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ABSTRACT

Sido Gongalo channel connects Patos and Mirim lagoons, in South Brazil. This ecosystem is 70 Km long, and is a major regional source
of urban and agricultural water supply, mainly for the municipality of Rio Grande, with ca. 250 thousand citizens. This study aims to
diagnose their water quality by measuring benthic invertebrates (Shannon-Wiener diversity index, richness and abundance), use of a
BMWP biotic index, physical and chemical evaluation, and applying a trophic state index. The BMWP index showed predominance
of taxa indicating altered conditions and polluted waters (Sarcodina and Hydracarina). The abiotic variables indicated eutrophicated
waters, chlorophyll values chatacteristic of eutrophic environments (>2.9 pg. L), low N:P rates in sediment and water, with nitrogen
limitation during most periods studied. The results of trophic state indexes indicated mesotrophic and eutrophic conditions, reaching
hipereutrophic periods. The highest TSI were in Piratini river, in April 2009 and February 2011, coinciding with rice crop leaching.
These results regarding nutrient concentration, nitrogen and phosphorus stoichiometry and biotic index support the need to evaluate
the occupation of the surroundings of this water supply.
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RESUMO

O canal Sio Gongalo liga as lagoas dos Patos e Mirim, no sul do Brasil, possuindo um comprimento de cerca de 70 Km. F importante
manancial agricola para a cultura do arroz irrigado, ¢ urbano, para o municipio de Rio Grande, com cerca de 250 mil habitantes. Este
trabalho visou obter um diagnédstico da qualidade das aguas deste manancial, utilizando métricas da comunidade de invertebrados
bentonicos (indice de Shannon-Wiener, abundancia e riqueza de taxons), e o indice biético BMWP, avaliagdo de caracteristicas fisicas
e quimicas, e aplicacido do indice de estado trofico. O indice BMWP geral para o periodo indicou dguas contaminadas ou poluidas,
com maiores valores de riqueza e densidade de grupos indicadores de condi¢des alteradas (Sarcodina e Hydracarina). As variaveis
analisadas indicam aguas eutrofizadas, com valores de clorofila-a caracteristicos de ambientes eutréficos (> 2,9 ng. L"), baixas taxas
N:P tanto na dgua como no sedimento, indicando limita¢do por nitrogénio na maioria dos periodos. Estes valores sio corroborados
pelos escores de indices de estado tréfico, que em sua maioria indicaram condi¢es de mesotrofia e eutrofia, atingindo perfodos de
hipertrofia. Os valores de IET mais elevados ocorreram a jusante do rio Piratini, nas coletas de abril/2009 e fevereiro/2011, atingindo
valores de super ¢ hipereutréfico, respectivamente, em periodos coincidentes com drenagem das culturas de arroz irrigado no entorno.
Os resultados encontrados relativos as concentragoes de nutrientes, estequiometria de nitrogénio e fésforo e indice biético reforcam
a necessidade de avaliagcdes de usos do entorno deste manancial.

Palavras-chave: IET; BMWP; eutrofizacio; abastecimento urbano e agricola.
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INTRODUCTION

Sio Gongalo Channel is a very important environment in
regional development, located in a predominantly rural region.
Itis part of the Piratini-Sdo Gongalo-Mangueira watershed, in
the south of the state of Rio Grande do Sul (FEPAM, 20106).
Sa0 Gongalo channel ensures the urban and industrial water
supply of the city of Rio Grande, with a population of about
250,000, and will soon supply about 40% of the city of Pelotas,
with 350,000 inhabitants (SANEP, 2016). The water flow in this
channel is regulated by rainfall (OLIVEIRA et al, 2015) and its
floodplain is important to maintain a high level of biodiversity
(ASMUS, 1998).

The preservation of water quality in a reservoir enables
the cultivation of rice, predominant in the region, and supports
several communities of artisanal fishermen. Rice cultivation in
the state of Rio Grande do Sul accounts for about 54% of the
national production (BRASIL, 2016). This culture, according to
Gritzmacher et al. (2008), is an activity with a high potential to
contaminate water sources because it may transport chemical
inputs, excess nutrients and sediment supply due to leaching from
the crop. These elements are carried into the body of water, and
may dissolve or precipitate in the sediment.

The evaluation of water quality uses indicators, secking
to relate variables that might provide an answer regarding the
use of the environment and anthropogenic or natural changes
(TOLEDO; NICOLELLA, 2002). Several tools are used to
assess the quality of water using physical and chemical, biological,
and waste elements such as metals and pesticides. Brazilian
law, through Resolution number 357 of March 18, 2005 of
the National Environment Council Environment, establishes
criteria for the classification of Brazilian water uses (BRASIL,
2016). Some of these tools have achieved greater visibility by
synthesizing results in numerical values, which can be understood
by all actors involved in water resources management.

The use of biological parameters to infer the quality of a
water body is premised on the response of organisms to changes,
natural or anthropogenic, in the environment in which they live
(BUSS; BAPTISTA; NESSIMIAN, 2003). Among the most used
are biotic indices such as the Biological Monitoring Working
Party (BMWP), with tolerance levels of benthic invertebrates,
the trophic state index (TSI) and the stoichiometric relations
between the two main nutrients responsible for the eutrophication
of water bodies, nitrogen and phosphorus. The trophic state
index provides indications of human activities in watersheds,
and information for the management of aquatic ecosystems
(FIA et al., 2009).

Given the importance of maintaining good water quality
for its multiple uses including urban and agricultural supply, it is
essential to monitor water quality for the conservation of this
great regional water resource. The objective of this work is to
diagnose the quality of channel water using benthic invertebrates
by applying the biotic index BMWP, calculations of community
metrics, diversity and abundance, evaluation of physical and
chemical characteristics, matching CONAMA 357/2005 and
application of TSI.

MATERIAL AND METHODS

Sdo Gongalo channel is located in the southern portion of
the coastal plain of Rio Grande do Sul state, between the cities
of Rio Grande and Pelotas (Figure 1). This plain was formed in
recent geological periods through sand deposits in the Quaternary,
and features a flat geomorphology with about 40% of its area
occupied by aquatic environments such as wetlands, small sandy
streams, and small and large freshwater lagoons and ponds
(TOMAZELLL VILWOCK, 2005). Sao Gongalo channel, which
is about 70 km long links the Patos and Mirim lagoons, with an
average depth of five meters, and its flow is regulated by rainfall
(ASMUS, 1998). Periods of higher rainfall occur in the winter
months, in contrast to periods of drought characteristic of the
summer months, coinciding with the time of greater use of water
for irrigated rice cultivation (KLEIN, 1998). However, during the
study period, maximum and minimum monthly average values of
rainfall ranged from 266.80 mm in the month of February 2010
to 31.50 mm in July 2009, due to the climatological phenomenon
of El Nifio between 2009 and 2010 (INPE, 2016), which inverts
this pattern of precipitation, causing summer and autumn periods
with more rainfall, and drier winters (Figure 2).

The study was conducted between April 2009 and February
2011. Five sample collection campaigns were held (April / 2009;
September / 2009; March / 2010; September / 2010; February
/ 2011), lasting two days each, on board the oceanographic boat
Larus of the Federal University of Rio Grande. Sampling points
were marked seeking to characterize areas subject to different
environmental situations. Thus, the channel was divided into
regions according to the main activities of water use and its main
tributary that drains small streams receiving mainly urban and
agricultural effluent. To determine the limnological variables, water
samples were collected at seven sampling stations, on the left and
right banks of the channel (Table 1), except at “Ilha Grande”,
due to the small width of the channel. The tresults are shown as
sample points with the average of the two sampling stations on
site, termed P1 to P7.

To characterize the community of benthic macroinvertebrates,
65 sediment samples were collected with a Kajak corer. The sediment
was washed in running water, in a 250 p mesh sieve and the retained
material preserved in 80% alcohol. Samples were screened using
a stereoscopic microscope, and the results are presented as the
average of sample points. The richness and mean abundance of
taxa and Shannon Wiener diversity index were calculated for each
date and sampling point. The biotic index BMWP (Biological
Monitoring Working Party) was applied with adaptations by the
Parand State Department of the Environment and Water Resources
(PARANA, 2015).

In the field the temperature, dissolved oxygen, conductivity,
pH, alkalinity, water transparency were determined and water
filtration was performed with filters (GF / C), for the determination
of chlorophyll (Chl-a), turbidity and suspended matter. A water
sample was collected for the determination of nutrients, total
nitrogen (Kjedhal) (NT), total phosphorus (TP) (digestion and
mass spectrometry) (APHA, 2012) and the phosphate and nitrite
fractions in a Dionex ® ionic chromatograph in the laboratory.
After the filtering process, water and filters were kept in a freezer
at a temperature of —20 °C for later analysis in the laboratory.
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The sediment was collected in five replicates for each point,
totaling 65 samples per sampling date, to determine the abiotic
characterization of the upper layer (total nitrogen Kjedhal, total
phosphorus by digestion and mass spectrometry and organic
matter by combustion in a muffle furnace at 550 °C) (APHA,
2012). The water quality was determined by CONAMA Resolution

et al.

357/2005, which establishes standards for classifying water bodies
and guidelines for its framework (BRASIL, 2005).

The sampling points were tested for similarity applying
principal coordinates analysis (PCoA), with Euclidean distance
as a dissimilarity measure. This analysis was chosen because it did
not require a linear correlation between variables (MANLY, 2008).
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Figure 1. Area of study and sampling points. Sao Gongalo channel
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Figure 2. Average monthly values of rainfall in the Sio Gongalo channel region between February 2009 and February 2011.

Source: INMET (2016).

RBRH, Porto Alegre, v. 22, €2, 2017



Water quality of the Sio Gongalo channel, urban and agricultural water supply in southern Brazil

Table 1. Location of sampling points in the Sio Gongalo channel.

Sdo Gongalo Channel

Ponto Local Station Coordenate Characteristics
IM11 31°48.592’ S
. ' 52°29.044° W Beggining of the barrier region to salt
7 Upstream of the sluice ° .
RM 1.2 31°48. 596’ S water mixture
o 52°23.547 W
0, >
LM 21 32°00.699” S
T 52°25.176>W . .
2 Downstream Piratini river o Above river drainage area
RM 2.2 32°01.070° S
- 52°25 087 W
IM31. 32°00.910°S /
T 52°25. 672 W .
3 Piratini River o , End of river receptor body
RM 3.2 32°00.816* S ’
o 52°25.636° W
o >
IMA41 32°01.301° S
oo 52025212 W . .
4 Upstream Piratini River o Below river drainage area
RM 4.2 32°01.274 S
o 52°25.098" W
5 CORSAN o, Catchment water to Rio Grande
RM 5.2 32°02.455° S
- 52°24.601” W
32°04.144’ S Intermediate region with narrowing of
6 lTha Grande LM 6.1 52°30.493" W the channel
32°07.124’ S
LM71 52°35.550" W Village near the entrance of Mirim
7 Santa Isabel o
RM 72 32°07.207° S lagoon
) 52° 35.550° W

A non-parametric analysis of variance with the Kruskal-Wallis test
was applied. The analyses were conducted in the Past software
(HAMMER; HARPER; RYAN, 2001). An analysis of correlation
between the turbidity values, total nitrogen and total phosphorus
with rainfall values was done according to data from the National
Institute of Meteorology for the months when sampling was
performed (Figure 2).

The data of variable chlorophyll-a and total phosphorus
were used to determine the trophic state index (TSI), proposed by
Carlson (1977), and modified by Cunha, Calijuri and Lamparelli et al.
(2013), adapted to tropical and subtropical values. In this work
we used the simple average of the chlorophyll-a values and total
phosphorus in each sampling period, and the TSI was determined
using Equations 1-3 below:

7SI = [(TSI(TP)+TSI(Chla) ]/ 2 @
where

TSI(TP) = trophic state index based on total phosphorus
concentration, calculated as:

IET (TP) =10 6-((<0.27637/nTP+1329766)/ In2) | @

'TSI(Chla) = trophic state index based on chlorophyll-a concentration,
calculated as:

781 (Chla) =10[ 6 ~((-0.2512nChla+0.842257) / In2) | ©)

The values obtained were classified according to
ultraoligotrophic categories = 51.1, oligotrophic, between
51.2 and 53.1, mesotrophic, between 53.2 and 55.7, eutrophic
between 55.8 and 58.1, supereutrophic 58, 2 and 59.0, and
hypertrophic = 59.1.

The N:P relations were determined in the sediment (mmol.g™”)
and in the watet column (mmol.mL™), as well as average values of
the total phosphorus concentration and total chlorophyll.

RESULTS AND DISCUSSION

The predominant benthic organisms were, in general, the
groups Sarcodina, Chironomids, Hydracarina and Oligochaecta at
all points analyzed (Table 2). The average rates of Shannon-Wiener
diversity remained constant, ranging between 2.81 and 2.77. Similarly,
the richness of taxa oscillated between 65 and 67 taxa on each
collection date. There was a greater variation between points, the
richest points being those surrounding the Piratini River, which
also had the highest average abundance of organisms (Figure 3).
Since it drained longer stretches in urban areas, the river Piratini
and its tributaries receiving a higher wastewater inflow (FEPAM,
2016), a factor that increases the amount of organic matter and
favors a greater abundance of some groups of benthic organisms.

However, although the taxa richness and diversity indices
were high (Figure 3), this is due to the diversity of specific groups
such as Sarcodina, which showed an average of 11 morphotypes
and Hydracarina with nine morphotypes. The dominance of these
groups is indicative of altered locations according to the biotic
index applied. Sarcodina consists of protozoa not counted in
scores of water quality indices, and Hydracarina, with a score of
four points in the BMWP index.

Organisms indicating good water quality, such as the
insects of the Ephemeroptera and Trichoptera orders were
recorded in low numbers. On the other hand, the averages of
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organisms indicating altered conditions, such as Oligochacta,
Chironomidae and Gastropoda were higher (Table 2). Considering
the total number of organisms found, the result of BMWP was
41, level V as a SEMA (PARANA, 2015) score that ranks the Sio
Gongalo channel as contaminated or polluted water, or modified
system. When evaluating the sampling points individually, the
mean scores over the sample period ranged from a maximum
of 32 to a minimum of 22, which classifies all channel sites as
much changed systems with highly polluted waters. Similar results
were reported by Cunha et al. (2013), for a rural lagoon, near Sao
Gongalo channel which was also surrounded by cattle farms.
Benthic invertebrates have been widely applied as bioindicators
in several water quality assessment studies (e.g. SILVEIRA etal., 2005
and SILVA et al., 2007, in southeastern Brazil, PACHECO et al.,
2012, in Uruguay; WYZGA et al,, 2013, adapted to rivers in Poland).
Thus, the results for the biotic index denote clear concern with
the state of change in water quality.
These values are consistent with the results of abiotic
measurements (Table 3 and 4) and trophic state indices detected.
Ordination of the similarity of abiotic variables at all sampling
points by principal coordinates (PCoA) showed groups formed
according to the characteristics of the sampled sites. The first two
components explained 98.1% of the data variability (76.9 and 19.5%
for the coordinates 1 and 2, respectively), grouping points 3 and 4,
which are respectively the Piratini river and it downstream, points
1 and 2, in the vicinity of the sluice, and points 5 and 7, near the
channel connection with the Mirim lagoon (Figure 4). Point 6
in Ilha Grande channel, was the furthest from the other groups
formed, probably due to high turbidity values detected (Table 3).
The comparison test between the median values found during
the sampling period showed no significant difference between
the abiotic variables of the water column (H = 0.061, p = 0.99).
In general, the parameters dissolved oxygen, chlorophyll-a
and nitrite, recommended by CONAMA resolution 357/2005
(BRASIL, 2005) were within the quality standards for Class 2,
recommended for public supply. However, in the water at Sao

Gongalo channel shown with high turbidity, the values were
between 42 and 388 N'TU. The greatest value of this parameter
was detected at P06, located in the channel of Tlha Grande, in the
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Figure 3. Mean values (fstandard deviation) of abundance and
richness of benthic organisms grouped by collection point. Labels
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Figure 4. Ordenation by principal coordinates (PCoA) of the abiotic
variable values at the seven points in the sampling dates (April 2009,
September 2009, March 2010, September 2010 and February 2011).

Table 2. Mean (fstandard deviation) of the taxa found throughout the study period, grouped by sampling points in Sdo Gongalo channel.

Taxa OTU Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Sarcodina 11 65.3 (£29.0) 0.7(x0.6) 247.3(x44.7) 126.0(£117.3) 18.0(£8.5) 9.0(£15.6)
Bryozoa 1 14.0 (+9.6) 0.7(+0.6) 8.3(+3.1) 10.3(+7.6) 1.0(+0.0) 1.0(+1.0)
Nematoda 1 2.7(£3.1) 0.3(+0.6) 1.0(+1.0) 1.7(+2.1) 2.0(+2.0) 0.0(+0.0)
Oligochaeta 1 6.0(+4.6) 2.3(£1.5) 8.3(+5.7) 25.3(+21.4) 41.7(+8.1) 1.7(+2.9)
Hirudinea 1 0.0(+0.0) 0.0(£0.0) 0.3(+0.6) 0.7(+0.6) 2.7(+1.5) 0.0(+0.0)
Bivalvia 6 1.0(£1.0) 0.0(£0.0) 0.0(£0.0) 19.7(+18.9) 14.0(7.8) 1.0(+1.0)
Gastropoda 8 1.3(£1.5) 1.3(x0.6) 1.0(£1.7) 14.0(+13.1) 16.0(£8.9) 11.7(£8.5)
Ostracoda 8 16.0 (£12.8) 0.3(+0.6) 8.3(£7.0) 13.7(+15.0) 3.3(+3.2) 1.0(£1.7)
Cladocera 1 0.0(+0.0) 0.0(+0.0) 0.7(£0.6) 0.0(£0.0) 0.0(£0.0) 0.0(£0.0)
Copepoda 2 1.0(+1.0) 0.3(+0.6) 0.3(+0.6) 0.3(+0.6) 0.3(+0.6) 0.0(+0.0)
Decapoda 1 1.0(£1.7) 0.0(£0.0) 0.0(+0.0) 0.0(+0.0) 0.0(+0.0) 0.0(+0.0)
Hydracarina 9 34.3(£7.0) 2.3(£2.1) 21.3(+7.8) 34.3(+31.3) 6.3(+1.5) 0.3(+0.6)
Ephemeroptera 2 0.3(+0.6) 0.0(£0.0) 0.3(+0.6) 0.3(+0.6) 0.0(+0.0) 0.0(+0.0)
Collembola 2 0.3(+0.6) 0.0(£0.0) 0.3(£0.6) 0.0(£0.0) 0.3(+0.6) 0.0(+0.0)
Trichoptera 2 0.0(+0.0) 0.0(0.0) 0.0(0.0) 43(+1.5) 3.3(£0.6) 0.0(£0.0)
Tabanidae 1 0.0(+0.0) 0.0(+0.0) 0.0(£0.0) 0.3(£0.6) 0.0(£0.0) 0.0(£0.0)
Chironomidae 3 51.0(+4.5) 43(+3.5) 723(+15.0)  133.0(X117.5)  29.3(+2.5) 0.7(+1.2)
Coleoptera 3 0.3(+0.6) 0.3(+0.6) 0.0(+0.0) 1.0(1.0) 0.0(+0.0) 0.7(+1.2)

OTU = operational taxonomic units (different morphotypes).
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Table 3. Average values (*standard deviation) of the abiotic variables of the water column over the sample period (April 2009,
September 2009, March 2010, September 2010 and February 2011) in Sio Gongalo channel.

Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 1
Water Temperature (°C) 21.8 (£44) 213 (+41)  215(+40) 210 (f44) 215 (45 211 (+43) 205 (+4.4)
Dissolved Oxigen (mg.L") 8.2 (+12) 8.7 (£1.4) 9.3 (+2.4) 9.0 (+2.1) 9.2 (£2.5) 9.1 (£2.1) 9.0 (£3.3)
pH 7.4 (£0.3) 6.9 (£0.8) 7.1 (£1.0) 7.3 (£0.4) 7.3 (£0.5) 7.3 (£0.4) 7.1 (£0.7)

Alcalinity (mgL™) 551.9 (£87.1)  543.5 (£172.2) 594.3 (£192.5) 608.5 (£81.6) 635.3 (£115.0) 635.8 (£166.3) 654.4 (£192.7)

Eletric Conductivity (uS.cm™)  102.0 (£16.9)  87.2 (+26.0)  86.8 (£23.8) 103.2 (£147) 1041 (+14.5) 1033 (+16.8) 104.2 (£14.9)
Suspended Material (mg, L") 322 (£17.7)  21.6 (£15.6)  34.1 (¥22.0) 303 (£9.1) 349 (£28.1) 382 (¥24.2)  34.9 (+16.6)
Chlorophyll-a (ug. 1) 83 (+37)  27.8(¥483) 52 (¥5.0) 44 (+1.8) 44 (+3.1) 5.6 (£3.1) 5.1 (+4.6)
Phosphate (uM) 1.1 (£0.6) 1.2 (£1.4) 1.6 (£1.7) 13 (£1.3) 0.9 (+0.5) 0.8 (£0.8) 1.1 (£0.6)
Nitrite (M) 0.2 (£0.1) 0.2 (£0.1) 0.2 (£0.1) 0.3 (£0.1) 1.1 (£1.8) 02 (£0.2) 0.3 (£0.2)
Total Phosphorus (ug. L) 629 (£21.0)  68.0 (¥172) 655 (+20.7) 882 (£51.9) 711 (¥20.7) 648 (x15.7)  82.9 (+36.6)
Total Nitrogen (mg L) 0.5 (+0.4) 0.6 (£0.1) 0.5 (£0.2) 0.5 (£0.2) 0.7 (£0.1) 0.7 (+0.4) 0.7 (£0.2)
Turbidity (NTU) 1354 (£96.1)  89.7 (£18.0)  90.7 (£22.5) 92,5 (+28.4) 1355 (£113.1) 185.7 (£175.7) 161.3 (+154.5)

Table 4. Average values (fstandard deviation) of the variables measured in the Sio Gongalo channel sediment over the sampling
period (April 2009, September 2009, March 2010, September 2010 and February 2011).

P1 P2 P3 P4 P5 P6 P7
Organic Matter 0.0499 0.0344 0.0979 0.0739 0.0448 0.0933 0.0373
© (£0.003) (£0.017) (£0.065) (£0.025) (£0.014) (£0.074) (+0.022)
Organic Carbon 0.0019 0.0013 0.0038 0.0029 0.001756 0.003653 0.0015
(mmol.g™) (0.0001) (£0.001) (£0.002) (£0.001)  (£0.000569)  (+0.0029) (£0.001)
Total Phosphorus 0.0041 0.0039 0.0039 0.0043 0.005303 0.0057 0.0043
(mmol.g™) (+0.001) (£0.0003) (£0.001) (£0.001)  (£0.00129)  (+0.0003) (+0.001)
Total Nitrogen 0.0982 0.0941 0.0784 0.0869 0.1576 0.1459 0.0874
(mmol.g™) (+0.048) (+0.017) (£0.037) (£0.012) (£0.160) (£0.078) (£0.040)

collection of February 2011, coinciding with the drainage period of
rice crops. This point, on average, presented the highest turbidity
values for all samples (Table 3). According to Brasil (2005) for
water supply in Class 2, it may contain a maximum of 100 NTU
turbidity values. For all samples, the values were on average higher
than this limit at all sampling points (Table 3). There was a positive
correlation coefficient of determination of 54% between the
turbidity values and precipitation values. Secchi disk values were
shown to be low, the highest value recorded being 42 cm among
all points and sampling dates.

Another parameter found outside the limits recommended
by the CONAMA resolution was total phosphorus. At every
point it exceeded the maximum value of 0.050 mg L' (Table 3).
Phosphorus is generally a limiting nutrient for primary production
in aquatic ecosystems (CAMARGO; PEZZATO; HENRY-SILVA,
2003). Environments with high concentrations of this nutrient can
become limiting for nitrogen (MANSOR; TEIXEIRA FILHO;
ROSTON, 2006; BATISTA etal., 2012). As the water flow of Sao
Gongalo channel is regulated by rainfall, the possible relationship
between this variable and the concentration of nutrients nitrogen
and phosphorus and turbidity values was tested. In general, the flow
caused by rain water increases the concentration of phosphorus
and nitrogen in water bodies (BORTOLETTO et al., 2015).
The precipitation values in the months when sampling was performed
showed a positive correlation with turbidity values (£ = 0.54),
but there was no correlation with the values of total nitrogen
and total phosphorus nutrients (r* = 0.07 and 0.13, respectively).
Thus, it is clear that the decrease in water quality of the Sio

Gongalo channel, influenced by the turbidity values, has a direct
and positive relationship with the rainfall regime in the region, and
other factors influence the increase of the nutrients concentration.

The organic material in the sediment at all points and
sampling dates contained 14% of the samples between 0.1 and 3%,
74% of the time between 3 and 10%, and the remaining 11% with
concentrations above 10% of organic matter content in sediment
gram (Table 4). According to Esteves (2011) sediments with lower
values than 10% of organic matter are considered inorganic,
and in general are the size of sand particles. The values found
in our study are similar to those reported for river (SILVA et al.,
2010) and estuarine systems (OLIVEIRA et al., 2014), authors
who reported a high percentage of organic matter values in the
sediment with sources of organic pollution.

The total nitrogen and total phosphorus ratio establishes the
limiting factor in the process of aquatic environment eutrophication,
and below 10 indicates environments with nitrogen limitation for
primary production (MANSOR; TEIXEIRA FILHO; ROSTON,
2006; BATISTA et al., 2012). Like the values found in the water
column, in data from most sampling points, the channel was found
to be limited by nitrogen, which is indicative of high concentrations
of phosphorus (Figure 5). This is probably due to the leaching
environment so that this relationship, in the sediment, shows higher
values as a result of higher nitrogen concentrations (Figure 6).

In situations where the nitrogen takes on a limiting role there
is a great likelihood of cyanobacteria that have species capable of
fixing atmospheric nitrogen. The group of cyanobacteria, as well
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as its potential toxicity, can cause serious disturbances in the water
treatment processes (MATTHIENSEN; YUNES; CODD, 1999).

The relationship established between the total phosphorus
concentration in the water column and chlorophyll-a obtained a
coefficient of determination of 25% (Figure 7A). According to
Sperling (1996) chlorophyll-a versus phosphorus concentration is
another useful relationship to the knowledge of the dynamics of
eutrophication in water supply sources. Although this correlation
value is low, it follows the pattern found in other research with
a larger number of samples, such as Silva (2012), evaluating 466
points in rivers in the state of Minas Gerais, which obtained
a coefficient of determination of 38%, and Lamparelli (2004)
with 52 points in tivers in the state of Sio Paulo, getting an 1
of 58%. There was no correlation between total nitrogen and
chlorophyll-a (Figure 7B). A low correlation of results between
these two variables was also reported by Silva (2012) for the same
466 points in Minas Gerais tivers (> = 0.28). Generally the ratio of
nutrients and algal chlorophyll occurs exponentially in temperate
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Figure 5. N: P ratio of the water (mmol.mL™) at all points
and sampling dates. The dotted line defines the value of 10,
indicating limited by nitrogen or phosphorus. AB09 = April 2009,
SE09 = September 2009; MA10 = March 2010; SE10 = September
2010 and FE11 = February 2011.
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Figure 6. N:P ratio of the sediment (mmol.g™'), at all points
and sampling dates. The dotted line defines the value of 10,
indicating limited by nitrogen or phosphorus. AB09 = April 2009;
SE09 = September 2009; MA10 = March 2010; SE10 = September
2010 and FE11 = February 2011.

RBRH, Porto Alegre, v. 22, €2, 2017

environments, which does not occur in tropical and subtropical
systems (HUSZAR et al., 2000).

According to Huszar et al. (2000), the eutrophication process
resulting in algal growth in tropical and subtropical systems may be
limited by nitrogen, phosphorus or both, due to biogeochemical
processes resulting from high temperatures (rapid assimilation of
nutrients, nitrification, phosphorous precipitation into sediment,
etc.). Low rates of N: P are of concern in freshwater ecosystems,
as they are generally correlated with high concentrations of
chlorophyll-a. According to Wetzel (2001), temperate environments,
with chlorophyll-a greater than 10 pg.L™" are considered eutrophic.
As for tropical-subtropical environments, the threshold values were
considered those greater than 2.96 pg L' (CUNHA; CALIJURI;
LAMPARELLI, 2013).

The chlorophyll-a values detected detected in our samples
wete always above the concentration of 2.96 pg. L] reflecting
the attention given to the trophic state of the Sao Gongalo
channel. Nevertheless, several authors discuss the predominance
of cyanobacteria, with potential toxicity in the water, when the
environment is limited by nitrogen (HAVENS et al., 2003; SILVA,
2012). According to the authors, a point that may favor the
ecosystem is protection of frequent cyanobacteria growth is low
light penetration caused by the high organic turbidity. The results
for the Sdo Gongalo channel, in this respect, show a balance
between the possibility of algal growth checked by low rates of
N: P, and the balance between light penetration for phytoplankton
growth. From the data obtained in this study, the N:P relations
and correlations of nutrients with the chlorophyll-a concentrations
indicate that the waters of Sio Gongalo channel are undergoing
eutrophication processes with a high probability of cyanobacteria
blooms due to their limitation by nitrogen. Similar results were
reported by Fia et al. (2009) analyzing the trophic state index of
the watershed of the Mirim lagoon, already reporting concern
about the high concentrations of phosphorus mainly detected in
Sao Gongalo channel.

There was high variability in TSI values over the study period.
The scores ranged from 52.2 (September / 2010) and 62.7 (February
/ 2011), indicating states between oligotrophy and hypettrophy.
Considering all the sampling points, and collection dates, the results
of TSIs showed that the waters of Sio Gongalo channel were
11.5% in the oligotrophic state, 45.7% in mesotrophic, 37.1% were
considered eutrophic, 2.8% supereutrophic and 2.9% considered
in hypertrophic state (Figure 8). Specifically the latter, because
they are more worrying in terms of water quality changes, were
detected at P2 (downstream of the Piratini river), in the samplings
of April / 09 (scote 59.1) and February 2011 (score 62.7), probably
in urban effluent carried by the river, as well as leaching from the
next crop. Among the human activities recorded in Piratini - Sdo
Gongalo - Mangueira basin, for all 14 municipalities, the main one
is surface irrigation (FEPAM, 2016). Particulatly the Piratini river
which runs through six municipalities before emptying into the
Sio Gongalo channel carries urban wastewater and drains waste
from agricultural activities, especially rice cultivation and, more
recently, exotic forestry species (FEPAM, 2016).

Samples taken in the first months of the year are representative
of the final period of the rice harvest, when crops are depleted
and irrigation water is returned to the water bodies. In this process,
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many of the inputs used in the culture, such as pesticides and
nutrients, are found dissolved, and ultimately enrich the receiving
water bodies. It is reported by Mansor, Teixeira Filho and Roston
(2006), that the main sources of nitrogen and phosphorus for
a sub-basin of the river Jaguari (SP) is from diffuse sources of
agricultural origin. When, at the same time, large amounts of
rainfall occur, the support material of crops, in addition to the
characteristic drainage petiod is the sum of leaching input via
runoff. As to the average values of rainfall, the collection of
April 2009, although in a month with low rainfall (33.2 mm),
was preceded by two months with a large volume (212 mm in
February and 103.8 mm in March), which certainly contributed to
the leaching of crops draining in larger quantities into the channel.
Similarly the month of March 2010, which showed a volume of
only 31.6 mm of rain was preceded by a month with an average

volume of 266.8 mm. In February 2011 there was already high
rainfall, 135 mm (Figure 2). The samplings of the months of
September 2009 and September 2011 had volumes of 138.20 and
118.60 mm. In 2009, the previous month (August) also had a large
volume of rainfall, 175 mm, contributing to the transport of the
material from the crops into the channel.

Already in previous years Fia et al. (2009) reported the
variability of TSI values in various aquatic environments of the
Mirim lagoon basin, linking this system with a with a large area
of rice fields on both banks. Previous research has shown the
persistence of pesticides in the waters of the canal, coming from
the return of water used in rice fields (GRUTZMACHER et al.,
2008). Itis reported by several studies on watershed management
is a complex problem, and eutrophication helps to increase the
degree of complexity (ANDREOLIL CARNEIRO, 2005).

CONCLUSIONS

1- The variables indicate eutrophic waters, predominant
benthic invertebrates characteristic of sites with severe
changes in water quality, supported by the values of the
trophic state index, which mostly indicated conditions
of mesotrophy and eutrophy, reaching periods of
hypertrophy.

Thus, this channel, as an important source for
both human consumption and water resources for
agriculture, should be monitored carefully, avoiding
sources of diffuse pollution, particularly those of
agricultural origin, which may deteriorate the quality
of its waters.

The results for the concentrations of nutrients, nitrogen
and phosphorus stoichiometry and biotic index support
the need to evaluate the surrounding uses of this
system to maintain the quality of the water for its use
as a supply.
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