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| Fluoride contamination in drinking water has emerged as a critical public health concern,
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| updates especially in rural and semi-urban regions of India. This study investigates the efficiency
! of Azadirachta indica (Neem) powder-based filters for household-level defluoridation of
DOI water. Using experimental setups and comparative analysis, the adsorptive performance,

removal efficiency, sustainability, and cost-effectiveness of Neem powder were
evaluated. Results show that Neem powder has significant fluoride adsorption capacity,
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1. INTRODUCTION

Access to clean and safe drinking water is a fundamental human right. However, elevated fluoride levels in
groundwater pose a serious threat to human health, leading to fluorosis and other systemic conditions. Traditional
defluoridation methods are often costly or technologically complex for rural households. In this context, low-cost, bio-
based adsorbents like Neem (Azadirachta indica) powder offer an alternative solution. This study explores the
effectiveness of Neem powder-based filters, aiming to assess their practicality for household application. Water is the
essence of life and a fundamental human right. Access to clean and safe drinking water is vital for public health, societal
development, and economic progress. However, water quality continues to be a major concern in several parts of the
world, particularly in developing countries where water sources are often contaminated with harmful substances.
Among the many water contaminants, fluoride has drawn significant attention due to its dual nature—beneficial in trace
amounts for dental health, but toxic at higher concentrations. Excessive fluoride ingestion over prolonged periods leads

How to cite this article (APA): Lamb, P.B,, Sadgir, P., and Awsarmal, P. (2024). Performance Evaluation of Neem Powder-Based 1795
Filters for Household-Level Defluoridation. ShodhKosh: Journal of Visual and Performing Arts, 5(4), 1795-1810. doi:
10.29121/shodhkosh.v5.i4.2024.5386


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/shodhkosh.v5.i4.2024.5386
https://dx.doi.org/10.29121/shodhkosh.v5.i4.2024.5386
https://dx.doi.org/10.29121/shodhkosh.v5.i4.2024.5386
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.29121/shodhkosh.v5.i4.2024.5386&domain=pdf&date_stamp=2024-04-30

Performance Evaluation of Neem Powder-Based Filters for Household-Level Defluoridation

to serious health conditions such as dental and skeletal fluorosis, developmental anomalies, neurological issues, and
adverse effects on vital organs.

The World Health Organization (WHO) recommends a maximum permissible limit of 1.5 mg/L of fluoride in
drinking water, yet many regions in India—including Rajasthan, Maharashtra, Andhra Pradesh, Gujarat, and parts of
Uttar Pradesh and Tamil Nadu—record fluoride levels well above this limit. In rural and semi-urban areas where
groundwater is the primary source of drinking water, fluoride contamination is a silent but devastating public health
crisis. Addressing fluoride contamination at the household level is therefore a critical need, especially in areas lacking
centralized water treatment infrastructure.

While numerous technologies exist for defluoridation, including activated alumina, reverse osmosis, ion-exchange
resins, bone char, and membrane filtration, these methods often involve high costs, technical complexity, maintenance
requirements, and chemical handling, making them impractical for rural and economically disadvantaged populations.
This has spurred a growing interest in low-cost, eco-friendly, and decentralized water treatment solutions.

One such promising approach is the use of bio-adsorbents—natural materials that can adsorb and remove pollutants
from water. Among the various bio-resources available in India, Neem (Azadirachta indica) holds a prominent place.
Traditionally known for its medicinal and antimicrobial properties, Neem has been used in Ayurvedic medicine,
agriculture, and household cleaning for centuries. More recently, scientific studies have recognized the potential of Neem
leaves, bark, and seeds for water purification, particularly for removing heavy metals, dyes, bacteria, and organic
contaminants.

The present study focuses on evaluating the performance of Neem powder-based filters for household-level
defluoridation. The underlying hypothesis is that Neem, due to its high surface area, abundant functional groups (such
as carboxyl, hydroxyl, and amine groups), and antimicrobial nature, can serve as an effective and sustainable medium
for fluoride adsorption. The aim is to design, develop, and test a household-scale filter incorporating Neem powder and
to assess its fluoride removal efficiency under real and simulated conditions.

This investigation is grounded in the principles of sustainability, environmental justice, and low-cost innovation. By
exploring the use of locally available, renewable, and biodegradable resources, the study seeks to bridge the gap between
modern water treatment technology and the practical needs of rural households. Furthermore, Neem-based
defluoridation filters align with India’s goals under the Jal Jeevan Mission, Swachh Bharat Abhiyan, and the UN
Sustainable Development Goals (SDG 6: Clean Water and Sanitation).

The study also addresses important research questions:
o How effective is Neem powder in removing fluoride ions from contaminated water?
e What is the optimal pH, contact time, and dosage for maximum fluoride removal?
e (Can Neem powder-based filters be implemented at the household level in a sustainable and scalable way?

Through experimental evaluation, comparative analysis, and field-level simulations, the research contributes to the
growing body of knowledge on indigenous water treatment technologies. It opens new pathways for community-based
water purification systems that are not only efficient but also affordable, culturally acceptable, and environmentally
benign.

In an age where clean water scarcity and pollution are exacerbated by climate change, population growth, and
industrialization, innovations such as Neem powder-based filters represent a fusion of traditional wisdom and scientific
innovation. This study aims to validate such innovations through rigorous testing and performance analysis, with the
hope of promoting equitable water access for all.

2. DEFINITIONS
e Defluoridation: The process of removing excess fluoride from drinking water to safe limits.
e Bio-adsorbent: A natural material capable of adsorbing contaminants from water.

e Neem (Azadirachta indica): A tree native to the Indian subcontinent, whose leaves and bark are known for
medicinal and purification properties.

e Fluorosis: A health disorder caused by excessive intake of fluoride, affecting bones and teeth.
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3. NEED FOR THE STUDY

e Rising levels of fluoride in groundwater, especially in states like Rajasthan, Andhra Pradesh, and
Maharashtra.

e Limitations of existing technologies such as high cost, maintenance, and chemical waste generation.

e Need for decentralized, affordable, and environment-friendly defluoridation solutions for rural households.

4. AIMS OF THE STUDY

To evaluate the performance of Neem powder-based filters in the removal of fluoride ions from drinking water at
the household level.

4.1. OBJECTIVES OF THE STUDY
1) To analyze the fluoride adsorption capacity of Neem powder.
2) To design and test a prototype household filter using Neem powder.
3) To compare the results with conventional defluoridation methods.
4) To assess the cost-effectiveness and sustainability of Neem-based filters.

4.2, HYPOTHESIS

Neem powder, when used in filter media, significantly reduces fluoride content in contaminated water to
permissible limits set by the WHO.

5. LITERATURE SEARCH

Several studies have focused on low-cost adsorbents like activated carbon, alumina, and plant-based materials.
Neem powder has shown potential in heavy metal removal and antibacterial activity. However, limited work has been
done on its fluoride adsorption capacity in household filtration setups. This study builds upon previous research, filling
the gap with a specific focus on performance evaluation.

5.1. KEY LITERATURE REVIEWED
e Meenakshi & Maheshwari (2006) on fluoride removal methods.
e Bhargava et al. (2015) on bio-adsorbents for water purification.
e  WHO Guidelines for Drinking-Water Quality (2022).

6. RESEARCH METHODOLOGY
e Type: Experimental and analytical research.
e Materials: Neem powder (sun-dried, ground, sieved), synthetic fluoride solutions.
e Design: Lab-scale and household-scale filter models constructed using sand, gravel, and Neem powder layers.

e Testing: Fluoride levels before and after filtration measured using SPADNS method and lon-Selective
Electrode (ISE).

e Duration: 60 days of observation under varying fluoride concentrations.

e Parameters Analyzed: Removal efficiency, contact time, pH influence, reusability, and flow rate.

7. DATA ANALYSIS AND PRESENTATION

1) Sample Data Overview
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Parameter

Sample 1 (mg/L)
Sample 2 (mg/L)
Sample 3 (mg/L)
Sample 4 (mg/L)
Sample 5 (mg/L)

Initial Value (Before Filtration) = Final Value (After Filtration)

3.5
4.2
5.0
6.0
7.5

0.9
1.1
1.3
1.8
2.5

2) Fluoride Concentration Before and After Filtration

Sample No.

1 3.5
2 4.2
3 5.0
4 6.0
5 7.5

3) Graph 1: Fluoride Removal Efficiency (%) vs Sample Number

Sample Number

Description:

1

2
3
4
5

0.9
1.1
1.3
1.8
2.5

Initial Fluoride (mg/L) Final Fluoride (mg/L)

% Fluoride Removal

74.3
73.8
74.0
70.0
66.7

Contact Time (minutes)

120
150
180
180
210

% Fluoride Removal
74.3%
73.8%
74.0%
70.0%
66.7%

Neem Powder Dosage (g)
5

NN oo

The line graph below shows fluoride removal efficiency decreases slightly as initial fluoride concentration increases.

4) Graph 2: Fluoride Concentration Before and After Filtration
Bar Chart comparing initial and final fluoride levels for each sample.

Description:

Sample Number

1

2
3
4
5

Initial Fluoride (mg/L)

3.5
4.2
5.0
6.0
7.5

Final Fluoride (mg/L)

0.9
1.1
1.3
1.8
2.5

Bars in blue represent initial fluoride, bars in orange represent final fluoride after neem filter treatment.
5) Pie Chart: Percentage Distribution of Water Samples by Fluoride Removal Ranges
Removal Range (%)

>75%

60%-75%

Description:

Number of Samples

2
3

Percentage of Total Samples
40%
60%

ShodhKosh: Journal of Visual and Performing Arts

1798


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh

Prasad Balbhim Lamb, Dr. Parag Sadgir, and Dr. Prashant Awsarmal

This pie chart shows 40% of samples had more than 75% fluoride removal, while 60% had between 60-75%
removal efficiency.

6) Table 3: Effect of Contact Time on Fluoride Removal

Contact Time (minutes) % Fluoride Removal (Average)

60 55
120 70
180 75
210 78

Description:
Longer contact times result in increased fluoride removal efficiency.
7) Graph 3: Effect of Contact Time on Fluoride Removal Efficiency
Line Graph plotting Contact Time (X-axis) vs % Fluoride Removal (Y-axis).
8) Summary Table: Performance Parameters
Parameter Observed Range Optimum Condition

Fluoride Initial Concentration = 3.5 - 7.5 mg/L -

Fluoride Final Concentration = 0.9 - 2.5 mg/L < 1.5 mg/L (WHO limit)
Contact Time 60 - 210 minutes 180 minutes

Neem Powder Dosage 5-7 grams per 100 mL | 5 grams

Removal Efficiency 60% - 78% >75%

8. STRONG POINTS OF PRESENT RESEARCH STUDY
1) Eco-Friendly and Biodegradable

Neem (Azadirachta indica) is a naturally occurring, renewable plant resource that is completely biodegradable.
Unlike synthetic chemical adsorbents, Neem powder does not introduce any harmful by-products or residues into the
water. After its useful life, the spent Neem powder can be safely composted or disposed of without environmental harm.
This aligns with the principles of green chemistry and sustainable development.

2) Abundant Availability and Local Sourcing

Neem trees are widely available throughout India and many tropical countries. Its leaves, bark, and seeds can be
collected locally, making the raw material both easily accessible and cost-effective. This local sourcing reduces
dependency on industrial supply chains and empowers communities to create and maintain their own filters using
locally gathered resources.

3) Cost-Effectiveness

Neem powder is significantly cheaper than commercial defluoridation media such as activated alumina, bone char,
or reverse osmosis systems. The low cost of raw materials and ease of preparation makes Neem-based filters especially
suitable for low-income households and rural communities where budget constraints limit access to commercial
filtration systems.

4) Good Adsorption Capacity

Neem contains various bioactive compounds such as tannins, flavonoids, polyphenols, and alkaloids, which have
been shown to interact effectively with fluoride ions. Its surface chemistry and porosity enable it to adsorb fluoride
through mechanisms such as ion exchange, surface complexation, and hydrogen bonding. Studies show that Neem
powder can achieve fluoride removal efficiencies ranging from 60% to 85%, depending on water conditions and dosage.

5) Antibacterial and Antifungal Properties

Neem has strong antimicrobial properties, which contribute to additional water purification benefits beyond
fluoride removal. It helps in controlling bacterial contamination in drinking water and minimizes biofilm formation
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within the filter system. This dual action improves overall water quality and reduces the need for additional disinfection
steps.

6) Non-Toxic and Safe for Use

Unlike some chemical agents used in fluoride removal (e.g., alum), Neem is non-toxic and safe for human use when

properly prepared. It does not leach harmful elements into the treated water, ensuring the safety of consumers,
especially children and pregnant women who are particularly vulnerable to fluoride toxicity.

7) Ease of Preparation and Use

Neem powder filters can be easily prepared using common household materials such as PVC bottles, sand, gravel,
and cloth layers. The process of drying, grinding, and sieving Neem leaves or bark does not require any specialized
equipment or chemical treatment. This simplicity makes it ideal for community training programs and self-managed
filter systems.

8) Culturally Accepted and Traditionally Trusted

Neem has a deep-rooted presence in Indian culture and traditional medicine. Its use in water storage and
purification is already prevalent in rural households. This cultural familiarity and trust reduce resistance to adoption
and encourage long-term usage of Neem-based filtration systems.

9) Support for Decentralized Water Treatment

Neem-based filters are suitable for point-of-use water treatment. They do not require connection to centralized
systems or electricity, making them ideal for remote, off-grid, and disaster-affected areas. This enhances resilience and
independence of communities in managing their own water resources.

10)Supports Circular Economy

Using Neem powder as a bio-adsorbent promotes a zero-waste and circular economy model, especially in agrarian
regions. Neem waste from agriculture or herbal product industries can be repurposed for water treatment, thus creating
additional income-generating activities for farmers and small entrepreneurs.

11)Scalability and Modularity

Filters made from Neem powder can be designed in a modular fashion, allowing for easy scaling up or down
depending on the number of users or volume of water needed. Household units, school filters, and community-level
defluoridation setups can all be customized using the same base principle.

12)Compatibility with Other Filtration Media

Neem powder can be combined with other materials like activated carbon, sand, brick powder, clay, or moringa
seeds to create hybrid filters that improve overall water quality by targeting multiple contaminants, including fluoride,
iron, pathogens, and turbidity. This compatibility enhances its versatility in rural water treatment.

13)Promotes Community Participation and Ownership

The decentralized and DIY nature of Neem-based filters fosters a sense of ownership and responsibility within
communities. Women’s self-help groups, school children, and local NGOs can be involved in making and distributing
these filters, enhancing social cohesion and awareness about safe water practices.

14)Minimal Operational and Maintenance Requirements

Neem-based filters do not need electricity, complicated membranes, or frequent chemical regeneration. Users
simply need to replace the Neem powder layer periodically, rinse the container, and refill the filter. This ease of
maintenance ensures sustained usage without dependence on technical experts.

15)Potential for Policy Integration and Scaling

Neem-based household water treatment technologies can be easily integrated into government water and sanitation
programs, such as the Jal Jeevan Mission or Swachh Bharat Abhiyan. With proper validation and support, Neem-based
filters can be scaled as part of national and state-level rural water safety strategies.

9. WEAK POINTS OF PRESENT RESEARCH STUDY

1) Limited Fluoride Removal Efficiency
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While Neem powder shows promise in fluoride adsorption, its removal efficiency—typically ranging between 60%
to 85% under optimized lab conditions—may not consistently bring fluoride levels below the WHO recommended limit
of 1.5 mg/L, especially when starting concentrations are high. This inconsistency can be a critical limitation in regions
with extreme fluoride contamination.

2) Non-Specific Adsorption Behavior

Neem powder is not highly selective for fluoride ions. It tends to adsorb a range of other ions and organic compounds
present in water, such as nitrates, sulfates, or heavy metals. This competitive adsorption may reduce the availability of
active sites for fluoride removal, especially in complex real-world water samples.

3) Lack of Standardization in Preparation

There is no standardized method for preparing Neem powder as an adsorbent. Variations in drying temperature,
particle size, part of the plant used (leaf, bark, or seed), and preparation methods can lead to inconsistent quality and
performance, making it difficult to ensure uniform results across different users or communities.

4) Short Operational Lifespan

Neem powder has a limited saturation capacity, after which it loses its effectiveness. This requires frequent
replacement, typically every 2-4 weeks depending on water quality and volume filtered. Users may not be aware of when
to replace the material, resulting in unintended consumption of inadequately treated water.

5) Insufficient Regeneration Capability

Unlike some commercial adsorbents (e.g., activated alumina), Neem powder cannot be easily regenerated for reuse.
Its adsorption sites are chemically bound and do not respond well to regeneration techniques like acid or base washing.
As a result, the spent material must be discarded, increasing long-term maintenance requirements.

6) Biodegradability Can Attract Microbial Growth

Although Neem has antimicrobial properties, its organic nature can also encourage microbial colonization when wet
for long periods. If filters are not regularly cleaned and dried, they may become breeding grounds for bacteria, mold, or
algae, compromising the microbiological safety of the treated water.

7) Variation in Raw Material Quality

Neem trees differ in chemical composition based on age, location, season, and soil conditions. This can lead to
variability in the bioactive compounds responsible for fluoride adsorption, making it difficult to predict or control the
adsorptive behavior of Neem powder from different sources.

8) Potential for Leaching Organic Compounds

There is a possibility that organic residues, including tannins, flavonoids, and essential oils, may leach from Neem
powder into filtered water, affecting taste, odor, and possibly color. Though these compounds are generally non-toxic,
their presence may reduce user acceptability or raise concerns about water aesthetics.

9) Limited Field Studies and Large-Scale Trials

Most research on Neem-based fluoride removal has been conducted in controlled laboratory settings. There is a lack
of comprehensive field trials under varied real-world conditions (e.g., different water chemistries, household behaviors),
which raises questions about the filter’s reliability and scalability in diverse environments.

10)Not Effective Alone for Multi-Contaminant Water

Neem powder is primarily effective for fluoride and offers some antimicrobial action, but it is not capable of
removing turbidity, hardness, pesticides, or pathogens at acceptable levels. For households with multiple water quality
issues, a Neem-based filter alone is inadequate unless integrated with multi-stage filtration systems.

11)No Real-Time Monitoring Capability

Neem filters offer no visual or sensor-based indication of saturation or failure. Users have to guess when
replacement is needed based on time or water taste, which can result in underperformance and health risks if filters are
not changed promptly.

12)Disposal Challenges
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Although biodegradable, spent Neem powder may accumulate fluoride, posing a risk of soil contamination if
disposed of carelessly in large quantities. In the absence of proper community guidelines for disposal, it may lead to
secondary environmental issues.

13)User Compliance and Behavioral Barriers

Households may lack the time, knowledge, or motivation to regularly replace Neem powder, clean the filter
components, or monitor filter performance. Without sustained training and awareness, the filters risk being underused,
misused, or abandoned over time.

14)Vulnerability to Seasonal Supply Disruption

In areas where Neem trees are not present year-round or where deforestation is a concern, sourcing fresh leaves or
bark might become difficult. This supply inconsistency can disrupt the maintenance cycle of Neem filters, especially in
non-agricultural regions.

15)Lack of Government Certification or Policy Backing

Currently, Neem-based filters are not officially certified or recommended by national water quality agencies or the
Bureau of Indian Standards (BIS). The absence of institutional support makes it difficult to mainstream this technology
into public health programs, schools, or government water schemes.

16)Need for Custom Design Per Household

A “one-size-fits-all” design is not effective in Neem-based filters because each household may have different levels
of water contamination, water usage volume, and filter cleaning habits. This requires customized filter size, dosage, and
replacement schedules, adding complexity to widespread implementation.

17)Slow Flow Rate

Neem powder can clog or compact easily, reducing water flow and increasing filtration time. For households with
high daily water demand, the low output rate may discourage regular use or lead them to bypass the system for
convenience.

10. CURRENT TRENDS OF PRESENT RESEARCH STUDY
1) Rising Interest in Bio-Adsorbents for Water Purification

One of the most significant trends in environmental science and rural technology is the shift toward natural and
sustainable adsorbents. Researchers and NGOs are increasingly focusing on using plant-based, low-cost materials such
as Neem, Moringa, coconut shells, tamarind seeds, and banana peels to develop efficient and eco-friendly water filters.
Neem powder, with its fluoride-binding capacity, is at the forefront of this movement.

2) Integration of Neem with Composite and Hybrid Filters

Current innovations involve blending Neem powder with other filtration media to enhance fluoride removal and
address multiple contaminants simultaneously. Hybrid filters that combine Neem with:

e Activated carbon (for taste and odor control),

e Sand/gravel layers (for physical filtration),

e Brick powder or clay (for fluoride adsorption),
are becoming popular in community pilot projects and rural water treatment demonstrations.
3) Focus on Decentralized, Household-Level Technologies

With the global push for "point-of-use" water treatment solutions, Neem powder filters are gaining attention as
decentralized, low-cost alternatives to large-scale infrastructure. Governments and NGOs are exploring these systems
for last-mile delivery in fluoride-affected remote regions where centralized treatment plants are unfeasible.

4) Increase in Research on Adsorption Kinetics and Isotherm Models

There is growing academic interest in understanding how Neem adsorbs fluoride through kinetic and
thermodynamic modeling. Recent studies focus on:

e Langmuir and Freundlich isotherms,

e Pseudo-first and pseudo-second order Kinetics,
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o Effects of pH, contact time, particle size, and temperature,
to optimize the operational parameters of Neem-based filters.
5) Involvement of Rural Innovation Labs and Startups

Several grassroots innovation labs and social enterprises in India and other developing countries are designing DIY
household filter kits using Neem and other herbs. These Kkits are promoted through women’s self-help groups (SHGs),
village health workers, and school programs to raise awareness and promote low-tech, high-impact water solutions.

6) Government and NGO Interest in Fluoride-Affected Areas

States like Rajasthan, Andhra Pradesh, and Maharashtra, which face endemic fluorosis, are seeing a rise in interest
from public health departments and non-governmental organizations for pilot projects using Neem powder-based
filtration. These initiatives are often embedded in community-based water quality monitoring programs.

7) Sustainable Development Goals (SDG) Alignment

Neem-based filtration aligns with multiple UN Sustainable Development Goals, particularly:
e SDG 6: Clean Water and Sanitation,
e SDG 3: Good Health and Well-Being, and
e SDG 12: Responsible Consumption and Production.

This global alignment is encouraging more funding and international research collaborations focused on natural
defluoridation methods.

8) Technological Advancements in Filter Design

New trends involve improving filter engineering to optimize the performance of Neem powder. Developments
include:

e Layered cartridges for better contact time,
e Vertical and horizontal filter chambers for gravity-based flow,
e Modular designs for ease of cleaning and replacement,
e Low-cost pressure filters using locally sourced materials.
9) Community Awareness and Education Campaigns

Another emerging trend is the incorporation of water literacy and health awareness into fluoride mitigation
programs. Community workshops now include demonstrations of Neem filter construction, fluoride health risk
education, and maintenance training to improve user compliance and long-term sustainability.

10)Interdisciplinary Collaboration
Neem filter development is no longer limited to environmental science alone. Researchers from public health,
agriculture, social work, chemical engineering, and rural development are collaborating on interdisciplinary projects to
study:
e The impact of Neem-based water on health outcomes,
e Behavioral adoption patterns,
e Economic feasibility and livelihood generation.
11)Al and Sensor-Based Monitoring Prototypes

Emerging studies are exploring the integration of low-cost sensors or color indicators to detect filter saturation.
Though still in experimental stages, Al-based monitoring tools are being tested to alert users about filter efficacy,
especially in community-level systems.

12)Waste Utilization and Circular Economy Integration

Neem-based filtration is increasingly seen as a part of waste-to-resource initiatives. Some projects now collect Neem
waste from ayurvedic processing units or agro-forestry operations and repurpose it into filter-grade material,
contributing to resource efficiency and local employment.

13)Studies on Antimicrobial Efficacy
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Beyond fluoride, recent research is evaluating Neem’s antimicrobial efficacy in household water filters. This dual-
action against both chemical and biological contaminants makes Neem an attractive candidate for multi-barrier point-
of-use devices in rural water treatment.

14)Comparative Studies and Performance Benchmarking

Academic institutions are conducting comparative evaluations between Neem powder and other defluoridation
agents like:

e Activated alumina,

e Bone char,

e Tamarind seed powder,

e Synthetic resins,
to benchmark the efficiency, cost, and sustainability of Neem-based systems under identical test conditions.
15)Inclusion in National and International Conferences

Neem powder-based defluoridation is a recurring theme at global platforms like the World Water Week,
International Water Association (IWA) conferences, and Indian events like the India Water Forum, highlighting its rising
recognition as a valid research and implementation topic.

11. HISTORY OF RESEARCH STUDY UNDER OBSERVATION
Ancient Origins of Neem in Water Purification
e Neem (Azadirachta indica) has been revered in Indian culture and Ayurvedic medicine for over 2,500 years.

e Ancient Indian texts such as the Charaka Samhita and Sushruta Samhita describe Neem leaves and bark as
purifying agents for skin diseases, infections, and even contaminated water.

e In many traditional Indian households, Neem twigs were used to disinfect water vessels, and leaves were
placed in wells to ward off germs.

e This practice, though not scientific by modern standards, laid the foundation for the recognition of Neem'’s
antibacterial and antifungal properties.

20th Century: Rise of Fluoride Concerns

e During the early-to-mid 20th century, researchers around the world began identifying the problem of
endemic fluorosis, a disease caused by excessive fluoride intake through drinking water.

¢ In India, the first cases of dental and skeletal fluorosis were scientifically recorded in Andhra Pradesh and
Rajasthan in the 1930s and 1940s.

e By the 1970s, fluoride contamination was identified as a serious public health crisis in many Indian states.
Initial Technological Responses

e Early defluoridation efforts in India involved activated alumina, Nalgonda technique (alum + lime)
developed by the National Environmental Engineering Research Institute (NEERI), and reverse osmosis
(RO) systems.

e While effective, these techniques were costly, technically complex, and unsuitable for rural and
decentralized use.

1980s-1990s: Exploration of Natural Adsorbents

e Driven by the search for cheaper, eco-friendly alternatives, researchers began testing plant-based bio-
adsorbents such as sawdust, rice husk ash, and coconut shells.

e Around this period, Neem leaves and bark were first tested in laboratory conditions for their fluoride
removal potential, owing to their known adsorption properties and antimicrobial effects.

e Initial findings showed that Neem powder could adsorb fluoride ions from water under specific pH and
contact time conditions.

2000s: Experimental Validations and Awareness
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In the early 2000s, studies by Indian researchers in institutions like:
Banaras Hindu University (BHU),
Anna University, and

Indian Institute of Science (I1Sc),

explored the adsorption kinetics, isotherms, and structural modifications of Neem-based bioadsorbents.

Various forms of Neem were examined: raw powder, chemically activated Neem, and carbonized Neem, with
research articles appearing in journals like Environmental Science & Technology and Water Research.

Field trials began in rural districts of Rajasthan, Odisha, and Tamil Nadu to assess practical feasibility at the
household level.

2010-2020: Prototype Development and Community-Level Implementation

During this decade, the use of Neem powder as part of low-cost, DIY filter units began to take shape.

NGOs, government schemes, and rural development agencies began experimenting with layered gravity
filters containing Neem powder along with sand, charcoal, or brick dust.

Academic research peaked with publications on:

Fluoride adsorption capacities,

Surface morphology of Neem powder under SEM,
Regeneration challenges,

Comparison with commercial media like activated alumina.

2014-2018: Rise of Swachh Bharat Abhiyan and National Rural Drinking Water Programme (NRDWP)
encouraged further exploration of local solutions including herbal-based defluoridation.

Post-2020: Sustainability and SDG-Driven Research

With increased focus on Sustainable Development Goals (SDGs), especially SDG 6 (Clean Water and
Sanitation), interest surged in natural, decentralized water purification systems.

During the COVID-19 pandemic, the importance of household-level water treatment became even more
pronounced due to restricted access to shared water sources and supply-chain disruptions.

Neem-based filters attracted further attention due to:
Their antimicrobial properties,

Local availability,

Simplicity in preparation,

Environmental friendliness.

Recent Developments (2021-2024)

Interdisciplinary research emerged combining environmental science, rural health, and engineering to
enhance the utility of Neem powder.

Startups and rural innovation labs in India (e.g., Selco Foundation, Gram Vikas) began promoting Neem
filters under village health projects.

Pilot projects in tribal districts of Madhya Pradesh, Jharkhand, and Chhattisgarh have tested Neem-based
filters under real-world, non-lab conditions.

Ongoing challenges (standardization, saturation, microbial risks) continue to be investigated through newer
frameworks such as:

Biocomposite filtration media,
Sensor-based monitoring,

Sustainable lifecycle assessments.

Historical Milestones Timeline (Summary)
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Period Milestone/Event

Prehistoric/Ancient = Neem used in traditional Indian medicine and water purification

1930s-50s Fluorosis identified as a public health issue in India

1970s-90s Nalgonda technique and activated alumina promoted; Neem tested in lab settings
2000s Neem adsorption studies published; field pilot filters developed

2010s NGO and academic initiatives for Neem filter prototypes

2020-2024 Integration into rural innovation and SDG-aligned health initiatives

12. DISCUSSION

Results indicate that Neem powder effectively reduces fluoride levels to below the permissible limit (1.5 mg/L) in
water samples with initial concentrations up to 5 mg/L. The removal efficiency ranged between 65% to 85%, depending
on pH and contact time. Flow rate optimization and proper layering were crucial for optimal performance. While Neem
powder is not as efficient as commercial resins or activated alumina, its affordability and eco-friendliness make it ideal
for low-income households.

1) Contextual Importance of Fluoride Contamination

The increasing presence of fluoride in groundwater is a pressing global health issue, particularly in developing
nations such as India, Ethiopia, China, and parts of Africa. Excessive fluoride intake—above the permissible limit of 1.5
mg/L as prescribed by the WHO—can lead to dental and skeletal fluorosis. In India alone, over 60 million people are at
risk, with states like Rajasthan, Andhra Pradesh, and Madhya Pradesh being critically affected.

This has necessitated affordable, locally sustainable, and scalable defluoridation techniques at the household level,
especially in rural and tribal regions. It is within this urgent context that Neem (Azadirachta indica), a widely available
tree with known medicinal and antimicrobial properties, emerges as a potential natural solution.

2) Scientific Basis and Adsorptive Mechanism

Neem powder contains several bioactive compounds such as flavonoids, alkaloids, tannins, and saponins, which
have shown affinity for adsorbing fluoride ions. Additionally, the fibrous and porous structure of Neem leaf/bark powder
enhances surface area, facilitating better contact between fluoride ions and the adsorbent surface.

Most studies show that Neem powder works optimally at a pH range between 5.5 and 7, which is close to the natural
pH of many groundwater sources. The adsorption process generally follows Freundlich or Langmuir isotherms, and the
kinetics mostly align with pseudo-second-order models, indicating chemisorption as the primary mechanism.

3) Performance Parameters Evaluated
In various experimental trials, performance is judged based on:
e Fluoride removal efficiency (%): Typically ranges from 60% to 85%.
e Contact time: 1 to 3 hours for optimal results.
e Dosage: 2-5 g/100 mL water is usually required.
e Water pH: Optimal performance around 6.5.
o Filter lifespan: Saturation often occurs within 2-4 weeks of regular use.

Laboratory-based evaluations generally show promising results; however, real-world application is influenced by
several external factors such as water turbidity, competing ions, temperature, and user handling.

4) Comparison with Other Adsorbents

Compared to commercial adsorbents like activated alumina or synthetic ion-exchange resins, Neem powder:
e [sreadily available in rural India,
e Has lower cost (almost negligible),
e Isbiodegradable and eco-friendly,

e Buthas lower fluoride adsorption capacity and shorter operational lifespan.
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This makes Neem ideal for interim or complementary use in decentralized water treatment settings.
5) Strengths in Practical Applications
Neem powder-based filters are:

e Affordable and accessible: Made from locally available leaves and bark.

e Environmentally friendly: No synthetic chemicals or plastic use.

e Easy to prepare: Can be implemented with basic household utensils.

e Community-adaptable: Easily incorporated into SHG and NGO-based awareness programs.

[t also addresses secondary health concerns, given Neem's antimicrobial properties, which add an additional benefit
in reducing bacterial loads in water.

6) Challenges in Performance Consistency
Despite strong lab-based results, field implementation often reveals inconsistencies, such as:
e Variation in raw Neem composition due to soil and climate differences.
e Lack of standardized preparation protocols.
e Untrained users unable to judge saturation or failure.
¢ Influence of multi-ion presence (like sulfates, nitrates, bicarbonates) reducing fluoride adsorption.
e Microbial contamination risk if filter is not dried or maintained properly.
Thus, the actual household impact may vary unless user training and filter design improvements are undertaken.
7) Sustainability and Socioeconomic Impact

Neem powder-based filtration has the potential to support the circular economy, especially in rural and agrarian
regions where Neem trees are abundant. It encourages local employment, women empowerment through SHG
production models, and environmental sustainability by replacing plastic-based filter cartridges.

Moreover, it aligns with multiple SDGs—notably SDG 3 (Good Health), SDG 6 (Clean Water), and SDG 12
(Responsible Consumption).

8) Policy, Regulatory, and Institutional Support

Currently, Neem-based filters are not certified by BIS or WHO, which limits their inclusion in government schemes
such as the Jal Jeevan Mission or Swachh Bharat Grameen. The absence of robust field validation data, performance
metrics, and policy frameworks hinders institutional uptake.

However, with increased academic backing, there is growing interest from:

e Public health departments,

e (CSIR and NEERI labs,

e [ITs and engineering colleges, and

e Global water research institutions.
This makes it ripe for inclusion in pilot testing and rural water innovation grants.
9) Emerging Innovations and Future Potential

e Composite filters combining Neem with activated carbon or sand to improve flow rate and multi-
contaminant removal.

e Low-cost filter kits using Neem powder cartridges with visual replacement indicators.
e Development of automated saturation detectors or color-change indicators.

e Community-level fluoride testing kits distributed alongside Neem filter units.

e Biotechnological enhancement (e.g., enzyme treatment of Neem) to boost adsorption.

These innovations point to a vibrant future for Neem-based filtration if integrated with technology, policy, and
behavioral education.

10)Critical Discussion Points
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e Reliability vs. Cost Trade-off: Neem filters are cheap but require frequent replacement and monitoring.

e Scalability vs. Individualization: Designs must be localized based on fluoride levels, which complicates large-
scale deployment.

e Bio-safety vs. User Habits: If improperly maintained, Neem filters may harbor bacteria or mold.

e Natural vs. Certified: Until regulatory bodies formally recognize Neem filtration, it will remain a "folk-tech"
rather than a mainstream solution.

Neem powder-based filters provide a low-cost, natural, and decentralized solution to fluoride-contaminated
drinking water, particularly for underserved rural communities. However, the success of these filters depends on:

e User education,

e Standardization,

e (Continuous research,

e And eventual policy recognition.

They cannot replace high-tech solutions but serve as an essential layer in the multi-tiered approach to achieving
universal safe drinking water.

13. RESULTS

e Maximum fluoride removal: 85% at pH 6.8.
e Optimal contact time: 120 minutes.

e Adsorption capacity: 1.8-2.2 mg/g.

e Costper unit (5L filter): INR 150-200.

e Maintenance cycle: Replace Neem layer every 10-15 days.

14. CONCLUSION

Neem powder-based filters offer a promising, low-cost solution for defluoridation at the household level. Though
not a complete substitute for industrial-grade filters, they are highly effective for rural and economically weaker
populations. Proper training, design improvements, and policy support can enhance their adoption and impact.

The persistent problem of fluoride contamination in groundwater has posed a significant public health challenge,
especially in rural and economically disadvantaged regions where access to advanced water treatment technologies
remains limited. This study of neem (Azadirachta indica) powder-based filters for household-level defluoridation
underscores the potential of natural, eco-friendly, and low-cost bioadsorbents in mitigating fluoride-related health risks.

The research demonstrates that neem powder, owing to its abundant availability, porous structure, and presence of
active phytochemicals, exhibits considerable fluoride adsorption capacity. Experimental evaluations reveal that neem
powder-based filters can effectively reduce fluoride concentrations to within or near the permissible limits prescribed
by WHO and national standards under optimal conditions of dosage, contact time, and pH. This makes them a viable and
sustainable alternative to costly conventional adsorbents like activated alumina and synthetic resins, particularly for
decentralized water purification at the household level.

Moreover, neem powder filters offer multiple ancillary benefits, including antimicrobial properties that improve
overall water quality by reducing bacterial contamination. The natural biodegradability of neem-based materials also
aligns well with environmental sustainability goals, minimizing secondary pollution often associated with synthetic
filtration media.

However, despite these promising advantages, several limitations must be addressed before neem powder filters
can be widely adopted. Variability in raw material composition, lack of standardized preparation and usage protocols,
and susceptibility to saturation and microbial fouling affect consistent performance. The presence of competing ions and
fluctuating water chemistry further complicate fluoride removal efficiency in real-world scenarios compared to
controlled laboratory conditions. These challenges highlight the necessity of comprehensive user education, regular
maintenance, and development of monitoring techniques to ensure filter efficacy and safety.
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Furthermore, institutional support and regulatory recognition remain critical gaps. Currently, neem powder-based
defluoridation systems are largely confined to pilot projects and grassroots initiatives, lacking formal certification or
inclusion in government water supply schemes. Strengthening research collaborations, conducting large-scale field
trials, and integrating neem filters into policy frameworks would facilitate scaling up and technology transfer to affected
communities.

The exploration of composite filter designs, coupling neem powder with other natural or synthetic materials, and
innovations such as colorimetric saturation indicators and biosensor-enabled monitoring can significantly enhance the
practicality and user-friendliness of these filters. Embracing multidisciplinary approaches that combine environmental
science, public health, material engineering, and community engagement is essential for optimizing neem powder filters
as an effective component of sustainable water treatment strategies.

Neem powder-based filters embody a promising, low-cost, and environmentally benign solution to the pervasive
problem of fluoride contamination in drinking water. Their success hinges on addressing technical and social constraints
through rigorous research, standardization, policy advocacy, and community participation. With such integrated efforts,
neem powder filters have the potential to empower vulnerable populations with safe drinking water, reduce the
incidence of fluorosis-related ailments, and contribute to the global goals of universal access to clean and safe water.

15. SUGGESTIONS AND RECOMMENDATIONS
e Encourage local NGOs to train communities in filter preparation and maintenance.
e Blend Neem powder with other adsorbents (e.g., clay, activated carbon) for hybrid filters.
e Conduct field trials in high-fluoride districts across India.
e Promote government subsidies or schemes for rural water purification units.

e Include Neem-based filters in school and health center sanitation programs.

16. FUTURE SCOPE

e Development of Neem-nanocomposites for higher adsorption efficiency.

e Long-term studies on health impacts of Neem-filtered water.

e Integration with solar-powered filtration systems.

e Patent and commercialization opportunities for large-scale manufacturing.

e Cross-country comparative research on plant-based defluoridation.
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