge of untreated domestic
effluents.

Table 3 below shows concentrations for heavy metals during the monitoring at Vertentes do Rio
Grande (GD2) at three monitoring points, together with the maximum allowed values for Class 2 according

to DN COPAM CERH 01/08.

Table 3: Values of the Heavy Metals samples, inorganic parameters and comparison with the Class 1 maximum allowed
values of COPAM CERH 01/08 - for the Mortes sub-basin (P - IV, P - V and P - VI). Note: VMP - Maximum Allowed Value
for Class 1 of DN COPAM CERH 01/08.

Analyzed heavy metals (mg. L)

Sub - Basins Date Al Br Cu Cr Fe Mn Ni Zn
28/04/15 0,02 0,00 0,10 0,02 1,17 0,00 0,06 0,09
22/07/15 0,04 0,06 0,07 0,02 0,75 0,30 0,02 0,53
P-IV 15/09/15 0,02 0,00 0,03 0,00 1,46 0,20 0,04 0,00
19/10/15 0,01 0,11 0,06 0,00 0,55 0,10 0,02 0,52
16/11/15 0,29 3,90 0,84 0,07 3,87 15,2 0,92 0,29
14/12/15 0,50 2,96 0,67 0,30 3,22 13,0 0,66 0,00
19/01/16 0,07 0,13 0,17 0,03 2,68 0,50 0,43 0,13
17/02/16 0,05 0,30 0,02 0,01 1,21 0,00 0,02 0,14
22/07/15 0,01 0,12 0,00 0,02 0,54 0,10 0,02 0,38
15/09/15 0,03 0,00 0,00 0,00 1,10 0,10 0,02 0,03
oy 19/10/15 0,03 0,00 0,04 0,02 0,66 0,20 0,00 0,04
16/11/15 1,00 7,91 1,0 0,30 4,32 19,6 0,94 0,05
14/12/15 0,35 3,33 0,78 0,30 2,67 16,4 0,83 0,03
19/01/16 0,02 0,00 0,03 0,02 2,25 44 0,55 0,14
17/02/16 0,02 0,00 0,12 0,03 2,66 0,2 0,08 0,07
14/05/15 0,01 0,10 0,00 0,00 0,59 0,20 0,01 0,00
22/07/15 0,01 0,02 0,04 0,00 0,55 0,00 0,01 0,20
15/09/15 0,06 0,01 0,04 0,03 1,20 0,20 0,00 0,00
P-IV 19/10/15 0,00 0,00 0,05 0,00 0,51 0,00 0,42 0,14
16/11/15 0,00 0,11 0,00 0,00 1,02 0,00 0,66 0,10
14/12/15 0,01 0,21 0,10 0,02 1,25 0,00 0,05 0,15
19/01/16 0,00 0,00 0,00 0,02 3,73 0,30 0,02 0,09
17/02/16 0,04 0,03 0,08 0,01 1,79 0,30 0,77 0,01
Mean 0,113 0,839 0184 0,053 1,728 3,100 _ 0,285 0,136
Standard Deviation 0,232 1,026 0,307 0,099 1198 6,224 0,350 0,155
vMP 0,1 ; 0,01 0,05 0,3 0,1 0,025 0,18

The heavy metal Aluminum showed concentrations higher than the maximum allowed value in two
campaigns, both for the sampling point P - IV and P - V.Its values may be associated with the sources of
pollution upstream of the Mortes sampling point, such as the incorrect discharge of packages and residues
of food.

Copper had values higher than what was allowed in all campaigns monitored in P - IV.Its high values
may be associated with contamination around the basin. In the past, the region has been the target of gold
mining and, currently, mines are found upstream from where the sampling took place. The results higher
than the maximum allowed values during the rainy season in the P - V (Peixe River) had a critical influence of
seasonality. The agricultural use of fungicides can be correlated with the results found.

The heavy metal Chromium presented values higher than the allowed only in the sampling points
Mortes (P - IV) and Peixe (P - V), with one and two sampling campaigns, respectively. According to Magro et

al. (2013), large concentrations of Chromium can compromise aquatic life due to changes in the immune
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system, causing infections.

The high concentrations of iron showed that the high precipitations were essential in the results. The
soils of the state of Minas Gerais have high levels of iron.

Manganese showed variations in behavior between the three sampling points of GD2. It is important
to highlight the high concentrations found in campaigns 16/11/2015 and 14/12/2015, both for P - IV and for
P - V, with concentrations of 15.2 and 13 mg. L (P - IV) and 19.6 and 16.4 mg. L (P - V), respectively. We
believe that high rainfall in the days prior to the sampling and the discharge of pollutants upstream of the
Mortes sampling point influenced this behavior, associated with mining (AMANCIO et al., 2018). In the same
campaigns, higher concentrations were found in Peixe River, which may be correlated with nonpoint-source
pollutions, such as the decomposition of organic matter that releases organic compounds, which is generally
compromised by the use and occupation of soil in the basin.

The heavy metal Nickel presented concentrations higher than the maximum allowed values in the
three sampling points. Whilst in P - IV they were found in the dry and rainy seasons, in the others, they
occurred only in the rainy season. The high values can be associated with nonpoint-source pollutions from
galvanic industries.

Zinc presented values over the allowed in three sampling points of the Mortes sub-basin. At (P - 1V),
in the dry and rainy seasons. Its behavior may be associated with the accumulation of materials from
metallurgical industries.

Figure 3 shows the relationship between the UPGRH GD2 variables. The principal components PC1
and PC2 are considered in the respective campaigns within the monitoring. It is important to emphasize that
the results were obtained from the concentration values of heavy metals in the water samples.

According to the data found, the first sampling campaign registered values of 87.6% and 12.4% for
the first and second CPs, respectively. The first principal component has a general effect of all variables,
although with a certain predominance of the effects of Fe in larger numbers, followed by Ni, Mn and Br. The
second CP has a greater effect for Zn. Sabino (2008) mentions that the loading components and the
maximums location suggest that this component is related to the impact of urban and industrial effluents on
the water quality of the Paraopeba River sub-basin. This finding can be explained by the dilution of pollutants
in the rainy season. The discharge of wastewater is practically constant, but the increase in flow due to rain
causes dilution. The water quality variables that affected were chloride, sulfate, nitrate, nitrite, barium,
boron, copper, chromium, iron and zinc.

In the second campaign, the first CP corresponds to 68.2% of the variability of the data with a general
effect of all variables, although with a certain predominance of the effects of the variables Zn, Mn, Ni and Cr.
The second principal CP corresponds to 31.8% of the variability of all data, which represents a greater effect
of Br and Cu. Locations close to the sampling point can be related to the variables with greater predominance,

since they come from the discharge of industrial effluents.
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Figure 3: Biplot based on the scores of the campaigns along with UPGRH - GD2.

For the third campaign, the total data variability registered 60.5% and 39.5% for the first and second
CP, respectively. Values associated with the first CP registered a predominance for the heavy metals Zn, Mn
and Cu. In the second CP, for Ni and Fe. The seasonality might have influenced the values with a
predominance of Zn, Mn and Cu in larger amounts and in those of smaller amounts such as Ni and Fe, hence
increasing the concentration in the rainy season.

In the fourth sampling campaign, the total data variability for the first CP corresponded to 9.22%,
and for the second CP, to 40.8%. Results found for the first CP are associated with the predominance of the
effects of heavy metals Cr, Fe, Zn and Cu. In the second CP, the predominant effect was Ni.

In the fifth and sixth campaigns, the values recorded during the monitoring were much higher in
comparison to the other campaigns, due to the large amount of sediments and rainfall, which are responsible
for the high values we found. In the fifth campaign, the first CP corresponds to 80.02% of the total variation
of the data, and the second, to 19.98%. For the first CP, the effect of the most prominent variables were Cu,
Fe, Ni and Br, whilst in the second CP, the predominant variable was the heavy metal Zn. Singh et al. (2004)
mentions in his work in India that the loading components with greater predominance are related to mining
activities, a similar factor around the monitoring points.

In the sixth campaign, the values found for the first and second CP were respectively 96.9% and 3.1%
of the total data variability. In the first CP, the predominance of heavy metals, in general, represents the
effect of all variables. In the second, on the other hand, there is a smaller predominance of Fe. Due to the
high rainfall in the region, the transport of particles from soil release, organic matter, untreated domestic
and industrial effluents and pesticides can be correlated to the values with greater predominance in the first
CP.

In the seventh campaign, the first CP corresponds to 55.4% of the total variability of the data and the
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second to 44.6%. In the first CP, there is a certain predominance of the heavy metals Zn, Ni, Fe and Cu, and
these are associated with mining activities coming upstream from the sampling point and with the use of
pesticides. Hence, such factors may have been crucial for the high predominance in the first PC. In the second
PC, there is a predominance of Cr and Mn. According to Fostier et al. (2000), the release of heavy metals to
the water in a mineral extraction area are up to 9.3 ug m? per year for Hg and 2.1 ug m? per year for Mg, Fe,
Mn and Zn (FOSTIER et al., 2000; LIMA et al., 2015). In addition, during the mining and processing of gold in
mining areas, elements such as Cu, Pb and Zn are concentrated and released directly into watercourses, as
seen in areas with a history of contamination (RODRIGUES FILHO et al., 1997; CESAR et al., 2009).

In the last GD2 sampling campaign, the first and second CPs correspond to 79.14% and 20.86% of the
total data variability. In the first CP, there is a predominance of the heavy metals Fe, Br and Ni, whilst in the
second CP there is a predominance of Cu and Zn. Such values are associated with high rainfall levels and
nonpoint-source pollutions from galvanic industries.

On average, CP 1 corresponds to 62.2% of the total variability of the data considering the data from
the three sub-basins monitored in GD 1. In the three sub-basins in GD 2, CP 1 is responsible for a higher
average percentage of the total variability of the data, of 73.4%. Therefore, CP 1 represents better the
variability present in GD 2. Corroborating what was found in the analysis, it is known that in rivers, the
concentrations of metals in suspended sediments are generally higher than the concentration dissolved in
the water column, although the transfer of metals between such compartments are related to the
characteristics of the metal ion, the size of the particles, the organic content and their concentration in the
sediment. However, in highly contaminated environments by heavy metals, the prominent levels in the

dissolved form can be relatively high (ALVES et al., 2010).

CONCLUSIONS

The high amounts of heavy metals present in the Capivari River hydrographic sub-basin, at the three
evaluated points, may be associated with mineral exploration, point and nonpoint-source pollutions;

In the Mortes River hydrographic sub-basin, results over the allowed values for heavy metals can be
correlated to the large amount of suspended sediments that was found and these can be mainly associated
with the discharge of untreated effluents from industries and mining;

According to the results, the CP 1 relative to GD1 was more representative than in GD2, showing a
correlation between the main heavy metals and anthropic activities, such as Zn, Fe, Cu and Ni and the point-
source and nonpoint-source pollutions close to the monitoring points, the main ones from agricultural and

mining activities and the incorrect discharging of untreated effluents.
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