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Abstract: The monitoring of water resources through conventional methods, related to a manual
process when performing the sample collection, followed by laboratory analysis, presents some
difficulties concerning the logistics of the process, such as access to the interior of a lake, in addition
to often being based on a small number of samples. The concept of the internet of things (IoT) is
used here to collect data through five parametric probes contained in the floating station located
inside a lake and inform them in real time continuously. The main objective of this research is to
demonstrate the applicability of the IoT concept in the continuous monitoring of water in a lentic
environment. Therefore, it is necessary to develop a tool for this. Upon reaching this objective,
the advantages observed in this research confirmed that the IoT paradigm is an essential resource,
justifying a natural tendency to establish itself when there is a need to collect data efficiently and
continuously. Furthermore, the experimental result proves the IoT concept’s efficiency, agility, and
reliability to environmental issues, especially regarding the most significant natural and indispensable
resource for the planet, water.

Keywords: internet of things; monitoring aquatic environments; multiparametric sensors; lake;
floating station

1. Introduction

The internet of things (IoT) [1–7] is a concept that is being established both at a scien-
tific and social level. IoT has the potential to transform a wide range of industries, including
agriculture, healthcare, and transportation. It is said that it will transform different fields.
It encompasses an ecosystem of services hosted in the cloud interacting with smart ob-
jects through the execution of computer programs connected through communication
networks. The availability of a wide variety of resources in the cloud (cloud services)
offers many possibilities for the implementation of chemical analysis monitoring systems,
notably increasing their versatility and performance without dramatically increasing the
cost or complexity of the resulting system [1,2]. With this constant technological evolution,
multiple ecosystems have emerged for integrating hardware devices, embedded software,
communication networks, and cloud processing, usually referred to as IoT platforms. These
modular IoT platforms can incorporate new modules as new technologies appear. On
the other hand, IoT encounters challenges from the point of view of interoperability and
heterogeneity, with several compatibility challenges. In addition, different raw data types
and formats make establishing a standardized communication interface complex [8].

The IoT has become a concept that can be applied in several sectors positively and
efficiently and can contribute to monitoring natural resources and environmental impacts,
accelerating decisions through early warnings. As IoT technology becomes more prominent,
highly scalable robust systems and platforms are being developed to accommodate the
constant increase in IoT devices. One of the sectors in which this growth is expected is en-
vironmental monitoring [1,2,9] because IoT brings credibility and trust since it uses reliable
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sensors and is therefore becoming a new trend in monitoring aquatic environments [1–21].
Therefore, integrating the internet of things paradigm in electronic sensors for continuous
water-quality monitoring is increasingly reliable and necessary [5].

To solve pain points, improve farming efficiency and modernize fisheries, new digital
technologies, such as the internet of things, big data, cloud computing, artificial intelligence,
and blockchain, are increasingly widely applied in aquaculture [6].

Sustainable cities aim to have a lower environmental impact by reducing carbon as
much as possible. The smart city paradigm based on the internet of things (IoT) is the
natural approach to achieving this goal [7].

Artificial intelligence techniques, IoT, and machine-learning models have explained
their ability to optimize, model, and automate vital water and wastewater treatment
applications, and monitor and supervise natural systems and water-based agriculture, such
as hydroponics and aquaponics [10–12].

An IoT-based intelligent water monitoring system is of exceptional significance in
controlling the threats related to aquaponics farming. Thus, it helps to nourish a remarkable
boost to enhance harvest and productivity [13].

The confluence of AI and IoT has sparked recent interest in artificial intelligence
of things (AIoT), whereby an IoT system provides data flow to AI methods for data
integration and implementation and the performance of automatic image analysis and
data prediction. The adoption of AIoT technology seriously transforms the traditional
agriculture strategy by managing numerous challenges, including pest management and
post-harvest management issues [4,14,15].

Water-quality monitoring is one of the reasons for the evolution of robots allied to IoT
for aquaculture farms to relieve agricultural operators of one of the more laborious and
time-consuming agricultural operations. To this end, it employs a swarm of unmanned
aerial vehicles (UAVs) or drones integrated with underwater systems. Measurement devises
to collect in situ water quality data from aquaculture ponds [5].

The internet of underwater things (IoUT) is a subset of the IoT in which underwater
sensors continuously collect data about ocean ecosystems. Predictive analytics can present
valuable insights to the stakeholders associated with environmentalists, marine explorers,
and oceanographers for decision-making and intelligence about the ocean collected from
marine data [6,16,17].

The sustainable IoT design of smart cities can be believed in urban management
and spatial planning, encouraging people, the environment, the economy, society, space,
culture, resources, and platforms to develop an intelligent ecological system and improve
the sustainability of smart cities [18,19].

IoT water-quality monitoring is a substantial part of the transition towards intelligent
and innovative agriculture. It provides an easy transition to automated monitoring of
crucial components of daily human needs as new technologies are continually developed
and assumed in agricultural and human daily life [20].

Over the past decade, water resources have encountered challenges, including pollu-
tion, drought, etc. Thus, monitoring this vital resource has become essential. The internet
of things (IoT) has considerably evolved recently; it has been adopted in various fields to
improve human life [21].

Countless problems have been caused by the excessive emission of polluting gases,
such as carbon dioxide (CO2), into the atmosphere. Therefore, more effective monitoring of
CO2 is essential, especially in central or industrial regions [22,23].

The new concept of IoT emerged from the studies of the British Kevin Ashton in
1999 [24] and has developed so that its application in the future is essential. Therefore,
water is the most necessary natural resource for human beings and the planet, and there is
thus demand for innovative means of monitoring and mitigating its pollution [25].

To make agile measurements in the monitoring of water quality continuously, it is
more efficient to use technological resources compared to manual tasks and procedures
performed using conventional methods, justified by the speed of computational processing
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combined with electronic devices such as probes for reading water parameters and the
application of the IoT concept [1,19,20,26,27]. Furthermore, this need is justified by the gain
in time, reduced operating costs, and avoiding efforts for such a procedure.

In conventional methods of monitoring water quality, the researcher or the public
agency responsible will visit the specific area to monitor and control the water quality
manually. Then, they take the water sample to the laboratory to learn the values of the water
quality parameters and then employ appropriate control measures. However, this whole
process is costly, time-consuming, and less efficient due to the many processes involved
in identifying the pollutants, the level of pollution, and the source of the pollutants, in
addition to relying on the road transport of vessels to access the site inside the lake, the
transport of samples to the laboratory and the possibility of contamination of samples
throughout this store. Current trends in water-quality monitoring systems are focused
on continuous detection, multiple sensors, automated control, wireless data acquisition
mechanisms, cloud data access, and storage. In addition, artificial intelligence technologies
such as machine learning, deep learning, and fuzzy logic, integrated with IoT, are emerging
technologies recognized as efficient ways to monitor water quality [1,19,20,26–28].

Regarding contributions in the literature, we found most of them involved prototypes
that, despite not being directly focused on chemical species analysis, have tried to evaluate
some physicochemical parameters (pH, turbidity, DO, TDS, temperature, flow rate, EC,
ORP . . . ) in natural environments, such as rivers and lakes [1]. In this way, interest in using
this type of IoT system to provide greater functionality and allow for better monitoring of
these variables to obtain more substantiated conclusions is rising.

In this research, we consider the need to apply the IoT concept in a 24/7 continuous
multiparameter water monitoring system over a few months, developing a tool with non-
specific materials that can contribute to other researchers’ and scientists’ work. Furthermore,
to prove its efficiency, it demonstrates details of the structural project and its architecture,
describes the algorithm’s functioning, and brings the main challenges when anchoring this
project in the middle of an urban lake subject to the weather and contact with wild animals.

First, we give an overview of the development and technology of application for
continuous water monitoring, starting with a straightforward approach to the importance
of the IoT concept. The rest of the paper is organized as follows: Section 2 explains the
need to design a floating platform, the base of the station anchored in the lake’s center,
and this article’s study object. Next, we demonstrate the architecture of the electronics, the
system algorithm, and its electronic devices connected to the probes: dissolved oxygen, pH,
electrical conductivity, TDS, ORP, and water temperature. Section 3 describes the results
and discussion, the experiments, difficulties, and details of changes. Finally, the article
concludes in Section 4.

2. Materials and Methods
2.1. Study Area

The experiment was carried out in Inga Park, located within the urban perimeter
of the city of Maringa, in the southern region of Brazil, geographically located in the
northeast of the state of Parana, with geographic coordinates 23◦25′28′′ south latitude and
51◦55′59′′ west longitude and altitude of 557 m (Figure 1). The park has been recognized
as an environmental protection area since 1991. It comprises an area of 473,300 m2 and a
central lake of enormous importance to the local ecosystem. However, little remains of the
forests due to the significant agricultural frontier that has been established in the region
in the last six decades. Less than 0.5% of the native species remain [29], justifying the
importance of their preservation. The site is intended for tourism and leisure, covered with
native forest, and represents one of the last regional remnants of seasonal semideciduous
forest, although it has been dramatically altered by human action, with a defined dry
season, between May and July [29].
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Figure 1. Study Area. (a) Local Inga Park coordinates. (b,c) floating station.

2.2. Floating Platform and Components

This research required designing a stable floating platform in the water to safely and
reliably support an airtight box on its top, containing the project hardware inside. Therefore,
in this article, the name of this hardware structure will be called “kernel module”.

In order to design the platform, we used a floating dock block (Figure 2a), with
dimensions of 50 cm wide, 50 cm long, and 40 cm high, and it is made of high-density
polyethylene material with characteristics such as hardness, thermal, mechanical and
chemical resistance, light and non-toxic. On the side, we fixed a structure to protect the
sensor cables from the exit of the protection box located on the top of the floating station
that led to the water level. For this, we use conduits fixed to the floating dock with plastic
glue and rigging, helping to keep it fixed, using two fixing means. This procedure was
carried out to protect the probe cables from the weather and the action of wild animals at
the study site.

Part of the project was used to build an underwater structure that would protect
the probes located in the water (Figure 2b), preventing them from being released into
the water, exposed to physical contact between them, and suffering the interaction with
local aquatic animals such as turtles, fish, giant otters, and diving birds, among others.
To build the structure, we used 30 cm of PVC pipe, an inert, non-toxic, and recyclable
thermoplastic material, with several holes at the bottom and bottom of the pipe with
approximately 1.2 cm in diameter for the entry and passage of water inside the pipe
(Figure 2b). There was a need to develop an internal structure whose function was to
avoid the collision between the probes inside the protection structure. For that, we used a
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compound based on tackifying resin and ethylene vinyl acetate (EVA) resin, a thermoplastic
adhesive which is a rubbery, flexible polymer with adhesive properties and waterproof
components, thus filling the entire interior of the underwater structure, positioning each
probe in a specific location, leaving the probes stable and avoiding physical contact and
between them (Figure 2c). Figure 1d shows the fitting of this structure containing the fixed
probes inside the underwater protection pipe.
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With the aim of allocating the kernel module in a safe place and protected from
the weather observed in this experiment during the period from 13–14 h, such as high
temperatures, torrential rains, and possible cyclones, as well as interactions with wild
animals existing in the place, we used an airtight box (Figure 2a) made of ABS (acrylonitrile
butadiene styrene), which is a critical engineering copolymer widely used in the industry
due to its superior mechanical properties, chemical resistance, ease of processing, and
recyclability [30].

The floating station’s implantation and anchoring for continuous water monitoring
were carried out in the central part of the lake, located inside the Parque do Ingá, a place
difficult to access and requiring water transport. For this, we used a small boat whose
function was to transport the project, which was introduced into the water next to the
boat and was slowly towed to the anchorage site (Figure 2a). For each anchoring point of
the floating station, this experiment used a granite stone of approximately 7 kg and with
approximate dimensions of 25 cm in length, 20 cm in width, and 20 cm in height, wrapped
with wire, and tied to a nautical rope at one of its ends and the station in the other.

2.3. The Kernel Module and Its Assignments

This research was conducted to combine the IoT concept with electronic sensors
specialized in performing parametric readings of water efficiently, quickly, and necessary
to optimize the time and cost of these processes [1,2,4–16,27,31–33]. We used probes
manufactured by Atlas Scientific (New York, NY, USA). Atlas Scientific is an American
company that has years of experience manufacturing high-performance water-quality
sensors which are widely used in scientific projects [34], and for reading the temperature
and humidity inside the case, we chose the DTH22 sensor since it is commercially accessible.

The kernel module design was based on integrating an Arduino Uno electronic proto-
typing platform and a C/C++ based language, containing several different I/O pins, with
the primary function of connecting to all system peripherals [35]. The rationale for using
the Arduino Uno was because it is a microcontroller that is well-established and has been
tested with positive results [1,2,4,31,32,35–38].

Arduino’s function is to command Atlas Scientific’s EZO circuits, each circuit respon-
sible for individually controlling a specific parametric probe. Currently, Atlas Scientific
manufacturer falls under the European Union Directive 2015/863/EU (RoHS Directive 3)
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(Atlas Scientific website). This work used the dissolved oxygen probes, pH, electrical con-
ductivity, redox potential, total dissolved solids, and water temperature. Another Arduino
function is to communicate with the DHT22 sensor, reading values for temperature and air
humidity, in addition to commanding the SIM800A shield, which aims to connect to the
network and access the database.

The communication scheme with the internet network is through the SIM800A GSM
module. This device controls the mechanism using the GSM system (Global System for
Mobile Communication). It is important to note that the component can access the internet
through a SIM card chip [31,32,36–38].

2.4. System Algorithm

The algorithm for reading the parameters of the probes basically performs 10 sequen-
tial readings at the interval of one reading per second, triggering the operation of one
sensor at a time. A function to sort the readings ignoring the 3 most minor and the 3 largest
is executed after executing all 10 readings, then an arithmetic average is made between the
4 medians, informing the system of the result of this function, which will later be posited
in the database. As soon as the sensor collects the 10 data required by the system, it is
immediately put to sleep, waking the next sensor to start its readings. Only one sensor is
run at a time, starting with the water-temperature sensor. The collected value will calibrate
the dissolved oxygen and electrical conductivity sensors before starting their respective
readings, making a required compensation. As soon as the results of the 6 desired param-
eters of the lake water are obtained, the algorithm takes a reading on the DHT22 sensor
installed inside the hermetic box, informing the temperature and humidity, in order to
inform of, through the system application explained in the next section, whether electronic
equipment is working under ideal conditions.

After verifying the readings of the probes and internal sensor of the box, the central
algorithm generates the command using the HTTP protocol destined to the hosting site
of the MySQL v5.2 relational database and website files programmed in php7. For this,
the Arduino activates the SIM800A shield to send the information to the internet network.
Finally, a message is returned and passed on to the central algorithm, containing con-
figuration information. Among these are restarting the system and reprogramming the
frequency between probe readings, increasing or decreasing the daily frequency of readings
depending on the researcher’s needs. Figure 3 shows the flowchart of the system algorithm.
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At the beginning of the experiment, we defined the period to collect data as approxi-
mately 23 min between one reading and another, with the average execution time of the
algorithm being approximately 3 min, which can be extended when there are communica-
tion failures between the GSM module and the 4G network or with the hosting database
site. After running the algorithm without interruption, the floating station is put into a
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sleep state to save the battery charge of the power supply module between one reading
and another.

2.5. Power Module

This project is implemented in situ, in an aquatic environment, on a floating platform,
developed with non-specific materials, and in a didactic way. The presence of a photovoltaic
panel was discarded due to the concern with the possibility of leaving the platform not
stable when there are storms, rain-storms, and even the possibility of cyclones, even if
they are not common in this region of Brazil. If any of these situations happened, as the
wind gusts and shear force were applied to the area of the photovoltaic panel, it would be
possible that tipping over could occur, and the entire electronic structure contained in the
upper part of the floating dock would submerge, causing irreparable damage and possibly
complete loss of the kernel module. Therefore, it was decided to feed the module with
lithium batteries contained internally in the hermetic box with a total capacity from the
module to 38 A/h, providing a voltage of 12 V for the microcontroller [31], 12 V for the
module GSM and 5 V for Atlas probes EZO circuits. Figure 4a shows the battery pack
installed inside the kernel module, and Figure 4b shows the box without the power module
and the GSM module attached to the side of the box.
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2.6. Database and Application

Within the initial expectations of the planning of this project, there was the devel-
opment of an Android application to access the information contained in the system’s
database. One of the reasons for creating the application was not to depend on others
developed by third parties but to shape its features as challenges and ideas emerged so
that the front end of interaction with the system’s user had its own identity. We used the
Android Studio development platform and the JAVA programming language for this. The
database chosen was MySQL v5.2, a database widely used in IoT applications [39,40], and
the PHP7 programming language was chosen to access the data and inform the application.

Among the functions of the application are: taking readings from the probes, generat-
ing individual graphs for each parameter, viewing alerts of readings outside the acceptable
range for each parameter, and generating PDF files containing information from all the
collections of the station parameters and options to change the time relative to the period
between the readings of the floating station and Arduino restarts.
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One of the priorities for attributing the system’s business rules was to reduce pro-
cessing in the Arduino, passing some competencies to the database layer. A trigger is
programmed to execute a procedure every time a record is inserted in the table of the
database destined to receive the readings of the probes, with the function of analyzing
whether it is necessary to generate another record, this time in the alerts table containing
information about readings outside the desired range for each parameter. Therefore, the
business rules for this project now have an intermediate processing layer, reducing process-
ing tasks on the Arduino and the time between readings and writing to the database. In this
way, when using an application to access the data collected in real-time at the station, we
have a gain in the monitoring dynamics [31,35]. Figure 5 describes the full system diagram.
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3. Results and Discussion

The improvements, according to the experience, and the end of the experiment be-
tween 17 June 2020, and 4 October 2020.

3.1. Difficulties, Experiences Gained and Optimizations during Research

An interesting factor was the adaptation of wild animals days after the implementation
of the project. For example, some birds of the cormorant species (Phalacrocorax brasilianus)
used the platform daily as a fishing and resting place; the combined the physical contact
and weight of the birds when they remained on top of the hermetic box left the mechanism
vulnerable to imbalance; however, no damage to the structure or interference with the
readings were observed (Figure 6a).

The platform initially consisted of three floating dock blocks for the final project.
The blocks fit together in an “L” shaped arrangement, with a central dock block and two
laterally connected dock blocks (Figure 6b). After some initial tests, through the readings
of the DHT22 sensor, it was observed that on certain occasions, such as on very sunny and
calm days, the continuous incidence of sunlight caused the internal temperature of the
hermetic box to reach temperatures above 40 ◦C at the hottest time of the day. Therefore,
we used white thermal paint, which was applied outside the surface of the hermetic box
and part of the platform (Figure 6b). The purpose was to reduce the temperature inside the
box, observing a drop in internal temperature of approximately 20%, reaching a maximum
value of 32 ◦C.

The immersion depth of the reading of the parametric probes was approximately
37–40 cm below the water level, observed in Figure 6c on the immersion structure of
the probes.
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The area of this study has a defined dry season, which occurs between May and
July [29], and the project implementation period occurred during winter, a period between
21 June and 22 September in Brazil, defined for this study area during this period as the
dry season [41]; however, a particularity drew attention in this experiment: a long period
of drought caused the water level of the park’s lake to drop considerably. From Figure 6d,
it is possible to observe the mark on the back wall with the previous water level before
the severe drought period inside the masonry structure located inside the lake. Therefore,
between the period of readings of the water parameters, there were few rainy days and
primarily days with little humidity in the air and high solar incidence. Therefore, for the
Camargo Climate Classification System (CMCCS), the climate zoning in the experiment
region belongs to the subtropical class with dry winter (ST-SEi) [41].

During the research period, an extratropical bomb cyclone passed through the city
of Maringá where the project was implemented, recorded by the meteorological station,
with strong gusts of wind uncommon for the region. However, experimentally, it was
a challenge successfully overcome, proving the stability of the floating platform and its
efficiency in housing electronic equipment for this type of weather. Figure 6e shows the
moment the bomb cyclone hit the city.

Another challenge, related to wild animal interaction, was the presence of waste on
top of the platform. However, there was no interference in the operation of the shielded
antenna SIM800A since it was protected by a conduit fixed horizontally and the waste
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leaked onto its sides (Figure 6f), avoiding contact with waste and possible malfunction of
the GSM SIM800A module due to damage to the external antenna.

In the first days of testing after the project’s implementation, it was noticed that on
very windy days, the platform that contained only one anchor point moved a lot, causing
interference in the readings of the galvanic dissolved oxygen probe. Under these conditions,
the readings started to have increase considerably, different from the calm moments, as the
sudden movement caused by the displacement of the floating station caused distortions in
the partial pressure of oxygen in the membrane of the probe [42]. Soon after this experience,
we used three anchor points to reduce its displacement on the water surface on turbulent
windy days.

Experimentally, it was found that using the battery module with a capacity of 38 A/h,
whose function was to energize the entire kernel system, before the battery reached the
voltage level needed to recharge, the project had the autonomy to perform approximately
50 thousand readings, there being five probes and internal sensor DHT22. However, as
already explained in Section 2.4 of this article, for every 10 reads/probes, the algorithm
returns only one value. Therefore, the project could execute approximately 1000 writes in
the database containing a value for each parameter.

During the experiment, it was observed that the performance of parametric readings
every 20 min could have a greater frequency since the variation is not so significant between
one reading and another. In addition, there would be an increase in the supply capacity of
the system’s power supply module in days and even months, consequently increasing the
station’s autonomy time considerably before recharging/changing the batteries.

3.2. Weather Parameters

For the period of sensor readings studied in this work, collected through the floating
IoT monitoring station, the following parameters were observed: solar radiation had its
maximum at 3672 KJ/m2 and minimum of 0 when it was night; precipitation occurred in
a few days during almost three months of observation of data collections, characterizing
this period with a dry period, with maximum total precipitation of 12 mm; atmospheric
pressure oscillated between 963 and 954 hPa; the wind speed had a maximum of 8.5 m/s
and a minimum of 0 m/s; maximum relative humidity of 99% and a minimum of 11%.
Figure 7 shows the data from the Main Climatological Station of Maringá (ECPM).

3.3. Data Collection: Water Sensors

Six parameters were used as representative indicators in this paper: water temperature
(WT), pH, dissolved oxygen (DO), electrical conductivity (EC), total dissolved solids (TDS),
and oxide reduction potential (ORP). These physicochemical parameters of water are
among the most important [1,32,43] and are related to IoT and water monitoring using
electronic sensors in the academy.

The calibration of each Atlas Scientific sensor is mandatory before deployment [44].
The pH and EC sensors consider the three- and two-point calibration process to be accurate
and effective. ORP does not require calibration since a linear response is observed. The pH
sensor is calibrated using two factory solutions with values of four, seven, and ten. The EC
sensor is also calibrated using two solutions with values of 1.41 µS/cm and 12.88 mS/cm.
The OD sensor is calibrated using 9.00 mg/L reading on air.

As shown in Figures 8–13, we have three plots: the top plot comprises the readings for
the entire period of collections by the monitoring station, 17 July to 4 October 2020; just
below on the left, we have a shorter period, for better visualization, containing ten days of
reading comprising the days between 4 and 14 August 2020; and finally, the plot on the
right comprises 24 h, on 4 August 2020.
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3.3.1. Water Temperature (WT)

In the dynamics of tropical lakes, high temperature is a fundamental factor; it directly
influences vital processes in lake ecosystems such as primary productivity and decompo-
sition of organic matter, so there is intense reproduction of phytoplanktonic organisms,
and, consequently, intense absorption of dissolved nutrients [1,32,43–46]. The recycling
of nutrients in tropical lakes, as well as the high rate of decomposition of organic debris,
comes from the positive effect of high temperature on the metabolism of microorganisms,
causing most of the debris produced in the euphotic zone to be decomposed and reabsorbed
there. In this way, the low concentration of nutrients in tropical lakes is compensated by
the high recycling rate. The direct action of temperature on aquatic organisms is based on
Van T’Hoff’s rule, which proposes that raising the temperature of solutions by 10 ◦C can
double or triple the rate of reactions. As shown in Figure 8, notice a seasonality and trend
for this parameter in this time series.

3.3.2. Dissolved Oxygen (DO)

We highlight the atmosphere and photosynthesis as the primary sources of oxygen
for water, oxygen being one of the most important gases in the dynamics and characteri-
zation of aquatic ecosystems. On the other hand, there is the reduction and solubility of
dissolved oxygen in water by the decomposition of organic matter (oxidation), losses to the
atmosphere, respiration of aquatic organisms, and oxidation of metal ions [1,32,43,45,46].

Temperature and pressure directly change the solubility of oxygen in the water. Oxy-
gen saturation is the maximum amount of oxygen dissolved in water at a given pressure
and temperature. Thus, it is evident that tropical aquatic organisms have, in principle, less
oxygen available when compared to temperate lakes. In addition, the nitrification process
is an oxidative reaction. Therefore, it depends on the existing dissolved oxygen, in which
levels ideal for nitrification of bacteria range from 4 to 8 mg/L [43].

When using Atlas Scientific DO sensors, it is necessary to be aware that DO measure-
ments are affected by temperature and pressure, so that some trade-offs may be necessary.

According to Figure 9, below on the right, we have readings where we notice the
variation of the DO indices reaching the highest daily value around 17:00 h and the lowest
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value between 6:00–8:00 h in the morning before sunrise, indicating that the more significant
activity of dissolved oxygen production is directly involved with photosynthesis. Throughout
the night, oxygen consumption reaches its lowest rate moments before dawn due to activity,
mainly by respiration and decomposition in the aquatic ecosystem [43]. In addition, in the
bottom left of Figure 9, we noticed a seasonality observed for this parameter in this time series.

3.3.3. pH

The pH can be considered one of the most important environmental variables [1,32,43–46],
but one of the most difficult to interpret due to the large number of factors that can influence
it. In most natural waters, the pH is influenced by the concentration of H+ ions originating
from the dissociation of carbonic acid [43,44,47], which generates low pH values and from the
reactions of carbonate and bicarbonate ions with the water molecule, raising the pH values into
the range of alkaline [43].

Most inland water bodies have a pH that ranges between 6 and 8; however, more acidic
or more alkaline environments can be found, and aquatic ecosystems with high pH values
are generally found in regions with negative water balance, where precipitation is lower than
evaporation [43], a scenario observed during the experiment in the lake of Parque do Ingá.
Therefore, during prolonged droughts, it is possible to find values higher than 9.0.

The greater the plant biomass to the water mass, the greater the pH changes in the
medium; in addition, they will occur in a shorter period. Thus, it can be expected that
during 24 h (daily cycle), large variations in pH may occur in the same continental aquatic
ecosystem. Other factors can interfere with the pH of continental aquatic ecosystems, such
as rain, which is normally acidic (pH 5–6). One of the biological factors that can affect pH
is photosynthesis [43].

Below on the right in Figure 10, we noticed that that the pH reaches its highest daily
value between 16–18 h and the lowest value between 7 h in the morning. Thus, the increase
in pH directly related to the photosynthesis process is observed, and pH values above
9.0 are also observed in the area during periods of great drought [43]. In addition, in the
bottom left in Figure 10, we noticed a seasonality and a particular trend for this parameter
in this time series.

3.3.4. Electrical Conductivity (EC) and Total Dissolved Solids (TDS)

Electrical conductivity (EC) is one of lake water’s most critical thermophysical prop-
erties, maintaining an almost linear relationship with total dissolved solids (TDS). These
parameters, applied to monitoring water quality, become references for implementing
pollution prevention strategies [1,32,43,44,46,48].

Electrical conductivity (EC) demonstrates the ability to conduct current and evaluate
the total amount of salts or ions dissolved in the water, showing a temperature dependence,
with the amount of dissolved or water-soluble materials being called total dissolved solids
(TDS) [32,43,46,48], a parameter linked to the productivity of the organism. The more
chemical ions or dissolved salts a body of water contains, the higher the conductivity.
Consequently, conductivity can be correlated with total dissolved solids and chloride ions.
Therefore, any aquatic organism’s continuity, development, or reproduction is primarily
controlled by the concentration of dissolved ions in the lake water [37].

The conductivity can have alterations in its readings by several factors, among them
natural floods, evaporation, or pollution caused by man, which may indicate lake pollution.

According the bottom right in Figure 11, the variation of the total dissolved solids
indices reached the highest daily value between 3 pm and 6 pm and the lowest in the
morning. In addition, in the bottom left in Figure 11, we noticed a seasonality observed for
this parameter in this time series.

Observing the bottom right in Figure 12, we notice the variation of the electrical
conductivity indices that reaches the highest daily value between 16–18 h and the lowest
value at 7:00 a.m. In addition, in the bottom left in Figure 12, we noticed a seasonality and
a particular trend observed for this parameter in this time series.
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3.3.5. Oxidation Reduction Potential (ORP)

The ORP measures the intensity with which electrons are transferred between oxidants
to the reductant in a solution. It indicates the water’s ability to rid itself of contaminants and
is a qualitative measure of the oxidation state in water [43,44,49]. According to Figure 13,
we notice that the total redox potential indices reaches its highest daily value from 12–14 h
and its lowest in the night period. In addition, in the bottom left in Figure 13, we noticed a
certain trend and seasonality observed for this parameter in this time series.

3.3.6. Correlation of Parameters

In our exploration data analysis (EDA), we noticed that some of the data had very
large values, e.g., between 154 and 801, while some had small values between 4 and 8.
This graph in Figure 14 adopted the common procedure of data preparation to eliminate
these long range values on axis y. We used the sklearn python package MinMaxScaler for
the scaling. The sklearn Python package is a machine-learning library that implements
various algorithms including preprocessing techniques such as min–max scaling and
standardization. Every data record was rescaled into the range [0, 1] using the object
MinMaxScaler from Scikit-learn [50–52]. Therefore, in order to plot a graph containing all
the variables collected by the IoT monitoring station, we applied a new scale to the data
through the MinMaxScaler function of the Python sklearn library. Figure 8 shows the result
of the plot and visually suggests some correlations between the studied variables.
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In order to show all variables in the same plot and visually verify a possible seasonality,
trend, cedasticity, and correlation between the variables, we apply the scalability between
0 and 1, as mentioned in the previous paragraph. Figure 14 shows readings from top to
bottom: a plot containing data collected throughout the survey period, which corresponds
to 17 July through to 4 October; a plot containing only ten days to visualize the readings
better and better observes the behavior of the variables, which corresponds to 4 August to
14 August; finally, the last plot shows 24 h of reading, observing the behavior during the
beginning of the day, at 00:00, until its end at 23:59:59.

Pearson Correlation of Physicochemical Parameters is a test statistic that measures the
statistical relationship, or association, between two continuous variables. It is known to
measure the association between variables of interest because it is based on the method
of covariance [53]. Thus, the correlations between physicochemical parameters support
and explain the relationships between them. In this study, the results for the correlation
matrix between parameters are given in Figure 15. An R value that is greater than ±0.5 to
near ±1 indicates a strong correlation, while one that is below ±0.5 is considered a weak
correlation. Ten strong correlation pairs were observed from the data, which included
DO-pH, DO-EC, DO-WT, DO-TDS, pH-WT, EC-TDS, EC-WT, and WT-TDS. Other pairs
showed weak correlations with each other. The Pearson correlation matrix was calculated
among the parameters:
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4. Conclusions

This article discusses how we can design and implement multiparametric sensors in
an IoT environment in the context of a case study on an urban lake. First, a guideline on
how researchers can build their own custom IoT floating platform was provided to test
and develop a floating platform with a 24/7 monitoring option in a sluggish ecosystem.
Then, an analysis of the data collected by the platform was presented, and a correlation
between them was demonstrated. During the floating platform implementation phase,
some intercurrences related to nature and climate actions occurred. However, this expe-
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rience enriched the work by revealing difficulties we would not find in a laboratory test,
and can help future researchers in their in situ projects. Finally, the proposed methodology
was implemented and evaluated in a real environment, while the experimental results
confirmed the applicability of our approach. In future work, it is worth investigating using
ML models to learn the relationships between physical sensor metrics and replace most
of them with virtual counterparts. The final vision of this future direction is to approach
an intelligent environment, monitored 24/7, using a minimum of physical sensors, which
automatically make decisions and interact with the data presented in real-time, being able
to analyze future imbalances and environmental imbalances, providing the possibility of
anticipating some details of environmental disasters related to the lentic ecosystem, such as
lakes, ponds, and dams, among others.
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