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The ‘decoada’ phenomenon effect on the Paraguay river water
quality, Northern Pantanal

In the Pantanal, during the beginning of the flooding hydrological phase occurs a natural phenomenon called ‘decoada’. Characterized by the water quality
alteration of the rivers, in floodplain areas and marginal lagoons, with the possibility of significant fish mortality, depending on the changes’ magnitude. For this
purpose, throughout a hydrological cycle (July 2018 to June 2019), precipitation, bathymetry and water quality were monitored monthly, in 6 sampling points, to
determine, the moment, duration and intensity of the decoada, and its effects on water quality in the Paraguay River, northern Pantanal, near the municipality of
Caceres/MT. The dissolved oxygen (DO) concentration was used as an indicator, in which DO < 3.0 mg/L, during the flood season, was considered indicative of the
potential event occurrence. According to the records, there were different hydrological periods, where the flooding and high waters presented DO values lower
than in the dry and ebb phases, with a drastic change from October 2018 (DO = 6.37 + 0.17 mg/L) to November 2018 (DO = 2.78 + 0.05 mg/L), registering, therefore,
in all points, low-intensity decoada. The DO values remained below 5 mg/L, the maximum limit allowed by CONAMA Resolution 357/2005 for class Il rivers. From
November 2018 to April 2019 in all sampling points, the minimum value was recorded in March 2019 in the bay, with DO = 1.84 mg/L, considered a medium level
decoada. The principal component analysis (PCA), proved the results difference of decoada found in the river and the bay, presented with greater intensity and
duration in the bay. The parameters that influenced the decoada, according to the PCA, were pH, temperature, precipitation, turbidity and DO.

Keywords: Dissolved Oxygen; Hydrological Periods; Floodplain.

Efeito do fendmeno ‘decoada’ na qualidade da dgua do rio Paraguai,
Pantanal Norte

No Pantanal, destaca-se a ocorréncia de um fendmeno natural denominado regionalmente como ‘decoada’, que ocorre durante o inicio da fase hidroldgica de
enchente. Caracterizado pela alteragdo da qualidade da agua dos rios, em suas areas de planicie de inundagdo e em suas lagoas marginais, podendo ocorrer
expressivas mortandades de peixes, dependendo da magnitude das alteragdes. Para tanto, ao longo de um ciclo hidrolégico (julho/2018 a junho/2019), foram
monitorados mensalmente, em 6 pontos de amostragem, a precipitagdo, batimetria e qualidade da agua, com o objetivo de determinar, o momento, duragdo e
intensidade da decoada, e seus efeitos na qualidade da dgua no rio Paraguai, Pantanal Norte, préximo a cidade Caceres-MT. A concentragdo de oxigénio dissolvido
(OD) foi utilizada como indicador, em que OD < 3.0 mg/L durante a época de inundag3o foi considerado indicativo de ocorréncia potencial do evento. De acordo
com os registros, verificou-se periodos hidrologicos distintos, onde a enchente e cheia apresentaram valores de OD inferiores a estiagem e vazante, havendo uma
mudanga drdstica de outubro/2018 (OD = 6.37 + 0.17 mg/L) para novembro/2018 (OD = 2.78 + 0.05 mg/L), registrando, portanto em todos os pontos, decoada
considerada de intensidade nivel baixo. Os valores de OD, permaneceram abaixo de 5 mg/L, limite maximo permitido pela Resolugdo CONAMA 357/2005 para rios
classe 11, de novembro/2018 até abril de 2019 para todos os pontos de amostragem, registrando o seu valor minimo em margo/2019 na baia, com OD = 1.84 mg/L,
considerada uma decoada de nivel médio. A andlise de componentes principais (PCA), comprovaram a diferenga dos resultados de decoada encontrados no rio e
na baia, que se apresentou com maior intensidade e duragdo na baia. Os parametros que influenciaram a decoada, segundo a PCA, foram pH, temperatura,
precipitagdo, turbidez e OD.

Palavras-chave: Oxigénio Dissolvido; Periodos Hidroldgicos; Planicie de Inundagdo.
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INTRODUCTION

In the Mato Grosso Pantanal, annual and interannual dry and flooding cycles (flood pulse) are an
important hydrological phenomenon for the ecological functioning of this floodplain, playing a role in
controlling the structure and functioning of these ecosystems (JUNK et al., 1989). The maintenance of an
initial succession state in this floodplain, as a result of constant renewal through periodic flooding, favors
high productivity (JUNK et al., 1989). The flood pulse, then, is the main factor that regulates the functioning
of rivers with floodplains, influencing the hydric, biogeochemical and ecological dynamics (JUNK et al., 1989;
ALHO, 2011; GONCALVES et al., 2011).

The hydro-ecological processes that occur in the vast area of river-plain interaction form a natural
limnological phenomenon regionally called “decoada” (CALHEIROS et al., 1997). This phenomenon occurs
during the beginning of the flooding phase, when the rising waters towards the floodplain areas receive the
organic matter in decomposition from the previously flooded environments, causing a rapid oxygen
reduction and an increase in dissolved carbon dioxide (OLIVEIRA et al., 2013; ANDRADE et al., 2015).

Studies carried out on the Paraguay River plain by Hamilton et al. (1995); Calheiros et al. (2000),
Calheiros et al. (2010) observed that in the “decoada” phase there is a series of natural transformations in
water quality, in its physical, chemical and biological parameters, as a result of the initial interaction between
water in the flooded area, soil and vegetable biomass previously dried.

As the water overflows the river channel and goes into contact with the floodplain, submerging soil
and vegetation in the initial phase of the flood, the processes of decomposition of the newly submerged
organic material, mainly grasses of easy decomposition, begin to occur. Given this scenario, the
decomposition processes are favored and enhanced by the high summer temperatures, also the period of
flooding in the Pantanal (CALHEIROS et al., 1998; CALHEIROS, 2003). This activity is very intense that the
organic matter oxidation by bacteria can consume all the dissolved oxygen (DO) in the water column,
gradually turning the environments hypoxic or anoxic and releasing free carbon dioxide (free CO2)
(HAMILTON et al., 1995; ANDRADE et al., 2015).

Besides, as a result of the intense decomposition, there is a change in the physical and chemical water
parameters (water transparency, hydrogen potential, electrical conductivity, dissolved gas concentration -
oxygen, carbon dioxide and methane, nutrients - nitrogen, carbon and phosphorus, and suspended material)
(CALHEIROS et al., 1996). This phenomenon influences the nutrients cycling (biogeochemical cycles) and the
energy transfer between the links of the trophic chain, which are the factors that mediate the interactions
between terrestrial and aquatic environments in flooded areas (SILVA, 2007). All these interrelationships
promote the occurrence of the natural phenomenon of water quality deterioration (decoada), capable to
cause fish deaths, according to its magnitude (Ferraz de Lima et al., Sd; Resende et al., Nineteen ninety).
Limiting, for instance, fishing, given that fish species suffer respiratory stress (CALHEIROS et al., 2000)
reducing feeding, consequently affecting the fisheries.

This phenomenon occurs across the floodplain and gradually moves through the downstream
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drainage system. After this initial phase of large nutrients availability and ions, as the result of decomposition,
the tendency is the system gradually use such compounds, through self-purification, to improve the
ecological water quality and return to the natural conditions of each aquatic ecosystem (CALHEIROS et al.,
2000; OLIVEIRA et al., 2013; ANDRADE et al., 2015).

The decoada is described mainly in areas of the southern Pantanal, due to the gradual and water
slow flow from the Paraguay River. In areas of the northern Pantanal, this phenomenon was represented as
low intensity (OLIVEIRA et al., 2013). However, even at low intensity, this phenomenon alters water quality
standards, intrinsic to human bathing, reducing the oxygen concentration, pH, as well as altering other
variables such as the CO2 which increase in the water culminate in fish mortality. The CONAMA Resolution
standards, for instance, limit the oxygen concentration at the minimum of 5 mg/L and the pH between 6 and
9.0 to be considered as of quality for uses in a) supply for human consumption, after conventional treatment;
b) the protection of aquatic communities; c) the primary contact recreation, such as swimming, water skiing
and diving, according to CONAMA Resolution n2 274, of 2000; d) irrigation of vegetables, fruit plants and
parks, gardens, sports and leisure fields, with which the public may come into direct contact; and e)
aquaculture and fishing. (Class Il - CONAMA Resolution no. 357 for freshwaters).

In this aspect, considering the need to expand knowledge about the effects of the flood pulse in the
northern Pantanal and the effect of the decoada on the physical-chemical parameters, this research aims to
determine the decoada time, duration and intensity, and its effects on environmental quality in the Paraguay

River, near the municipality of Caceres-MT.

METHODOLOGY
Study area

Inserted in the Upper Paraguay Basin (BAP), the Pantanal biome represents the largest continuous
floodplain on the planet, with an area of about 140 thousand km? (SILVA et al., 1998; BRASIL, 1997). The
Pantanal plain comprises, in general, areas below 200 meters of altitude, which directly depend on
interactions with the plateau region, located around the Pantanal (SILVA et al., 1998).

The Paraguay River, in turn, is one of the main lowland rivers in Brazil (ZANI et al., 2008) and the main
former of BAP. Its headwaters are located on the slopes of the Serra dos Parecis in the northern region of the
state of Mato Grosso, flowing towards the south to the confluence with the Parana River in the region of
Corrientes, Argentina (CARVALHO, 1986).

The study area of the present work corresponds to a Paraguay River section, close to the municipality
of Caceres-MT, this segment is located between the geographical coordinates 16°3’32.00” and 16°4’21.00”
of latitude south and 57°41729.00” and 57°41'59.00” of west longitude. Six sampling points were defined in
this urban section of the Paraguay River (Figure 1), where four points were in the main channel of the

Paraguay River and two points in an oxbow-lake in the urban area border.
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Figure 1: Study area location and the monitored points on the Paraguay River, around the urban area of Caceres (MT),
with P1 and P2 located in the bay and P3-P6 on the main channel of the Paraguay River.

The municipality of Caceres has a population estimated by the IBGE, in 2019, of 94376 inhabitants
and is located on the left bank of the Paraguay River. Several economic and social activities depend on this

river, such as fishing, leisure, tourism, bathing, livestock and public supply.

Methodological procedures

For this research development, in addition to the water quality, the occurrence of rainfall in the
region and its influence on the water flow was evaluated. These measurements and analyses allow the
correlation the hydrological periods of the year with the possible occurrence of the decoada, whose methods

are detailed below.

Precipitation check

The monthly data of precipitation, from the automatic meteorological station in the municipality of
Caceres-MT, code no. 01657003, located in the geographical coordinates Latitude: -16.0747402 and
Longitude: -57.6930479, available in the HidroWeb application of the National Water Agency (Agéncia

Nacional das Aguas - ANA) were used. This station was chosen due to its proximity to the sampling points.

Vazdo (Q)

In the field, to obtain the speed values, the MLN 7 - 200.09.15 fluviometric windlass was used,
measured at different points of the transversal and vertical sections, at 20, 50 and 80% of the depth found.
The width was obtained through satellite images, with the date closest to the day of collection. For depth,
the GARMIN echomap 50s sonar was used. The variables obtained to verify the channel hydrodynamic
behavior of the were determined and measured according to Cunha et al. (2009):

W — Width (m)
D — Depth (m)
S —Speed (m/s)
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A — Area of wet section (m?)
F - Flow (m3/s)
Therefore, the area of wet section (A) is the product of the W x D ratio (A = W x D); the flow is the

product between Sx A (F=AxS).

Water quality

Regarding the water quality monitoring, at the sampling points, a multiparametric probe Hach HQ40
was used to measure in the field the dissolved oxygen (mg/L), electrical conductivity (um/s), water
temperature (° C) and pH. Continuously, the calculation of the average value was carried out based on the
three measures executed subsequently. The turbidity parameter (NTU) was also measured in the field, using
a portable Policontrol Turbidimeter, model AP 2000.

For the suspended solids (SS) determination of each sampling point, water was collected in plastic
bottles of 1 L, stored in refrigeration, which were later sent to the Laboratory of Research and Studies in
Fluvial Geomorphology - LAPEGEOF of the State University of Mato Grosso-UNEMAT/Caceres-Mato Grosso,
Brazil, and was analyzed by the evaporation method. For the analysis of this parameter, the integrated

collection was made in the entire water column using a Van Dorn bottle.

Sampling period and data processing

Sampling was performed monthly between July 2018 and June 2019 at six points, totalling 12
collections. For a better results understanding, the data obtained were separated by collection points (P1 to
P6), by environment type (river and bay), hydrological period (dry, flooding, flooded and ebb), as elaborated
by Oliveira et al. (2000) in prep and with or without decoada (DO <3.0 mg/L with decoada, and >3.0 mg/L
without decoada), according to the classification prepared by Oliveira et al. (2013). Subsequently, the T-test
was used to compare treatments and statistical significance (p <0.05) to perform correlations and linear
regression. All statistical tests were performed using the Office Package (Excel 2016) and the software PAST
3.0 (HAMMER et al., 2001). As a method of samples ordination, the decoada presence or absence, the

Principal Component Analysis (PCA) was applied, using the Euclidean distance, performed in PAST 3.0.

RESULTS AND DISCUSSION

The rainfall in the northern Pantanal in the period of this study had a total of 1212.8 mm, with an
average of 101.1 + 109.8 mm, close to that found by Neves et al. (2012) and Buhler (2011) for the same
location. However, these authors found the highest monthly rainfall between December, January and
February, differently from what was found in this study, where October presented the highest rainfall, with
330.4 mm (Figure 2).

There was no statistically significant relationship between monthly precipitation and the average
flow of the points of the Paraguay River (p> 0.05) and bay (p> 0.05). This fact is due to the low slope of the

BAP, which causes a slow flow, first filling the main river channel, and then the bay (Brazil, 1979). In this way,
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precipitation does not immediately influence the flow, as verified in the month of September, that rained

161.6 mm, higher than the expected for this month. According to Neves et al. (2012) the expected

precipitation for this month is 50.96 mm, however not showing a considerable flow increase, compared to

the previous month (August), increasing considerably in the subsequent month (October), affecting more the

points located on the Paraguay River, which had an average 140.2% of flow increase.
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Figure 2: The average flow of the bay (P1 and P2; dotted lines) and river (P3, P4, P5 and P6; dashed line) in the study
period, and the average rainfall of each month (bars).

When analyzing the average dissolved oxygen at the sampling points according to the seasonal

periods (Figure 3) and between bay and river (Figure 4), it is observed that the flooding and the flooded

periods show lower values of dissolved oxygen than in the dry and in the ebb periods, meeting the research

previously prepared for the Brazilian Pantanal (BASTVIKEN et al., 2010; CALHEIROS, 2003; HAMILTON et al.,

1995). These authors report that the average DO concentration of the Paraguay River is above 5 mg/L, but

reach values lower than 3.0 mg/L during the high-water period (flooding/flooded). And that, the oxygen

concentrations in marginal bays can reach anoxia, therefore confirming that the annual decoada events occur

during the flooding and flooded periods in the northern Pantanal, particularly around Caceres.
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Figure 3: Dissolved oxygen dynamics in the sampling
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periods of the northern Pantanal.
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Oliveira et al. (2013) proposed a classification related to the intensity level of the decoada,
considering dissolved oxygen, where, high intensity: it is when the observed DO concentration was less than
or equal to 1.0 mg/L, average: when DO was between 1.0 and 2.0 mg/L and low: when DO concentration was
between 2.0 and 3.0 mg/L.

The dissolved oxygen demonstrated that for 12 months (between 2018 and 2019) there was no
significant difference between the sample points (P1 to P6) (p> 0.05). However, the months were quite
different, with drastic changes from one month to another, particularly between October and November.
The average dissolved oxygen of the points was 6.37 + 0.17 mg/L in October, while in November the oxygen
was 2.78 + 0.05 mg/L (Figure 05), characterizing the “decoada”, with an intensity level considered low,

according to classification elaborated by Oliveira et al. (2013).

Jul-18  Aug-2018 Sep-2018 Oct-2018 Nov-18 Dec-2018 Jan-19 Feb-2019 Mar-19 Apr-2019 May-2019 Jun-19
Sampling Period

[l 0o say M Dissolved Oxygen (mg/L)

Figure 2: Dissolved oxygen dynamics in the bay and river during the study period. Intensity of decoada events, were
defined according to elaborated by Oliveira et al. (2013), considering the minimum DO concentration in the water, as
high (DO < 1.0 mg/L) = red color; medium (DO between 1.0 and 2.0 mg/L) = yellow and low (DO> 2.0 <3.0 mg/L) =
green color. The limit established by CONAMA, for class Il rivers, of 5.0 mg/L (black color) was also considered.

The Paraguay River had an average dissolved oxygen of 5.33 + 1.87 mg/L, while the bay had average
oxygen of 4.75 * 2.15 mg/L. In the comparison between river and bay, no statistical differences were
observed (p> 0.05). However, when we consider only periods when oxygen was below 3 mg/L, in bay
locations, this variable was 17% lower than in the Paraguay river (T-test; t = 2.29; p <0.05). The number of
DO records <3.00 mg/L, was higher in the bay (n = 7) than in the river (n = 5), occurring in the months of
November, January, March and April in the bay; and only in November and March on the river.

The non-occurrence of decoada in the months of flooding and flooded phases may be related to
rainfall below the expected average for November (147.04 mm), December (213.61 mm) and January (244.94
mm), raining above the expected average only in February (198.92 mm) according to the work carried out by
Neves et al. (2012).

During these months the average was 49.4 mm in November, 96.2 mm in December and 135.2 mm
in January. This fact may have caused an increase in oxygen levels in December, January and February in the

Paraguay River channel. Subsequently, rainfall above the average (268 mm) occurred in February, reflected

Revista Ibero-Americana de Ciéncias Ambientais Page | 618
v.11-n.5 ¢ Agoa Set 2020



The ‘decoada’ phenomenon effect on the Paraguay river water quality, Northern Pantanal
MENEZES JUNIOR, M. Q.; OLIVEIRA JUNIOR, E. S.; SOUZA, C. A.

in the lowest value of dissolved oxygen registered in this work, in March (1.84 mg/L), for the point P1 (bay),
registering, therefore, an event considered of medium intensity, not yet registered for the Pantanal Norte,
particularly by Oliveira et al. (2013). It can be inferred, therefore, that higher average rainfall may increase
the intensity of the decoada in this region.

The decoada event continued in April, only in the bay (DO = 2.26 mg/L). In the Paraguay River, the
only point that registered the phenomenon, in addition to November, was P6, with 2.94 mg/L in March,
probably due to receiving water from the marginal bay (Figure 1). The SEMA (MOTO GROSSO, 2018), when
monitoring the Paraguay river water quality in stretches upstream and downstream in Caceres/MT, also
found higher values for DO in the dry and lower values in the flooded periods, with a record of 1.61 mg/L in
March 2017, denoting the regularity of this event, and again, the lowest value found in March.

When comparing the results with the CONAMA Resolution n2 357/2005 standards for Class Il rivers,
all points analyzed in this study showed values below the recommended (minimum limit of 5 mg/L for DO),
in the months between November and April. Oliveira et al. (2013), mapping and describing the decoada
events areas in the Pantanal, reported that in the north of the Paraguay River, the decoada was less
expressive, of low intensity (DO> 2 < 3 mg/L) and short duration (1 to 2 months) and usually at the end of the
rainy season, between February and March. However, as seen in this work, this event can occur with medium
intensity, and, depending on the rain, it can start in November and last more than 2 months.

A negative relationship was observed between the values of water temperature and dissolved
oxygen (Figure 6, R? = 0.32; p <0.05), which presented mean values of 27.36 + 2.22 °C, with a minimum value
of 22.12C in July and maximum 31.22C in October. The values above the average were between the months
of September and April, supporting the Bastviken et al. (2010) predictions: the high temperatures,
characteristic of the time of the beginning of the flood, can affect the solubility of oxygen in the water,

decreasing further this gas availability.
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Figure 6: The relation between DO and temperature at the sampling points. (P1 to P6) from July 2018 to June 2019.
The line denotes the negative relation trend.

The decoada period identified also shows a reduction in pH values and an increase in turbidity values
(Figure 7). Although there is no significant difference between the sampling points and seasonal periods for

these two variables, it is noted that the oxygen reduction in water was negatively related to the increase in
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pH values (Figure 8; R = 0.37; p <0.05).

The pH values in October and November were the lowest of the entire period studied (5.04 and 5.61,
respectively), below recommended by CONAMA/357 (between 6 and 9 for class Il rivers). This fact may be
correlated with an increase in dissolved carbon dioxide (free CO2) and methane, as well as nutrients, with
water acidification (CALHEIROS et al., 1998; HAMILTON et al., 1997; OLIVEIRA et al., 2013). During the
subsequent months, the pH increased from 5.04 to 7.48, which may be due to the increase in electrical
conductivity in this period (data not shown).

The turbidity showed an average of 24.25 + 8.88 NTU at the analyzed points. It should be noted that
October and November registered the maximum values of turbidity for all sampling points, which may be
associated with the large volume of rain in October (330.4 mm). This fact may be linked to the increase in
runoff due to the occurrence of the first rains after months of drought and accumulation of material in the
drainage basin. Although turbidity has not shown a significant relationship with DO, the increase in turbidity
may have contributed to the decoada phenomenon.

Although the turbidity has not reached the maximum limits established by CONAMA resolution
357/2005 (100 NTU), we consider that the slight increase in turbidity may have helped the decoada
phenomenon formation. This implies that a recurring natural phenomenon in the Pantanal affects the
parameters recommended by national legislation, and this particularity must be taken into account when we

highlight the measures for the use and water resources management.
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Figure 7: Turbidity and pH dynamics at sample points The line denotes the negative relation trend.

during the study period.

No statistical difference was found between the DO parameters and suspended solids (p> 0.05),
which had an average concentration of 40 + 7.86 mg/L throughout the study period. However, it is worth
mentioning a higher concentration of suspended solids in the months of August, September and October for
the point P2, which may be associated with domestic sewage, released in the Paraguay River, through the
Sangradouro stream. The input of water from an urban stream in a bay does not dilute completely, even
during periods of high waters, which can further aggravate the occurrence of the decoada. During the low
water months, the increase in the concentration of solids from the stream does not cause the phenomenon

due to the high concentrations of oxygen in this region (> 5 mg/L).
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When performing the principal component analysis (PCA) of the river and bay, to visualize the
arrangement of parameters that influenced the decoada phenomenon, axes 1 and 2 of the bay and river can
explain 71.22 and 69.82% respectively, and can be visualized in Figures 9 and 10. Regarding the PCA, it is
noticed that the data in the river, belong to the group without decoada, however, when analyzed in the bay,
it was verified that part of the decoada group is outside the larger group (without decoada), is distinct. The
parameters that showed a relationship with the decoada were pH, temperature, precipitation, turbidity and

dissolved oxygen.

Dissolved Oxygen Suspended Solids

_Component 2
=4
5

-2.
-30 25 20 15 0 05 00 05 10 15 2 s 0 o5 00 05 10 15 20
Component 1 Component 1

Figure 9: PCA demonstrating the parameters and its
ordering that influenced the bay ‘without decoada’ and
‘with decoada’ groups. The green lines represent the
parameter ordering (in blue) in two data groups (gray)
‘without decoada’ (DO> 3 mg/L) and ‘with decoada’ (DO
<3 mg/L).

Figure 10: PCA demonstrating the parameters and its
ordering that influenced the river ‘without decoada’ and
‘with decoada’ groups. The green lines represent the
ordering of the parameter (in blue) in two data groups
(gray) ‘without decoada’ (DO> 3 mg / L) and with ‘with
decoada’ (DO <3 mg/L).

CONCLUSIONS

The natural phenomenon decoada interferes directly in the water quality of the Paraguay River,
which must be very careful when carrying out analyzes under the CONAMA Resolution 357/2005 and Water
Quality Index (IQA) because the low concentrations of DO are not the anthropic activities results, but a
natural phenomenon that occurs in the Pantanal during periods of high water. The definition of the decoada
period depends, mainly on the precipitation and the increase in the river level (flood pulse), which the months
that are subject to this phenomenon, in the studied area, are from November to April.

There were no decoada records considered high level, as found in the southern Pantanal, where DO
can reach anoxia, having the potential to cause significant fish mortality. However, as seen in this work, this
event can occur with low and medium intensity. The results showed that the decoada phenomenon
presented itself differently in the bay and the river, with greater numbers of events and intensity in the bay,
mainly due to the lower water flow renewal in this channel.

Finally, it is worth highlighting the importance of continuing this study, since the evaluation of the
watercourses’ quality is extremely important, and should be tested, according to the particularity of each
hydrographic basin, to propose appropriate measures for environmental and water resources management.

In this way, we consider that the decoada phenomenon in the Pantanal affects the water quality in
the parameters recommended by national legislation. Its occurrence is not continuous and is mainly initiated

by the sudden rainfall increase. The occurrence is noticed mainly in marginal bodies with slower flow rates.
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The parameters tend to return to normal between 3 and 4 months after the first signs. Thus, we consider

that the natural decoada phenomenon, even in low intensity, it significantly affects the water quality

according to the parameters used for bathing in the national legislation.
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