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ABSTRACT

Water quality issues are a growing concern due to the the recent intensification of
urbanization and industrialization. This paper evaluates and compares the surface water quality
of the ten sub-basins of the Para River, located in the Sdo Francisco River Basin, Minas Gerais,
and evaluates the impact of seasonality and the compliance with the current limits of state
legislation. The surface water quality monitoring database of the Institute of Water
Management of Minas Gerais (Ilgam) was used, and 18 parameters were analyzed from a
historical series from 2008 to 2016, totaling 16,651 observations. First, the descriptive statistics
of the parameters were calculated, considering each sub-basin separately. Then, for the
temporal and spatial analysis, the Kruskal-Wallis nonparametric statistical tests were applied,
followed by the multiple comparison test, with an alpha level of 5%, due to the asymmetric
behavior of the data. Thus, it was possible to compare water quality of the sub-basins in rainy
and dry seasons and to identify which parameters were responsible for the greater degradation.
In the compliance analysis to the current limits of state legislation, it was identified that all of
the sub-basins were out of the specified range for at least one of the evaluated parameters.
Finally, the seasonality analysis exposed significant differences in the parameters of dissolved
oxygen, turbidity, total suspended solids, total solids and water temperature, where it was
shown that there was a worsening of water quality in the rainy season for most sub-basins.

Keywords: non-parametric tests, Pard River Hydrographic Basin, surface water, water quality.

Analise espaco-temporal da qualidade das aguas superficiais da Bacia
Hidrogréafica do rio Pard por meio de técnicas estatisticas

RESUMO

As questdes de qualidade da &gua sdo uma crescente preocupa¢do com a recente
intensificacdo da urbanizacéo e industrializacdo de grande parte das bacias hidrograficas. Este
trabalho propde avaliar e comparar a qualidade das aguas superficiais das dez sub-bacias do rio
Pard, localizadas na Bacia do rio Sdo Francisco, Minas Gerais, além de verificar o impacto da
sazonalidade e o atendimento aos limites da legislagéo estadual vigente. Foi utilizado o banco
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de dados de monitoramento da qualidade das aguas superficiais do Instituto Mineiro de Gestao
das Aguas (Igam), sendo analisados 18 parametros oriundos de uma série histdrica de 2008 a
2016, em um total de 16.651 observacgdes. Primeiramente, foi calculada a estatistica descritiva
dos parametros, considerando cada sub-bacia separadamente. Em seguida, para a analise
espacial e temporal, foram aplicados os testes estatisticos ndo paramétricos de Kruskal-Wallis,
seqguido pelo teste de comparacbes multiplas, ao nivel de significancia de 5%, face ao
comportamento assimétrico dos dados. Assim, foi possivel comparar a qualidade da agua das
sub-bacias nos periodos chuvoso e seco e identificar quais parametros foram responsaveis pela
maior degradacdo. Na analise do atendimento a legislacdo e ao enquadramento, identificou-se
que todas as sub-bacias se mostraram fora do enquadramento para, pelo menos, um dos
parametros avaliados. Por fim, a anlise da sazonalidade apontou diferencas significativas nos
parametros OD, turbidez, sélidos em suspensdo totais, solidos totais e temperatura da &gua onde
foi demonstrado que houve uma piora da qualidade da agua no periodo chuvoso para a maioria
das sub-bacias.

Palavras-chave: aguas superficiais, Bacia Hidrogréafica do rio Para, qualidade da agua, testes ndo
paramétricos.

1. INTRODUCTION

Water is a component integrated into the global system, which has been strongly altered
and degraded with anthropic actions. The velocity and extension of globalization, allied with
socioeconomic development, has increased the demand for water resources, reflected in the
scarcity and deterioration of springs. Water became a growing worry not only regarding the
available quantity but, mainly, concerning quality and restrictions in its uses (Barakat et al.,
2016; Giri and Qiu et al., 2016; Zeinalzadeha and Rezaei, 2017; Delkash et al., 2018).

Ferrier et al. (2001) affirm that the properties of a water system tend to reflect the
combination of geomorphological attributes, with a variation of direct and indirect influences
of climatological aspects and the anthropogenic action in the basins. Hence, chemical
components found in water bodies are variable and have correlations with specific
characteristics of each environment, being subject to constant changes in the environmental
system, caused mainly by anthropic actions (Kazi et al., 2009).

Many studies regarding water quality have been presented with the objective of evaluating
the extension of impacts in quali-quantitative aspects of hydrographic basins as consequences
of anthropization (Trindade et al., 2016; Pinto et al., 2017; Gebler et al., 2018). However,
although there may be much data available, this information is often disorganized and scattered
in different institutions and public agencies. These programs also generate extensive data
matrices, which are usually difficult to interpret, and the identification of the possible causes
that may influence the occurrence and the concentration of a given parameter may become a
complex task (Simeonov et al., 2003).

In Minas Gerais, the state Water Management Institute (Igam), through the Project Aguas
de Minas, has monitored surface- and ground-water quality in the state since 1997. The program
provides a historical data series related to water quality of Minas Gerais, which is indispensable
to the proper management of the available water resources (IGAM, 2010a).

The referred database available is extensive and difficult to interpret, making it impossible
to obtain immediate conclusions with only a superficial analysis. In this sense, statistical
methods have become an excellent exploratory interpretation tool. Studies made by Trindade
et al. (2016); Christofaro et al. (2017); Costa et al. (2017); Oliveira et al. (2017) and Pinto et
al. (2017); showed the use of these statistical tools to explore many objects of study involving
quality of water bodies, pollution, anthropic relations, amongst others. The use of non-
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parametric tests in these studies presents positive results when aiming to find significant
differences between sampling units, evaluating the behavior patterns of each studied event.

Thus, this work aims: (i) to characterize and compare the surface waters quality of the ten
sub-basins of the Para River, located in the S&o Francisco River Basin, Minas Gerais, regarding
monitoring data of the analyzed parameters, (ii) to evaluate compliance with the standards
established by the current state law for each parameter, concerning legal classification and,
finally, (iii) to evaluate and compare the effect of seasonality in surface water quality of the ten
sub-basins.

2. METHODOLOGY

2.1. Characterization of the study area

The Para River Hydrographic Basin corresponds to the SF2 Water Resources Planning and
Management Unit (UPRGH), located in southwestern Minas Gerais. Its main river is born in
the municipality of Resende Costa and extends for 365 km until flowing into the Séo Francisco
River. The basin covers approximately 12,300 km?, where 35 municipalities are located. The
estimated population of the basin is 700,000 inhabitants, with 12% living in rural areas (IGAM,
2018).

The basin presents high degradation which directly affects the quality of life of the
population. According to Igam reports, the main pressure sources associated with the water
quality changes in the Para River basin are: extractions of sand, clay, gravel, limestone and
quartz; artisanal mining; extraction of precious stones; extraction and processing of metallic
minerals; mining and processing of gold; agriculture; livestock; silviculture; diffuse charge;
erosion and aggradation; release of domestic/sanitary sewer and the release of industrial
effluents (IGAM, 2010a; 2010b).

2.2. Quality evaluation of surface waters of the Para River Basin

Data were analyzed from 26 monitoring stations with sampling carried out every 3 months
during the period from 2008 to 2016. A total of 16,651 observations from parameters total
chloride (Cl-7); a chlorophyll (Cl-a); thermotolerant coliforms/Escherichia coli (TC/E. coli);
in loco electrical conductivity (EC); biological oxygen demand (BOD); chemical oxygen
demand (COD); total phosphorus (Pt); nitrate (N-NOgz); total ammonia nitrogen (N-NH4*);
dissolved oxygen (DO); potential of hydrogen in loco (pH); total suspended solids (TSS); total
solids (TS); tensioactive substances (MBAS); sulfide (H2S); water temperature (T); turbidity
(turb) and total zinc (ZnT) were evaluated.

The spatial arrangement of water quality monitoring stations along the Para River Basin is
shown in Figure 1. The description of sub-basins is shown in Tables 1 and 2, respectively.

Real data (raw values) from the observations in each station were organized considering
each sub-basin and split into two seasons: dry and rainy, in order to analyze the impact of
seasonality. It is emphasized that the delimitation of the sub-basins was established by the Land
Use Plan (IGAM, 2016b; 2016¢) and was made through the ottocoded (1:50.000) Igam base.
Such methodology, proposed by Otto Pfafstetter is based on the grouping of direct contribution
areas of each stretch of the hydrographic net that have the same code. Hence, the hydrographic
basins correspond to the aggregation of the areas of hydrographic contribution, known as
ottobasins (Pfafstetter, 1989).

Descriptive statistics for the raw data of each parameter were calculated for all sub-basins,
showing their minimum and maximum values, average, standard deviation, geometric average
and percentiles (25th, median-50th, and 75th).

In order to define the statistical analyzes to be conducted, a Shapiro-Wilk normality test
was applied, with a 5% significance. Moreover, since most parameters do not follow the Normal
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distribution, nonparametric tests were utilized to compare the median values, as well as for the
analysis of seasonality.

To detect significant differences between concentrations of water quality parameters in the
sub-basins, the nonparametric tests of Kruskal-Wallis were applied to compare multiple
independent samples, followed by the multiple comparison test (when applicable) with an alpha
level of 5%. Thus, it was possible to identify which sub-basins were more impacted and which
parameters were responsible for a worsening in water quality degradation. Box-plots were also
generated to better visualize of the results. All statistical analyzes were performed with the
Statistica® 13.0 software.
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Figure 1. Pard River hydrographic basin with the locations of water quality monitoring stations,
and sub-basins.

Table 1. Description of the sub-basins.

Sub-basin Reference code Monitoring Stations
Upper Para River ARP PAQ01, PA0O2, PAOO3, PA024, PA026
Lower Para River BRP PA013, PA019, PAO44
Middle Para River MRP PAQ05, PA020, PA028, PA034
Boa Vista Brook RBV PA032
Da Paciéncia Brook RPC PA010
Do Peixe River RPX PA042
Itapecerica River RIP PAQ004, PA0O7, PAO31
Lambari River RLB PAO015, PA022, PA040
Picdo River RPI PA017, PAO21
S&o Jodo River RSJ PA009, PA0O11, PA036
Rev. Ambient. Agua vol. 14 n. 1, e2322 - Taubaté 2019
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Table 2. Description of water quality monitoring stations.

Latitude Longitude

. W o
Station  Class Description (decimal deg.)

PA001 1 Para River, between Passa Tempo and Desterro de Entre Rios -20.37 -44.25
PA002 2 Paiol Brook, downstream from Carmépolis de Minas -20.31 -44.37
PA003 1 Para River, in Para dos Vilelas -20.24 -44.37
PA004 1 Itapecerica River, upstream from Divinépolis -20.13 -44.54
PA005 1 Paré River, upstream from the confluence with Itapecerica River -20.06 -44.5
PA007 3 Itapecerica River, downstream from Divinépolis -20.07 -44.52
PAO09 2 Séo Jodo River, downstream from Italina -20.03 -44.36
PAO010 3 Paciéncia Brook, downstream from Para de Minas -19.47 -44.42
PAO11 2 Sédo Jodo River, upstream from the confluence with Para River -19.43 -44 .51
PA013 2 Para River, next to Pitangui -19.41 -44.55
PA015 1 Lambari River, upstream from the confluence with Para River -19.31 -45.01
PA017 1 Picdo River, upstream the confluence with Para River -19.17 -45.08
PA019 2 Paré River, upstream the confluence with Sdo Francisco River -19.15 -45.07
PA020 2 Fartura Brook, downstream from Nova Serrana -19,52 -44.55
PAO21 1 Picdo River, downstream from the city of Bom Despacho -19.35 -45.17
PA022 1 Diamante Brook near its mouth, in the Lambari River -20.02 -45.12
PA024 1 Passa Tempo Brook, in Passa Tempo -20.37 -44.3
PA026 1 Do Peixe River, upstream from Piracema -20.3 -44.28
PA028 1 Para River, upstream from Carmo do Cajuru -20.1 -44.47
PA031 2 Itapecerica River, downstream from Itapecerica -20.23 -44.58
PA032 2 Boa Vista Brook, downstream from Carmo da Mata -20.27 -44.53
PAO34 2 Do Pinto Creek, downstream from Sdo Gongalo do Para -19.58 -44.52
PA036 1 Sdo Jodo River, locality of Sdo Jodo, Itatiaucu -20.14 -44.3
PAO40 1 :_r%rgibélari River, under the bridge on the MG 050 highway, Pedra do -20.16 -45.08
PA042 1 Do Peixe River in the locality of Rio do Peixe, in Pitangui -19.33 -44.5
PA044 2 Do Salobro Creek, downstream from Pompéu -19.17 -45.01

(1) — Ordination class, according to DN COPAM (1998).

Multivariate statistical methods were not utilized due to data heterogeneity, which had
missing observations, what would result in a considerable information loss in the use of
multivariate analysis, since they follow the premise that the amount of data must be the same
for all stations, excluding observations that do not match this condition.

To evaluate law compliance, the results of the analyzes of all sampling points in the sub-
basins were compared to the limits established by the Joint Normative Deliberation
COPAM/CERH n. 01/2008 (COPAM and CERH 2008). Since state law establishes more strict
values than the national CONAMA Resolution n. 357/2005, in this study it was decided to
compare the water quality data series with local values in order to rate violations in water quality
parameters. With this, it was possible to calculate the violation percentage of each parameter,
in the sub-basins, to identify the main causes of environmental degradation.

To verify the effect of seasonality in surface water quality, data were split for each basin
in dry and rainy seasons. According to the definition contained in the Igam report (2016d), for
the state of Minas Gerais the dry season takes place between April and September, and the rainy
between October and March. In order to verify the matching of seasons, daily rainfall data, from
2008 to 2016 were obtained with the automatic surface weather stations of the National
Meteorology Institute (INMET), located in the Para River Basin coverage area and its
surroundings. Hence, data from the stations Divinopolis-A564, Formiga-A524, Florestal-A535,
Pompéu-A560 and Oliveira-A570 were analyzed and compared to the water quality data from
the same days. From this evaluation, both seasons defined by Igam were confirmed.

The nonparametric Kruskal-Wallis test was utilized to the comparison of multiple
independent samples for all sub-basins considering both seasons. Then, when a significant
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difference between the concentrations of the parameters was detected, the multiple comparison
test with a 5% significance level was applied, and finally, box-plot graphs were generated.

3. RESULTS AND DISCUSSIONS

All analyses proposed in the methodology were conducted, regarding the 18 chosen
parameters. However, the parameters TC/E. Coli, BOD, P, DO and turbidity will be considered
here, which presented a significant difference regarding seasonality.

3.1. Descriptive analysis of database

According to what was verified by the descriptive analysis of data, TC/E. Coli showed
high maximum values, very close or same as the detection limits of the method. Such results
are a characteristic from anthropized hydrographic basins. Other studies, conducted by
Calazans (2015), Trindade et al. (2016); Costa et al. (2017) and Oliveira et al. (2017), also
shown high concentrations of TC/E. Coli in all water bodies of Minas Gerais.

Pt presented higher median values in the Da Paciéncia brook sub-basin, reaching 0.69
mgLt. All maximum values were higher than the 0.15 mg/L limit in all sub-basins. These
results are mainly referred to agricultural activities and the lack of treatment of sanitary sewage,
or insufficient treatment in the municipalities.

DO and BOD had similar behavior to what was observed in P, showing the highest
concentrations in Middle Par4 River, Da Paciéncia Brook and S&o Jodo River sub-basins,
reaching 0.5 mg/L of DO and 383 mg/L of BOD in Middle Para River. This minimum DO value
is higher, also than the established limits for Class 4 water bodies. In this case, the impact of
sanitary sewage release from the urban areas of Carmo do Cajuru, Divindpolis, Nova Serrana,
Sao Gongcalo do Pard (MRP), Itaina (RSJ) and Para de Minas (RPC), located upstream from
the stations that make up these three sub-basins.

Regarding turbidity, three high maximum values were observed, ranging from two to ten
times above the maximum established concentration for Class 4 and values close to 4,000 NTU,
as verified in Da Paciéncia Brook.

3.2. Characterization and comparison of surface waters in the Para River sub-basins

In the surface water quality evaluation, the Kruskal-Wallis nonparametric test identified
significant differences between the concentrations of all parameters analyzed in the sub-basins.

Figure 2 shows the box-plots and results of the multiple comparison test, after a difference
indicated by the Kruskal-Wallis test (p<0,05), from all five water quality parameters mentioned
above.

Through the observation of the box-plots and tables of the multiple comparison tests, it is
possible to identify that the Da Paciéncia Brook sub-basin showed the highest median
concentrations in four of the five parameters, differing significantly, with o = 5%, from all other
sub-basins, at least twice.

Regarding CT/ E. coli and BOD concentrations in the Middle Par& River sub-basin, it can
be seen that, by observing the box-plots in Figure 2, the differences exposed by the
concentrations become evident. As an example of the multiple comparison test table
interpretation, consider only the parameter BOD and the MRP sub-basin. It can be observed
that the median BOD values of this sub-basin were significantly higher than the ones presented
in seven of the ten analyzed sub-basins. The median BOD of S&o Jo&o River sub-basin did not
differentiate itself significantly from the value shown by MRP, meanwhile, Da Paciéncia Brook
sub-basin showed a significantly lower median value.
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Figure 2. Box-plots and tables from the multiple comparison test of parameters TC/ E. coli, BOD,
P, DO and Turbidity of the ten sub-basins.

ARP - Upper Para River (PA001, PA002, PA003, PA024, PA026); RBV - Boa Vista Brook (PA032);
RIP — Itapecerica River (PA004, PA007, PA031); MRP - Middle Para River (PA005, PA020, PA028,
PA034); RPC - Da Paciéncia Brook (PA010); RSJ - Séo Jodo River (PA009, PA011, PA036); RLB
— Lambari River (PA015, PA022, PA040); RPX - Do Peixe River (PA042); RPI — Picdo River
(PAO017, PA021); BRP - Lower Para River (PA013, PA019, PA044).
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Figure 2 (continuation). Box-plots and tables from the multiple comparison test of parameters TC/
E. coli, BOD, Pr, DO and Turbidity of the ten sub-basins.
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For turbidity, the Boa Vista Brook sub-basin presented the highest median value,
significantly higher than the values from the Itapecerica, S&o Jodo and Lower Para River sub-
basins, not differing itself from the others. Analyzing the boxplots and the multiple comparison
tables, it was possible to identify the most- and least-impacted sub-basins.

Table 3 shows a summary of the most-impacted sub-basins and the responsible parameters
according to the results of the multiple comparison tests. It can be observed that for DO, P,
BOD, TC/E. coli, CI-T, Cl-a, CE, COD, N-NH4", pH, TS, MBAS and Znr, Da Paciéncia Brook
sub-basin presents significantly higher concentrations when compared to other sub-basins
(significantly lower for DO). These results are shown by the box-plots and evidenced by the
multiple comparison test tables in Figure 2. This makes the Da Paciéncia Brook sub-basin the
most-impacted in the Para River basin.

This result refutes the hypothesis that the most-impacted municipalities contain the largest
populations since, between the two municipalities that form the Da Paciéncia Brook sub-basin
(Onca de Pitangui and Paré de Minas), only Para de Minas is among the most populous ones.
However, this sub-basin shows the highest population density, approximately 201
inhabitants/km2. Along with this, there are many nonconformity generating foci in the
contributing area, such as the release of natural sewage from the urban area of Para de Minas,
downstream the station; pig farming activities; granite, gold and rock-forming minerals mining;
and effluents from leather tanning activities, which may generate high environmental impacts.
This fact makes Da Paciéncia Brook sub-basin a priority for measures that control and monitor
human occupation effluents (IGAM, 2016a).
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Table 3. Most impacted sub-basins in the Para River Basin, considering concentrations significantly
higher than the others.

Most impacted

- Stations Responsible parameters Location
sub-basins
DO; Pr; BOD; CT/ E. coli; Cl-1. CI-
RPC PA010 a; EC; COD; N-NHg4+; pH; TS; Onca de Pitangui; Para de Minas

MBAS; Znt
Carmo da Mata; Claudio;
RBV PA032 Turbidity; TSS; temperature Divindpolis; Itapecerica; Oliveira;
Sao Sebastido do Oeste
PA017,
PA021

RPC - Da Paciéncia Brook; RBV - Boa Vista Brook; RPI — Picdo River.

RPI N-NOs- Martinho Campos; Bom Despacho

Then, there is the Boa Vista Brook sub-basin, which shows significantly higher
concentrations for turbidity, TSS and temperature. Finally, the Picdo River sub-basin, which
presented N-NOz median concentrations significantly higher than other basins. Such results
directly affect the life quality of the population, since they reduce the potential use of surface
water and increase its costs for treatment and consumption in the cities of Para de Minas (RPC),
Carmo da Mata (RVB) and Martinho Campos (RPI).

Using the results of the multiple comparison tests, Table 4 was generated, with the
summary of the least-impacted sub-basins and the parameters responsible for the better water
quality condition. It can be verified that Do Peixe River sub-basin, located in the municipalities
of Maravilhas; Onga de Pitangui; Papagaios; Pitangui and Pompéu, shows the most parameters
with significantly lower concentrations when compared to other sub-basins, possibly being
considered the least-impacted one. This result corroborates data contained in the Land Use Plan
of the studied basin, where Do Peixe River sub-basin is considered to be the one detaining the
lowest domestic effluent release flow (IGAM, 2016b). In the second place, comes Lower Para
River sub-basin, followed by Upper Para River and Boa Vista Brook.

However, it is important to point out that the discrepancy in the station density in the sub-
basins might have also been a relevant factor for the results found. Meanwhile, there are sub-
basins with more than one monitoring station, there are others with only one (RBV, RPX and
RPC), and far from the outfall. This may directly affect the concentration of parameters. Hence,
the well-structured delineation and the adequacy of sampling networks, in strategic places,
based on hydrological conditions, land use and occupancy, water quantity and quality and the
location of the pollution sources in the hydrographic basin (Calazans, 2015).

3.3. Compliance to legally established standard values

Table 5 shows the percentage of compliance to the limits established by DN COPAM
CERH 01/08, according to the pre-established class for each existing sampling point in the ten
sub-basins. Among the results that showed the data that met the legal limits, are the ones
obtained by Boa Vista Brook, for BOD and DO; Picdo River, for BOD and Lower Para River
for DO. Regarding higher violation indexes, TC/E. coli stands out for showing the lowest
compliance to the classification limits in all sub-basins, except in Da Paciéncia Brook sub-
basin, which compliance percentage for P+ was even lower than the value found for TC/E. coli.
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Table 4. Least impacted sub-basins in the Para River basin, considering concentrations significantly

lower than the others.

Least
impacted sub- Stations Responsible parameters Location
basins
RPX PA042 Cl-t; Cl-a; BOD; COD; Pr; N- Maravilhas; Onga de Pitangui;
NOs; N-NH,*; DO; TSS; TS; Znt  Papagaios; Pitangui; Pompéu
. +.~A.  Conceicdo do Pard; Leandro Ferreira;
BRP PAOéiOFZZ\OlQ, CT/.E: C(_)I" BOD; N-NH.’; DO; Pitangugi; Martinho Campos; Nova
turbidity; Zn+t . ,
Serrana; Pompéu
ARP PA003, PA024, EC; BOD; pH; Temperature; Znt L . g .
PAO26 Oliveira; Passa Tempo; Piracema;
Resende Costa
Carmo da Mata; Claudio; Divingpolis;
RBV PA032 BOD; N-NH,*; Temperature; Znr  Itapecerica; Oliveira; Sdo Sebastido do
Oeste
Araljos; Bom Despacho; Itapecerica;
Leandro Ferreira; Martinho Campos;
RLB PAO:&OFZ%OZZ‘ BOD; N-NH,*; Znt Nova Serrana; Santo Antonio do
Monte; Séo Sebastido do Oeste; Pedra
do Indaid; Perdigao
Carmo da Mata; Divinopolis;
RIP PAOgi:OF;i‘OO?‘ BOD; Zny Itapecerica; S&o Francisco de Paula;
S&0 Sebastido do Oeste
RPI PAO017, PAO21 BOD Bom Despacho; Martinho Campos
Carmo do Cajuru; Claudio; Conceigédo
MRP Eﬁ%g% Eﬁ%%a Zny do Para; Divinopolis; Nova Serrana;
' Perdigdo; Sdo Gongalo do Para
Igaratinga; Itaguara; Itatiaiugu; Italing;
RS) PA009, PAO11, zn: Carmo do Cajuru; Conceicédo do Parg;

PA036

Ongca de Pitangui; Para de Minas;
Pitangui; Sdo Gongalo do Para

ARP - Upper Para River; RBV - Boa Vista Brook; RIP - Itapecerica River; MRP - Middle Para River;
RPC - Da Paciéncia Brook; RSJ - Sdo Jodo River; RLB - Lambari River; RPX - Do Peixe River; RPI -

Picdo River; BRP - Lower Para River.

Table 5. Compliance percentage to the limits established by Joint Normative Deliberation

COPAM/CERH-MG n. 01/08.

Parameter ARP RBV RIP

MRP RPC

RSJ RLB RPX RPI BRP

TC/E.coli 18% 56% 33%

BOD 92% 100% 97%
Pr 82% 94% 63%
DO 84% 100% 92%
Turb. 76% 94% 91%

5% 14%
51% 44%
51% 11%
47% 58%
82% 83%

33% 19% 11% 67% 81%
66% 99% 97% 100% 98%
46% 84% 92% 93% 99%
81% 96% 92% 69% 100%
9%% 87% 72% 82% 94%

Considering the main economic

activities and

characteristics of the sub-basin, these

violations are, above all, a strong indication of effluent release, soil erosion, intense mining
activities, low flow indexes, diffuse pollution caused by agriculture and unprotected river

springs.

3.4. Effect of seasonality in surface water quality in the Para River basin
After applying statistical analyses, it was possible to identify the behavior of each
parameter in the sub-basins in dry and rainy seasons. Figure 3 contains the box-plots that show
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the concentrations of parameters in dry and rainy seasons in sequence, aiming to ease the

visualization of the results.
The results showed that from the 18 parameters analyzed, only DO, turbidity, TSS, TS and
temperature showed significant differences at a 5% significance level.
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Figure 3. Box-plots of DO, turbidity, TSS, TS and water temperature concentrations, in the
sub-basins (dry and rainy seasons).
“se” — dry season; “ch” — rainy season.

DO showed a similar behavior for most of the analyzed sub-basins. However, significant
differences were found only in the medians of four sub-basins: Upper Para River, Lambari
River, Do Peixe River and Picdo River. The median concentrations for this variable tended to
be higher in the dry season when compared to the rainy. In the rainy season, the values are
lower due to the increase in organic matter and nutrients in the river, transported by surface
runoff, which leads to a higher DO consumption for the degradation of organic matter.

It is emphasized that, according to Table 3, Da Paciéncia Brook sub-basin was the most
impacted concerning water quality. For turbidity, it is noticed that six sub-basins showed a
significant difference between the medians obtained in the dry and rainy seasons.
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For the ten sub-basins analyzed, turbidity values were more elevated in the rainy season,
with the highest amplitude being found in Do Peixe River sub-basin. This behavior was already
expected since rainfall leads to the carrying of suspended solids, dissolved chemical compounds
and suspended particles such as silt, clay and organic matter into the water body.

TSS also showed a similar behavior, decreasing in the dry period. In the sub-basins of
Itapecerica River, Do Peixe River and Lower Para River, TSS concentration medians in the
rainy season were significantly higher when compared to the dry season, and the one that
showed the highest difference amplitude was the Itapecerica River sub-basin.

Total solids showed a similar behavior to TSS, having lower concentrations in the dry
season in all sub-basins. Significant differences were found for the sub-basins of Upper Para
River, Itapecerica River, Lambari River and Lower Pard River. Lastly, concerning water
temperature, the values were lower in the dry period for all sub-basins, showing a significant
difference in eight out of the ten evaluated sub-basins.

These results reflect the influence of seasonality in surface waters quality in the Pard River
Basin, exposing that, despite the higher flow and resulting dilution, there is a worsening in the
concentration of parameters in the rainy season for almost all sub-basins, owing to the soil
carried into the water body.

4. FINAL CONSIDERATIONS

The water quality comparison between the ten sub-basins of the Pard River identified
significant differences for the concentrations of all evaluated water quality parameters.

Regarding compliance to the law, all sub-basins presented themselves out of the
classification for at least one of the evaluated parameters, and in these cases, the new
classification suggests an inferior water quality class compared to the previously established
one. TC/E. coli was the parameter with the lowest compliance to the classification limits in all
sub-basins, reaching a violation of 95% to the current standards for the classification classes of
the water bodies of Middle Para River, and 89% in Do Peixe River sub-basin. Considering Pt
in Da Paciéncia Brook, its compliance percentage reached only 11%.

The seasonality evaluation pointed out significant differences between 5 of the 18
evaluated parameters: DO, turbidity, TSS, TS and water temperature. All parameters analyzed
demonstrated a decrease in water quality in the rainy period for most sub-basins.

The most-impacted sub-basins regarding surface water quality, considering significantly
higher concentrations than others were: Da Paciéncia Brook (13 of 18 parameters) and Da Boa
Vista Brook (3 of 18 parameters). On the other hand, the least-degraded sub-basins, considering
concentrations that were significantly lower others were: Do Peixe River, Lower Para River
and Upper Paré River.

The disparity in the number of monitoring stations between the regions is also noticeable.
Da Boa Vista Brook, Da Paciéncia Brook and Do Peixe River sub-basins only have one station
each and may not be representing the real situation of the entire sub-basin properly. However,
the other sub-basins have most of the monitoring stations.

This work begins the surface water quality monitoring studies in the Para River Basin and
exposes the environmental damage level that the basin is exposed to. Thus, it may be used as a
reference in order to establish more strategic goals and management instruments aiming at the
sustainable development of the region, leading to an improvement in the living conditions of
local people.
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