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ABSTRACT
High frequency monitoring in environmental studies is increasingly being used due to the availability of equipment and quick response.
With high frequency time series, it is possible to extract short-term responses during and after a rain event, which is not captured by
conventional monitoring. The aim of this study is to evaluate the superficial water quality change of a stream in a preserved area in
Atlantic Forest by short-term data (hour interval). The Cubatão do Sul watershed is located in the Central Coast region of the state of
Santa Catarina in Brazil. Rain height and water quality parameters were monitored using rain gauge and multiparameter probes. Two
fluviometric sections were also monitored — one in Vargem do Braço stream (FS1), which is mainly native forest (dense ombrophilous
forest), and the other in Cubatão do Sul River (FS2), which is influenced by urban, agricultural and sand extraction uses. The temperature
and nitrate ion permanency curve in FS1 showed slightly lower values during rainy events, but an opposite behavior was observed for
turbidity. On the other hand, the permanency curves during rainy periods of FS2 presented lower conductivity and ammonium ion.
When the dry and rainy periods were statistically compared, there was a significant difference for temperature, conductivity, pH, nitrate
ion, turbidity and dissolved oxygen for FS1, and temperature, conductivity and turbidity for FS2. The water quality of the Cubatão
do Sul watershed is influenced by stream flow and has a short-term time response considering the rain events. The oscillation of the
monitored parameters between two periods, dry and rainy, is smaller in native forest than urban and rural land use.
Keywords: Atlantic Forest; Serra do Tabuleiro; High frequency monitoring; Background area.

RESUMO
O monitoramento ambiental de alta frequência está sendo cada vez mais utilizado, devido à disponibilidade de equipamentos e pela
resposta rápida gerada. As séries temporais de alta frequência mostram que as respostas de curto prazo, durante e após a ocorrência
de chuva não são capturados por programas de monitoramento convencionais. Este trabalho teve por objetivo a avaliação da alteração
da qualidade da água de escoamento fluvial em uma bacia hidrográfica em unidade de conservação no bioma Mata Atlântica, com
resposta de curto prazo, devido a ocorrência de evento de chuva, monitorado em intervalo de tempo horário. A Bacia do Rio Cubatão
do Sul localiza-se na zona Litoral Centro de Santa Catarina, Brasil. Foram monitorados a altura de chuva, por meio de pluviógrafo e
parâmetros de qualidade das águas, com o uso de sondas multiparâmetros. Foram monitoradas duas seções fluviométricas, uma no rio
Vargem do Braço (FS1), que localiza-se em situação praticamente natural, com predominância de Floresta Ombrófila Densa e outra no
rio Cubatão do Sul (FS2) que possui influência de área urbana, agrícola e extração de areia. As curvas de permanência da temperatura
e do íon nitrato na FS1 apresentaram valores levemente inferiores no período chuvoso, comportamento oposto foi observado na
turbidez. As curvas de permanência da FS2 apresentaram diminuição da condutividade elétrica e íon amônio nos períodos chuvosos.
Quando foram comparados os períodos secos e chuvosos estatisticamente, constatou-se diferença para os parâmetros temperatura,
condutividade elétrica e turbidez na FS2 e temperatura, condutividade elétrica, pH, nitrato, turbidez e oxigênio dissolvido na FS1.
Assim, constatou-se que a qualidade da água da bacia hidrográfica do rio Cubatão do Sul é influenciada pelo escoamento fluvial e possui
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tempo de resposta de curto prazo, em decorrência de evento de chuva. Adicionalmente, o uso do solo influenciou nas alterações da
qualidade da água em decorrência de evento de chuva. A oscilação entre os valores mensurados dos parâmetros nos dois momentos
é menor em área preservada com mata nativa do que aquela com uso do solo com ocupação urbana e rural.
Palavras-chave: Mata Atlântica; Parque Estadual Serra do Tabuleiro; Monitoramento de alta-frequência; Unidade de conservação.

INTRODUCTION

MATERIALS AND METHODS

High frequency environmental monitoring is increasingly
being used due to the availability of equipment and for the
quick response generated. Instruments such as multiparameter
probes measure the water quality and can make samples in short
intervals, either in an order of hours or minutes (AUBERT et al.,
2014; HALLIDAY et al., 2015; TERCIER-WAEBER et al., 2009;
WADE et al., 2012). The multiparameter probes have aided in
complex evaluation of the dynamics of nutrients (HALLIDAY et al.,
2014) and in the behavioral description of biogeochemical cycles
of chemical species in water bodies (HALLIDAY et al., 2015;
MORAETIS et al., 2010; WADE et al., 2012).
Different land uses, such as urban and rural, can change
the natural hydrological regime of water bodies and degrade
their quality (BRION et al., 2011). High frequency monitoring of
rivers is being performed to compare hydrological and chemical
standards in watersheds with different land uses (NEAL et al.,
2010; OUTRAM et al., 2014; WADE et al., 2012).
The high frequency time series shows that the short-term
response, during and after the occurrence of rain, is not captured
by conventional monitoring programs that adopt low frequency
measurements (NEAL et al., 2012). Therefore, high frequency
monitoring has been used to evaluate changes in water quality
caused by rainfall events (BIEROZA; HEATHWAITE, 2015;
CASSON; EIMERS; WATMOUGH, 2014; SARACENO et al.,
2009).
High frequency monitoring of watercourses has been
conducted in many parts of the world, such as China, United States,
United Kingdom and other European countries. Latin America is
still lacking this kind of work. Brazil has two important rainforests
— the Amazon and the Atlantic Forest. The Atlantic Forest
is one of the 25 global hotspots for biodiversity conservation
(MYERS et al., 2000). The increase in the rate of deforestation
in the Atlantic Forest in São Paulo and in Brazil’s South could
lead to the loss of a unique diversity location and the destruction
of the historical processes signature that led to it. This would
prevent the understanding of the underlying mechanisms of
the local endemism and prevent the most effective conservation
measures (CARNAVAL et al., 2009). In addition, the conservation
of native forests is essential for generating water (ALMEIDA;
BENASSI, 2015).
Therefore, it is important to study the coupling between
the frequent rains in these biomes and the water quality of its
rivers. This study aimed to evaluate the change in the river flow
water quality in a watershed in two fluviometric sections in the
conservation area of the Atlantic Forest biome, with short-term
response, faced to the occurrence of rain events, monitored in
time interval.

The study area is the watershed of Cubatão do Sul River,
which flows through the cities of Águas Mornas, Santo Amaro da
Imperatriz, part of São Pedro de Alcantara and Palhoça, located
on the Atlantic side of the Central Coast of Santa Catarina,
Brazil. The Cubatão do Sul River is the main watershed, with a
total length of 62 km. The Vargem do Braço and Cubatão do
Sul Rivers are the capture of water sources of five cities in the
region. The watershed has a 746 km2 drainage area, and 46% of
the area is inserted in the Parque Estadual da Serra do Tabuleiro.
The predominant types of soil are inceptisol (56.6%) and alfissol
(24.8%). The climate, according to Köppen classification, is defined
as a transition between Cfa (humid temperate climate with hot
summers) and Cfb (humid temperate climate with temperate
summer. Annual rainfall is between 1220 mm and 1660 mm with
the absence of a dry period (CURTARELLI, 2009; KOBIYAMA;
CHAFFE, 2008; SERGIO; FRANCO; GARBOSSA, 2013).
The height of rainfall and water quality parameters were
monitored. The rain height was measured at the station ETA
CASAN Montante of the Agência Nacional de Água (ANA),
Figure 1, with the rain gauge WaterLog brand of folding type,
with compensation depending on the intensity of the rain.
This model has an internal microprocessor that measures the
frequency of the folding movement to calculate the rain height
using a calibration curve with rainfall intensity. The rainfall station
is located at an altitude of 12 m, at latitude 27° 41’32 90” and
longitude 48° 42’39 50” (Datum WGS 84). The instrument is set
to read at hourly intervals, and the data are stored in a data logger
and transmitted to the ANA.
Water quality parameters were measured in two fluviometric
sections — one in the Vargem do Braço River (FS1) and another
on the Cubatão do Sul River (FS2). The use and occupation of
FS1 and FS2 are shown in Table 1, and the spatial distribution of
the soil use is shown in Figure 1. In both fluviometric sections
of the basin were installed multiparameter probes, Hydrolab
DS5X model. These devices used ion-selective electrodes for
ammonium (NH4+) and nitrate (NO3-) ion, only in FS1; an optical
sensor for dissolved oxygen and turbidity; and potentiometric for
hydrogen potential (pH) and electrical conductivity. The sampling
was carried out hourly. The measurement and calibration probes
were made with standard solutions time interval from 30 days,
sometimes, until 60 days.
FS1 is located in the Vargem do Braço River, which is a
tributary of the Cubatão do Sul River (Figure 2), located at an
altitude of 259 m, at latitude 27° 44’13 12” S, and longitude 48°
45’24 97” W (Datum WGS 84), and has 131.21 km2 of drainage
area. The upstream of this fluviometric station is in a wild land,
almost in a natural situation, especially in an ombrophilous dense
forest. The area is entirely contained in the Serra do Tabuleiro
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Figure 1. Land use in Cubatão River watershed.
Table 1. Land use of the upstream of FS1 and FS2.
FS 1
FS 2
ass
km2
%
km2
%
Natural field
Pasture
Planted forest
Atlantic forest
Water body
Agriculture
Urban
Total

10.68
3.84
0.86
113.40
0.99
1.42
0.03
131.21

8.14
2.92
0.65
86.44
0.75
1.08
0.02
100

5.36
78.93
12.74
357.90
2.47
14.92
21.77
494.09

1.08
15.98
2.58
72.43
0.50
3.02
4.41
100

Park. The park is the home of a large biodiverse area and has
841.30 km2 (FATMA, 2015).
FS2 is implanted on the Cubatão do Sul River (Figure 2),
located at an altitude of 11 m, at latitude 27° 41’33 88” S and
longitude 48° 42’39 38” W (Datum WGS 84), and has an upstream
drainage area of 494.04 km2. This upstream region is in an
area that has influence of agriculture, pasture, urban and sand
extraction (Figure 1). The Cubatão do Sul River drains the cities
of Águas Mornas and Santo Amaro da Imperatriz before reaching
the fluviometric section. These cities have a total population of
27,000 inhabitants and extensive agricultural activities. Agricultural
crops are predominantly temporary, the main agricultural crops
516

are tomato (5500 T), sugar cane (4550 T), cassava (3300 T) and
onion (1200 T) (IBGE, 2015). The tomato is a demanding crop
in fertilizer, and the application varies around 80-120 kg.ha–1
of the N (EMBRAPA, 2006). The Santo Amaro da Imperatriz
region has thermal springs and a tourist infrastructure to use this
natural resource.
The rain events that occurred between 2012/01/06 and
2013/02/06 were selected based on the data generated by the rain
gauge. In this data set, the rainy and dry periods were separated
for FS1 and FS2. Each data group was related to temperature,
electrical conductivity, pH, ammonium ion, nitrate ion, turbidity
and dissolved oxygen. The periods considered as rainy were the
ones with a value equal to or greater than 0.2 mm, with ranges up
to 3 h without rainfall, preceded and succeeded by the occurrence
of rain. Dry periods were accounted for with rain records equal
to zero. Isolated values of 0.2 mm of precipitation were not
considered, which may be attributed to dew condensation or high
humidity in the environment.
In order to enhance the comparison of retention curves
between fluviometric sections and to reduce possible mistakes,
five values were excluded from a sample of 6,014 values of
ammonium ion concentration in the FS2 which were between
14.26 and 20.96 mg.L–1 (NH4+). All remaining values were less

than 5.64 mg.L–1 (NH4+). In addition, some of the electrical
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conductivity as a function of probe calibration loss in isolated
moments were excluded.
To check the frequency of occurring rainfall in the region
and the values for
 each parameter, quality retention curves were
traced. The retention curve describes the relationship between
the frequency of occurrence of the parameter as bigger than or
equal to the ordinate value y-axis. The procedure for obtaining
the curve was based on the frequency analysis data associated
with each parameter. Then, the length of curve was obtained and
showed the values of each parameter on the ordinate axis and the
cumulative frequency on the axis of abscissa (PRUSKI et al., 2014).
The normality of groups generated by the separation of
dry and wet periods by the Shapiro-Wilk test was tested with a
95% significance level. All parameters found a nonparametric
distribution, and the Wilcoxon test was applied to compare the
groups. The paired test was used to compare the dry and rainy
period in the Cubatão do Sul River and the Vargem do Braço River.
To compare the dry and rainy periods in each river, the Wilcoxon
test with independent variables was used. We note that there is
only a difference between the groups when the P value of 0.05
is less than the stipulated confidence level.
The comparison of the generated data set, median, lower
and upper limits parameters of water quality in each group — dry
and rainy, Cubatão do Sul River and Vargem do Braço — was
graphically built as a Box plot type. In the diagrams, different small

letters indicate the existence of a statistically significant difference
(P < 0.05), therefore, equal letters show that there is no statistical
difference between the groups. All statistical tests were performed
using Excel with the use of the supplement Action.

Figure 2. FS1 (A) upstream and FS2 (B) downstream.

Figure 3. Rain permanence curve.
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RESULTS AND DISCUSSION
The height and frequency of rainfall in the study period
can be evaluated in Figure 3. Note that the heights of rains are low,
with short periods of return, when applied to the IDF equations
(Intensity Duration and Frequency), established by Back (2002).
The temperature duration curves in FS1 and FS2
(Figure 4A and 4B) do not show extreme values, except in the
dry period of FS2, where minimum temperatures reaching 7.7 °C
are found. The temperature and nitrate ion in FS1 were slightly
lower in the rainy period when compared to the dry period
(Figure 4A and 4I). The opposite behavior was observed for
turbidity, which showed maximum turbidity in FS1 of 572 NTU
and FS2 1,229 NTU (Figure 4J and 4K).
When comparing the dry and rainy periods of FS2, it is clear
that this section had decreased electrical conductivity, average from
103.7 to 89.7 μS.cm–1, and diminish concentration of ammonium
ion, average from 2.14 to 2.00 mg.L–1 (Figure 4D and 4H).
The evolution of the turbidity values, both in FS1 and in FS2,
had similar behavior, showing a small increase in the rainy period
(Figure 4J and 4K). This increase was, on average, 6.4 to 8.3 NTU
in FS1, and 41.7 to 48.4 NTU in FS2.
Dissolved oxygen presented minimum values well marked
in the rainy period, of 6.73 and 7.97 for FS1 and FS2, respectively,
and for FS2 in the dry period, 6.87 mg.L–1, except for FS1 in the dry
period (Figures 4L and 4M). In FS2, the permanence curve showed
maximum and minimum values clearly visible. The concentration
of dissolved oxygen showed adverse developments in the two
fluviometric sections. While in FS2, the lowest values appear in
the dry period, in FS1 they are in the rainy period.
The electrical conductivity and the concentration of
ammonium ion FS2 showed much bigger oscillation than in FS1,
both in the dry and rainy periods (Figures 4C, 4D, 4G and 4H).
In FS1, lower pH values, with a minimum 4.6, appear in the rainy
period, while in FS2 the pH values are at a minimum 5.22 during
the dry period (Figures 4E and 4F).
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Figure 4. The duration curve of the parameters measured in the dry and wet periods for FS1 (A, C, E, G, I, J, L) and FS2 (B, D, F,
H, K, M).
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Comparing the dry and wet periods of FS2, it was found
that there was no statistical difference for the parameters of
temperature, electrical conductivity and turbidity (Figure 5).
In FS1, a statistical difference occurred in temperature, electrical
conductivity, pH, nitrate ion, turbidity and dissolved oxygen.
In the comparison of the rainy and dry periods between FS1 and
FS2, it is clear that there are differences in all parameters. P values
found in the comparison between the two rivers, in dry periods
and rainy, were very low, tending to zero.
Evaluating the temperature values measured by the probe
during the dry and rainy periods, we noticed that in FS1 and
FS2 there was a narrowing of the range of the upper and lower
temperatures (Figure 5A). In FS2 when comparing the dry and wet
periods, respectively, the maximum temperature decreased from
31.2 °C to 28.7 °C and a minimum rose from 7.7 °C to 12.0 °C,
whereas in FS1 the minimum increased from 11.5 °C to 12 °C
and maximum decreased from 29.4 °C to 27.7 °C (Figure 5A).
Temperatures in the present FS1 are lower than in FS2.
The temperature showed a downward trend as a result of
rain (Figures 4A and 4B), in addition, there was a decrease of the
temperature amplitude during rainy periods (Figure 5A). At the
beginning of the rainfall event, due to the reduction of solar rays
and the presence of frequent cold fronts, there is a tendency for
temperature reduction in the environment, which after a time
interval is reflected in rivers. Saraceno et al. (2009) worked with
high frequency monitoring in situ in a rural watershed in California
and reported that the temperature of the river presented diurnal
variability before and after an intense rain event, and daytime
values were

reduced during the period of heavy rains. However,
the environmental temperature amplitude is decreased, while
there is an increase of humidity caused by rain. Possibly this fact
influenced the diminution of limits found during the rainy period.
FS1 and FS2 showed differences in the distribution of
temperature values for dry and wet periods (Figure 5A). The FS1
input area is situated in a preserved area with forest cover, which
contributes to the formation of a microclimate. Rex et al. (2012).
who worked with air temperature and water sub-boreal headwater
streams in British Columbia, stated that raising the environmental
temperature was the result of more open canopy that allowed
solar radiation intercepts to heat the soil. Then, in locations with
more closed canopy, as in FS1, there is less solar heat trapped in
the soil and less temperature variation. Additionally, the maximum
water temperatures remained significantly higher in places where
there was suppression of riparian vegetation, as in FS2, than the
places where it has remained.
In FS2, the electrical conductivity impacted by rain reduced
the third quartile (Q3) by approximately 225 to 130 μS.cm–1; as
well as the median of 75 to 60 μS.cm–1 (Figure 5B); although there
was an increase in the upper limit. This behavior can be attributed
to the dilution effect, that is, the water that was coming to the
river had lower conductivity, causing dilution of the ions and in
the polar molecules in the watercourse.
In the Vargem do Braço River, there is also a statistical
difference in electrical conductivity between the rainy and dry
periods (Figure 5B). The FS1 has very low levels of electrical
conductivity when compared to the FS2, both in the dry period
and rainy. The FS2 contribution area has use of the most varied
RBRH, Porto Alegre, v. 21, n. 3, p. 514-524, jul./set. 2016

soil with influences from urban areas, pasture and agriculture.
In urban areas, there may be the release of sewage rich in nutrients
that will contribute to the increase of the conductivity of water
compared to FS1. Andrade et al. (2011) found that the water
of an urban stream presented significant differences from the
water of a stream area with minimal disturbance in the Atlantic
Forest. They found high carbon dioxide concentrations dissolved,
inorganic nitrogen and dissolved inorganic carbon, and attributed
these differences in the water quality to the anthropogenic impact,
especially the discharge of domestic sewage.
In addition, rural areas near the FS2 can increase the
electrical conductivity of the river waters through the transport
of ionic compounds used in agriculture, such as potassium,
phosphorus and nitrogen. Viswanathan, Molson and Schirmer
(2015) found the highest values of electrical conductivity in the
summer period, giving the rich soil solution accumulated solutes
and captured during recurrent rains this time of year.
The FS1 suffered subtler change in the electrical conductivity
due to the rain. Brion et al. (2011) reported that the electrical
conductivity of a stream can change significantly depending on
the land use, even over short distances of 300 m. In this particular
case, it is a river and its tributary, and each section has different use
of soils. FS1 is contained in a state park, with little influence of
agriculture, pasture and urbanization — very different from FS2.
In rainy periods, the pH in FS1 showed subtle decrease
the lower limit, median and first and third quartile, as compared
to the dry period of the same river (Figure 5C). In FS2, the pH
suffered a small decrease in the upper limit of 7.2 to 7.1, without
generating a statistical difference between the groups. The pH
in FS1, both in the rainy and dry periods, showed values lower
than FS2.
FS2 showed no change in pH in the rainy and dry periods
(Figure 5C). This fact can be attributed to the events with low
levels of rain that were found, in which the intensity may not be
enough to generate the superficial Hortonian runoff and cause
changes in water quality.
The pH of FS1 was lower than in FS2 in all studied periods.
Working with riparian areas of soil in China, Xi et al. (2015) found
a negative correlation between pH and dissolved organic carbon
derived from the decomposition of organic matter present in the
leaf litter. Consequently, increasing destruction of riparian areas
raised the pH of the soil of that region. We could relate in FS2
the removal of the forest for agriculture, grazing and urbanization
with increasing soil pH of this section in relation to FS1.
Additionally, Diniz et al. (2013) analyzed internal precipitation
in a secondary forest in an advanced stage of the Atlantic Forest
and found pH of 6.5, which may contribute to the decrease in
pH, since runoff water may have slightly acidic pH.
FS1 showed a tendency to decrease its pH after rain events,
occurring differently between wet and dry periods (Figure 5C).
Possibly the pH reduction occurred due to superficial runoff
and subsurface generated by rain, which leaches materials rich in
organic acids, such as fulvic acid, resulting from decomposition
of the leaf litter. Fujii et al. (2011) found that acidic soil solutions
extracted from the Indonesian rain forest and organic acids as
dominant anions in the solution removed the first layer of soil.
This proposal also explains why the pH of FS1 is lower than FS2.
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Figure 5. Box plot of FS2 in the dry period (A) and rainy (B), and FS1 in the dry period (C) and rainy (D). Different lowercase letters,
above diagrams, indicate the existence of statistically signifiant difference (P < 0.05).
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Additionally, Miranda, Canellas and Nascimento (2007) worked
with Atlantic Forest fragments and detected low pH, 4.4, in soil
samples from 0-10 cm profile.
In FS2, the concentration of ammonium ion decreased in
rainy periods, demonstrated by the lowering of the upper limit from
5.5 to 4.5 mg.L–1 and the median of 2.1 to 1.8 mg.L–1, although
there was no statistical difference (Figure 5D). In the concentration
of ammonium ion in FS1 there was also no difference between
the rainy and dry periods (Figure 5D). The only difference was
found between concentrations of ammonium ion in FS1 and FS2
in the dry and rainy periods.
The ammonium ion in FS1 can be from the leaf litter,
where there is the breakdown of proteins and nucleic acids rich
in nitrogen compounds. This material can reach the river through
runoff and be leached in subsurface runoff. Riaz, Mian and Cresser
(2011) demonstrated the importance of leaf litter in ammonium
leaching through the decrease of mineral nitrogen during the
summer months in a prairie acid soil.
In FS2, beyond the influence of forest areas, there is also
the contribution of agriculture and pasture, with the application of
fertilizers and the contribution of animal waste and urbanization
with the discharge of domestic effluents. Probably for these
reasons, FS2 showed higher values of ammonium ion than FS1.
Kamjunke et al. (2013) worked with the biogeochemical analysis
of an entire river network in Germany, whose land use was
divided into 23% of forested areas of the “National Park,” 70%
of agriculture and 7% of urban areas. They reported that the
downstream ammonium ion concentration was bigger than the
upstream, that is, being influenced by agriculture and urbanization.
They found a higher concentration of humic substances in the
downstream sections that were positively related to the forested
area that was contained in the fluviometric section.
The nitrate ion in FS1 showed a decrease in its upper limit,
from 7.8 to 7.0 mg.L–1 and median of 3.8 to 3.2 mg.L–1, the first
and third quartile in rainy periods (Figure 5E). There is a statistical
difference between the dry and rainy periods for the nitrate ion,
which was not expected. This is because the ammonium ion in
water tends to be oxidized to nitrite and further to nitrate ion,
however, there is no statistical difference in ammonium ion, as
previously reported.
The behavior of decreased concentration of nitrate ion
during rainy periods can be attributed to the dilution effect caused by
the superficial runoff generated by rainfall and contributing to the
water into the river with low nitrate ion concentration. As described
by Neal et al. (2012) in their high frequency monitoring, the nitrate
ion in general decreased the concentrations, which decreased with
increasing flow, presenting a complex relation.
It may have also occurred at the entrance hysteresis and
limited transport nitrate ion, as Outram et al. (2014) found in their
high frequency monitoring work of nitrogen in three watersheds
of rural use in England. The authors expected that nitrate ion
transport was exacerbated by earlier dry conditions of the heavy
rain, which did not occur.
In the rainy period, the turbidity of FS2 had its high upper
limit from 140 to 160 NTU. There was also a slight increase in
the median and Q3 (Figure 5F). In FS1, the turbidity had a little
change. However, it was noticed that an increase of the upper
RBRH, Porto Alegre, v. 21, n. 3, p. 514-524, jul./set. 2016

limit on rainy times, as compared with the dry, is a statistically
significant difference (Figure 5F). Turbidity of FS1 showed lower
values of
 FS2, so much in dry and rainy periods.
The FS2 presented some high turbidity spikes (Figure 4K)
in the dry and rainy periods. Some high levels of turbidity found
in FS2, especially in the dry period, can be attributed to the
extraction of sand that occurs in the river. The extraction takes
place in the Santo Amaro da Imperatriz region where there is
soil disaggregation, although there is a city law prohibiting the
use of this equipament (CASAN, 2002; G1, 2015). This practice
increases the particulate matter, causing dispersion and reflection
of the light rays passing through the water (FERNANDO et al.,
2008). According to Sacramento (2015), in a consultation with
the Secretaria de Desenvolvimento Sustentável do Estado de
Santa Catarina, there are three dredges operating in Cubatão
do Sul River for sand extraction. The author worked with the
hourly average turbidity in Cubatão do Sul River and found the
peak of this parameter between 6 and 7 p.m. Sacramento (2015)
attributed this increase in turbidity to suspended sediments from
the extraction of sand, since after the extractors ceased activity,
the suspended matter reduced its concentration at the sampling
point. After this peak, the time average turbidity falls and remains
at low values up to 10 a.m. During the night and early morning,
in a time step of approximately 10 hours, there is a decrease in
turbidity from 80 to 40 NTU.
For both FS1 and FS2, an increase in turbidity occurred in
rainy periods, as found by Saraceno et al. (2009), who worked with
high frequency monitoring in situ during short rain. He noticed
that the peak of turbidity occurred 4 hours before the peak of
discharge. A similar response was found by Bieroza and Heathwaite
(2015) who worked with 61 intense rainfall events and used high
frequency monitoring in situ in a watershed with predominant use
of pasture. The authors found that for all heavy rainfall events
there was increased turbidity with the magnitude varying according
to the gradient of heavy rain, ranging from 2 to 5 orders.
The values of turbidity of FS2 showed higher values
than those of FS1, both in dry and rainy periods (Figure 5F),
a fact that can be attributed to the difference of land use and
occupation of each fluviometric section. FS2 is influenced by
two urbanized areas, which consequently have suppression of
vegetation and bare soil for engineering works. Additionally, there
is agricultural activity, which involves activities with the soil such
as non-perennial crops and livestock that increase soil compaction
and reduces rainwater infiltration. Due to exposed soil and larger
areas waterproofed from urbanization, there is an increase of
superficial runoff with particle entrainment causing the increase
of turbidity of the water of FS2.
The study by Esteves, Lôbo and Hilsdorf (2015) in a humid
area in Brazil showed that the condition of the river is affected
by land use within a sub-watershed. The average turbidity found
in areas of native or secondary forest was 16.27 and 14.60 NTU,
respectively. In areas of pastures and eucalyptus planting, the
values increased significantly, 61.67 and 31.31 NTU. In preserved
areas, which is most of FS1, turbidity values were lower

than in
areas used for agriculture as in the case of FS2.
The dissolved oxygen of FS1 in the lower and upper limits
were slightly enlarged during rainy periods (Figure 5G), and an
increase in Q3 from 9.10 to 9.25 mg.L–1. The median was also
increased between the dry and rainy periods.
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This expansion of the minimum and maximum dissolved
oxygen found in FS1 in the rainy period has the same behavior
found by Moraetis et al. (2010) who observed the changing of
the amplitude of the dissolved oxygen through high frequency
monitoring after the heavy rainfall events. The concentration
gradually increased after the rainfall.
The increase in the concentration of dissolved oxygen
can be attributed to the increase of turbulence in the river flow,
while the decrease in concentration can be caused by oxidation of
organic matter. There is increased organic matter decomposition
upstream of FS1, which may have undergone oxidation in water
and decreased the concentration of dissolved oxygen. Chiba de
Castro, Cunha-Santino and Bianchini Junior (2013) reported that
having changes in the ecosystem that increase the availability of
nutrients would reduce the availability of dissolved oxygen.
In FS2, the dissolved oxygen showed opposite behavior,
decreasing their lower limits, from 7.1 to 8.0 mg.L–1, and higher
in the rainy period compared to the dry, although no statistically
significant difference was detected (Figure 5G). FS2 has more
oxygenate than FS1 for both rainy and dry periods.
Saraceno et al. (2009) evaluated the water dynamic of
the surface in an agricultural watershed over a four-week period
containing rain events of short duration. They showed that the
dissolved oxygen has a diurnal variability in the pre and post event,
even with low concentrations during the rainy period. Similar
behavior was expected for FS2, as mentioned in the study, which
also has agricultural contribution.
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