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Abstract

Bacanga River Basin faces environmental problems related to urbanization and discharge of untreated domestic sewage,
which compromise its ecosystem health. Due to the small number of studies that assessed its water quality, the present
study aimed to assess the current status of this ecosystem based on the aquatic life protection index. Samples were carried
out every two months, in a total of six events, in six sites along the basin, where the water samples were collected to
assess physicochemical parameters and calculate the trophic state index and the index of minimum parameters for the
protection of aquatic communities. The data were also compared with values determined by the resolution National
Environment Council - CONAMA 357/05. Our results reveal significant changes in the water quality of Bacanga River
Basin. An increase in nutrients and chlorophyll-a concentration led it to eutrophication. The surfactant values were high
and put in danger the aquatic biota. Dissolved oxygen rates were below the values allowed by the resolution in most
sites sampled. The current water quality is terrible for the protection of aquatic life in 61.92% of the sites sampled.

Keywords: water quality, contamination, domestic sewage.

indice de protecio da vida aquatica em uma bacia urbana do
rio Bacanga no norte do Brasil, Sdo Luis - MA

Resumo

A Bacia Hidrografica do rio Bacanga (BHRB) apresenta problemas ambientais relacionados a urbanizagao e langamentos
de esgoto in natura que comprometem a qualidade desse ecossistema. Devido ao reduzido nimero de estudos associados
a avaliagdo da qualidade da 4gua no local, este estudo teve como objetivo avaliar a situagao atual desse ecossistema por
meio do Indice de Prote¢io da Vida Aquatica. Seis amostragens bimestrais foram realizadas em seis pontos ao longo
da bacia, coletando parimetros fisico-quimicos para a aplicagio do Indice de Estado Trofico e Indice de Pardmetros
Minimos para a Protegdo da Vida Aquatica, relacionando-os com a resolugdo Conselho Nacional do Meio Ambiente
- CONAMA/357. Os resultados revelaram alteragdes significativas na qualidade da 4gua da BHRB, o aumento de
nutrientes e das concentra¢des de clorofila-a conduziram ao um estado geral de eutrofizag@o. Os valores de surfactantes
foram altos colocando em risco a biota aquatica e as taxas de oxigénio dissolvido estiveram abaixo do permitido pela
resolug¢@o na maioria dos pontos amostrados. A situacdo atual da qualidade da dgua para protegdo da vida aquatica ¢
péssima em 61,92% dos pontos amostrados.

Palavras-chave: qualidade da agua, contaminagdo, efluentes domésticos.

1. Introduction

Aquatic ecosystems are subjected to several stressors  environmental change. It results from disorganized urban
that change their physical, chemical, and biological  occupation around lakes, rivers, and estuaries, which makes
functions. Those stressors originate from several them increasingly vulnerable (Williamson et al., 2008;
punctual and diffuse sources and vary in space and time  Benvenuti et al., 2015). This urban population leads to
(Adams, 2001). Anthropic pressure is the classic driver of  the pollution of the river basin, which restricts the use of
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its waters for drinking, industry, agriculture, and leisure,
and may threaten the integrity of its aquatic ecosystems
(Carey et al., 2013; Massoud, 2012).

In addition, the indiscriminate use of water together
with hydrological disturbance, climate change, excessive
exploitation, and introduction of invasive species harm aquatic
communities. Therefore, they jeopardize the biodiversity
and the functioning of these ecosystems, which make the
aquatic life susceptible to irreversible losses (Janse et al.,
2015; Zimmermann et al., 2008; Zhang, 2007). Hence, it is
crucial to protect those regions to maintain their ecological
services and functions (Tundisi et al., 2014).

Water quality indices use preliminary data for the
identification of potential changes that affect the sustainable
use of river basins. Those indices can reflect the results
of actions implemented in the river basin and point to
ways for the recovery and conservation of its resources
(Lobato et al., 2015; Akkoyunlu and Akiner, 2012).

Among their advantages, water quality indices facilitate
the communication between scientists, politicians, and the
general public. Indices are considered more reliable than
isolate variables, as they can integrate several parameters
in a single number (Dobbie and Dail, 2013; Hurley et al.,
2012; Abaurrea et al., 2011; Lermontov et al., 2009;
Stambuk-Giljanovié, 1999).

The aquatic life protection index (ALPI) is one of the
most complete indices to evaluate the quality of aquatic
ecosystems (CETESB, 2013; Zagatto and Bertoletti, 2008).
It reports water quality scenarios based on the trophic
status of the environment, determine the degree of toxicity
for the aquatic biota, and indicates deficiency in essential
parameters for the protection of the aquatic life. Hence, the
joint use of those methods helps understand degradation
process of aquatic ecosystems and leads to more accurate
conclusions (Rorig et al., 2007).

The aquatic life protection index is suitable for
assessing Bacanga River Basin, as it is a classic example of
environmental degradation through untreated discharge of
sewage in its waters, among other impacts resulting from
urbanization and disorganized occupation (Nascimento,
2010; Martins, 2008; Melo, 1998; Silva et al., 2014).
The objective of the present study was to determine water
quality in Bacanga River Basin based on the aquatic life
protection index (ALPI).

2. Material and Methods
2.1. Study area

The Bacanga River Basin occupies the northwestern
part of the municipality of Sao Luis, state of Maranhao,
northeastern Brazil, between the coordinates 2° 32° 26”
and 2° 38’ 07” S and 44° 16’ 00” and 44° 19° 16” W, with
an area of 11,030 ha. The Bacanga River flows over 22 km
from its source to Sdo Marcos Bay (Figure 1). The river
basin is blocked by a barrage with an irregular opening
and closing regime, which impedes the water level control
up to the quote of 4 m and decreases ebb and flow within
the estuary.
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The rivers Gapara and Bicas are the main affluents of the
Bacanga River; together they compose the Environmental
Protection Area of Bacanga State Park, in compliance with
the State Decree # 7545 from March 2nd, 1980.

To determine the sampling sites of the present study, it
was used the most recent subdivision made by Nascimento
(2010), who considers five subwatersheds comprising the
main water flows and neighborhoods. Hence, we carried out
sampling in six sites along Bacanga River Basin (Table 1).

2.2. Methods

From 2012 to 2013, samplings were carried every
two months, in a total of six events. In those sampling
events, tide (ebb), moon phase (quadrature), and season
(dry and rainy seasons) were considered. Three sampling
events took place in the rainy season (April/12, June/12,
February/13) and three in the dry season (August/12,
October/12, and December /12).

The Institute of the City, Research, and Urban and
Rural Planning of Sao Luis (Instituto da Cidade, Pesquisa e
Planejamento Urbano e Rural de Sdo Luis - INCID) provided
us with data on sanitary conditions. The Environmental
Sanitation Company of Maranhdo (Companhia de Saneamento
Ambiental do Maranhdo - CAEMA) informed us the
official location for the discharge of untreated sewage.
The Laboratory of Meteorology of the State University
of Maranhdo (LabMet/UEMA) provided us with rainfall
data. Physicochemical parameters are described on Table 2;
most parameters were collected and measured in situ with
a multiparameter probe model Hanna.

Those analyses followed the patterns established by
Standard Methods for Water and Wastewater (APHA, 2012)
and the Federal Law for the Classification of Water Bodies
(National Environment Council, CONAMA 357/05) that
characterizes Bacanga River Basin as a lotic environment.

The aquatic life protection index (ALPI) was calculated
the by combining the index of minimum parameters for the
protection of aquatic communities (IMPAC; Zagatto et al.,
1999) and the trophic state index (TSI; Carlson, 1977)
modified by Toledo Junior et al. (1983) for tropical
environments. The formulas used for calculating the TSI
followed Lamparelli (2004) for lotic environments with
different trophic levels. The IMPAC was composed of
two groups of parameters: toxic substances (copper, zinc,
lead, chrome, mercury, nickel, cadmium, surfactants, and
phenols) and essential parameters (dissolved oxygen,
pH, and toxicity analyses) with weightings following
CETESB (1999).

Toxicity tests followed the regulation ABNT/NBR
15088 (ABNT, 2007) adapted for the euryhaline species
Poecilia sphenops (Feltkamp and Kristensen, 1970),
considering salinity variation between sampling sites in
Bacanga Lagoon. The water classification followed the
values obtained for the aquatic life protection index (Table 3).

For the statistical analysis, two tests were used. In the
first test, we used Euclidian distances for the ordination of
sampling sites through non-metric multidimensional scaling
(NMDS), with data of essential parameters (oxygen and
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Figure 1. Sampling sites in the Bacanga River Basin.

pH), toxic substances (copper, surfactants, and phenol), and
eutrophication indicators (chlorophyll-a, total phosphorous,
BOD, and nitrogen compounds) submitted to a square root
transformation in the software Primer - E 6.1.6. The second
test comprised a principal component analysis (PCA), in
which the same variables used in the previous test with
standardized values analyzed in the software STATISTIC
version 10 to estimate the correlation with TSI and IMPAC
were considered.

3. Results

3.1. Urban sanitation condition

The main water supply of the area under the influence
of Bacanga River Basin comes from the general distribution
network with 46,624 points. There are 3,196 pits reported
that are used for the discharge of untreated domestic sewage.
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Another way of sewage discharge is directly in the river,
lake or sea; there are 850 points of clandestine sewage
discharge, out of which 282 come from the northwestern part
of the Itaqui-Bacanga area. According to the Environmental
Sanitation Company of Maranhao (CAEMA), there are
currently 127 official sewage discharge points throughout
the city of Sdo Luis, out of which 56 are located in Bacanga
River Basin. According to those data, 90.04% of the
population has access to sanitation, which has an average
domestic flow of 193.69 L/s and infiltration of 42.99 L/s.

3.2. Rainfall

Rainfall from April 2012 to February 2013 summed up
only 486.20 mm, out of which 194 mm were concentrated
in April. There were 294 mm of rainfall on the 30 days that
preceded the sampling month. February 2013 also stood
out, with 3.6 mm measured on the sampling day (Figure 2).
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Table 1. Sampling sites used for the calculation of the aquatic life protection index in Bacanga River Basin, northeastern Brazil.

POINTS COORDINATES DISTRICT

B1 577573.98mE The Dam is the most urbanized region in the river basin,

DAM 9718391.85 mS limited by a barrage that connects the metropolitan area of Sdo
Luis to its industrial complex.

B2 579378.10 mE The main geological tributary of Bacanga River is

BICAS RIVER 9717993.00 mS characterized by intense degradation and organic matter input
resulting from the discharge of a large part of the city’s sewage.

B3 577673.42 mE Jambeiro Stream undergoes a great urban influence due to the

JAMBEIRO 9716536.51 mS growth of the Itaqui-Bacanga region, and comprises the most

STREAM populous neighborhoods of this area, including the University
City of UFMA.

B4 579729.54 mE Coelho Stream has as the main component of urbanization the

COELHO STREAM 9715910.91 mS sewage discharge from four neighborhoods. It has a mixed

plant cover comprising mangrove remnants dominated by a
low capoeira (second-growth low vegetation).

B5 579359.79 mE Mamao Stream comprises parts of Bacanga State Park and

MAMAO STREAM 9714286.72 mS Batata Reservoir, which contributes to the water supply of Sao
Luis Island. It has two residential neighborhoods.

B6 577244.75 mE Gapara River has deforested areas due to rice crops on its

GAPARA RIVER 9714428.92 mS mouth. There are few households on its margins, with a single

neighborhood. There are also heterogeneous mangroves
associated with human intervention.

Table 2. Physiochemical parameters used for calculating the aquatic life protection index in Bacanga River Basin.

VARIABLE SYMBOL UNITS METHODS AND EQUIPMENTS
DEPTH Depth m Graduated cable
TRANSPARENCY Secchi m Secchi disk
TOTAL DISSOLVED SOLIDS TDS mg.L! Multiparameter/Hanna
TEMPERATURE Water Temp. °C Multiraparameter/Hanna
SALINITY Sal. --- Refractometer/ATJU
TURBIDITY Turb. NTU Turbidimeter/Hanna
DISSOLVED OXYGEN DO mg.L! Sodium azide used in the Winckler Method
BIOCHEMICAL OXYGEN BOD; mg.L! Sodium azide used in the Winckler Method
DEMAND (5DAYS) Incubation: 5 days at 20 °C
pH pH - pH-meter/ Hanna
PHENOL Phen. pg. Lt USEPA SW 846 - 8270D e 3510C, SMWW 6410B
TOTAL PHOSPHORUS Total P mg.L! Ascorbic Acid Method/SMEWW 4500
SURFACTANTS LAS*** mg.L! POP PA023/ SMWW 5540C
AMMONIUM NITROGEN N-NH,* mg.L! SMWW 4500 NH,/NH *
NITRATE NITROGEN N-NO; mg.L! Cadmium reduction Method / SMWW 4500 NO3
NITRITE NITROGEN N-NO, mg.L! Colorimetric Method
CADMIUM Cd pg. L *SMWW 3125 B
LEAD Pb pg. L **USEPA 6020
COPPER Cu pg. Lt
CHROME Cr pg. L
MANGANESE Mn pg. L
NICKEL Ni pg. Lt
ZINC Zn pg. L
CHLOROPHYLL-A Chl-a pg. L1 Spectrophotometric

Parsons and Strickland (1963)

*SMWW — Standard Methods for the Examination of Water and Wastewater. **USEPA — United States Environmental Protection
Agency. ***LAS - linear alkylbenzene sulphonate
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October 2012 marked the dry season with no rain.
In 2012, the rainfall was 995 mm a™!, which, in comparison
with the last ten years, was below the average (1,790 mma™',
from 2002 to 2012).

3.3. Physicochemical characterization of the water

Bacanga River Basin showed an average depth of
1.75 £ 1.25 m, a minimum value of 0.67 m (B5-February
2013) and a maximum value of 6 m (B1-April 2012).
Water transparency varied from 0.26 m (B6-April 2012) to
1.50 m (B1-August 2012), with an average 0of 0.73 £ 0.26 m
(Figure 3).

Table 3. Water quality according to the aquatic life protection
index (ALPI) by Zagatto et al. (1999) modified by CETESB
(2010).

The lowest water turbidity was 3.80 NTU (B1-February
2013) and the highest, 26.06 NTU (B6 —April 2012),
with an average of 10.9 + 4.79 NTU. B6 was the most
turbid sampling site, in at least 33.33% of the samples.
The concentration of total dissolved solids complemented
the characterization of B6, and varied from 5.59 mg L'
(June 2012) to 26.82 mg L' (February 2013), with an
average of 19.00 + 6.26 mg L' (Figure 3).

Salinity showed values between 2.74 g/kg (B6-April
2012) and 32.84 g/kg (B3-December 2012), with an
average of 20.43 + 9.04 g/kg, which characterized the
waters as brackish. In the drainage basin, there were two
horizontal salinity gradients. The first comprising B1, B2,
B3, and B4 with an average of 23.44 + 7.70 g/kg, which
was an area influenced by the barrage, and the second,
BS5 and B6 with an average of 14.41 + 8.77 g/kg, due to

Excell Quality [\:Le}l)gllltl;gs the greater fluvial input (Figure 4). Water temperature
xeellent - values were stable throughout the year; they varied from

Good 2.6=ALPI=33 27.80 °C (B3-October 2012) to 32.20 °C (B6-February
Regular 34<ALPI<45 2013; Figure 4)
Bad 4.6<ALP[<6.78 The minimum pH value was 6.60 (B6) and the
Very Bad ALPI>6.8 maximum 9.93 (B1), both in April 2012, with an average
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Figure 2. Total rainfall recorded in Sao Luis, state of Maranhao, northeastern Brazil, from April 2012 to February 2013.
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0f 8.35+0.56, which classified the environment as alkaline
(Figure 5). Oxygen dissolved rates recorded a minimum
value of 1.25 mg L' (B4-October 2012) and a maximum
value of 15.81 mg L™ in (B6-February 2013) with saturation
rates of 15% and 222%, respectively, and an average of
6.06+3.21 mg L. According to the resolution CONAMA
357/05 (Brasil, 2005), the sampling sites B3 and B4 were

below the threshold established in 22.22% of the samples.
The sampling site BS, though, had the highest oxygenation
in its waters throughout the year (83.33%), except in June
2012 (Figure 6).

BOD showed high organic matter input, with an
average of 12.30 = 7.85 mg L', minimum of 1.15 mg L'
(B2), and maximum of 32.50 mg L' (B1), both in June

e T°Agua —O— Salinity

Figure 4. Distribution of temperature and salinity in Bacanga River Basin, Sdo Luis, state of Maranhao.
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Figure 5. Distribution of the hydrogen potential in Bacanga River Basin, Sao Luis, state of Maranhao.
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Figure 6. Distribution of dissolved oxygen (DO) in Bacanga River Basin, Sdo Luis, state of Maranhao.
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2012. The ammonia content varied from 0.001 mg L'
(B1 and B3-August 2012) to 8.50 mg L™ (B2 —February 13),
with an average of 1.53 + 1.81 mg L". The nitrite content
showed a minimum value of 0.00001 mg L' (B1-August
2012), a maximum value of 0.090 mg.L~! (B3-February
2013), and an average of 0.02 + 0.016 mg L'. The nitrate
content were between 0.03 mg L' (B4, B6-April 2012 and
B1-June 2012) and 4.90 mg L' (in all sampling sites in
June 2012; Table 4).

The minimum value of total phosphorus was 0.010 mg L™
(B1-October 2012), the maximum was 0.91 mg L'
(B4-August 2012), and the average 1.18 + 1.17 mg L'
(Figure 7). In the group of toxic substances, Cd, Pb, and
Hg were present in 100% of the samples below the limit of
quantification, followed by Cr in 92.85%, Cu in 83.33%,
Niin 71.42%, and Zn in 71.42% of the samples.

In February 2013, Cu content showed high values in
the entire river basin, varying from 0.1233 mg.L™' (B6) to

Table 4. Average values of chemical parameters measured in Bacanga River Basin, Sdo Luis, state of Maranhdo, northeastern

Brazil.
BOD N-NO; N-NO, N-NH/* Total P LAS Phenol TSI
B1 32.5 4.9 0.02 1.41 0.21 2.4 0.78 75.67 Max
2.18 0.03 0.001 0.001 0.01 0.41 0.10 56.04 Min
1525+ 1.02 £ 0.01 + 0.83 0.11 £ 0.11 £ 0.27 + 68.18+ Mean+SD
12.61 1.90 0.01 0.60 0.07 0.07 0.28 6.69
B2 25.26 49 0.02 8.5 0.37 2.2 0.28 76.84 Max
1.15 0.30 0.01 0.80 0.14 0.10 0.10 62.30 Min
10.96 = 1.07 £ 0.02 + 352+ 0.24 + 1.04 + 0.13 + 69.14 £+ Mean+SD
7.97 1.88 0.004 2.95 0.09 0.67 0.07 5.00
B3 14.23 49 0.09 1.5 0.2 5.4 0.73 72.02 Max
7.88 0.30 0.01 0.001 0.008 0.12 0.1 57.88 Min
11.28 £ 1.07 + 0.04 + 0.80 + 0.09 + 1.81 + 0.35+ 66.23 + Mean+SD
2.72 1.88 0.03 0.68 0.07 1.89 0.25 4.98
B4 29.02 49 0.03 5.5 0.91 34 0.62 74.96 Max
6.04 0.30 0.01 1.5 0.07 0.16 0.1 64.35 Min
13.07 + 1.07 + 0.03 + 2.00 + 0.28 + 1.44 + 0.22 + 69.57+ Mean+SD
8.41 1.88 0.01 1.61 0.30 1.19 0.21 4.04
B5 19.10 4.90 0.02 0.6 0.41 2 0.53 77.83 Max
3.35 0.30 0.01 0.002 0.06 0.10 0.10 60.68 Min
8.99 + 1.60 + 0.01 + 0.35+ 0.17 + 0.75 + 0.29 + 66.83 + Mean+SD
6.42 2.03 0.01 0.26 0.12 0.12 0.21 5.97
B6 24.02 49 0.05 1.47 0.64 3.1 0.52 80.45 Max
5.55 0.30 0.01 0.20 0.08 0.10 0.10 62.35 Min
12.74 + 1.53+ 0.03 + 0.80 + 0.21 + 1.46 £ 0.29 + 67.63 + MeantSD
7.59 1.99 0.02 0.45 0.21 1.03 0.21 7.10
1 -
0.9 -
0.8 -
0.7
~0.6 -
=05 4
S04
g 0.3
0.2
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0 4

mmm Total P ===CONAMA 357/05

Figure 7. Distribution of total phosphorus in Bacanga River Basin, Sao Luis, state of Maranhao.
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0.1683 mg L™ (B1), with an average 0f0.1415+0.0167 mg L.
It directly affected the toxicity degree of this environment.

Surfactant values varied from 0.10 mg L' (B2-October
2012) to 5.40 mg L' (B3 —June 2012), with an average
of 1.30 £ 1.13 mg L' (Figure 8). The concentrations
of phenol were 50% below the limit of quantification
established by CONAMA, and showed a minimum value
0f0.00001 mg L' (B5-October 2012), a maximum value
0f 0.00078 mg.L' (B1-August 2012), and an average of
0.00025 £ 0.0002 mg L' (Table 4).

The minimal content of chlorophyll-a was 2.84 ug L™!
(B3-October 2012), the maximum content was 148.84 ug L™
(B6-February 2013), with an average of 33.76 +36.84 ug L™
(Figure 9). Water samples collected from Bacanga River
Basin showed no acute toxic effect on juvenile P. sphenops.
The fish were exposed for 96 h with no water renewal
during different sampling months. Therefore, the waters
of Bacanga River did not show acute toxicity for fish in
the IMPAC.

LAS (mg.L)

mm LAS

3.4. Aquatic Live Protection Index (ALPI)

In Bacanga River Basin, the ALPI showed a general
weighting of 7.8 that qualifies the environment as having
very bad quality; at least 61.92% of the samples were
classified in this category. Among the other samples,
21.42% classified the region as regular, 14.28% as bad,
and only, 2.38% as good. Hence, according to the ALPI,
the sampling site B4 showed the worse water quality, with
the highest weighting (9.5), which classified the site as
very bad. Although the sampling site B5 showed also a
very bad water quality, it obtained the lowest weighting
(7.0), which resulted from the lowest values of TSI and
IMPAC (Figure 10).

In the dry season, Bacanga River Basin was classified
as bad. It obtained the lowest weighting (5.4) in October.
In the rainy season, it showed even worse conditions, with
weightings of 10.3 in June 2012 and 8.6 in February 2013,
which classify all sampling sites as very bad.

——CONAMA 357/05

Figure 8. Distribution of surfactants in Bacanga River Basin, S3o Luis, state of Maranhdo. LAS: linear alkylbenzene

sulphonate.

Chlorophyll-ar (ug.L")

u Chlorophyll-a

Figure 9. Distribution of chlorophyll-a in Bacanga River Basin, Sdo Luis, state of Maranhao.
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The IMPAC pointed out a process of increasing deterioration
of the water in Bacanga River Basin, and classified its
quality as bad, with a weighting four. The sampling sites
B1, B3, B4, and B6 showed the highest weightings in
41.66% of the samples analyzed. The sampling site B4
showed a very bad situation in April 2012 and June 2012,
and a predominance of the classification bad in the other
sampling events.

TSI values classified the environment as hypereuthrophic
with an annual average of 68.04 ug L', and a maximal
weighting equals to five. This hypereutrophic state occurred
in April 2012, June 2012, and February 2013, which are
months with high rainfall rate. In the dry season, the TSI
varied from supereutrophic to eutrophic. The sampling
sites B1, B2, and B4 recorded a hypereutrophic state in
at least four sampling events.

3.5. Statistical analysis

The Non-metric Multidimensional Scaling (NMDS)
formed well-defined groups in terms of trophic degree,
toxicity, and organic matter discharge in Bacanga River
Basin. The first group of sampling points (A) projected
on the lower left-hand side of the diagram corresponds to
the rainy season, when we measured the highest rates of
chlorophyll-a, and classified it as hypereuthrophic based
on the TSI (Figure 11).

The points on the upper right-hand side of the diagram
correspond to the dry season and are subdivided in five
groups. The groups B, C, and E represent the highest
concentration of toxic substances in the environment, with
high values of phenol and surfactants. The group B stands
out in the dry season with the highest rates of nitrate, the
group D with high ammonia rates, and the group F with
the lowest trophic degree and toxicity (Figure 11).
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Figure 10. Distribution of the ALPI in Bacanga River Basin, Sao Luis, state of Maranhao.
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Figure 11. NMDS clustering analysis made for Bacanga River Basin, Sdo Luis, state of Maranhdo. Groups of Euclidean

Distance - NMDS: A, B, C, D, E and F.
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Figure 12. Bidimensional projection of the PCA in Bacanga River Basin, Sdo Luis, state of Maranhdo. Where: OD —dissolved
oxygen; NO3 — nitrate nitrogen; NO2 — nitrite nitrogen; NH4 — amnion nitrogen; Cu — Copper; PT — total phosphorus; pH,
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Index; and IPMCA — Index of Minimum Parameters for the Protection of Aquatic Communities (IMPAC).

The Principal Component Analysis (PCA) explained
58.81% of'the variance on the three axes (Axis 1 =28.35%,
Axis 2=16.36%, and Axis 3 = 14.10%). The concentration
of chlorophyll-a (-0.83), TSI (-0.84), and dissolved oxygen
(-0.69) are negatively related on axis 1, and there was no
positive correlation on this axis. The variance on axis 2
showed surfactants (0.73) and IMPAC (0.80) with a strong
positive correlation, and there was no negative correlation
on this axis. On axis 3, nitrate (0.70) and phenol (0.69)
showed a positive correlation and ammonia (-0.58) showed
a negative relationship, which did affect the determination
of water quality indices for the river basin (Figure 12).

4. Discussion

Water quality indices consider local properties and the
pollution status of ecosystems and can be extrapolated to
the whole river basin with its urban and industrial diversity.
Their main advantage is to synthesize a complex reality
in a single number and to define clear goals (Akkoyunlu
and Akiner, 2012; Lermontov et al., 2009; Silva and
Jardim, 2006). The ALPI is a classic example of water
quality indices: suitable for the protection of the aquatic
life that incorporates the most representative parameters,
especially toxicity and eutrophication (CETESB, 2013).
In the present study, the ALPI classified Bacanga River
Basin as having very bad water quality for the maintenance
of aquatic organisms.

This scenario is mainly constructed by the large amount
of domestic sewage produced by urban basins (Gillis, 2012;
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Janse etal.,2015; Konzen et al., 2015; Benvenuti et al., 2015),
intensified by rainfall that potentializes the concentration
of nitrogen and phosphate compounds leading to a general
eutrophication state (Cunha et al., 2010; Paula et al., 2010;
Butiuc-Keul et al., 2012).

There has been increasing eutrophication in Bacanga
River Basin, evidenced by frequent hypereutrophication,
mainly in the rainy season. The only exception was the
sampling site B3, which was supereutrophic. This scenario
results from the large amount of phosphorus and high
concentration of chlorophyll-a (Akkoyunlu and Akiner,
2012).

However, the chlorophyll-a based TSI had high weight
in the determination of the total TSI, which evidences the
influence of the chlorophyll-a on the deterioration of water
quality, and indicates greater assimilation of phosphate
forms by phytoplankton (Lamparelli, 2004). The presence
of phosphorus in watersheds during the rainy season is
indicative of the entry of fertilizers, sewage and industrial
due to runoff (Bortoletto et al., 2015; Carvalho et al., 2015).

This high total phosphorus load in the river basin
might have favored phytoplanktonic community growth
(Duarte-dos-Santos, 2013). It is worth noting that urban
sources are the main agent of the eutrophication process
(Souza and Gastaldini, 2014). The excessive accumulation
of phytoplankton in water bodies increases oxygen rates
in the environment during the day due to the increase in
photosynthetic activity. We observed this phenomenon
in February 2013 in B6, when the dissolved oxygen rates
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coincided with the highest chlorophyll-a concentration
(Horne and Goldman, 1994).

However, Bacanga River Basin is a large sewage
deposit in Sdo Luis, which forms a settling pond in its
mouth (Pitombeira and Morais, 1971), where there are
the highest salinity, highest concentration of phenols,
heavy metals, such as Cu, and the highest input of organic
matter, represented by high BOD levels (Konzen et al.,
2015). This high organic load can lead this ecosystem to
hypoxia or anoxia states at any time of the day (Campos
and Studart, 2011), and the sampling sites B3 and B4 are
pointed out as critical in the region (Nascimento, 2010;
Martins, 2008). IMPAC showed that those dissolved oxygen
rates are insufficient to protect the aquatic life and classified
the environment as very bad (Zagatto et al., 1999).

The ammoniacal nitrogen is another indicator of
eutrophication of the aquatic environment (Gillis, 2012;
Vasco et al., 2011; von Sperling, 2005). It was high in 66%
of the sampling sites according to the threshold established
by the resolution CONAMA 357/05, signaling a recent
pollution by domestic sewage (Passig et al., 2015), mainly
in the sampling site B2 (Nascimento, 2010; Martins, 2008;
Melo, 1998; Silva et al., 2014). These concentrations
can be harmful to the environment and bring serious
consequences to the aquatic fauna and flora (Moruzzi et al.,
2012). The risks refer not only to fish mortality, but also to
the chronic effects on their reproductive capacity, growth,
behavior, and biochemical and physiological changes that
compromise the individual homeostasis due to the chemical
stress of the environment (Silva and Jardim, 2006).

The calculation of the IMPAC showed a growing
deterioration process in the water of the basin, exacerbated
mainly in the sampling site B4 due to the high concentrations
of surfactants and low dissolved oxygen in the water.
We highlight that the surfactants (LAS) were the most
representative group among the toxic substances analyzed
that influenced the determination of the ALPI.

The input of those elements was constant throughout
the year and intensified in the rainy season. In that season
the processes of LAS degradation are slower and the urban
contribution becomes more intense by the increase in
leaching (Traverso-Soto etal., 2015). The presence of LAS
results in severe environmental problems, both physical
(dispersal of pollutants through foam, oxygen diffusion,
and decrease in the photic zone) and biological (inhibition
of the microorganisms responsible for the processes of
natural depuration).

In addition, the LAS is deposited in the sediment
causing aquatic pollution (Lewis, 1992; Delforno et al.,
2014; Butiuc-Keul et al., 2012). Concerning surfactant toxic
effects, the values recorded are harmful to the metabolism of
fish. Surfactants damage gills, hamper respiration, and can
cause suffocation. They can even cause the disappearance
or inhibit growth of some species and accelerate plankton
growth (Barbieri, 2005; Sueishi et al., 1988).

February 2013 stood out due to the increase in the
concentration of Cu in the entire drainage basin above the
threshold established by the Resolution CONAMA 357/05,
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with growing values towards downstream. Copper toxicity
varies according to the environment exposition, chemical
form, and organism and species exposed; when absorbed
in excess by the aquatic biota it can cause damages that
lead to death (Sanchez et al., 2005).

For Rojas et al. (2007), the concentrations of copper
and zinc during the rainy season are high in BHRB
considering these elements as urban discharges indicators.
To Konzen et al. (2015), the presence of these metals
causes deterioration of physical and chemical balance
of the water, and interfere with the food chain leading to
physiological and morphological changes.

Hence, the pattern of water quality for the protection of
the aquatic life was very low and allowed the diagnosis of
the causes of this deterioration through the results obtained.
Among them, we can list the variation in dissolved oxygen
leading to hypoxia status, frequent input of surfactants in
the ecosystem, increase in the concentration of phosphorus
and ammonium in the water. Our results pointed out
sewage discharges as the main contamination source in
Bacanga River Basin.

5. Conclusion

The ALPI was able to assess water quality in Bacanga
River Basin, which according to the resolution CONAMA
357/05 (Brasil, 2005) was considered very bad due to the
low level of dissolved oxygen, and high surfactant and
ammonia rates. Out of the six sampling sites analyzed,
61.92% showed very bad water quality. The sampling
site B4 (Coelho Stream) was considered the most critical
and B5 (Mamado Stream) the one with the best quality,
where eutrophication rates and toxic substances were
lower. Based on those data, we conclude that the water
quality of Bacanga River Basin is determined by the large
amount of sewage discharged in its drainage system, which
contaminates the aquatic life and puts it at risk.
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