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ABSTRACT

Water bodies located in urban centers are continuously polluted by different sources. Even so, its waters are used for various human
activities. Palmeiras Lagoon Beach, located in the city of Cabo Frio (RJ), is an aquatic environment that serves as diluent of
wastewater from urban activities and, for this reason, it has become essential to attest its quality. The aim of this work was to
measure the physicochemical parameters of that water. The inspections were carried out during the daytime, considering their
seasonal variation from December 2018 to October 2019. Therefore, the waters that entered the beach, coming from the sea, and
those from Araruama Lagoon were taken as the body of study. These analyses were performed by means of a multiparameter probe
consisting of three sensors: DO/temperature, EC and pH /ORP. The results found were compared to CONAMA regulation n°® 357/05,
class | for saline water. The monitoring showed that the highest temperatures were observed in two places called points J and P. The
pH has varied unduly at these points. Both sites are used for waste dumping in the lagoon. The data showed that EC, TDS and
salinity reported direct proportional correlation, a result confirmed by Pearson's correlation. It was observed at point J that the DO
values deviated from the parameter value. It was concluded that the monitoring carried out in this period made it possible both to
trace the seasonal influence on the analyzed parameters and the interference of the residues released in these waters.

Keywords: Palmeiras Lagoon Beach, Seasonal monitoring, Water quality.

Monitoramento dos aspectos fisico-quimicos da qualidade da agua na Praia Lagunar das
Palmeiras (Rio de Janeiro)

RESUMO

Os corpos hidricos localizados em centros urbanos sdo gradativamente poluidos por distintas fontes. Ainda assim, suas aguas sdo
utilizadas para diversas atividades humanas. A Praia Lagunar das Palmeiras, localizada na cidade de Cabo Frio (RJ), é um ambiente
aquatico que tem servido como diluente dos residuos oriundos das atividades urbanas e, por essa razdo, tornou-se essencial atestar a
sua qualidade. Portanto, objetivou-se aferir pardmetros fisico-quimicos da referida agua. As inspe¢des foram realizadas no periodo
diurno, considerando a variagdo sazonal no periodo de dezembro de 2018 a outubro de 2019. Para tanto, tomou-se como corpo de
estudo as aguas que adentram a praia, advindas diretamente do mar, e as provenientes da Lagoa de Araruama. Essas analises foram
realizadas por intermédio de uma sonda multiparametros, composta por trés sensores diferentes: OD/temperatura, CE e pH/ORP. Os
resultados encontrados foram confrontados com a regulamentagdo do CONAMA n°357/05, classe | para 4gua salgada. Com o
monitoramento observou-se a temperatura mais elevada em dois locais denominados como pontos, J e P. O pH sofreu uma variagdo
indevida nesses pontos. Ambos os locais sdo utilizados para langamento de residuos na laguna. Os dados mostraram que CE, STD e
salinidade apresentaram correlacdo diretamente proporcional, resultado confirmado pela correlagdo de Pearson. Observou-se no
ponto J que os valores de OD se afastaram do valor parametro. Concluiu-se que o monitoramento realizado nesse periodo possibilitou
tanto tracar a influéncia sazonal nos parametros analisados quanto a interferéncia dos residuos langados nessas aguas.

Palavras-Chaves: Praia Lagunar das Palmeiras, Monitoramento sazonal, Qualidade da agua.
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1. Introduction

Water is a primordial substance for living beings' existence, being substantial in the life of man,
animals, and vegetables. For these beings' subsistence, they use the water for several purposes (Souza et al.,
2014). It is possible to list its applications in small and large crops, animal husbandry, power generation,
culture, art, and leisure in society. Besides being essential to life, this substance is also the most expressive
and fundamental component, quantitatively, in the human body's composition (Brito, Silva, and Porto, 2007).

Besides waters classified as sweet, there are also brackish and salt waters. Thus, the brackish waters
are classified by the high content of dissolved substances, being their salinity superior to sweet and inferior
to salt. The freshwaters have salinity lower than 0.5 parts per thousand. However, salty waters' composition
for a high dissolved salt content gives them salinity equal or superior to 30 parts per thousand (BRAZIL,
2005).

Salted waters are of great importance for several peoples' social, economic, and cultural development,
being a historical-cultural and natural heritage (Mendes, Souza e Silva, 2016). In the economic sphere, these
waters generate income through tourism (Ahmad et al., 2018) and contribute to local aquaculture (Bertucci et
al., 2016). Given the importance of water for maintaining life on earth, it is necessary to preserve its
physical, chemical, and biological parameters (Silva, Angelis, and Machado, 2008).

The aquatic system, on which the current study focuses, is used to dilute effluents generated through
anthropic activities. Its waters are intrinsically related to fishing activity, with small and medium boats.
Besides, there are other essential characteristics of Araruama Lagoon, such as the collection of invertebrates
in mangroves, shell extraction; salt extraction; recreation; sports; leisure, navigation, and tourism (Bidegain;
Bizerril, 2002).

Water bodies in urban centers are the most vulnerable to anthropic activities. Historically, they are
recipients of any waste through human activities. For this reason, they are sources of contamination and
pollution of water resources (Archela et al., 2003). Studies to diagnose the quality of these urban waters are
of utmost relevance. Thus, it is possible to verify the changes in these environments and promote actions to
minimize the impacts generated in these aquatic ecosystems (Cordeiro et al., 2016).

Araruama Lagoon is a water system in an urban center. This ecosystem is a lagoon since it maintains
restricted communication with the sea, and its waters are salty, hypersaline (Farion, 2007). Given the
vulnerability of urban ecosystems, Araruama Lagoon was the study system chosen in this article. This
waterbody on the east of the state of Rio de Janeiro/Brazil, in the Costa do Sol State Park (Bertucci et al.,
2016), with 220 km2 (Kjerfve et al., 1996), is the lagoon has high salt content (Souza; Azevedo, 2020).
Figure 1 represents the Araruama Lagoon and the six municipalities bathed by this water body: Saquarema,
Arraial do Cabo, Sdo Pedro da Aldeia, Iguaba Grande, Araruama, and Cabo Frio. Its body of water is an
important tourist place, besides being responsible for a vast fishing activity (Bidegain; Bizerril, 2002).

Figure 1- Araruama Lagoon

lguaba-Grande
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The Itajuru Channel, Praia do Sigueira and Praia Lagunar das Palmeiras, located in the city of Cabo
Frio, receive the waters originating from its water body. The Canal do Itajuru is the only propitiator of water
exchange between the lagoon and the sea (Carvalho, Costa, and Rosa, 2018).

Although Palmeiras Beach's waters for bathing attract fishing boats in search, mainly of crab and
shrimp (Pereira, 2007), many fishers use its waters for fishing, moving the city's economy. However, the
Lagunar das Palmeiras beach is one of the points where one can observe the accumulation of algae and the
foul smell from sewage disposal.

For the Araruama Lagoon's full extension, there is only one channel responsible for exchanging its
waters, the Itajuru Channel. Thus, any pollution, punctual or not, becomes worrisome since any change can
cause irreversible impacts throughout the ecosystem. Often, effluents' emission occurs clandestinely and
worsens this water resource type (Ferreira, Lourdes, and Cunha, 2005).

Urban lagoons are of great importance for many people's economy, culture, and leisure (Sales, 2005).
Anthropic activities daily influence these aquatic ecosystems since they are used mainly as receiving bodies
for effluents generated by human activity. Cabo Frio is a tourist city that, in high season, more people
circulate by the banks of the lagoon, contributing to the contamination of its waters, destining to water body
the disposal of various debris in the environment, in addition to the excess generation of sewage (Bertucci et
al., 2016).

Given the above, water quality monitoring is of great relevance since every lagoon's ecosystem is
deteriorated with the emission of sewage, besides organic and inorganic sediments, pesticides, and heavy
metals (Silva et al., 2003). These pollutants come from the rainfall systems that, in the long run, can cause
irreversible damage to the whole ecosystem of the lagoon. Considering the urban growth in recent years and
even creating a shopping mall on the shore of Palmeiras Lagoon Beach, it is necessary to continually
evaluate the amount of dissolved oxygen (DO) (Lactec, 2009).

Some critical parameters to certify the quality of water are 1) dissolved oxygen (DO); 2) hydrogen
potential (pH); 3) electrical conductivity (EC); 4) temperature; 5) total dissolved solids (TDS); 6) turbidity
and 7) salinity (Alam et al., 2007). Through these parameters, it is possible to infer whether a particular
water system complies with the legislation. In this case, the National (Brazil) Council of the Environment
(CONAMA) dictates resolutions that govern environmental quality control standards, such as air quality and
noise pollution, waste management and hazardous products, and water quality (Vargas et al., 2015).

Oxygen gas (O-) - like the other gases present in the atmosphere - dissolves in water. DO allows
aerobic species to survive in aquatic environments. Therefore, any change in the water that interferes with
the DO concentration can negatively influence marine species' lives. Salinity and temperature are examples
of properties that influence this parameter (Silva et al., 2017). They DO still control the oxidation and
decomposition devices of organic matter. As this compound finishes, the oxidation process changes its rates
(Spiro; Stigliani, 2009).

Electrical conductivity is intrinsically related to the number of dissolved solids in water, capable of
conducting an electric current. Cruz reports that EC is related to the electrically charged particles dissolved
in water and can vary according to temperature and pH (Cruz et al., 2007, apud Buzelli, G. M; Cunha-
Santino, M. B, 2013).

Temperature is a parameter that directly influences the concentration of dissolved gases in water and
regulates the chemical, physical, and biological characteristics of a water system. Moreover, it directly
interferes with living species' survival in its interior (Manjare, Vhanalakar, and Muley, 2010). Ponds in urban
areas are also diluents of effluents originating from anthropogenic actions, and, therefore, measuring
temperature is essential to diagnose whether there is thermal pollution by these effluents (Pirabota et al.,
2017).

CONAMA regulates typical values for pH, oxygen concentration, and turbidity for several classes of
waters. In addition to the parameters mentioned above, several others are - by this council - made available
to serve as a basis for attesting to the quality of water systems (Lucas, Folegatti, and Duarte, 2010).

Because of the above, it is of fundamental importance to monitor water's physical and chemical
parameters to analyze its quality over time (Alves et al., 2008). For this, this work aims to point out the

115



polluting influents of this water resource and then highlight the environmental impacts caused by human
activity in the waters of the Palmeiras Lagoon Beach, to ascertain possible rates between the sampling
positions at the collection site and the interference of seasonal variation in the region (Almeida, 2013).

2. Material and Methods
2.1 Multiparameter recording probe.

The laboratory benches research becomes more straightforward and dynamic with various sensors,
which transform physical, biological, or chemical quantities into electrical quantities. The research analysis
sensors can be individual or combined; thus, it is possible to inspect various parameters quickly and
simultaneously (Sampaio et al., 2013). Besides, probes for static or dynamic monitoring can accompany or
not by the analyst (Hermes et al., 2004).

Figure 2 shows the research instrument for classifying as a combined sensor; this classification comes
from measuring several parameters simultaneously since it has three sensors, such as pH/ORP,
DO/Temperature, electroconductivity (EC) (Nery et al., 2012). With this instrument, it is possible to perform
measurements of pressure, temperature, dissolved oxygen (DO), electrical conductivity (EC), total dissolved
solids (TDS), salinity, pH, and oxireduction potential (ORP) (Bortoluzzi et al., 2019).

Figure 2 - Multiparameter meter for water analysis

Source: Hanna Instruments

The meter is easy to use, easy to calibrate, easy to handle, easy to transport, accessible to power, and
waterproof. Apply the meter for water inspection in rivers, seas, and lakes. To obtain more precise and
reliable results when using this instrument, frequent calibration, and maintenance of all the electrodes that
compose it is essential. The probe's calibration is a fundamental part that precedes the verification procedure
of the various water bodies' standards.

2.2 Palmeiras Lagoon Beach
Palmeiras Beach waters are saline, and the salinity, according to CONAMA, greater than or equal to
30 parts per trillion (ppt) (BRASIL, 2011). This salinity content is a result of the connection that the beach

has with the sea through the Itajuru Channel, being possible to see it in Figure 3, highlighted by the yellow
arrow.
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Figure 3 - The connection of the Lagunar das Palmeiras Beach with the sea

This hydric system is diluent of the waste generated by anthropic activities and the full extension of
the Araruama Lagoon. It is notable, in Figure 4, various points along the Lagunar das Palmeiras Beach,
where there are means of insertion of effluents originated from human activities.

Fir - tgisosal pipes

»s

The research works with fourteen points for the diagnosis of the parameters. We sought to analyze the
fluid at predetermined distance intervals, from one point to another, along a straight line between Anjo Caido
(point A) and Praia do Siqueira (point S), as shown in Figure 5. Executes the inspections from a point
denominated as Z. Figure 5 highlights some of the points where the analyses took place for ten months.
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Points of analysis in Praia Lagunar das Palmeiras

’ ;r'a,.t'l" X
S

Figure 5 -

3.0\

Source: Adapted from Google M%ps (éOle
2.3 Site selection and data collection

The point denominated as Z was the zero point for the data collection. The meeting point between the
straight-line segments that have extremes the Praia do Siqueira and the Canal do Itajuru. In the Siqueira
Beach (Figure 5 - point S in Table 1), on the right, there is the Itajuru Channel, represented by point A. At
the bottom of the image is point J, where discharges part of the effluents from the city's water and sewage
treatment concessionaire. Table 1 shows the coordinates of these points with their respective distances from
Z.

Table 1- Coordinates of the respective inspection points

Distance from

Points point Z Latitude Longitude Depth

A (Anjo caido) 900 m - 22,869307° - 42,030647° 2,26 m
Al 600 m - 22,869587° - 42,033546° 0,59 m

A2 300m - 22,86992° - 42,03646° 0,76 m

Z 0 - 22,870157° - 42,03936° 1,06 m

S4 300 m - 22, 870396° - 42,042294° 1,16 m

S3 600 m - 22, 87069° - 42,04524° 1,11 m

S2 900 m - 22,870956° - 42,04815° 1,07 m

S1 1200 m - 22,871292° - 42,050983° 1,22 m
S(Praia do Siqueira) 1500 m - 22,871628° - 42,053886° 0,83 m
J3 122 m - 22,871256° - 42,03937° 0,89 m

J2 276 m - 22,87265° - 42,03926° 0,70 m

J1 432 m - 22,874057° -42,039173° 0,39m

J 575m - 22,875332° - 42,038857° 0,80 m
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P -22,874064° -42,037604°

Source: Adapted from Portal of National Classifications 2017

The probe allowed measurements of factors such as pH, EC, DO, salinity, and temperature through an
intelligent multisensor with a microprocessor (Multiparameter Meter H19828, 2013). They were executing
the calibration for the monitoring with the probe before each set of analyses and for this purpose, using three
solutions for the pH sensor calibration (4.0; 7.0 and 10.0), one explanation for the electrical conductivity
sensor of 1413 puS/cm, one solution for OD zero, and one solution for ORP of 240 mV.

3. Research Results

3.1 Physical parameters

e Temperature

Temperature is an essential parameter in determining water quality, as this variable influence other
different measurements. During the four seasons of the year (summer, fall, winter, and spring), temperature
monitoring shows that the seasons resulting from atmospheric temperature and climate change - interfered
with this variable during each inspection.

Figure 6 shows the variation by the average temperature on each monitoring day, and it is possible to
analyze that the lowest average temperature occurred in winter and detects one of the highest in summer.

Figure 6 - Average variation of the temperature of the hydric system during the inspections

35,00

30,00

25,00
20,00
15,00
10,00
5,00
0,00

21/12/2018 22/02/2019 23/02/2019 24/02/2019 25/02/2019 26/02/2019
(verdo) (verdo) (outono) (outono) (inverno)  (primavera)

Médias das Temperaturas (°C)

Dias de monitoramento

Source: Authors (2019)

Figure 7 shows the water temperature throughout the analyses. There is a greater volume of effluents
into the ecosystem under anthropogenic activity analysis in points J and P. This waste input may influence
the temperature rise since anthropogenic activities tend to present a higher temperature than those from the
collecting sources (Percebon, Bittercourt, and Rosa Filho, 2005). The effluents discharged into the hydric
systems contaminate the natural waters in several ways, one of which is the increase in the receiving bodies'
temperature. Figure 8 shows the places where the highest average temperature values were detected, points P
and J.
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Figure 7 - Influence of the season on the variation of water temperature
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Source: Authors (2019)

- Figure 8 — Locations (points P and J) with highest av

Ponto P

Fonte: Autores (2019)

Since December 2018 (Table 2), the data obtained observes that the point P and J, the lowest standard
deviation, as the temperature on each monitoring day presented relative values. The high standard deviation
at the other points occurred as the individual temperature values showed increased data dispersion. These
waters are urban waste and contribute to thermal pollution by discharging waste at temperatures higher than
the natural system (Andrade; Felchak, 2009).
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Table 2 — Values of water temperature at the points studied during the analysis.

Data

A

Al A2

z

S4

Temperature (°C)

S

3

S2

S1

S

J3

J2

Ji

J

P

25/12/2018
22/02/2019
25/04/2019
20/06/2019
30/08/2019
25/10/2019
Average
Maximum
Minimum
Standard

Deviation

27,21
28,30
27,43
25,48
23,04
25,41
26,15
28,30
23,04

190 2,02 205

27,13 27,00 27,50
28,70 28,50 27,49
28,30 28,51 29,39
25,23 25,23 25,33
23,53 23,43 22,80
25,21 25,13 26,09
26,35 26,30 26,43
28,70 28,51 29,39
23,53 23,43 22,80

2,26

27,85
27,45
28,09
25,28
23,11
25,77
26,26
28,09
23,11

1,92

27,75
26,90
29,03
25,26
23,55
26,25
26,46
29,03
23,55

28,52
27,20
29,81
2511
23,61
26,23
26,75
29,81
23,61

192 2,26

28,37
27,17
30,01
25,00
23,70
26,21
26,74
30,01
23,70

27,65
27,14
29,89
25,00
23,88
26,42
26,66
29,89
23,88

28,47
27,89
28,22
25,72
22,93
25,20
26,41
28,47
22,93

28,30
27,89
28,24
25,81
22,79
25,05
26,35
28,30
22,79

29,99
29,29
28,29
25,92
22,67
25,24
26,90
29,99
22,67

228 211 218 221 2,79

32,28
30,14
29,66
26,70
29,21
29,84
29,64
32,28
26,70

1,79

a*
31,74
29,95
28,00
27,73
29,46
29,38
31,74
27,73

1,62

a* refers to the point at which no inspection occurred on the day of monitoring.
Source: Authors (2019)

o Conductivity

Conductivity is related to salinity and dissolved solids concentration, i.e., these factors interfere with
each other. The salinity of this water body is high and, therefore, characterized as a hypersaline lagoon,
according to CONAMA. Therefore, conductivity can relate to the number of dissolved salts in the system

(Bannaet al., 2013).

The high EC is closely related to high salinity and thus a high content of dissolved salts. Figure 9
outlines the relationship between conductivity, salinity, and TDS based on these variables' average at each
point in the analyses. In this graph, it is possible to observe that each parameter's maximum and minimum
points are correlated.

Sélidos totais/Condutividade

Figure 9 - Correlation between conductivity, salinity, and dissolved solids.
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Pontos

e Média TDS (ppt) ====Média CE (uS/cm)

Source: Authors (2019)

J3 J2 1

J

P
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Table 3 presents the data at each inspection site during the survey. Observes that the conductivity
values at each point vary greatly from collection to collection, resulting in a high standard deviation. Values
higher than the average conductivity may be associated with effluents' insertion into the water body, which
may be of domestic, commercial, or industrial origin. However, by analyzing Table 3, it is impossible to
infer the points that receive these effluents' contributions since there is no regularity in the measurements.
Even so, the points at Praia do Siqueira presented higher averages than the others.

Table 3 — Variation of the electrical conductivity at the points understudy

Conductivity (uS em™)
Data A Al A2 Z S4 S3 S2 Sl S J3 J2 J1 J P

25/12/2018 66,16 63,55 63,52 70,33 70,20 70,50 72,12 74,34 67,50 70,34 69,90 65,16 63,90 a*
22/02/2019 62,09 63,07 63,31 61,28 61,88 58,77 60,18 60,59 58,25 59,00 59,16 60,73 59,92 62,65
25/04/2019 53,42 59,02 59,15 6550 57,59 63,15 70,73 70,49 69,12 58,77 59,63 60,08 69,42 61,25
20/06/2019 68,48 65,49 65,00 68,12 69,76 69,44 72,00 71,00 71,26 69,60 67,14 64,82 63,04 65,80
30/08/2019 68,31 64,77 64,59 69,14 62,06 72,06 70,57 70,34 79,61 67,63 63,80 64,66 59,79 66,54
25/10/2019 62,98 59,25 57,93 64,09 64,37 64,12 6390 64,29 64,35 62,26 59,15 55,75 57,90 61,11
Average 63,57 62,53 62,25 66,41 64,31 66,34 68,25 68,51 68,35 64,60 63,13 61,87 62,33 63,47
Maximum 68,48 6549 6500 70,33 70,20 72,06 72,12 74,34 79,61 70,34 69,90 65,16 69,42 66,54

Minimum 53,42 59,02 57,93 61,28 57,59 58,77 60,18 60,59 58,25 58,77 59,15 55,75 57,90 61,11

Standard g o) 576 297 341 491 514 499 506 714 525 461 372 413 255
Deviation

a* refers to the point at which no inspection occurred on the day of monitoring.
Source: Authors (2019)

e Total dissolved solids (TDS)

Evaluating the TDS parameter is important because due to the relationship with salinity and
conductivity, suspended or dissolved solids interfere with the water's coloration, interfering with sunlight's
penetration. The high concentration of dissolved solids can negatively influence water quality (Lougon et al.,
2010).

The curves in Figure 10 show a direct relationship between conductivity and TDS. This relationship is
concerning with the literature, which predicts that the amount of dissolved ion is proportional to the electrical
conductivity (Limberger, Moraes, and Woiczekowski, 2017).
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Figure 10 - The linear influence of conductivity and salinity

70,00
65,00 No_/\’/.—‘—\t\,_./‘
60,00

55,00
50,00
45,00
40,00
35,00

30,00 ww

25,00

Salinidade/Condutividade

A Al A2 Z S4 83 S2 81 S J3 J2 J1 J P

Pontos  —e—Média TDS (ppt)
=& Média CE (uS/cm)
Source: Authors (2019)

Figure 11 illustrates the correlation between electrical conductivity and the amount of total dissolved
solids. Obtains this result through Pearson's correlation test, and the correlation coefficient for this data was
0.746. This value indicates a strong correspondence, where these variables have a directly proportional
correlation since the value is positive and more significant than 0.5 (Dalson Filho; Junior, 2009).

Figure 11 - Relationship between EC and STD by Pearson’s test

69,00
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67,00 .
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62,00 = e

61,00
29,00 30,00 31,00 32,00 33,00 34,00 35,00 36,00
STD (ppt)

CE (uS/cm)
°

Source: Authors (2019)
e Salinity

Usually, it expresses the salinity in parts per trillion (ppt); however, it can represent PSU, which
considers the water's electrical conductivity. Although the units are different, both (ppt and PSU) are
equivalent (Souza, 2017); thus, it is possible to relate them directly. CONAMA, in Resolution No. 357/2005,
specifies that, for the water class in this study, salinity should be equal to or greater than 30 ppt (Millero et
al., 2008).

The data in Table 4 observes that all points monitored follow the legislation in force in the six

different inspection days since they indicate salinities more significant than 30 PSU. The lower salinity at
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point J may be an indication of freshwater input. According to Schuindt, Daco, and Oliveira (2018), the
discharge of freshwater effluents into aquatic ecosystems can reduce Palmeiras Lagoon Beach's salinity
value.

Table 4 - Variation of the salinity parameter in the points of analysis

Salinity (PSU)
Data A Al A2 z S4 S3 S2 s1 S J3 J2 J1 J P

25/12/2018 44,86 42,88 42,85 48,10 48,09 47,95 50,00 51,30 45,55 48,09 47,63 43,98 42,92 a*

22/02/2019 41,72 42,31 42,53 41,03 41,58 39,23 40,32 40,57 38,81 39,41 39,50 40,58 40,00 41,87
25/04/2019 35,18 39,31 39,94 43,61 38,35 42,91 48,24 48,11 47,04 39,20 39,84 40,11 38,35 43,80

20/06/2019 46,62 44,49 44,36 46,67 47,64 47,25 49,50 49,51 48,93 47,17 45,68 43,86 42,02 44,90

30/08/2019 47,35 43,88 43,71 47,32 49,60 49,60 48,41 48,23 47,63 40,13 43,20 43,98 39,91 45,12
25/10/2019 42,40 39,62 38,64 43,30 43,54 43,27 43,18 43,45 43,49 41,93 39,60 36,41 38,47 40,84
Average 43,02 42,08 42,01 45,01 44,80 45,04 46,61 46,86 4524 42,66 42,58 41,49 40,28 43,31
Maximum 47,35 44,49 44,36 48,10 49,60 49,60 50,00 51,30 48,93 48,09 47,63 43,98 42,92 45,12

Minimum 35,18 39,31 38,64 41,03 38,35 39,23 40,32 40,57 38,81 39,20 39,50 36,41 38,35 40,84

Star]de}rd 444 217 224 2,77 437 3,89 393 403 366 398 350 305 186 1,89
Deviation

a* refers to the point at which no inspection occurred on the day of monitoring.
Source: Authors (2019)

3.2 Chemical Parameters

e Dissolved oxygen (DO)

The oxygen probe is an oxygen gas-sensitive probe, termed as a probe because it is a complete
electrochemical cell. It consists of an ion-selective electrode, a reference electrode, an electrolyte solution,
and a membrane that separates the internal solution from the solution under analysis (Skoog et al., 2015).

Although on average (Table 5), all points (except two of the fourteen) are with DO concentration
according to CONAMA regulation. Analyzing the dates shows that more points deviate from the established
standard (6 ppm). This parameter's lowest value is in point J, equivalent to 1.94 ppm—understanding that it
uses Points P and J for waste disposal in the lagoon. These sites are responsible for entering the Lagunar das
Palmeiras beach with effluents from the shopping mall and the water and sewage concessionaire of Cabo
Frio's city (RJ), respectively. In point J, possibly, there is the insertion of greater volume and diversity of
organic matter, which could justify the difference in concentration of DO concerning point P because of
utilization in aerobic decomposition and even for the oxidation of a more considerable amount of organic
matter (Ram, A. etal., 2014).

Table 5 - Variation of dissolved oxygen concentration from the April collection

Dissolved oxygen (ppm)

Data A Al A2 z S4 S3 S2 S1 S J3 J2 J1 J P

25/04/2019 6,38 a* 6,08 501 594 6,12 591 648 6,76 583 6,24 652 194 a*

20/06/2019 6,62 7,00 6,92 647 637 612 7,03 723 7,78 649 7,80 800 290 8,16
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30/08/2019 6,68 684 7,12 625 6,79 669 666 7,18 7,18 637 6,52 697 875 7,03
25/10/2019 571 550 532 755 697 75 753 794 798 463 426 334 503 8,64
Average 6,35 645 636 632 652 662 678 721 743 583 621 621 466 7,94
Maximum 6,68 700 712 755 697 75 753 794 798 649 780 800 8,75 8,64
Minimum 571 550 532 501 594 6,12 591 648 6,76 4,63 426 334 194 7,03

Sta’?d?‘rd 0,44 082 083 104 046 068 068 060 056 085 146 201 3,02 0,83
Deviation

a* refers to the point at which no inspection occurred on the day of monitoring.
Source: Authors (2019)

e Hydrogenic potential (pH)

The verification of this parameter is fundamental, as it directly or indirectly influences aquatic species'
lives. The pH interferes in organic and inorganic materials' solubility in the precipitation of various ions and
heavy metals. Values outside the acceptable range (6.5 to 8.5) can be lethal for fish living in this
environment (Vieira, 2015). Table 6 observes that this parameter showed values lower than the regulated at
no point or inspection day. However, at point J, the pH value exceeded the permitted value, giving this
system a high alkaline condition and a significant deviation from the standard value. CONAMA also states
that this parameter cannot vary by 0.2 units. Thus, when analyzing points Z, S4, S3, S2, J2, and, especially,
points J and P, these points deviated considerably from the allowed variation value.

Table 6 - Variation of the pH parameter

pH
Data A Al A2 Z S4 S3 S2 S1 S J3 J2 J1 J P

25/12/2018 8,19 817 816 8,18 820 824 833 830 829 828 825 817 808 a*

22/02/2019 8,17 820 818 8,16 817 820 827 829 823 825 824 835 795 7,95
25/04/2019 8,10 8§10 811 8,12 812 814 815 817 819 812 814 8§15 791 7,83

20/06/2019 8,17 820 8,18 8,16 8,17 820 827 829 823 825 824 835 795 795

30/08/2019 822 819 819 820 825 828 829 828 829 818 817 824 865 8,36
25/10/2019 831 823 829 834 834 834 835 836 838 829 826 821 818 8,36
Average 8,19 8,18 8,19 819 821 823 828 828 827 823 822 825 812 8,09
Maximum 831 823 829 834 834 834 835 836 838 829 826 835 865 836

Minimum 8,10 8410 8411 812 812 8,14 815 817 819 812 814 815 791 7,83

Staf_‘df%rd 0,07 0,04 0,06 008 008 0,07 007 006 007 007 005 009 028 0,25
Deviation

a* refers to the point at which no inspection occurred on the day of monitoring.
Source: Authors (2019)

4. Conclusion

Through this study, it was possible to analyze, through six days of monitoring, between December
2018 and October 2019, how the seasonal changes and effluents' contributions interfered with the Lagunar
das' water quality Palmeiras Beach. The monitoring also allowed diagnosing how the waters originating from
the Canal do Itajuru and Praia do Siqueira are concerning CONAMA regulations.
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When monitoring the temperature, it is possible to verify that J and P presented the highest averages
and the data set's highest values. Both points are places where urban effluents are discharged into the Laguna
das Palmeiras beach. Thus, thermal pollution occurs in these regions, which can directly impact this
ecosystem's life. Observes in winter the lowest mean temperature and the highest mean temperature in the
fall. In summer, the temperature values were close to the average in the autumn month.

According to data analysis, the electrical conductivity with the number of dissolved solids and the
water salinity has a relationship. During the monitoring, Praia's waters presented higher electrical
conductivities concerning the other inspection points and "point P." This parameter, associated with total
dissolved solids, gives these waters a probable location of effluents, which directly interfere with the number
of solids. Therefore, the Palmeiras Lagoon Beach has served as a diluent for urban waters.

CONAMA, in the resolution used as a basis for this work, does not determine a reference temperature
for this water class. There is no value as a parameter for conductivity and total dissolved solids. However, it
determines that this water body salinity should be equal to or greater than 30 PSU, observing all inspection
points. Besides, it brings as a parameter that the DO should not be lower than six ppm. However, two points
(J3 and J) were below the minimum predetermined value when analyzing the average.

The pH is another parameter addressed by the resolution and should be between 6.5 and 8.5, not
exceeding a variation of 0.2 units. The points Z, S4, S3, S2, J2, J, and P are outside the reference value by
observing each point separately because they presented a variation more significant than two-tenths of a unit.

The water entering Praia Lagunar das Palmeiras, from "Praia do Siqueira,” presented during the
inspections, higher electrical conductivity values, and dissolved oxygen concentration lower than the
parameter value (6 ppm), relatively higher temperatures, pH, salinity, and quantities of dissolved solids
considerably higher.

It is noteworthy that the parameters' inspections were carried out for ten months, permeating all
seasons of the year. Thus, it was possible to verify the seasons' influence, the effluents discharged into the
water body, and the waters from both Praia do Siqueira and Canal do Itajuru on this water quality.
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