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This work highlights the implementation of a class E amplifier as an energy source to generate ozone,
which represents a technological innovation compared to traditional methods. Class E amplifiers are
known for their high energy efficiency, which allows ozone generation with lower power consumption,
contributing to process sustainability. The incorporation of five reaction chambers connected in series
optimizes the contact time between the ozone and the water to be treated. This design improves
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treated water complies with established regulations. The use of ozone as an oxidizing agent avoids the
need for secondary chemicals, reducing the generation of toxic by-products in the water treatment
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to evaluate the possibility of scaling up the experimental design, from small volumes (450 mL) to
larger capacity systems. This knowledge can be adapted to generate solutions to global problems, such
as water purification in rural areas or regions with scarce resources. The following conclusions were
reached after ozone treatment: Total suspended solids (TSS): Reduced by half after treatment, as
reflected in the values in the tables provided. pH: Decreased by approximately 1.0, remaining in a
suitable range of 6.5 to 6.6, which is optimal for aquatic biodiversity. Phosphates: Decreased by 90%,
which is beneficial to prevent algae growth and invasive species proliferation.
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Abstract

This work analyzes the ozonation treatment of stagnant water using a generator based on a Class E
amplifier and five reaction chambers connected in series. The system produces ozone at a constant
concentration of 4.99 ppm with a flow rate of 2 I/min, applied to 450 ml samples with high levels of
contaminants. The evaluated parameters include pH, total suspended solids, nitrates, phosphates, and
chemical oxygen demand, with results compared against established permissible limits. The procedure
thoroughly documents the ozone injection, flow rate, concentration, and the time required to optimize
the process. The tests demonstrated a significant reduction in contaminants, highlighting the
effectiveness of this technology in environmental applications. This approach offers an efficient and
reproducible alternative for wastewater treatment, showing promising results in improving water quality
and reducing its environmental impact.
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Este trabajo analiza el tratamiento de ozonificacion de agua estancada mediante un generador basado en
un amplificador clase E y cinco cdmaras de reaccion conectadas en serie. Este sistema produce 0zono a
una concentracion constante de 4.99 ppm con un flujo de 2 I/min, aplicado a muestras de 450 ml con
altos niveles de contaminantes. Los parametros evaluados incluyen pH, solidos suspendidos totales,
nitratos, fosfatos y demanda quimica de oxigeno, con resultados comparados frente a limites permisibles
establecidos. El procedimiento documenta detalladamente la inyeccion de ozono, el flujo, la
concentracion y el tiempo necesarios para optimizar el proceso. Las pruebas demostraron una
significativa reduccion de contaminantes, destacando la eficacia de esta tecnologia en aplicaciones
ambientales. Este enfoque presenta una alternativa eficiente y reproducible para el tratamiento de aguas
residuales, con resultados prometedores en la mejora de la calidad del agua y la reduccion de su impacto

ambiental.
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Introduction

Water treatment is one of the most critical activities in water resource management, especially in a world
where the scarcity of potable water has become an increasingly severe problem, exacerbated by water
source pollution and climate change, which affects the availability of this essential resource. According
to the United Nations (UN), more than 2 billion people lack access to safely managed drinking water
services, highlighting the urgency of addressing this global challenge.

Access to clean and safe water is fundamental not only for human health but also for ensuring
food security, as agriculture accounts for approximately 70% of global freshwater usage. Likewise,
industries depend on treated water for their production processes, and natural ecosystems require
uncontaminated water sources to preserve their biodiversity and functionality.

For this reason, proper water treatment has become a priority on governmental and international
agendas. Over the years, advanced methods have been developed to ensure water quality and minimize
environmental impact, including cutting-edge technologies such as membrane filtration, ozonation,
ultraviolet light treatment, and biological systems. These processes not only eliminate physical, chemical,
and biological contaminants but also promote water reuse and recycling, aligning with the principles of
sustainability and circular economy.

There are regulations that not only consider quality parameters but also include criteria for
reducing emerging contaminants, such as microplastics, pesticides, and pharmaceutical compounds,
which pose new threats to public health and the environment.

In this context, innovation in water treatment not only addresses immediate sanitation needs but
also lays the groundwork for the sustainable and resilient management of this resource in the future.

Proper water treatment not only ensures its suitability for human consumption and industrial use
but also significantly impacts the protection and restoration of aquatic ecosystems and the biodiversity
that relies on them. Untreated or insufficiently treated wastewater discharges can lead to severe
ecological consequences, such as eutrophication, characterized by excessive algal growth due to nutrient
overloads like nitrates and phosphates. This process depletes dissolved oxygen in the water, creating
"dead zones" where many species cannot survive. Additionally, the accumulation of organic and
inorganic pollutants in receiving water bodies can disrupt food chains and degrade the quality of surface
and groundwater.

In this context, implementing advanced treatment technologies, such as ozonation, has emerged
as an effective and sustainable solution to address these challenges. Ozonation efficiently eliminates
pathogenic microorganisms, including bacteria, viruses, and protozoa, while also breaking down
persistent pollutants like complex organic compounds, pesticides, and pharmaceuticals that often resist
conventional treatments. A key advantage of ozone is that it decomposes into oxygen after its reaction,
avoiding the generation of hazardous chemical residues, as seen with other disinfectants like chlorine.
This minimizes the risk of toxic byproducts and reduces the environmental impact of the process.

Moreover, the use of ozonation offers practical advantages in enhancing the visual and olfactory
quality of water, effectively removing unpleasant colors and odors caused by volatile organic compounds
or heavy metals. Its versatility allows its application in both potable water treatment systems and the
purification of highly polluted wastewater, positioning it as a key technology in sustainable water
management strategies.

The integration of methods such as ozonation addresses immediate sanitation needs while also
supporting compliance with stringent environmental regulations and fostering development that balances
human health, economic growth, and natural resource conservation. Ozone, with its exceptional
oxidizing power, stands out as one of the most effective tools for water treatment. Its ability to destroy
pathogenic microorganisms, including bacteria, viruses, fungi, and protozoa, as well as to break down
complex organic and inorganic compounds, makes it a versatile agent for purification and disinfection.
In wastewater treatment, ozone excels at degrading persistent and hard-to-remove pollutants such as
pesticides, volatile organic compounds, hydrocarbons, and other synthetic chemicals, which pose
significant challenges to conventional treatment methods.
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Unlike traditional disinfectants like chlorine, ozone leaves no chemical residues or toxic
byproducts in treated water, minimizing environmental impacts and health risks. Furthermore, ozone
does not alter the natural properties of water, such as its taste or smell, and enhances its organoleptic
qualities. This makes it particularly advantageous for applications where final water quality is critical.
However, ozone generation requires specialized technologies, as this gas cannot be stored or transported
due to its instability. To address this, 0zone generators using systems such as dielectric barrier discharges
(DBD) have become an efficient solution. In this context, Class E amplifiers play a crucial role by
enabling controlled discharges through high-frequency circuits, optimizing ozone production
economically and with low energy consumption. This study examines the implementation of an
ozonation system based on a Class E amplifier for wastewater treatment. A thorough evaluation was
conducted of key water quality parameters, including total suspended solids (TSS), pH, phosphates,
nitrates, and chemical oxygen demand (COD). The results demonstrated notable improvements in water
quality after treatment, highlighting a significant reduction in organic and inorganic pollutants, as well
as the complete elimination of pathogenic microorganisms. These findings support the effectiveness of
ozonation as an innovative and sustainable technology for wastewater treatment. Its implementation can
significantly contribute to the more efficient management of water resources and the mitigation of
environmental impacts, offering a promising solution to global challenges related to water quality and
availability.

Class E Amplifier, DBD Discharge, and Ozone Generation

The Class E amplifier for ozone generation consists of four operational stages to achieve the final
product, as shown in Figure 1:

Signal input and
control

@
Amplification.
A 4
DBD electric shock.
@

Electrical charge and
0zOne generation

Figure 1

Stages of the Ozone Generator
Prepared by the authors

1. Signal Input or Control:

The developed amplifier operates from a signal generated by a TL494 integrated circuit, configured to
work at a frequency of 25 kHz. This integrated circuit is widely used in power control applications due
to its flexibility and ability to generate stable and precise PWM (pulse-width modulation) signals. The
generated signal serves as the basis to excite the amplification stage of the system, ensuring proper
control over the amplifier’s frequency and output parameters. Stability in this stage is crucial, as an input
signal with distortion or noise could affect the overall performance of the system.

2. Amplification:

In this stage, the input signal is processed by a resonant circuit designed to generate a specific waveform
that optimizes system performance. This circuit consists of passive elements such as inductors and
capacitors that determine both the operating frequency and output efficiency. The amplifier used includes
a 122.72 pH coil, manually made with an E55/28/21 ferrite core, and a 330 nF capacitor. These
components form a resonant tank that enables efficient and precise switching, maximizing energy
transfer to the load. The choice and design of these elements are critical to ensure efficient operation and
minimize energy losses.
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3. Dielectric Barrier Discharge (DBD):

Dielectric barrier discharge is a key technology in ozone generation. It is a type of electric discharge that
occurs between two electrodes, separated by a dielectric material and a gas, in this case, oxygen. This
system limits the electric current, preventing the formation of unwanted arc discharges and promoting a
uniform, pulsed discharge. The DBD generates non-thermal plasmas, where electrical energy is primarily
used to ionize the gas, producing reactive species like ozone. This process is highly efficient for industrial
and environmental applications requiring controlled ozone generation at high purity.

4. Electrical charge and ozone generation:

The amplifier load consists of five DBD chambers connected in series. Each chamber is formed by a
glass tube with an acrylic cover designed to hold a circular aluminum plate, chosen for its resistance to
oxidation caused by ozone. At the bottom, glass acts as a dielectric, separating the two electrodes. The
upper plate is connected to the amplifier’s high-voltage output, while the lower plate is grounded. These
plates are configured as a capacitive load that can be adjusted to match the amplifier's output
characteristics. This configuration allows for maximizing ozone generation by optimizing the electrical
discharge in the gas present within the chambers.

The modular construction of these chambers and the ability to adjust the distance between
electrodes provide flexibility to adapt the system to different treatment needs, ensuring optimal ozone
generation performance for specific applications. This design also helps maintain high operational
efficiency and minimize material wear, even under intensive use conditions.

System results and generated ozone concentration

The glass used as a dielectric in the dielectric barrier discharge (DBD) chambers plays a crucial role in
ozone generation by limiting the formation of a continuous electric arc. This characteristic not only
protects the integrity of the system but also encourages the generation of uniform electrical discharges
on the surface of the dielectric. These surface discharges are essential for maintaining an even distribution
of energy, which optimizes ozone generation efficiency.

The glass, due to its insulating properties and high thermal resistance, prevents overheating of the
gas (such as ambient air or oxygen) inside the chamber. This is particularly important since ozone is
thermodynamically unstable and begins to decompose rapidly when temperatures exceed 30°C, with the
decomposition rate increasing exponentially as the temperature rises. By maintaining lower temperatures
during the process, the use of glass as a dielectric barrier helps preserve the ozone concentration and
maximize its effectiveness as an oxidizing agent.

Furthermore, the design of the DBD chambers with glass promotes better electrical energy
transfer to the gas, reducing energy losses and improving the overall system performance. The choice of
glass as the dielectric material is also due to its durability and ability to withstand repeated electrical
discharges without degrading, ensuring the stability and longevity of the ozone generation system.

This approach has proven to be an efficient solution in industrial applications and water treatment,
where the goal is to maximize ozone production while minimizing the generation of undesirable
byproducts and maintaining system stability. Figure 2 shows the fully assembled chamber.
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Figure 2
You can see the design of the reaction chambers; the
generator has 5 like these

Prepared by the authors

When a high voltage is applied between these two electrodes, it generates an electric field that
affects the gas between them. This field is strong enough to ionize the oxygen present in the environment
(02), separating the atoms, which later recombine into ozone (Oz) through the reaction 0, + 0 — 0.

Figure 3 shows the DBD, with the purple color being characteristic of using air as the precursor
gas. The use of other gases causes a change in the plasma's color. The proper separation between the
electrodes was 3.5 mm, including the thickness of the dielectric, which is 2 mm.

)\ &

Figure 3
The design of the reaction chambers can be seen; the
generator has 5 of these

Prepared by the author

The ozone concentration generated in the system is 4.999 ppm, with a constant flow of 2 L/min,
which is suitable to ensure efficient dosing during the water treatment process. To accurately monitor the
0zone concentration in real time, a portable ozone analyzer, model AOs from ARTBULL, was used. This
device has a detection range of 0.000 ppm to 5.000 ppm and is based on electrochemical detection
technology, allowing for precise resolution up to 0.001 ppm. This makes it ideal for applications where
exact ozone level control is required. The measurement can be seen in Figure 4.
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Figure 4

Photo of the Ozone meter measurement
Prepared by the authors

During the tests, the ozone concentration was monitored every 30 minutes of generator operation.
Under normal conditions, the concentration remained constant for up to 2 hours and 30 minutes,
indicating stable ozone production under the selected operating conditions. However, after this time, the
concentration began to gradually decrease. This phenomenon is due to the progressive heating of the
lower plate of the ozone generator, which reaches temperatures between 50°C and 60°C. The heat
generated by the cathode plate affects the stability of the ozone, causing its decomposition, which results
in a decrease in the measured concentration. After 2 hours and 30 minutes, the ozone concentration
dropped to values between 3.65 ppm and 3.52 ppm. Although the generator continued operating beyond
this point, the ozone concentration did not decrease further beyond this threshold. This suggests that,
despite the heating effect, the system continues to maintain relatively constant ozone levels once this
initial drop is reached. This behavior highlights the importance of optimizing operating time and thermal
management in ozone generation systems to ensure maximum efficiency during the water treatment
process.

Therefore, the behavior graph would be as follows:

6

5 4.99 4.99 4.99 ~—

4 4.25

\

3.52

0.5 hours 1 hour 2 hours 2.5 hours 3 hours

Figure 5
Behavior of ozone concentration over time
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In conclusion, it can be maintained that the ozone generator system can operate for at least 2 hours
before a significant change in the ozone concentration occurs. However, it is important to note that even
after two hours, the ozone concentration level can still be used effectively for water disinfection purposes.

Ozonation of water

The recommended ozone concentration for water treatment varies significantly depending on the specific
purpose and contamination level of the water. In applications like drinking water or swimming pools,
relatively low concentrations between 0.1 ppm and 0.5 ppm are used, with exposure times of about 5 to
10 minutes. This range is effective for disinfecting water by eliminating common bacteria and viruses,
as well as oxidizing simple organic compounds, ensuring safe water for human consumption or
recreational use. However, for intensive treatments, such as wastewater management or in situations
where contamination levels are particularly high, the recommended concentrations increase significantly.
Values of 2.0 ppm or higher are typically employed, with longer exposure times ranging from 20 to 30
minutes. These conditions allow for more thorough disinfection and oxidation of more complex
compounds, such as persistent pollutants and synthetic chemicals.

The wastewater treated in this study exhibited a high level of contamination, characterized by the
presence of pathogenic microorganisms, biodegradable organic waste, detergents, and especially
synthetic organic compounds. These compounds present a significant challenge due to their complex
molecular structures, which make them difficult to remove through conventional biological treatment
methods. Microorganisms are not able to efficiently degrade these compounds, making them persistent
waste in water bodies.

Ozone, with its strong oxidizing capacity, is especially effective in targeting these synthetic
compounds, breaking down complex molecular bonds and transforming them into simpler, less harmful
substances. Moreover, its disinfectant action eliminates resistant microorganisms and significantly
reduces pathogen load in the water, making it an ideal tool for treating highly contaminated wastewater.
This method not only contributes to water purification but also protects aquatic ecosystems by preventing
the release of harmful pollutants into the environment.

A total of 4 tests were conducted with samples extracted from the same contaminated water
container, with the aim of evaluating the effectiveness of ozone in water treatment and determining the
optimal exposure time to achieve satisfactory results. These tests were designed to analyze various
parameters of the treated water and study the differences between single treatments and prolonged
treatments over time. The water used, previously identified as highly contaminated, is shown in Figure
5 and had the following initial characteristics:

Figure 5
A) Control water sample before being treated with ozone. B)

Shows the presence of copepods in the water
Prepared by the authors
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- Initial pH: 7.81, indicating slightly alkaline neutral water.

- Total dissolved solids (TDS): 278 ppm, indicating a high content of dissolved materials, a sign
of contamination.

- Physical appearance: greenish color, typical of the proliferation of microorganisms such as algae
and bacteria.

- Presence of copepods: Small crustaceans, found in larval stages, reflecting the biological
contamination of the water.

- Total suspended solids (TSS): 278 ppm, reinforcing the diagnosis of high contamination and the
need for treatment.

Experimental Design

The tests were structured based on the exposure time of the water to ozone. The treatment times and
modes were as follows:

1. Daily exposure of 10 minutes for 5 consecutive days: Designed to analyze the effects of
prolonged treatment with short sessions.

2. Daily exposure of 20 minutes for 5 consecutive days: Proposed to increase contact time without
compromising system stability.

3. Single treatment of 15 minutes: Aimed as a quick, direct treatment to evaluate results in a
shorter time.

4. Single treatment of 30 minutes: Designed to maximize contact in a single session, observing
the accumulated effect of ozone.

After treatment, the samples were allowed to rest for 24 hours. This rest period allowed the
complete decomposition of residual ozone in the samples, ensuring that the results were not influenced
by the active presence of ozone during the final measurements.

Handling and Disinfection Protocol

All tests were conducted in glass bottles that had previously undergone a strict cleaning process. This
included an initial wash with soap and chlorine, followed by complete disinfection using dry heat,
ensuring the elimination of any residual contaminants that could interfere with the results. The choice of
glass bottles was due to their ability to withstand high temperatures and avoid chemical reactions with
ozone, ensuring the integrity of the samples and the results obtained. This rigorous approach allowed not
only the evaluation of the impact of ozone treatment on copepods but also the analysis of key parameters
such as TSS, pH, and the physical appearance of the treated water. The results of each test were carefully
recorded, providing a solid foundation to determine the effectiveness and feasibility of this treatment
method.

Ozonification Methods

There are many ways to perform ozonification, each with its pros and cons. The most popular methods
are:

Venturi Injection

Contact Chambers

Bubble Column

Contact Membranes
Electro-ozonification

On-site ozone generation in a closed loop
Bubble Diffusion

NooakrwhE
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For the tests conducted in this study, the ozone diffusion by bubbling technique was implemented,
a widely used method due to its efficiency in transferring ozone to the water. This procedure involves
connecting the ozone generator system’s output to a diffuser stone, specifically designed to break the gas
into tiny bubbles. These small bubbles significantly increase the surface area of contact between ozone
and water, facilitating its dissolution and maximizing the chemical reactions necessary for disinfection
and contaminant oxidation. This method ensures uniform ozone distribution in the water, ensuring it
reaches all areas of the treated sample.

The use of this technique was chosen for its simplicity, relatively low cost, and applicability in
small- and medium-scale water treatment systems. However, it is acknowledged that the ozone transfer
efficiency in this method may be slightly lower compared to more advanced methods, such as Venturi
injectors or mechanical mixing systems. Nonetheless, its practicality and adaptability make it an ideal
option for this type of experimental study, where uniformity and process control are essential.

Treatment Conditions

The treatment conditions were rigorously controlled to ensure consistent results. The following
specifications were used:

- Ozone diffusion by bubbling: The implemented treatment technique.
- Ambient temperature: Maintained in the range of 8°C to 10°C.

- Constant ozone flow: Set at 2 I/min, ensuring homogeneous concentration during the treatment
process.

- Ozone concentration: Measured and controlled at 4.99 ppm, sufficient to promote efficient
reaction with the contaminants present in the samples.

- Sample volume: Each treatment was carried out with 450 ml of water, a manageable volume to
ensure uniform exposure to ozone.

This setup allowed the precise evaluation of the effects of ozone on selected parameters such as
pH, TSS, nitrates, phosphates, and chemical oxygen demand (COD). Additionally, the bubble diffusion
technique proved effective in ensuring the necessary interaction between ozone and contaminants,
yielding results that reflect its ability to significantly improve the quality of the treated water.

Results obtained from ozonized water

The treated water showed noticeable changes in appearance, particularly in its color, with a considerable
number of contaminants precipitating to the bottom. pH and TSS tests were conducted on the treated
samples, and the values obtained are shown in Table 1.

Table 1
Results of TSS and pH obtained post-treatment for control samples and samples 1-7.
TSS: Total Suspended Solids

Sample TSS pH

Control 278 7.81
1 136 6.88
2 135 7.16
3 141 6.91
4 123 6.63

Prepared by the author.
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The pH tests were performed using a meter with a precision of 0.01 pH.

The total suspended solids (TSS) were measured using a Purikor meter with a range of 0 to 9990
ppm, ensuring precision in quantifying this key parameter for evaluating the quality of the treated water.

All tests were conducted under controlled ambient temperature conditions. Each measurement
was verified twice to ensure the consistency and reliability of the results. The data presented in the tables
represent the average of both measurements, providing a representative value for each analyzed sample.
Additionally, a thorough microscopic analysis was conducted to identify the presence of copepods,
microscopic organisms commonly found in stagnant water, which can pose biological risks. The results
showed the complete removal of these organisms after the ozonation treatment, highlighting the
effectiveness of the process in biological disinfection.

A more detailed analysis was carried out on samples 3 and 4 due to their representativeness of
the obtained results. In these samples, additional parameters of interest were evaluated, selected based
on the guidelines established by NOM-001-SEMARNAT-2021, a key regulation that governs
permissible limits of contaminants in wastewater discharges for proper disposal or reuse. The analyzed
parameters included pH, phosphates, nitrates, chemical oxygen demand (COD), and total suspended
solids (TSS). These parameters were chosen for their importance in characterizing the quality of the
treated water and their impact on aquatic ecosystems and compliance with current environmental
regulations.

The parameters of interest are as follows:

- Phosphates

- Chemical oxygen demand
—~ Nitrates

- Phosphates

The decision to focus on these specific variables was made to assess the effectiveness of the ozone
treatment in both disinfection and contaminant reduction. This approach not only allowed for observing
significant changes in water quality but also laid the foundation for a more comprehensive interpretation
of the results, identifying areas for improvement in the treatment process and considering the feasibility
of scaling up the implementation.

Each of these newly analyzed parameters in the samples has permissible limits, which are shown
in the last column of Table 2.

Table 2
Analysis results for parameters in control, samples 3 and 4

Sample parameter Control sample 3 4 LP mg/l
Phosphates 29| 51| 25 21
pH 781 | 65| 65 6-9
COD 262 | 87| 35 210
Nitrates 180 26| 14 15

COD: Chemical Oxygen Demand
TSS: Total Suspended Solids

PL: Permissible Limit

All measurements are in mg/l.

Prepared by the author

The treatment of stagnant water with ozone generated visible changes in its appearance, achieving
a noticeable transformation as shown in Figure 5. To the naked eye, the treated water exhibited
significantly greater clarity compared to its initial state. The suspended solids that previously caused
turbidity were largely removed, giving the liquid a crystal-clear, much cleaner appearance.
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Additionally, the initial color, which could have been influenced by dissolved organic compounds
or suspended particles, was greatly reduced due to the oxidizing action of ozone, which breaks down
compounds responsible for dark or yellowish hues.

This visual change not only reflected an improvement in aesthetic appearance but also indicated
a reduction in pollutants. This is attributed to ozone's ability to disinfect and oxidize both organic and
inorganic compounds contributing to water contamination. In this regard, the treated water immediately
showed signs of having undergone an effective purification process, making it suitable for subsequent
uses in accordance with established parameters and regulations for its reuse.

Figure 6

Visual comparison of the incoming water and the post-treatment water
Prepared by the author

Conclusions

The ozone generation system analyzed in this study demonstrated consistent operational performance for
a maximum period of two hours, after which a progressive decrease in the concentration of ozone
produced was observed. This behavior is primarily attributed to the heating of the generator components,
especially the lower plate. This observation underscores the importance of implementing cooling
strategies to extend the operational time without compromising system efficiency. Practical solutions
include the integration of active cooling systems, such as heat sinks or fans, which could maintain
temperature stability and prevent performance degradation.

After treating the water with this system, notable results were obtained, reflecting ozone's ability
to improve the quality of wastewater. Total suspended solids (TSS), considered critical indicators of
physical contamination in water, decreased by 50%. This change is crucial, as suspended solids can
interfere with natural water purification processes, such as photosynthesis and oxygen transport, while
also contributing to turbidity that limits light penetration in aquatic bodies.

The pH of the treated samples also showed a controlled reduction, stabilizing in a range of 6.5 to
6.6. This range is optimal for aquatic biodiversity, as it allows organisms such as fish, plants, and essential
microorganisms to thrive without the risk of environmental stress. It is important to note that significant
deviations outside the ideal range of 6 to 9 can cause disturbances in ecosystems, affecting both
reproductive capacity and survival of aquatic species. In this sense, the ozonation system not only
improves water quality but also contributes to the preservation of biodiversity in sensitive aquatic
environments.
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A particularly significant result was the 90% reduction in phosphates. Phosphates are major
contributors to eutrophication, an environmental phenomenon that stimulates uncontrolled algae and
cyanobacteria growth in water bodies. These algal blooms not only affect water aesthetics but also release
toxins harmful to humans and animals, while generating dead zones due to the reduction in dissolved
oxygen. The effective removal of phosphates through ozone positions this technology as a valuable tool
in combating one of the most serious issues related to water pollution.

Additionally, chemical oxygen demand (COD), a key parameter for measuring organic matter in
water, was reduced by up to 87%. This indicator is critical for evaluating the efficiency of treatment
processes, as a high COD represents a large number of organic compounds that could be degraded by
microorganisms, consuming oxygen and putting aquatic life at risk. The reduction in COD in this study
demonstrates ozone's effectiveness as an oxidizing agent, capable of breaking down complex organic
compounds into simpler, less harmful molecules.

In contrast, nitrates showed no significant reduction after treatment. This result is due to the fact
that nitrates, being already oxidized compounds, do not easily react with ozone. Although this finding
represents a limitation of the ozonation process, it also highlights the need to complement this method
with additional technologies, such as biological filters or denitrification processes, to address these
specific contaminants.

Another important aspect of the study was determining the optimal exposure time to ozone. It
was concluded that 30 minutes of treatment is sufficient to achieve significant reductions in the evaluated
parameters. Extending the exposure time did not result in further improvements, which emphasizes the
system's efficiency and its potential to reduce operational and energy costs. However, it was observed
that some non-reactive solids, such as synthetic waste, remained in the treated water. This finding
underscores the importance of integrating ozonation with other treatment methods, such as advanced
filtration or membrane technologies, to achieve complete purification.

Ozone, as a disinfectant and oxidizing agent, has proven to be a highly effective and sustainable
alternative for wastewater treatment. Its ability to disinfect pathogenic microorganisms, eliminate odors,
improve water transparency, and reduce organic load positions it as a valuable tool in water sanitation.
However, its implementation should be considered within an integrated approach that addresses specific
limitations, such as the inability to eliminate nitrates or certain non-reactive solids.

In terms of design and operation, this study provides valuable insights into how to optimize ozone
generation systems for real-world applications. Incorporating technical improvements, such as cooling
systems, would not only extend the life of the generator but also allow for more efficient use of resources,
enhancing the positive impact of this technology on sustainable water management. This
multidisciplinary approach, combining engineering, chemistry, and environmental science, significantly
contributes to the advancement of knowledge in wastewater treatment and reinforces ozone's importance
as an innovative solution to global water-related challenges.
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