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Abstract

In the context of the global water crisis and the need for sustainable management of natural sources, an
innovative research project is presented focused on the development of a biofilter for domestic use and
irrigation of family vegetables. The physical and mechanical properties of the components are analyzed
to optimize the effectiveness of the biofilter. The biofilter design incorporates natural and recycled
materials, using biological filtration techniques to remove organic and inorganic contaminants. Specific
filtration methods are used to reduce the presence of phosphates, bleaches, and other contaminants in
gray water, promoting its safe reuse in crop irrigation. The scientific validation of biofilters as a viable
option in sustainable construction contributes significantly to the development of a more conscious and
responsible environment, marking a milestone in the efficient management of water sources at the local,
regional, and state level.
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Resumen

En el contexto de la crisis hidrica global y la necesidad de gestion sostenible de recursos naturales, se
presenta un innovador proyecto de investigacion centrado en el desarrollo de un biofiltro para uso
doméstico y riego de hortalizas familiares. La metodologia adopta un enfoque cientifico
cuasiexperimental, llevandose a cabo en un entorno académico durante un periodo de seis meses. El
proceso de construccion integra materiales disponibles en el mercado y técnicas de filtracion accesibles,
con un énfasis en la caracterizacion detallada de los materiales seleccionados. Se analizan las propiedades
fisicas y mecanicas de los componentes para optimizar la eficacia del biofiltro. La validacion cientifica
de los biofiltros como opcién viable en construccion sostenible contribuye significativamente al
desarrollo de un entorno més consciente y responsable, marcando un hito en la gestion eficiente de
recursos hidricos a nivel local, regional y estatal.
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1. Introduction

In a global context marked by significant environmental challenges and a water crisis (see Figure 1), the
conscious and sustainable use of all our natural sources has become crucial. Efficient management of
water and nutrients is essential for maintaining soil health and robust plant growth. However, water used
for irrigation often contains contaminants that can negatively affect both plants and the surrounding
environment.

Figure 1

Water Crisis
Source (Pixabay, 2024)

In response to this problem, the development of a biofilter adapted for domestic use and irrigation
for family vegetables is presented as an innovative and sustainable solution. It is a natural water
purification system that uses filter materials and aquatic plants to remove contaminants and improve
water quality. Implementing this technology in growing environments can reduce dependence on
chemicals, promote nutrient recirculation, and improve the overall health of plants and soil.

This project focuses on the design and construction of a biofilter for domestic use and for growing
vegetables, exploring materials, construction methods, and plant selection to optimize its effectiveness.
Additionally, it involves community participation to promote sustainable agricultural practices and
environmental education, offering a practical solution to improve water quality and support local food
security.

2. Development
The implementation of a biofilter has potential positive impacts at the local, regional, and state levels:

At the local level, the project will improve water quality for domestic use, providing a safe and
economical Reference Source for consumption and other uses, thus reducing dependence on bottled
water and its associated costs. This biofilter will also serve as a practical educational tool for students,
promoting learning about sustainability, recycling, and water treatment, and raising environmental
awareness by extending this knowledge to the community and promoting sustainable practices.

At the regional level, the success of the project could encourage other institutions and
communities to replicate the model, strengthening collaboration among educational entities,
organizations, and local governments. Additionally, it will provide technical training in the construction
and maintenance of biofilters, increasing regional capabilities in sustainable technologies and reducing
costs associated with treating contaminated water and purchasing bottled water, with a positive economic
impact on the region.
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At the state level, the State of Mexico could stand out as a leader in adopting sustainable
technologies for water treatment, attracting attention and sources for similar projects. The success of the
biofilter could influence the creation of policies that promote accessible and eco-friendly technologies,
reduce the carbon footprint associated with bottled water production and transportation, and improve
public health through increased access to safe drinking water. Furthermore, the manufacturing and
maintenance of biofilters could generate local employment, strengthening the regional economy. In
summary, the project has the potential to significantly improve quality of life and sustainability, serving
as a model for similar initiatives and fostering more effective management of water sources in the region.

This work aims to promote deep reflection on the addressed topic, while presenting an innovative
research project developed within the academic context of the Architecture degree. This research project
focuses on the design and construction of a biofilter made from recycled materials. Its primary objective
is to design, build, and implement an efficient and economical filtration system for domestic use and for
irrigating family gardens. The biofilter is designed to improve the quality of graywater and enable its
reuse for irrigation, thus promoting a healthier environment for plant growth.

The biofilter will focus on removing organic and inorganic contaminants from the water, using
natural materials and biological filtration techniques to reduce the presence of phosphates, bleaches,
fragrances, and other contaminants. Its effectiveness will be evaluated through laboratory tests and
periodic analyses, with the goal of confirming its viability as an ecological alternative for graywater
reuse. The construction of the biofilter will be carried out within a six-month period, using readily
available materials and accessible filtration techniques.

The research, which adopts a quasi-experimental scientific approach, will be conducted in the
academic sphere, applying research principles and analytical methods to assess the feasibility and
potential benefits of the biofilter. The selected materials will be characterized in detail, analyzing their
physical and mechanical properties, and the feasibility of integrating these prototypes into low-income
rural housing will be examined, considering criteria for durability and manageability.

The project aims not only to provide a practical solution for graywater reuse but also to promote
environmental awareness and encourage sustainable practices in rural communities. Through scientific
and academic analysis, it seeks to validate biofilters as a viable and efficient option in the field of
sustainable construction, contributing to the development of a more conscious and responsible
environment.

Concepts
Biofilter
A biofilter is a water treatment system that uses living organisms to remove contaminants from the water.
These systems employ a combination of physical and biological filtration media to reduce the

concentration of organic and inorganic contaminants, thereby improving the quality of the treated water
(Rodriguez & Garcia, 2018).
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Figure 2
Biofilter

Source (Espinoza &Vazquez, 2011)
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Support Medium: Materials such as gravel, sand, and activated carbon that provide a surface for
microorganisms to grow.

Microorganisms: Bacteria and other microorganisms that decompose organic contaminants.
Aeration System: Provides oxygen to microorganisms to enhance their metabolic activity.

Modular Configuration: Can be scalable and adapted to different sizes and needs (Ramirez & Torres,
2018).

Biofilm: Community of microorganisms that adhere to a surface and perform contaminant degradation.

Biological Filtration: Process in which microorganisms degrade organic contaminants present in the
water.

Wastewater Treatment: Process of removing contaminants from wastewater to make it suitable for
reuse or safe discharge (Gémez & Rodriguez, 2020).

Materials Used for Construction
Gravel: Provides a robust surface for microorganism adherence.
Sand: Used for physical filtration and as a biological support medium.
Activated Carbon: Helps remove chemical contaminants and improves the taste and odor of the water.
Coconut Fiber: Organic material that can be used as a biological support medium.
PVC Pipes: Used for constructing the water distribution and collection system (Navarro & Pérez, 2018).
Bio Sand Filters
The bio sand filter is a simple home water purification system, created for intermittent use, that works
similarly to traditional slow sand filters. It consists of a concrete or plastic container filled with carefully
chosen and prepared sand and gravel. As water passes through the filter, physical processes remove iron,
turbidity, and manganese from drinking water. In addition, a biological process eliminates pathogens,
thanks to a gelatinous layer (biofilm) of harmless microorganisms that forms on the top of the filter.

It consists of three layers of granular material. The bottom layer is support, with 12 mm gravel.
The intermediate layer is a separation layer, with 6 mm gravel. Both gravels must be crushed rock. The
top or filtration layer is sand 0.7 mm in size (see Figure 3).

This effective and simple device improves water quality through natural processes, eliminating

contaminants and pathogens. Its design allows easy use in homes, being a practical solution to obtain
cleaner and safer water for daily consumption. (Bipin & Spuhler, 2011)
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Bio Sand Filters
Source adapted from CAWST (2009)

3. Methodology

The methodological approach of this research is based on a quasi-experimental design characterized by
the management of non-randomized experimental variables in a controlled environment. This
experimental approach involves the participation of students to encourage research, creativity, and
innovation, as well as to promote awareness of critical issues such as sustainability.

The research is proposed to be structured in three stages—short, medium, and long-term—to
ensure the continuity of both the research work and student participation throughout these periods. This
phased approach will allow for the progressive addressing of the stated objectives and facilitate the
collection of data over time for a more robust and conclusive analysis.

Additionally, during the study's development, controlled conditions will be established to ensure
the internal validity of the results obtained. This involves implementing measures to minimize
confounding factors and ensuring that the observed differences in variables are attributable to the
experimental treatment rather than other external influences.

The purpose of this research is to conduct a feasibility analysis of the prototype, which is based
on constructing a biofilter with reused materials incorporating materials from the region. To achieve this,
various fundamental physical tests will be conducted to identify and demonstrate the physical properties
of these filtering elements. Additionally, they will be compared with similar elements to detect
advantages or deficiencies in the component. New combinations of filtering materials will also be
explored to evaluate their potential in terms of efficiency, functionality, and sustainability, in line with
biofilter standards.

The study will focus on evaluating the physical properties resulting from the tests of the obtained
water quality, employing scientific techniques and methods to conduct the necessary tests and
measurements. Comparative analyses will also be applied between the modified module and similar
elements to establish significant differences and determine their implications.

The focus of this research lies in the search for innovative and sustainable solutions with the
potential to improve the performance and functionality of biofilters. It is expected that the results of this
study will contribute to a greater understanding of the properties and characteristics of the proposed
prototype and allow for the identification of opportunities for its application in the daily practice of
families. Within the research strategies, three phases with specific objectives have been outlined to be
carried out in the short, medium, and long term.
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In the short-term phase:

Problem Identification: Define which contaminants or compounds are intended to be removed
with the prototype.

Selection of Filter Medium: Choose the appropriate material for the type of contaminants to be
treated (activated carbon, sand, etc.).

System Design: Determine the size of the biofilter, the air or water flow to be treated, and the
arrangement of the filter medium.

Conduct documentary and field research to gather relevant information.

Analyze and characterize the nature of existing and/or commercial prototypes related to the study
topic.

Biofilter Construction

System Assembly: Assemble the prototype according to the established design.

Materials:

Plastic Container (Polypropylene).

Cotton (for retention of coarse solids).

Gravel (for structural support and drainage).

Activated Carbon (for absorption of organic compounds).
Fine Sand (for fine filtration).

Ceramics (optional, for microbial support).

Assembly:

Cut the plastic container in half and use the top part to hold the water.
Place layers of filter materials in order: gravel (at the bottom), activated carbon, fine sand, and ceramics.
Use cotton at the top to retain coarse solids before the water enters the filtration system.

Inoculation and Activation

Add graywater as a Reference Source of microorganisms.
Ensure that the biofilter is well-saturated and begins to function.

In the Medium-term Phase

Startup and Adjustments:

Device Startup: Initiate the air or water flow.

Initial Monitoring: Control and adjust parameters such as pH, temperature, and flow rate to
optimize the efficiency of the prototype to ensure that the water is within suitable ranges for
microbial growth and filtration efficiency.

Operation and Maintenance:

Continuous Monitoring: Perform periodic analyses to verify its effectiveness.

Routine Maintenance: Carry out cleaning and replacement of the filter medium as necessary.
Process Optimization: Implement improvements based on the results obtained during operation.
Visually observe the water clarity before and after the filtration process.

In the Long-term Phase

A thorough analysis of the results obtained in the tests will be conducted, including verification
of the initial reduction of suspended solids and turbidity in the water.

The water quality will be observed through perceptible improvement in the visual and olfactory
quality of the treated water.

It will be determined whether the production process and materials are viable for producing a
final prototype.

The prototype will be tested outdoors, focusing on its resistance and durability.

A cost comparison of the product in the current market will be made concerning other existing
alternatives.
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- The implementation of the prototype in homes in rural areas will be sought to verify its efficiency.

- With this methodological approach and planning over different time frames, the aim is to obtain
solid and well-founded results that allow for a potentially successful implementation, thereby
contributing to sustainable development and its large-scale adoption.

With this methodological approach and planning over different time frames, the aim is to obtain
solid and well-founded results that enable a potentially successful implementation of the prototype in
rural and urban areas, thereby contributing to its sustainable development and large-scale adoption.

4. Results and Discussion
Materials and Methods
Materials:

650 ml PET Bottle

Cotton

Granulated River Area

1/2°° Gravel

Tepojal

Activated Carbon

Graywater

Fine Sand

Ceramics (recycled, crushed)
pH Meter

Figure 4

Materials to be Used
Source (own photo, 2024)

Methods: Experimentation

Preparation of the Test Container:
— Wash and disinfect the container before starting.
— Place a layer of support material at the bottom for drainage.

Add the Cotton Layer:
— Add a layer of cotton on top of the support material to act as an initial filter.

Integrate the Filter Material:
— Add a layer of granular filter material (sand) on top of the cotton layer.

Adjustment Tests:
— Fill the biofilter with water and observe its operation.
- Adjust the water flow and position as needed to optimize the filter’s effectiveness.
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Figure 5

Process of experimentation
Source (Own Photo, 2024)

Filtration Tests

The filtration test was conducted on a small scale to evaluate the quality of the filtered water. The main
objective of the test is to measure pH levels, which is one of the most important parameters, as it can
influence the health and performance of garden plants.

Graywater can vary in pH due to the presence of different chemical compounds, such as
detergents or cleaning products, affecting the availability of nutrients in the soil. An unsuitable pH can
block the absorption of certain essential nutrients for proper plant development, such as phosphorus,
potassium, and calcium. In overly acidic soils, nutrients like calcium and magnesium may become less
available to plants, leading to nutritional deficiencies. On the other hand, a pH between 6 and 6.5 is
considered the most suitable due to the reasonable availability of essential nutrients for plants.

Within the Jocotitlan area, the pH range is between 6.52 and 7.17. These values reveal low
concentrations of dissolved salts, which are influenced by the geological environment. (Baca y otros,
2020).

Sample 1

Materials Used:

- 620 ml PET Bottle

- Cotton

- River Sand

- Activated Carbon

- Fine Sand

-~ Digital pH Meter (range 0-9990

Steps:

Preparation of the Bottle:
- Divide the bottle into four sections, each 3 cm high.

Layer Placement:

First layer: Cotton

Second layer: River Sand
Third layer: Activated Carbon
Fourth layer: Fine Sand
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Figure 6
Placement of Filter Material Layers

Source (own photo, 2024)
Preparation for Drainage:
- At the bottom of the bottle, a hole was made to allow for the drainage of filtered water.

Measurement of Water pH:

- The pH of the gray water was measured before filtration, obtaining a value of 9.52, using a high-
precision digital pH meter (range 0-9990).

- After passing through the filtration system, the pH of the filtered water was measured, obtaining
a value of 6.07.

Figure 7
pH Measurement

Source (own photo, 2024)
Test Results
Filtration Time:
The test demonstrated that the prototype has a slow filtration capacity.
Filtration Volume and Time:
300 ml of water were filtered in approximately 10 to 20 minutes. These results indicate that the filtration

system is efficient in terms of pH reduction. The test showed that the water is clear and has a good
consistency.
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Diagram of Sample 1

Source (own photo, 2024)
Sample 2

Materials Used:

- 620 mL plastic bottle

- Cotton

- River sand

- Tepojal

- Ceramic waste

- Digital pH meter (range 0-9990)

Steps:

Preparation of the Bottle:
— The bottle was divided into four sections, each 3 cm high.

Layering of Materials:

— First layer: Cotton

— Second layer: River sand

— Third layer: Tepojal

— Fourth layer: Ceramic waste

Figure 9

Measurement of the pH of filtered water with medium quality.
Source (own photo, 2024)
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Preparation for Drainage:
- A hole was made at the bottom of the bottle to allow the drainage of filtered water.
Measurement of Water pH:
— The pH of the gray water was measured before filtration, obtaining a value of 8.54 using a high-
precision digital pH meter (range 0-9990).
- After passing through the filtration system, the pH of the filtered water was measured, obtaining
a value of 6.86.
Test Results
Filtration Time:
The test demonstrated that the prototype has a rapid filtration capacity.

Volume and Filtration Time:

200 ml of water were filtered in approximately 5 to 10 minutes. These results indicate that the filtration
system is efficient in terms of speed, allowing for a quick flow of water through the different filter layers.

Ceramic waste

3cm
3em Tepojal
3em River sand
Cotton
3cm _
Scm . Drilling
Figure 10

Diagram of Sample 2
Source (own photo, 2024)

Sample 3

Materials Used:

-~ 620 ml plastic bottle

- Cotton

- Fine sand

- Tepojal

- Gravel

- Digital pH meter (range 0-9990)
Procedure:

Preparation of the Bottle:

The bottle was divided into four sections, each 3 cm high.

Layer Placement:
First layer: Cotton
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Second layer: Fine sand
Third layer: Tepojal
Fourth layer: Gravel

Box 11

Figure 11
pH of Filtered Water with Low Quality

Source (own photo, 2024)

Preparation for Drainage:

A hole was made at the bottom of the bottle to allow for the drainage of filtered water.

Measuring Water pH:

- The pH of the gray water was measured before filtration, obtaining a value of 8.72, using a high-
precision digital pH meter (range 0-9990).

- After passing through the filtration system, the pH of the filtered water was measured, obtaining
a value of 7.36.

Test Results:

Filtration Time:

The test demonstrated that the prototype has a slow filtration capacity.

Volume and Filtration Time:

300 mL of water were filtered in approximately 10 to 15 minutes. These results indicate that the filtration
system is efficient in terms of pH reduction. The test shows that the water is clear and has a good

consistency.

Gravel
Tepojal

Fine sand

Cotton

Drilling
6cm

Figure 12
Diagram of Sample 3

Source (Own Photo, 2024)
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In summary, the filtration process for soapy or gray water with low pH has proven to be an
effective strategy for improving the quality of water used in home gardens. The results obtained indicate
that this treatment can help prevent the buildup of soap residues and maintain a healthy pH balance in
the soil, thus promoting optimal plant growth.

Prototype Development

Collaborators:

8th-semester architecture students:

Daniel Perfecto Victor & Citlali Antonio Andere
Materials Needed

- 20-liter soap container (clean and disinfected).

- PVC pipe (1/2-inch diameter, variable length).

- PVC elbows and connectors (1/2 inch).

- Fine sand.

- River sand.

- Activated carbon.

— Cotton.

- Silicone.

- Tools: Drill, drill bits, saw, scissors, markers, ruler.

Figure 13

Materials
Source (own photo, 2024)

Preparation of the Container
Cleaning:

Wash the 20-liter container with water and detergent to remove residues.
Disinfect with a solution of water and bleach, then rinse thoroughly and allow to dry.

Cutting the Lid:

Use a saw to cut the top of the container, leaving an opening of 5 to 7 centimeters to add filtration
materials and perform maintenance.
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Figure 14
Cutting the Container

Source (own photo, 2024)
Filtration System
Preparation of the Inlet System and Outlet System

- Drill a hole near the top of the container to insert the 13 mm water inlet pipe.
- Insert a section of PVC pipe into the hole and seal with silicone to ensure there are no leaks.

Preparation of the Outlet System:

- Drill a hole in the bottom of the container, opposite the inlet, for the outlet pipe.
- Insert a section of PVC pipe and seal with silicone.

Figure 15

Drilling for Pipe Installation and Adaptation and Sealing the Pipe
Source: (own photo, 2024)

Installation of the Shutoff Valve:

- Connect a PVC elbow to the outlet pipe and attach a shutoff valve to control the flow of the
filtered water.
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Figure 16

Pipe Connections
Source: (own photo, 2024)

Final Assembly and Testing
Final Assembly:

- Check that all connections are well-sealed and that there are no leaks.
- Slowly fill the biofilter with water to allow the filtration layers to settle properly.

Testing:

- Perform operational tests by filling the container with water and checking the quality of the water
coming out of the outlet pipe.

- Measure the parameters of the filtered water (turbidity, pH, etc.) to ensure the filter is working
correctly.

Base Assembly for Support

Step 1: Cutting the Steel Profile

a. Measurement and Cutting: Measure and cut the necessary pieces from the 1/2" x 1/2" steel profile.

Step 2: Assembling the Upper and Lower Frames

a. Form the Frame: Join the cut pieces to form two square frames (one upper and one lower). Use
nuts and bolts to secure the joints at the corners.
b. Ensure the Joints are Square: Use a square and level to ensure that the joints are properly aligned.

Step 3: Attaching the Legs to the Frame Reinforcement and Adjustments

a. Attach the Legs: Secure the four legs to the four corners of the lower frame.

b. Reinforcement: If necessary, add additional reinforcements to the joints and base to ensure
stability. This may include diagonal braces or reinforcement plates at the corners.

C. Smoothing and Adjustments: Use an angle grinder to smooth sharp edges and adjust welded

joints.
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Step 4: Preparation and Finishing

a. Preparation: Clean the structure to remove dust and metal residues.

b. Apply an Anticorrosive Coating: Apply a layer of anticorrosive paint to protect the steel from
corrosion.

C. Finishing: If desired, add anti-slip rubber to the legs to prevent slipping.

Figure 17
Base Assembly for Support

Source: (own photo, 2024)
Final Considerations:

a. Stability Test: Before placing the containers, test the stability of the base with additional weight
to ensure that the structure can support the expected load without wobbling.

b. Placing the Containers: Place the containers securely and ensure that they are well-supported on
the base.

Figure 18

Placement of Containers and Assembly of the Containers Support
Source: (own photo, 2024)

Filtration Layers:

First Layer (Base): Place a layer of cotton at the bottom of the container (approximately 7 cm thick).
This layer serves as the base of the filtration system and allows for proper drainage.

Second Layer: Place a layer of river sand over the cotton (approximately 7 cm).

Third Layer: Add a layer of activated carbon (approximately 7 cm) on top of the river sand. Activated
carbon helps to filter out finer particles from the water.

Fourth Layer: Place a layer of fine sand (approximately 7 cm) to remove chemical contaminants and
improve the odor and color of the water.
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Figure 19
Filtration Layers

Source: (own photo, 2024)

Filtration Process
Water Inlet:

Contaminated water is introduced at the top of the first container. It can be poured directly or pumped,
depending on the system setup.

Figure 20
Gray Water Discharge

Source: (own photo, 2024)

Mechanical and Biological Filtration (Container 1):
The water first passes through the cotton layer, which filters out larger contaminants.

Then, it flows through the coarse gravel, where larger particles are removed, and sedimentation
is facilitated.
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The granulated sand and river sand provide finer mechanical filtration and create an environment
for microorganism colonization, which degrades organic matter.

Box 21

Figure 21
Filtration Through 3/4" Coarse Gravel

Source: (own photo, 2024)
Transition to the Second Container:

The pre-filtered water is transferred to the second container, either through a connecting pipe or by
gravity, depending on the system design.

Box 22

Figure 22

Second Stage of Filtration
Source: (own photo, 2024)

Chemical and Fine Filtration (Container 2):
The water passes through an initial layer of cotton, which removes any remaining larger particles.

Then, activated carbon adsorbs chemical contaminants and improves the organoleptic properties
of the water.

Finally, the river sand performs the final mechanical filtration, removing the finest particles.
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Figure 23
Water Filtration Process

Source: (own photo, 2024)

Filtered Water Outlet:

The filtered water exits the second container through a final layer of cotton, ensuring it is free of
suspended particles and ready for use and pH measurement.

Figure 24
pH Test Sampling of Gray Water and pH Measurement of the
Filtered Water

Source: (own photo, 2024)
Maintenance
Replacement of Filtration Materials:
Depending on usage, some materials (such as activated carbon) will need to be replaced periodically.
General Cleaning:

Disassemble the biofilter and clean the filtration layers if you observe a significant decrease in water
flow.
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5. Conclusions

Building a biofilter with accessible materials is not only a practical way to purify water but also promotes
a responsible and conscious attitude toward the environment. By reusing materials and avoiding harmful
chemicals, we are taking a small but significant step toward a more sustainable lifestyle.

This biofilter not only helps keep water clean and safe for plants but also represents a way to care
for our planet. By recycling and reusing, we contribute to waste reduction and promote practices that
benefit both us and the natural environment.

This prototype provides a detailed guide to building a biofilter using 20-liter containers and
simple materials such as gravel, sand, activated carbon, and cotton. By following these steps, anyone can
create an effective system to improve water quality in gardens and farms, using elements that are easy to
find and, in many cases, recycled.

Beyond improving water quality, this project symbolizes a commitment to sustainability and
environmental care. Every small effort count, and by implementing solutions like this biofilter, we are
building a healthier and more eco-friendly future for everyone.

Education plays a crucial role in this task, since it is from the classrooms where environmental
awareness can be promoted, and new generations sensitized about the importance of adopting sustainable
practices. By incorporating technological innovation proposals that involve products or prototypes with
recycled materials into the teaching-learning process, students can understand how reuse can contribute
to caring for the planet and building a more sustainable future.
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Abbreviations

cm centimeters

mm millimeters

ml millimeters

PET Polyethylene Terephthalate
PVC Polyvinyl chloride
Annexes

Logo

The word "mbenda™ in Mazahua goes beyond simply meaning "path” or "trail." For the Mazahua people,
it represents something deeply rooted in their daily lives and worldview.

Firstly, "mbenda” connects people to the land in an incredibly unique way. It is not just a place
they walk through but a link to their roots, to sacred places where stories and traditions have been passed
down through generations.

Additionally, this term has significant social meaning. It is the path that unites the Mazahua
community, where they share experiences and support each other. It is also a reminder of the importance
of living in harmony with nature, taking care of the sources everyone needs to live. (Benitez, 2017)

Logo Rationale

Incorporating the word "mbenda™ into the logo of a biofilter is a significant and powerful decision for
several key reasons. Beyond its literal meaning of "path” in Mazahua, "mbenda” evokes a deep
connection with the land and nature, essential for a project aimed at sustainably treating wastewater. This
word also symbolizes community and cultural values, demonstrating a commitment to the Mazahua
community and its traditions. By using "mbenda” in the logo design, a unique identity is created that
stands out in a market focused on sustainability while also generating an emotional connection with those
who value environmental and cultural preservation.

M3=NDOA
- o

Figure 25
Presentation of the Prototype & Logo of Tlaloc with Mbenda

Source: (own photo, 2024)
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