
 

      Filtering The Future 
By: Abeerah Jabran & Sarah Abdulmelik 

Sub-Topics: 

1. Understanding Water Contamination 
- To put it simply, water contamination is the pollution of water that renders it unfit for 

drinking, cooking, and other purposes. Overflowing sewers, industrial chemicals, and 
agriculture are only a few of the numerous sources of contamination. 

- Water becomes contaminated when dangerous materials, including chemicals or 
microbes, get into a water source. Sewage leaks, industrial contamination, untreated 
water, natural disasters, and agricultural runoff are the main causes. 

- Here is a detailed examination of water contamination: 

1. Types of Water Contaminants 

Generally speaking, there are four primary categories of water pollutants, each having unique causes 
and consequences: 

A. Definition of biological contaminants: These are pathogenic microorganisms such as bacteria, 
viruses, protozoa, and parasites. 

For instance:Bacteria that can cause cholera, typhoid, and diarrhea include Salmonella, E. Coli, and 
Vibrio cholerae. 

Hepatitis A virus, Norovirus, and Rotavirus are viruses that can cause polio, gastroenteritis, and 
hepatitis. 

Giardia and Cryptosporidium are two protozoa that seriously disrupt digestion. 

Sources: Human or animal waste, septic tank leaks, or contaminated surface runoff that reaches 
water sources are common sources of biological contamination. 

 

B. Chemical Contaminants 

● Definition: These are chemicals or compounds that can be toxic when ingested, even in small 
amounts. 

● Examples: 
○ Pesticides and Herbicides: Used in agriculture and can seep into groundwater or wash 

into streams. 



 

○ Heavy Metals: Lead, mercury, and arsenic are highly toxic and can cause various health 
issues, including neurological damage and organ failure. 

○ Industrial Chemicals: Pollutants from factories, like polychlorinated biphenyls (PCBs), 
solvents, and petrochemicals, which can cause cancers and developmental issues. 

● Sources: Chemical contaminants often result from industrial activities, agricultural runoff, 
improper waste disposal, and even household products that leach into water systems. 

C. Physical Contaminants 

● Definition: These are visible particles or suspended solids that can cloud water and indicate other 
potential contamination. 

● Examples: 
○ Sediments: Soil, sand, and silt from erosion, construction, or stormwater runoff. 
○ Plastics and Microplastics: Small plastic particles that can enter water sources from 

consumer products, waste, and improper disposal. 
● Sources: Physical contaminants usually come from erosion, construction, agricultural activities, 

and improper waste disposal. 

D. Radiological Contaminants 

● Definition: These are radioactive substances that can cause radiation exposure and long-term 
health effects. 

● Examples: 
○ Radon: A naturally occurring radioactive gas that can leach into groundwater. 
○ Uranium and Radium: Naturally present in certain soils and rocks, these can dissolve in 

water, especially in certain geological areas. 
● Sources: Radiological contaminants typically come from natural deposits in the earth but can also 

result from mining, industrial waste, and improper disposal of radioactive materials. 

2. Sources of Water Contamination 

Water contamination can stem from a variety of sources, including: 

● Agricultural Runoff: Fertilizers, pesticides, and animal waste from farms can be washed into 
rivers, lakes, and groundwater, introducing chemicals, nutrients, and pathogens into water 
supplies. 

● Industrial Discharges: Factories and industrial facilities often discharge wastewater containing 
hazardous chemicals, heavy metals, and other pollutants into nearby water bodies. 

● Urban Runoff: In cities, stormwater can carry contaminants like oil, trash, and chemicals from 
roads, parking lots, and lawns into water bodies. 

● Sewage and Wastewater: Improperly treated sewage or leaks from septic tanks can release 
bacteria, viruses, and chemicals into water sources. 

● Landfills and Waste Dumps: Waste disposed of in landfills can leach harmful substances into the 
ground, potentially contaminating groundwater. 

● Natural Sources: In some cases, contaminants are naturally occurring, such as arsenic in rocks, 
which can dissolve into groundwater, or salt intrusion into freshwater sources near coasts. 

3. Impact of Water Contamination on Health and the Environment 



 

● Human Health Impacts: Contaminated water can lead to waterborne diseases, affecting digestive, 
respiratory, and nervous systems. Common illnesses include cholera, hepatitis, and dysentery. 
Long-term exposure to contaminants like heavy metals or chemicals can cause cancer, 
neurological disorders, and reproductive issues. 

● Environmental Impacts: Contaminants in water can disrupt aquatic ecosystems, harm fish and 
other wildlife, and degrade overall water quality, impacting biodiversity and the food chain. 

4. Detection of Water Contaminants 

● Testing for Biological Contaminants: Techniques like bacterial culture tests, polymerase chain 
reaction (PCR) for DNA analysis, and enzyme-based tests to identify pathogens. 

● Chemical Testing: Involves chromatography, spectroscopy, and various chemical reagents to 
detect pollutants like heavy metals and pesticides. 

● Physical Testing: Measures turbidity (cloudiness), color, and total suspended solids to assess 
physical water quality. 

● Radiological Testing: Detects radioactive particles through specialized equipment such as Geiger 
counters or scintillation detectors. 

5. Preventing and Managing Water Contamination 

● Source Control: Reducing pollutants at the source, such as using less toxic alternatives in 
agriculture and industry, and properly disposing of waste. 

● Wastewater Treatment: Treating sewage and industrial wastewater to remove harmful 
contaminants before it enters the environment. 

● Filtration and Purification: Using water filtration systems to remove contaminants from water 
sources, making it safe for consumption. 

● Education and Awareness: Educating communities on best practices for waste disposal, 
agricultural management, and the importance of water conservation. 

6. Global and Local Impact of Water Contamination 

● Developing Countries: In many parts of the world, lack of access to clean water contributes to 
high rates of illness and mortality, especially in children. Contaminated water exacerbates poverty 
by increasing healthcare costs and reducing productivity. 

● Climate Change and Water Contamination: Climate change can worsen water contamination by 
causing floods, which spread contaminants, and droughts, which concentrate pollutants in 
dwindling water supplies. 

7. Water Filtration Solutions 

● Various water filtration methods can help make contaminated water safe for drinking: 
○ Boiling: Effective against pathogens but doesn’t remove chemical contaminants. 
○ Activated Carbon Filters: Good for removing certain chemicals and improving taste. 
○ Ceramic Filters: Effective against bacteria and larger particles. 
○ Solar Disinfection: Using sunlight to kill pathogens. 
○ Reverse Osmosis: Advanced filtration for removing most contaminants, including heavy 

metals and chemicals. 

8. Future Challenges and Innovations in Water Purification 



 

● As industrialization and population growth continue, more innovative and sustainable water 
purification solutions are needed to address contamination. Recent advancements include 
nanotechnology for filtration, portable water purifiers for remote areas, and biodegradable filters. 

 
 

2. Principles of Water Filtration 
1. Physical Filtration (Screen Filtering) 

● What It Does: Sand, dirt, and other bigger particles are eliminated from water using this 
technique. 

● How It Operates: Clean water flows through a filter with tiny holes (such as a screen or 
mesh), and filth becomes lodged in the filter. 

● For instance, a mesh filter that purges water of sand. 
 

 
2. Sticky Filter Adsorption 

● What It Does: It aids in the removal of chemicals, odors, and dangerous materials like 
chlorine. 

● How It Operates: The surface of some filters, such as activated carbon, draws in and 
"sticks" to undesirable substances and particles, keeping them inside the filter. 

● For instance, activated carbon filters enhance the flavor and aroma of water. 
 

 
 
3. Chemical Filtration (Chemical Transformation) 

● What It Does: This technique purges water of dangerous substances or metals (such as 
iron or lead). 

● How It Operates: The contaminants in the water are changed or made easier to remove 
by the chemical reactions that take place in the filter. 

● For instance, specialized filters can rid drinking water of contaminants or heavy metals. 
 

 
 
4. Super Fine Filter (Reverse Osmosis) 

● What It Does: It purges water of salts, other dissolved materials, and minuscule particles. 
● How It Operates: Only water molecules are allowed to pass through a very thin 

membrane filter when water is forced through it. The microscopic impurities remain. 
● As an illustration, reverse osmosis devices are used to purify saltwater for human 

consumption. 
 

 
 



 

5. UV Filtration: Killing Germs with Light 
● What It Does: It eliminates viruses, bacteria, and other dangerous microorganisms from 

the water. 
● How It Operates: The DNA of dangerous germs is damaged by UV light, which prevents 

them from proliferating or spreading illness. 
● For instance, UV purifiers are used to disinfect water during treatment. 

 
 

6. Allowing the dirt to settle, or sedimentation 

● What It Does: Large particles like mud and grime are eliminated with this technique. 
● How It Operates: Cleaner water rises to the top when the water is left still for a period, 

allowing the heavier particles to sink to the bottom. 
● For instance, before being filtered, water in lakes and rivers frequently undergoes this 

natural process.. 

 
 
7. Flocculation and Coagulation (Particles Clumping Together) 

● What It Does: By grouping small particles into larger "clumps" (referred to as flocs) that 
are simpler to filter out, this method aids in the removal of small particles. 

● How It Operates: The water is treated with special chemicals that make tiny particles 
adhere to one another. Other filtration techniques can be used to get rid of them once 
they have clumped. 

● For instance, it is used in water treatment facilities to eliminate small particles that are 
difficult to filter out. 

 
 

 
An overview of the guiding principles: 

● Large particles, such as sand and dirt, are eliminated by physical filtration. 
● Adsorption: Draws and holds onto harmful substances and odors. 
● Chemical Filtration: Eliminates dangerous metals and chemicals. 
● Reverse osmosis: Removes salts and tiny particles. 
● UV Filtration: Uses light to destroy dangerous microorganisms. 
● Allow heavy particles to sink to the bottom through sedimentation. 
● The processes of coagulation and flocculation cause microscopic particles to group 

together for filtering. 
 

3. Materials Selection 
1. Structural Components: 

- Polypropylene (PVC Foam Board) 



 

● Features: Lightweight, strong, and resistant to chemicals and water. Often used in food 
containers and reusable cups. 

● Applications in Filtration: Commonly used for structural components like casings or 
support layers in filtration systems. 

● Benefits: Affordable, easy to mold, and widely available. 
● Safety: Food-safe and non-toxic, making it ideal for water-related uses. 

- BPA - Free Polycarbonate (1 liter Coke Bottle) 
● Features: Exceptionally strong, lightweight, impact-resistant, and waterproof. 
● Common Uses: Used in shatterproof water bottles, safety goggles, and durable 

containers. 
● Why It Works: Polycarbonate is nearly unbreakable, making it ideal for applications 

where durability is critical. 
● Drawbacks: Slightly more expensive than other plastics. 

 

1. Cotton Balls (Activated Carbon Pads) 

2. Gravel (Porous Foam) 

3. Coffee Filters (Filter Paper) 

4. Cotton Cloth or Old T-shirt (Activated Carbon Cloth) 

5. Coarse Sand (Zeolite) 

6.  Liter Soda Bottle 

7. Activated Charcoal Bricks (Granular Activated Carbon - GAC) 

8. 3 Types of Nasty Water 

9. Rice (Perlite) 

 

 

4. Designing the Filtration System 

A filtration system that uses a variety of materials to extract impurities from contaminated water, 
simulating the process of natural filtration. This design will purify water and prepare it for 
everyday usage by combining physical, chemical, and adsorption filtering methods. 

Supplies Required: 



 

● For ease of construction and clarity, use clear plastic bottles, such as one-liter soda 
bottles. 

● Bricks of activated charcoal are used for adsorption, which eliminates chemicals and 
enhances flavor. 

● Cotton balls are used for pre-filtration, which captures big particles. 
● Gravel: To filter out more material and avoid clogging 
● For finer filtration that captures tiny particles, use coarse sand. 
● To capture the smallest particles, use coffee filters or an old T-shirt for fine filtering. 
● Polypropylene (PVC Foam Board): If required, for structural support 
● Rice  

 

Estimated Layer Heights and Amounts: 

 

2. Cotton Cloth (or Cotton Sock) 

Oils and grease are absorbed, and bigger particles are trapped. 

Quantity: A cotton sock (cut open if necessary) or a piece of cloth measuring roughly 10 cm by 
10 cm. 

Estimated 3 cm (1.2 inches) in height 

The coffee filter should be placed right on top of this. Cut off any extra cotton sock and fold it to 
a snug fit if you're using one. Prior to the finer components like rice and charcoal, the cotton will 
act as a secondary barrier and aid in filtration. 

 

 

3. Rice (Coarse Filtration) 

The goal is to catch bigger material, such as sand or soil. 

Amount: 10–15 grams, or 1-2 tablespoons. 

Height estimate: 2-3 cm (0.8-1.2 in). 

Add a thin layer of rice to create space. Rice won't take up much space because it isn't 
particularly thick, but it will aid in the coarse filtration process. Spread this layer evenly over the 
cotton fabric. 

 



 

 

4. Activated Charcoal 

Absorbing chemicals, smells, and organic pollutants is its goal. 

Activated charcoal (1-2 teaspoons; if space is limited, use powdered). 

An estimated 2–3 cm (0.8–1.2 inches) in height 

Because activated charcoal is thick, you don't need a lot of it. Evenly cover the rice layer with it. 
When using powdered charcoal, ensure sure the rice is completely covered and doesn't come 
into contact with the other layers. 

 

 

5. Fine Sand (or Zeolite) 

Goal: Increase filtration efficiency by removing tiny particles. 

Quantity: two to three teaspoons of zeolite or fine sand. 

Height estimate: 2-3 cm (0.8-1.2 in). 

Space: Place a layer of zeolite or fine sand directly on top of the activated charcoal. In addition 
to helping to further cleanse the water before it leaves the bottle, this will help capture finer 
particles. 

 

Configuring and Assembling the Filtration System: 

Get the bottle ready: To make a hole for water to pass through, cut off the bottom of a one-liter 
plastic bottle. 

Put the Materials in Layers: Beginning at the top (cotton balls) and working your way down to 
the bottom (coffee filter), insert each layer into the bottle. 

Protect the filter: To keep the cotton balls, gravel, sand, and charcoal layers from moving when 
water runs through, you might need to fasten them with tape or an elastic band. 

Check the filter: Pour unclean water over the top of the filter (you may make it look like 
contaminated water by adding dirt, food coloring, or small debris). Gather the filtered water in a 
sanitized container, then contrast the pre- and post-filtration outcomes. 



 

Procedure for Packing (in Order): 

Bottom: To begin, position the coffee filter at the bottle's very bottom. Tightly fasten this around 
the neck of the bottle. 

The cotton cloth (or cotton sock, if used) should then be placed directly on top of it. You don't 
want this layer to be overly tight. 

Add the rice to Layer 1. Evenly distribute it and thoroughly fill the lower part. 

Step 2: Evenly distribute activated charcoal on top of the rice. Make sure the layer of charcoal is 
compact without being overly compressed. 

Step 3: Cover the charcoal layer with sand or zeolite. 

Oats can be added as an optional last polishing layer. 

Top: Apply the microfiber cloth as the final covering. 

Distribution of Space and Total Layer Heights: 

Coffee Filter: 2–3 cm 

3 centimeters of cotton cloth 

Rice: 2–3 cm 

Charcoal Activated: 2-3 cm 

Zeolite/sand: 2-3 cm 

Optional Oats: 1-2 cm 

Optional Microfiber Cloth: 1-2 cm 

 

Anticipated Outcomes:  

By capturing big particles, the cotton balls will avoid blockage. 

Water will be able to flow through the finer materials because the gravel layer will filter out the 
larger particles. 

Small particles like silt will be filtered out by the coarse sand. 



 

Chemicals, smells, and other pollutants will be drawn out of the water by the activated charcoal. 

Smaller particles will be eliminated thanks to the last layer of filtration provided by the coffee 
filter or old T-shirt. 

 

The Application of Scientific Principles: 

Physical Filtration: By creating physical barriers, the sand, gravel, and cotton balls filter out 
bigger particles. 

Adsorption: By absorbing chemicals and impurities, activated charcoal enhances the flavor of 
water and eliminates dangerous pollutants. 

Chemical Filtration: Heavy metals and other dissolved substances can be eliminated with the 
use of the layers of sand and charcoal. 

Fine Filtration: Debris and tiny particles are eliminated by cotton cloth and coffee filters. 
 
Testing and Comparison:  
To assess the efficacy of your system, compare the water before and after filtration after the 
contaminated water has passed through the filter. You are able to measure: 
Turbidity: The difference between the water's clarity before and after. 
Smell: Does the activated charcoal improve the smell of the filtered water? 
Taste: By eliminating chemical impurities, the charcoal will aid in enhancing the flavor. 
Physical trash: To what extent did the layers of gravel, sand, and cotton remove dirt and 
particles? 

5. Bacterial and Pathogen Removal Techniques 

A bacterial pathogen is a kind of bacteria that can infect plants, animals, or people and cause 
illness. Because they may enter the body, grow, and generate toxins or other chemicals that 
interfere with regular cellular processes and cause disease, these bacteria are dangerous. 

The following are some typical instances of bacterial pathogens: 

Respiratory infections, including pneumonia, are caused by Streptococcus pneumoniae. 

Urinary tract infections and food poisoning can be caused by some strains of Escherichia coli 
(E. coli). 

Salmonella: Frequently results in foodborne illness. 

TB is caused by a bacteria called Mycobacterium tuberculosis. 



 

Bacterial pathogens can be spread through contaminated food, water, direct contact, or through 
the air, depending on the bacteria. Once inside the body, they can damage tissues and organs, 
leading to symptoms like fever, swelling, and pain. In some cases, infections can be severe or 
even life-threatening, but many bacterial infections can be treated with antibiotics. 

 

6. Ensuring Affordability and Accessibility 
 

Affordability Strategies 
 
I've created a number of tactics to cut expenses and increase affordability in order to guarantee 
that my water filtration system is still available to low-income communities: 
Mass Production: I can drastically reduce the cost of each filtration system per unit by 
concentrating on bulk manufacture. This will enable me to manufacture more units at a reduced 
cost, enabling a greater number of people to afford the system. 
Recycling: Using recycled resources in the production process, including used plastic bottles, is 
one of my main tactics. By cutting waste, this not only decreases material prices but also 
advances sustainability. 
Easy Design: Simplicity was a priority in the design of the filtration system. I make sure that the 
overall production cost stays cheap while retaining efficacy by avoiding costly components and 
maintaining a simple structure. 
 
 

 

Accessibility Strategies 

I've created the following accessibility-boosting tactics to make sure my filtration system reaches 
the people who need it the most: 

Localized Production: I intend to establish tiny production hubs in underprivileged areas to cut 
down on transportation expenses and guarantee that the system is accessible to nearby 
populations. Additionally, this generates employment, which boosts the regional economy. 

Subsidies: I intend to obtain subsidies to lower the cost of the filtration system for residents in 
low-income areas by collaborating with NGOs and governmental entities. This partnership will 
contribute to further lowering the system's cost. 

Distribution Channels: I intend to use local markets, schools, and stores to sell the filtration 
system directly to communities.  

 



 

Social Impact 

The filtration system is intended to bring about constructive social change in addition to 
enhancing water access: 

Developing Stronger Communities: The approach allows underprivileged communities to 
self-address their own water safety issues by focusing on local production and maintaining a 
cheap price. People may take control of their water quality, which fosters a sense of 
empowerment and ownership. 

Environmental Sustainability: By using recycled materials and reused parts, the system 
promotes sustainability and waste reduction. This strategy reduces the negative effects on the 
environment and supports my long-term objective of developing a sustainable water purifying 
system. 

 

Expected Outcomes 
By implementing these tactics, my filtration system should produce the following results: 
Cost-effective Water Filtration: The components of the system are inexpensive, with each unit 
costing less than $5. This guarantees that low-income neighborhoods may access the filtering 
system. 
Better Water Quality: The water will be safe for everyday use once the filtering system 
eliminates odors, visible debris, and some dangerous compounds. Communities most in need 
will benefit from cleaner, healthier water as a result. 
Sustainability: I make sure that the system has a minimal environmental impact by utilizing 
recycled materials and developing it with reusable parts, which is in line with more general 
sustainability objectives. 
Scalability: The system is easily scalable for higher output due to its straightforward design.  
 

 

Testing and Validation 
 
I will do thorough testing and validation to guarantee the system's efficacy and appeal prior to its 
widespread release: 
Water Quality Testing: I'll gauge how well the system removes pollutants and visible debris 
while also measuring its clarity and odor. This will help verify that the filtration system does, in 
fact, enhance the quality of the water. 
Community Input: I'll interact with nearby communities to gather opinions on how user-friendly 
and useful the system is. In order to make sure the system is user-friendly and fits the demands 
of the users, this input is crucial. 
Evaluation of Affordability: To make sure my filtration system is a financially sensible option, I 
will contrast its price with that of other options.  
 



 

 

In summary, by focusing on affordability, accessibility, and sustainability, I’m aiming to make a 
meaningful impact in improving water quality for underserved communities. The strategies I’ve 
outlined are designed to ensure that the filtration system is both effective and accessible, while 
also minimizing its environmental impact. 

 

7. Environmental Impact and Sustainability 

Environmental Impact: Pollution Reduction: By keeping dangerous pollutants out of natural 
water bodies, the water filtration system will assist purify tainted water. The device can lessen 
water contamination in areas where access to clean water is scarce by filtering away pollutants, 
heavy metals, and debris. 

Waste Reduction: To reduce waste, use common, low-cost materials like cotton, sand, gravel, 
and activated charcoal. In order to lessen the need for more plastic production, your project can 
promote the usage of recyclable materials (such as plastic bottles) for the filtration system. 

Aquatic habitats are healthier when the water is cleaner. Your filtration system can preserve 
biodiversity and save aquatic life by eliminating dangerous pollutants, improving environmental 
balance in contaminated areas. 

Sustainability: 

Low-Cost and Reusable: The filtration system is made to be reasonably priced, so those in 
need can use it without having to rely on pricey water purifying techniques. Additionally, the 
system is sustainable for long-term use because it makes use of easily maintained or replaced 
resources (such as sand or charcoal). 

Local Sourcing: A lot of the materials used, such cotton, sand, and activated charcoal, can be 
found locally and don't need to be produced using complicated industrial methods. This lessens 
the environmental impact of manufacturing costly water purifying systems or shipping raw 
minerals. 

Reducing Hazardous Chemicals: To prevent the release of new pollutants into the 
environment, the project encourages the use of safe and non-toxic materials, such as BPA-free 
plastic and organic materials like sand and charcoal.  

 

Long-Term Environmental Benefits: 



 

Providing Clean Water for Communities: By lowering the prevalence of waterborne illnesses, 
increasing public health, and giving communities access to safe drinking water, your filtration 
system may prove to be a long-term solution in areas with a shortage of clean water. 

Encouraging Education and Awareness: Your project can encourage communities to 
embrace sustainable practices in water conservation and purification by introducing inexpensive 
filtration systems. This will have a long-lasting positive impact on the environment and public 
health. 

 

8. Case Studies of Similar Low-Cost Filtration Systems 
Numerous inexpensive water filtration technologies have been created over time to help 
underprivileged populations that lack access to clean water. A few instances of these systems 
are shown below, along with a comparison to my own effort. 
 

 

1. LifeStraw (Portable Water Filter) 

● Overview: The LifeStraw is a small, lightweight water filter that eliminates microplastics, 
bacteria, and parasites. People usually utilize it in outdoor environments or during 
emergencies when access to potable water is scarce. 

● Important attributes: has the capacity to filter 1,000 liters of water. eliminates 99.9% of 
parasites and 99.9999% of bacteria. Simple to use and made for portable, individual 
use. 

● In contrast to my project: 
○ Similarity: My idea, like LifeStraw, aims to eliminate dangerous pollutants from 

water in order to improve accessibility and water quality. Both systems are made 
to be user-friendly and available to those in need. 

○ Difference: My system is designed for larger-scale community use and 
addresses a wider range of contaminants, including chemicals and heavy metals, 
using multiple layers of filtration like cotton, activated charcoal, and rice. In 
contrast, LifeStraw is a portable, single-use filter that targets biological 
contaminants. 

 
 

2. BioSand Filter (Household Water Filter) 

● Overview: To filter out contaminants and pathogens, the BioSand filter is a home water 
filtering system that combines layers of sand, gravel, and a biological layer. In poor 
nations, it is mostly utilized in households or small communities. 



 

● Important Features: Uses biological filtration to get rid of infections. inexpensive and 
needs little upkeep. Up to 20 liters of water can be treated daily. 

● In contrast to my project: 
○ Similarity: Using locally accessible materials for filtering, my system and 

BioSand filters are both made to be inexpensive, scalable, and simple to 
maintain. 

○ Difference: While my system combines physical filtration (using cotton and rice), 
chemical adsorption (using activated charcoal), and multi-stage filters to remove 
a wider range of contaminants, including chemicals and heavy metals, BioSand 
filters mainly concentrate on biological contaminants and rely on the growth of 
microorganisms to clean water. 

 
 

● Similarities: All of these systems, including mine, are made to be accessible, 
reasonably priced, and efficient in supplying impoverished areas with clean water. 

○ All of them use straightforward, locally sourced materials to reduce expenses and 
the need for outside resources. 

○ By increasing the availability of clean water in underprivileged areas, these 
systems seek to enhance public health. 

● Differences: My filtration system is unique in that it provides a more thorough method of 
purifying water. It addresses a range of pollutants, such as chemicals, metals, and 
biological dangers, by combining several layers of filtration. 

○ My system is more flexible to meet many demands because it can be scaled up 
for community usage, unlike some of the systems described, which are primarily 
for personal or home use (e.g., Sawyer Mini, BioSand filter). 

○ My project's multi-layer strategy tackles a broader range of water quality issues, 
making it a more adaptable solution for a variety of water contamination 
challenges than other systems that concentrate on biological filtration or are 
made for individual usage. 

 
In conclusion, my approach improves access to safe and clean water for entire communities by 
building on the achievements of these previous solutions while going one step further by offering 
a more comprehensive and scalable filtering technique that can be applied in a greater range of 
contexts. 

9. Comparative Analysis of Traditional and Modern Filtration Techniques 
1. People back then thought heat or boiling were the best forms of water purification. They 

also used crude straining methods of sand and gravel filtration. This showed that they 
thought if the water tasted good, it was purified which was wrong. They were not yet 
aware that even water that tasted pure could contain chemical contaminants or 
dangerous microorganisms.  



 

 
2. Now in our project, we not only make the water taste good, but also is indicated to have 

no bacteria. Back then also, Hippocrates was the first to create a water filtration system 
with a cloth bag that the water would be poured through after being boiled. The cloth 
would trap any sediment in the water that was causing bad taste or smell, but that would 
mean there still could be bacteria. In our Filtering cup, We have several different water 
filters including cloth and san. Which would take out the bad smell or taste, and would 
get boiled after to remove the remaining bacteria. 

10. Microbial and Pathogen Control in Low-Cost Filters: 
1. Physical Filtration: Low-cost filters often use materials like sand, clay, or activated 

carbon to trap germs. These materials have small holes (pores) that stop harmful germs, 
like bacteria and viruses, from passing through. 

2. Chemical Methods: Some filters use chemicals like chlorine, iodine, or silver to kill 
germs. Silver, for example, can be added to filters to help stop bacteria from growing. 
However, too much of these chemicals can be dangerous, so they need to be used 
carefully. 

3. UV Light (Ultraviolet Light): Some filters use UV light to destroy germs by changing 
their DNA, which makes them unable to cause illness. Solar-powered UV filters are also 
a cheap option in places with lots of sunlight. 

4. Biological Filtration: Some filters allow helpful germs (called biofilms) to grow on the 
filter to fight harmful germs. These helpful germs break down bad substances and stop 
harmful germs from getting through. However, the biofilm needs to be managed so it 
doesn’t become harmful itself. 

5. New Materials for Pathogen Control: Researchers are working on creating new filter 
materials. Some materials attract germs to trap them, while others push them away. 
Ceramic filters can also be used to trap bacteria and other harmful organisms. 

6. Maintenance and Care: Filters need to be cleaned regularly to keep them working well. 
If not cleaned, they can get clogged or become breeding grounds for germs. Some filters 
also need to be replaced after a while to keep working properly. 

7. Challenges: 
● Viruses: Filters are better at removing larger germs like bacteria, but they are not 

as good at catching viruses because viruses are much smaller. 
● Water Quality: The type of water being filtered can affect how well a filter works. 

For example, dirty water with lots of particles might not be cleaned as well. 
● Cost and Availability: Even though low-cost filters are affordable, getting them to 

remote places where people don’t have easy access to clean water can still be a 
challenge. 

8. Innovative Solutions: 
● Solar-Powered UV Filters: These use solar energy to power UV light, making 

them great for places that don’t have electricity. 



 

● Ceramic-Activated Carbon Filters: These filters combine two methods—ceramic 
for blocking germs and activated carbon for improving taste and removing some 
chemicals. 

 

11. Role of pH and Water Chemistry in Filtration Efficiency 
1. What is pH, and How Does it Affect Filtration? 

● pH tells us how acidic or basic (alkaline) the water is. It can affect how well a filter 
works by changing the way certain substances behave in the water. 

● Acidic water (low pH) can make metals like iron and copper dissolve more 
easily, which can make it harder to remove them with a filter. 

● Alkaline water (high pH) can cause things like calcium (which makes water 
"hard") to form solid particles, which can actually be easier to filter out. 

● How pH Affects Filters: 
● Some filters work better at certain pH levels. For example, activated 

carbon filters work best in water that isn’t too acidic or too basic. If the pH 
is too high or low, the carbon might not work as well. 

● The effectiveness of disinfectants like chlorine also depends on the pH. 
Chlorine works best in slightly acidic water. If the water is too alkaline, it’s 
not as good at killing germs. 

2. What is Water Chemistry, and How Does it Affect Filtration? 

● Water chemistry is all about the chemicals and particles that are dissolved in the 
water, like minerals, dirt, and other substances. These can affect how well a filter 
works. 

● Suspended solids (like dirt or sand) can clog filters and make them less 
effective. If the water is too cloudy (called turbidity), it might need to be 
treated before filtration to make the filter work better. 

● Ions are tiny charged particles like calcium, magnesium, and chloride. If 
there are too many of them, they can form deposits on filters, making them 
less effective over time. This is common in hard water, which has high 
levels of calcium and magnesium. 

3. How Can We Make Filtration More Efficient by Adjusting pH and Chemistry? 

● Sometimes, adjusting the pH of the water can help improve how well a filter 
works. For example: 



 

● If the water is too acidic or too basic, adjusting the pH can help remove 
certain chemicals more easily. 

● Acidic water can help remove metals and make disinfectants like chlorine 
work better. 

● Alkaline water can make minerals like calcium form solid particles, which 
are easier to filter out. 

● Pre-Treatment: In places with hard water, it might help to soften the water before 
filtering. This is done by adding chemicals that replace calcium and magnesium 
with sodium, which helps prevent buildup in filters. 

 
 
 

Steps for filtering water: 
 

● Ion Exchange and Coagulation. The ion exchange and coagulation phase is the initial 
aspect of the water purification process.  

● Sedimentation. 
● Filtration and Granular Activated Carbon.  
● Disinfection.  
● Carbon Filters.  
● Reverse Osmosis.  
● Store Purified Water. 
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https://www.consumernotice.org/environmental/water-contamination/#:~:text=Water%20contamination%20occurs%20when%20substances,chemicals%2C%20overflowing%20sewers%20and%20more.
https://sensorex.com/water-purification-methods/
https://www.who.int/teams/environment-climate-change-and-health/water-sanitation-and-health
https://www.cdc.gov/healthywater/drinking/index.html
https://www.wri.org/
https://www.epa.gov/water-research


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Suggestions for Refinement: 

1. Bacterial and Pathogen Removal: It’s great that you’re considering bacterial 
pathogens. However, physical filtration alone (via the cotton, rice, sand, etc.) may not 
remove bacteria effectively. For a more thorough filtration, you could incorporate UV 
light or boiling after filtration to address bacterial and viral pathogens, or mention these 
methods as additional steps for total purification. UV light is especially effective in killing 
bacteria and viruses without chemicals, and adding a UV sterilizing pen (available in the 
market) could be a cool innovation to suggest. 

2. Rice as a Filtration Material: Rice can work as a coarse filter for large particles, but it’s 
not particularly effective at trapping finer particles. Perlite, which you listed as a potential 
substitute, might perform better in terms of filtration efficiency for finer particles, as it has 
more surface area and is porous. You may want to clarify that rice can trap some debris, 
but perlite or other fine filtration materials like activated clay might work better for 
smaller particles. 

3. Zeolite: You've chosen Zeolite as a substitute for coarse sand, which is a great option 
because it’s more effective at trapping heavy metals and ammonia. However, make 
sure to specify how much Zeolite to use for effectiveness. You might also want to 



 

mention that activated charcoal is better for adsorbing chemicals, so a balance of both 
(Zeolite for heavy metals and activated charcoal for chemicals) would be ideal. 

4. Oats and Microfiber Cloth Layers: The inclusion of oats and microfiber cloth for final 
polishing is creative. Just ensure that the oats layer doesn’t clog up too quickly—this 
might be more effective as an optional step if your system needs further improvement. 
The microfiber cloth as the final layer could provide additional polishing, but remember 
that the activated charcoal should already improve the water’s taste and clarity. The 
microfiber will help remove the last fine particles. 

5. Material Quantities: For a 1-liter bottle, the total material amount should add up to 
about 6-10 cm in height, depending on the specific thickness of each layer. Your 
estimated amounts (2-3 cm per layer) are close, but double-check the space you have 
left in the bottle and make sure there’s room for water to flow freely. 
You could tweak the amounts slightly to fit your design, or reduce the thickness of some 
layers (for example, the rice layer and oats layer) to make sure everything fits neatly. 

6. Visual Aid: It would be helpful to include a simple diagram or photo of the assembled 
filter to give a clear visual guide to how the layers should look and how the materials 
should be arranged. People often grasp concepts better when they can see the filter in 
action. 
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