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Abstract

Access to clean and safe drinking water remains a critical challenge for over two billion people worldwide,
primarily in developing countries. This research investigates the effectiveness of low-cost, sustainable water
purification technologies and evaluates public perception and readiness for adoption. A combination of
experimental analysis and survey-based research was used to identify feasible purification methods, measure
contaminant levels, and understand socio-cultural and economic barriers. The study highlights the success of
eco-friendly methods such as solar-powered electrolysis and activated carbon filtration. A prototype device
tailored to off-grid communities was developed, emphasizing affordability, ease of maintenance, and energy
efficiency. Findings suggest that combining technological innovation with community engagement and
education can lead to significant improvements in water quality and public health outcomes.
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Introduction

Water scarcity and contamination remain pressing issues in developing nations, where untreated water sources
contribute significantly to public health crises. Millions suffer from waterborne diseases such as cholera,
typhoid, and dysentery due to limited access to clean water. According to the World Health Organization
(2017), unsafe drinking water is a leading cause of preventable deaths globally. This research addresses these
challenges by exploring sustainable and accessible purification methods that can be widely implemented at the
community level.

The growing demand for potable water is driven not only by increasing populations but also by rapid
urbanization, industrial growth, and climate change-induced water stress (Ward et al., 2018). Traditional water
treatment infrastructure is either lacking or insufficient in many low-income regions. Additionally, the lack of
awareness about waterborne diseases, economic limitations, and social taboos contribute to the persistence of
unsafe drinking practices (Islam, 2016).

In rural areas, the dependency on groundwater or untreated surface water exacerbates the risk of heavy metal
and microbial contamination (Rosca et al., 2020). In urban slums, despite the proximity to municipal systems,
service quality and reliability are often poor. Consequently, there is an urgent need to develop cost-effective,
easy-to-maintain, decentralized purification systems that can serve both individual households and
communities.

Innovations in green technology, such as solar-powered purification and natural filtration systems using
materials like activated carbon from agricultural waste, offer promising solutions (Pradeep et al., 2016).
Activated carbon filtration is known for its effectiveness in removing organic compounds and heavy metals.
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Electrolysis methods have also proven successful in reducing Total Dissolved Solids (TDS) and other harmful
constituents (Malinovic et al., 2016).

However, technological solutions alone are insufficient without community acceptance and proper education.
Research shows that sustainable implementation requires local engagement, affordability, and public trust
(Jhuang et al., 2020). This paper outlines a holistic approach encompassing technical innovation, user
perception, and socio-economic factors to guide the development and implementation of effective water
purification systems in developing regions.

Methodology
Experimental Setup

Multiple water purification methods were tested on tap water collected from urban and rural households.
These included:

. Boiling and Heating: Simulates traditional methods; tested for microbial and dissolved gas
reduction.
. Activated Carbon Filtration: Utilized food-grade carbon to absorb heavy metals and organic
pollutants.
. Electrolysis (Battery-Powered): Reduced Total Dissolved Solids (TDS) using low-voltage
electrochemical cells.
Equipment:
. 50 L plastic container
. 1 L beakers and graduated cylinders
. TDS meter, digital scale
. Food-grade activated carbon
. Battery cells for electrolysis
. Stir rods, tweezers, and standard lab tools

Water samples were tested for TDS levels before and after treatment using calibrated digital meters.
Results and Discussion

Survey Insights

. Water Source and Use: 65% relied on municipal water, while 25% used well water or surface
sources.

. Current Practices: Boiling (54%) and filtration (42%) were most common.

. Health Concerns: 70% expressed fears of waterborne illnesses.
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. Technology Awareness: Only 20% were familiar with advanced filtration or electrolysis
techniques.
. Adoption Readiness: 60% were willing to invest in purification technology if it was under $50

and easy to use.

Experimental Findings

Method Avg. TDS Before (ppm)||Avg. TDS After (ppm)||% Reduction
Boiling 390 310 20.5%
Activated Carbon Filtration|390 240 38.5%
Electrolysis 390 180 53.8%

The battery-powered electrolysis showed the highest reduction in TDS, followed by activated carbon
filtration. Boiling, while useful for pathogen removal, had minimal impact on dissolved solids.

Prototype Development

A solar-powered purification unit was developed combining:

. Pre-filtration using activated carbon

. Electrolysis chamber powered by solar panels

. Real-time TDS monitoring sensor

. Low-maintenance design for rural deployment
Discussion

The results affirm that effective purification is achievable with cost-effective and sustainable technologies.
However, barriers remain, including:

. Affordability vs. Technology: Advanced methods still carry initial costs that can be
prohibitive.

. Cultural Resistance: Preference for traditional practices may slow adoption.

. Energy Access: Inconsistent electricity limits usage of conventional systems; solar power

addresses this issue.

Community training and awareness campaigns are essential to encourage adoption and ensure long-term
impact.
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Conclusion

This study provides strong evidence that affordable and sustainable water purification technologies can
significantly improve public health in developing countries. By combining experimental validation with
community feedback, the research supports a bottom-up approach to solving water quality issues. The
development of a solar-powered, low-maintenance purification device demonstrates the feasibility of real-
world implementation. Moving forward, field trials and government or NGO collaborations will be crucial to
scale impact. Promoting education on water safety and hygiene must accompany technological interventions
to ensure sustainability and user adoption.
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