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ABSTRACT: This research paper focuses on providing potable drinking water for low-income households, where treated 
tap water from municipal sources is unavailable. It leverages multi-stage, ultra-filtration for a range of physical, chemical, and 
microbiological contaminants in groundwater, resulting from manmade activities like industrial pollution, untreated sewage water, 
fecal sludge, waste landfills, mining, grey water from homes not connected to the drainage system, and natural reasons like the 
presence of minerals, resulting from the dissolution of rocks. The water does not meet quality standards, with high levels of 
suspended particles, fluoride, chloride, arsenic, nitrates, sulfates, phosphates, metals (iron, manganese, lead, mercury, cadmium, 
chromium), organic contaminants (pesticides, herbicides, oil, hydrocarbons), and microbes. Using easily available, affordable 
materials and leveraging a Class 100 filtration mechanism, contaminated water samples were passed through separate multi-
stage ultrafiltration columns with layers of coarse sand grains, slag wool, pink sand, activated charcoal, and ceramic cones. When 
water flowed slowly through the filtration column, the physical, chemical, and microbiological contaminants were removed. This 
mechanism is low-maintenance, does not require electricity, and the media need to be cleaned after 30-40 days, with replacement 
of only the activated charcoal, thus providing a practical approach to address multiple contaminants in drinking water. 
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�   Introduction
The sustainability of drinking water sources has become a 

growing challenge, particularly in developing nations, due to 
increasing population, inadequate water management, and 
the inevitable crisis of climate change. According to estimates 
by the World Health Organization (WHO) and the United 
Nations Children’s Fund (UNICEF) in 2021, approximately 
2 billion people worldwide, or a quarter of the global popula-
tion, lacked access to clean water.1 As per another estimate in 
2024, 4.4 billion people across 135 low- and middle-income 
countries — over half of the world’s population — do not have 
safe household drinking water, with fecal contamination as the 
primary limiting factor affecting them.2 In a large country like 
India, about 30% of urban households, mostly those living in 
slums, and 90% of rural households still depend entirely on 
untreated surface water or groundwater.3

Groundwater quality has deteriorated due to various an-
thropogenic activities, including industrial pollution, sewage, 
waste landfills, and mining. Additionally, there are naturally 
occurring or geogenic reasons for water contamination, re-
sulting from the presence of natural minerals that are caused 
by the dissolution of soluble rock products. Groundwater may 
contain several hazardous contaminants and does not meet the 
standards specified by international organizations, such as the 
WHO,4 or the country-specific guidelines published by regu-
latory agencies. These standards cover a range of parameters, 
including physical and chemical metrics, microbiological pa-
rameters, and other aspects of water quality.

The kind of contaminants and the degree of contamina-
tion varies across countries and regions within a country, with 

quality issues like elevated levels of fluoride, arsenic, iron, man-
ganese, chlorides, nitrates, sulfates, phosphates, heavy metals 
(lead, mercury, cadmium, chromium), organic contaminants 
(pesticides, herbicides, oil, hydrocarbons), suspended particles, 
microbes, and hardness minerals like calcium and magnesium.

In several countries, especially in rural areas, village ponds 
play a crucial role in maintaining the quality of groundwater, 
which is often drawn from hand pumps and borewells. The 
pond water becomes contaminated because households and 
community water points in many places are not connected to 
the drainage network. Hence, grey water (from bathing, wash-
ing clothes, and utensils) stagnates outside houses or at water 
points. Greywater contamination is also an issue in urban 
slums. Fecal sludge, biosolids, and untreated wastewater from 
nearby industrial activity further deplete the water quality in 
ponds. Most often, the users are not even aware of the presence 
of the contaminants and their side effects.

Prolonged consumption of contaminated drinking water has 
several repercussions. High levels of dissolved solids can im-
pact health by causing gastrointestinal issues, kidney problems, 
and even affecting the taste and odor of the water, making it 
less palatable and sometimes leading to dehydration. High flu-
oride levels can cause fluorosis, which is typically diagnosed 
at a more advanced stage and is irreversible. Dental fluorosis 
causes loss of luster and shine of the dental enamel. Skeletal 
fluorosis leads to severe pain associated with rigidity and re-
stricted movements of the cervical and lumbar spines, knees, 
pelvis, and shoulder joints, often leading to crippling deformity. 
Arsenic causes skin diseases and cancer. Chlorides combined 
with sodium cause high blood pressure. Nitrates in water cause 
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thyroid and birth defects like methemoglobinemia or blue 
baby syndrome, where the ability of red blood cells to carry ox-
ygen is reduced and can lead to serious illness or death. Sulfate, 
when combined with magnesium, may cause gastrointestinal 
issues. Consumption of heavy metals in drinking water can 
cause neurological problems, kidney damage, and cancer. The 
pathogens cause waterborne diseases like cholera, typhoid, and 
dysentery.5-9

The goal of this research is to identify suitable natural and 
sustainable filtration media for creating a household-level wa-
ter treatment system, especially in low-resource settings, such 
as rural areas and urban slums, to deliver water quality com-
parable to that of households with a municipal treated water 
supply.

�   Methods
Section 1: Contaminants in water samples:
Water samples, drawn from hand pumps and being used 

for drinking purposes, were collected from villages and urban 
slums in India. These were collected from areas where water 
issues exist, such as high dissolved solids and foul odors, com-
munity water points not linked to drainage systems, stagnant 
and dirty water close to the water points, and industrial activity 
nearby that releases untreated wastewater into the groundwa-
ter.

I took four different samples of water from urban and ru-
ral sources, tested the samples for all characteristics (physical, 
chemical, metal, microbiological) through an accredited lab, 
and compared them to the specifications published by the Bu-
reau of Indian Standards (BIS) IS: 10500.10 The first water 
sample was taken from the municipal water in urban areas, 
which is treated water. In ideal situations, all other samples of 
water should meet at least these standards. The quality param-
eters of this sample were compared to those of water samples 
from different sources, which are expected to have high con-
taminants due to factors such as natural reasons, proximity to 
stagnant, dirty water, including grey water, fecal sludge, and 
untreated water from industrial activity. The samples chosen 
were as follows:

• Sample 1 (S1) – Municipal water supply to urban house-
holds

• Sample 2 (S2) – Hand pump water from a village where 
stagnant grey water and sludge are present close by, because 
the main drainage system is not adequately connected to all 
houses

• Sample 3 (S3) – Hand pump water in an urban slum where 
stagnant grey water is present close by, caused by a lack of con-
nection of the community water point with the main drainage 
system

• Sample 4 (S4) – Hand pump water in a village where 
untreated water from industrial activity has seeped into the 
groundwater. The industrial activity in the vicinity comprises 
metal and alloy factories, dyeing units, plastic manufactur-
ing facilities, chemical processing plants, and electronics and 
battery manufacturing plants. In several cases, smaller units 
occasionally do not adhere entirely to wastewater treatment 
standards and thus contribute to groundwater contamination.

Section 2: Results of testing of water samples before f iltration:
The characteristics that did not meet BIS standards in any 

one of the samples are being discussed further in this report. 
The characteristics that met the BIS standards have not been 
discussed further. The test results for S1, municipal water sup-
ply to urban households, met all the specifications as per BIS 
standards for the parameters tested. S2, S3, and S4, however, 
had different kinds of contaminants, some at alarmingly high 
levels.

Physical characteristics: The test results for S2, collected 
from a hand pump in a village with stagnant grey water and 
sludge in the vicinity, indicated a foul smell. The odor in the 
other two contaminated samples was agreeable. The total dis-
solved solids (TDS) were higher than the BIS standard of 500 
maximum in all three contaminated samples, as showcased in 
Figure 1. The levels of TDS were 3256 mg/L, 985 mg/L, and 
1590 mg/L in S2, S3, and S4, respectively, as against the pre-
scribed standard of a maximum of 500 mg/L.

Chemical analysis: According to the laboratory test results 
on the water samples, the key contaminants in S2, S3, and S4 
were fluoride, chloride, nitrate, and sulfate.

DOI: 10.36838/v8i3.1

Figure 1: TDS levels in drinking water samples vis-à-vis BIS standards. TDS 
in S2 was more than 6 times, in S3 almost twice, and in S4 more than thrice 
the industry standard (maximum 500 mg/L) prescribed, while the municipal 
water sample S1 adhered to the standard.
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As evident from Figure 2, the level of contamination of S2 
was the highest amongst all samples – fluoride at double the 
level (2.1 mg/L), chloride at more than ten times (2769 mg/L), 
nitrate at more than double (110 mg/L), and sulfate at 1.8 
times (364 mg/L) the maximum levels prescribed as per the 
industry standards. Major chemical contaminants in S3 were 
fluoride (1.6 mg/L) and chloride (1127 mg/L), with the latter 
at more than four times the industry standards. S4 had almost 
four times the prescribed limit of chloride (1049 mg/L), more 
than twice the limit of nitrate (108 mg/L), and high levels of 
sulfate (285 mg/L).

Metal analysis: The results of the presence of metals are 
showcased in Figure 3. The test results showed that iron and 
lead levels in all samples were way above industry standards. 
Iron levels were 1.1 mg/L, 0.9 mg/L, and 1.5 mg/L in S2, S3, 
and S4, respectively, as compared to the prescribed standard of 
a maximum of 0.3 mg/L. The levels of lead were 0.05 mg/L, 
0.03 mg/L, and 0.05 mg/L in S2, S3, and S4, respectively, in 
comparison to the prescribed standard of a maximum of 0.01 
mg/L.

Moreover, alarming levels of cadmium in S2 were found, 
3.09 mg/L as compared to the industry standard of 0.01 
mg/L. Chromium and uranium levels were unusually high in 
S3, chromium levels at 4.1 mg/L, with the maximum limit 
prescribed at 0.05 mg/L, and uranium at 4.1 mg/L, with the 
maximum limit prescribed at 0.03 mg/L. This was mainly an 
outcome of the untreated water from industrial activity seep-
ing into the groundwater. Microbiological analysis revealed coliform contamination 

in S3, indicating that the water was not suitable for drinking 
purposes.

Figure 2: Results of chemical (fluoride, chloride, nitrate, and sulfate) analysis 
of drinking water samples. While S1 from the municipal source met all 
parameters for chemical analysis, S2 was contaminated with all four chemicals, 
S3 was contaminated with fluoride and chloride, and S4 was contaminated 
with chloride, nitrate, and sulfate.

Figure 3: Results of metal analysis of drinking water samples. Iron and lead 
levels were higher than acceptable norms in all three contaminated samples. 
Cadmium level in S2 was 300 times the permissible limit. S4 was found to 
have abnormally high levels of chromium and uranium contamination.
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Section 4: Filtration Column layers (in descending order):
Layer 1 - Coarse sand grains (approximate grain size of 

1mm)
These are available in bulk locally in all environments. For 

this project, river sand was used, which has a high surface area, 
surface charges (especially from clay and oxide coatings), the 
presence of functional groups for chemical binding, and pore 
spaces that trap microbes and particulates. 70-90% of river sand 
is composed of crystalline silica (SiO₂). While the silica itself 
is not highly adsorptive, its large surface area and porosity help 
trap suspended solids. The surface can become slightly nega-
tively charged, enabling the adsorption of positively charged 
metal ions, such as lead and chromium. The small amounts 
of clay minerals present in sand, such as kaolinite and mont-
morillonite, make it highly adsorptive due to its high surface 
area, negative surface charges that attract positively charged 
ions (like heavy metals), and the presence of functional groups 
(e.g., OH-, Si-O-, Al-O-) that bind contaminants. Sand also 
has trace amounts of iron and aluminum oxides and hydroxides 
(Fe₂O₃, FeOOH, AI₂O₃, Al(OH)₃).

The river sand was rinsed thoroughly in clean water and 
then dried in the sun.

The sand media helps in:
• Removing organic matter by trapping suspended particles 

(like plant material, algae) as well as dissolved organic com-
pounds (adsorbs natural organic matter from decaying plants 
and animals).

• Removing bacteria and pathogenic microorganisms. While 
sand does not kill bacteria, it traps them, and over time, a bio-
film of microorganisms that grows in the sand can break down 
the organic material. This gets removed when the media of the 
column is cleaned as part of the maintenance cycle.

• Removing organic sludge that accumulates from surface 
runoff or decaying biological material (like fecal sludge).

• Partially capturing small amounts of oil and grease, partic-
ularly if they are bound to other particles or sediments.

• Adsorbs heavy metals and is effective for the removal of 
chromium (VI) and lead.

• Adsorbing arsenic and phosphates.

Layer 2: Slag wool
Slag wool is a by-product of steel production. It is a fibrous 

material made from molten slag that has been spun into fibers. 
It features a dense fiber matrix, a porous structure, and a high 
surface area, making it ideal for adsorption. Its chemical com-
position includes SiO₂ 35–50%, calcium oxide (CaO) 10–30% 
which enhances chemical reactivity with heavy metals like lead 
and copper, aluminum oxide (Al₂O₃) that facilitates adsorp-
tion sites via surface hydroxyl (–OH) groups, magnesium oxide 
(MgO) which facilitates ion exchange and neutralization re-
actions, and iron oxides (Fe₂O₃/FeO), that can adsorb anions 
like phosphate and arsenate. It also assists in physical filtration 
by acting as a fine mesh, especially right below the sand layer.

It helps in the following:
• Effective adsorption of certain metals, especially heavy 

metals like lead, cadmium, zinc, copper, nickel, chromium, and 
arsenic, via ion exchange

Section 3: Filtration mechanism for addressing multiple con-
taminants:

To address the issue of varying contaminants across loca-
tions, my solution is based on Class 100 water filtration, a 
multi-stage ultrafiltration system for water, utilizing principles 
of physical, chemical, and microbiological processes. "Class 
100" implies a system designed to minimize particulates to a 
very high degree and remove microscopic contaminants.

Using natural materials for Class 100 water filtration re-
quires carefully selecting materials that are most effective in 
removing physical and chemical contaminants, as well as bac-
teria, at a micro scale.

Five layers of different materials were selected to create a 
filtration column, with a focus on adsorption. The layers in-
cluded coarse sand grains, slag wool, pink sand, activated 
carbon, and ceramic cones, as exhibited in Figure 4. The ul-
trafiltration mechanism works through physical filtration, 
where pollutants are trapped in the filtering media as water 
passes through, and absorption filtration, where contaminants 
are adsorbed into the filtration media. The adsorbing media 
were selected based on their high thermal stability, small pore 
diameters, high exposed surface area, and hence high surface 
capacity for adsorption.

The filtration column for a household of 4-5 members 
can be designed to be approximately 2 feet tall. Each layer is 
approximately 4 inches thick, ensuring a water flow rate of 
approximately 1.5 to 2 liters per hour. I experimented with 
various thicknesses of each layer. I found that a thickness of 
approximately 4 inches is suitable for slowing down the wa-
ter flow and providing ideal contact time with the filtration 
media. The raw contaminated water is fed into the filtration 
column from the top and moves downward through the layers 
due to the force of gravity. The treated, purified water is col-
lected from the outlet at the bottom of the filtration system.

DOI: 10.36838/v8i3.1

Figure 4: Materials used in the filtration column for water purification. 
Layers of coarse sand, slag wool, pink sand, activated charcoal, and ceramic 
cones, available in bulk locally in all environments, were chosen for further 
experimentation.
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• Adsorb fluoride, arsenic, chlorides, heavy metals (like iron, 
lead, mercury, copper, zinc, cadmium, nickel), trace metals 
(chromium, uranium).

• Remove dissolved organic compounds (pesticides, petro-
leum-based products, industrial chemicals, natural organic 
matter, organic dyes from many industries, such as the textile, 
cosmetics, leather, printing, rubber, and food industries), chlo-
rine and chlorinated compounds, volatile organic compounds 
(benzene, toluene, xylene), and pharmaceutical residues.

• Absorb odor-causing compounds (mostly industrial pol-
lutants) and inorganic compounds like sulfates, improving 
taste.

• Address hardness and salinity issues.
• Adsorb microbial contaminants to some extent within the 

microscopic pores of the carbon.

Layer 5: Ceramic cones.
Ceramic cones are made from locally sourced clay materials, 

including kaolin clay, alumina, silica, feldspar, and even saw-
dust and rice husks. They are fired at controlled temperatures 
to create porous structures ideal for filtration. In this filtration 
column, cones made of kaolin clay are used. This layer enables 
mechanical filtration, adsorption, and even antimicrobial ac-
tion. It is ideal for filtering out dissolved inorganic compounds 
(such as salts and nitrates) and trapping bacterial contaminants 
in its microscale pores. Ceramic cones can filter out particu-
lates as small as 0.2–0.5 microns. They are durable and can 
be cleaned multiple times, extending their usability. Moreover, 
this layer provides support for all the previous layers of media, 
ensuring that the smaller particles do not clog the outlet pipe.

For further research, these layers were used to create a filtra-
tion column in a clean plastic container, as exhibited in Figure 5.

During the experiments, it was observed that the efficacy of 
the filtration column decreased after 30 to 45 days. Hence, all 
the media needs to be replaced or cleaned. The layer of acti-
vated charcoal in the filtration column was replaced, while the 
rest of the media was boiled separately in water, dried in the 
sun, and then reused.

• Removing phosphates that bind to the iron, aluminum, 
and calcium oxides

• Removing suspended solids like silt, sand, and larger par-
ticulates that could cloud water by acting as a physical barrier 
to sedimentation, thereby reducing turbidity

• Trapping small organic particles (like plant material and 
algae)

• Absorbing oils, greases, dyes
• Partially removing bacteria and microorganisms (if they 

are attached to larger particles); however, it does not kill patho-
gens or remove dissolved biological contaminants.

Layer 3: Pink sand
Pink sand is composed mainly of quartz, feldspar (KAlSi₃O₈, 

NaAlSi₃O₈, CaAl₂Si₂O₈), calcium carbonate (CaCO₃), and 
traces of iron oxides (Fe₂O₃, Fe₃O₄). This enhances its adsorp-
tion capabilities compared to river sand. In filtration processes, 
it helps in the following:

• Slowing down the flow of water in the filtration column 
significantly. This is one of the major reasons for adding this 
layer.

• Reducing suspended solids and organic matter further – 
the fine-grain size of pink sand provides a large surface area for 
good bacteria to attach to and thrive, aiding in water filtration

• Partially removing bacteria
• Adsorbs traces of heavy metals, especially iron, manganese, 

and arsenic, as well as phosphates
• pH buffering by neutralizing acidic water
Before placing a layer of activated charcoal, a thick bundle of 

Grade 1 filter papers was tightly packed to ensure that grains 
of pink sand do not get pushed down into the activated char-
coal below.

Layer 4: Activated carbon
Activated carbon is an adaptable adsorbent due to its prop-

erties, including a large surface area, high pore volume, diverse 
pore structure, extensive adsorption capacity, and a high degree 
of surface reactivity. It is prepared from various carbonaceous 
source materials, such as agricultural waste like coconut shells, 
wood (mostly bamboo cane and acacia), agricultural residues 
(like rice husk, betel nut husk, sugarcane bagasse), seeds (man-
go, papaya), and shells (like tamarind shell, cashew nutshell, 
acorn shell, banana peel, palm kernel shell). The higher ad-
sorption capability of activated carbon depends on porous 
characteristics such as surface area, pore size distribution, and 
pore volume. The porous structure of activated carbon forms 
during the carbonization process, and it further develops 
during the activation process. The pore system of activated 
carbon differs from one another, and individual pores vary in 
size, ranging from less than a nanometer to thousands of nano-
meters.

In my filtration column, I have used activated charcoal made 
from coconut shells, which has a higher density of micro-pores 
as compared to other forms of activated carbon, meaning it has 
a higher surface area and porosity. This layer helps to:

DOI: 10.36838/v8i3.1

Figure 5: Depiction of the filtration column created for water purification. 
The layers of materials were assembled to create a filtration column for 
treating contaminated water, with each layer being approximately 4 inches in 
thickness, providing ideal contact time with the filtration media.
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�   Result and Discussion 
The three contaminated water samples were filtered through 

three separate filtration columns. The water collected from the 
respective outlets of the columns was tested separately through 
an accredited lab. The pH levels post-filtration were examined, 
but since they were well within the range prescribed by BIS 
across all three samples, they were not tabulated in the subse-
quent analysis.

Post filtration, the foul odor in S2 was eliminated. The TDS 
levels, which were higher than the industry standards across 
S2, S3, and S4, were brought down to 126 mg/L, 53 mg/L, and 
102 mg/L, below the industry standard of 500 mg/L. From 
Figure 6, it is evident that the TDS levels decreased by approx-
imately 95% in all three samples.

A chemical analysis post-filtration indicated a significant 
drop in contamination levels. S2, which had high levels of fluo-
ride, chloride, nitrate, and sulfate, witnessed a drastic reduction 
in contamination levels, meeting industry standards. Fluoride 
levels went down from 2.1 mg/L to 0.65 mg/L. Chloride levels 
significantly reduced from 2769 mg/L to 48 mg/L. Nitrate lev-
els fell from 110 mg/L to 42 mg/L. Sulfate levels fell from 364 
mg/L to 140 mg/L. These results are showcased in Figure 7.

S3, which had high levels of fluoride and chloride, showed 
an 82% and 96% decrease, respectively, with both levels meet-
ing industry standards post-filtration, as evident from Figure 8. 
Fluoride levels went down from 1.6 mg/L to 0.3 mg/L. Chlo-
ride levels significantly reduced from 1127 mg/L to 41 mg/L.

S4, which had high levels of chloride, nitrate, and sulfate, ex-
perienced a drastic reduction in contamination levels, meeting 
industry standards, as shown in Figure 9. Chloride levels fell 
from 2769 mg/L to 48 mg/L, nitrate levels fell from 110 mg/L 
to 42 mg/L, and sulfate levels fell from 285 mg/L to 128 mg/L.

DOI: 10.36838/v8i3.1

Figure 6: Comparison of TDS levels in drinking water samples before and 
after filtration. Post filtration of each contaminated through the filtration 
columns, it was observed that the TDS levels were brought down to levels that 
were much lower than the prescribed industry standard.

Figure 8: Comparison of contamination levels of chemicals in S3 before and 
after filtration. Fluoride and chloride levels in S3, which were higher than the 
prescribed norms, were treated effectively, post-filtration.

Figure 7: Comparison of contamination levels of chemicals in S2 before and 
after filtration. The high contamination levels of fluoride, chloride, nitrate, 
and sulfate in S2 were all addressed post-filtration and fell to levels below the 
prescribed industry standards.

Figure 9: Comparison of contamination levels of chemicals in S4. S4, which 
had high levels of chloride, nitrate, and sulfate, showed a significant decrease 
in the levels of these chemicals, with levels meeting industry standards post-
filtration.
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Thus, the metal analysis results also show a significant re-
duction in contamination levels. The iron and lead levels, 
which were high in all three samples, fell to levels that meet 
industry standards. However, the chromium, cadmium, and 
uranium levels, although significantly lower post-filtration, did 
not meet the BIS standards. Chromium level in S4 fell by 75% 
from 4.08 mg/L to 1.02 mg/L; however continued to be higher 
than the industry standard of 0.05 mg/L maximum. Cadmium 
level in S2 fell by 97% from 3.09 mg/L to 0.08 mg/L; howev-
er continued to be higher than the industry standard of 0.01 
mg/L maximum. Uranium level in S4 fell by 98% from 53.9 
mg/L to 1.08 mg/L, but continued to be higher than the BIS 
standard of 0.03 mg/L maximum. Hence, the water samples S2 
and S4 were unsafe for consumption due to very high contam-
ination levels of heavy metals. To reduce these contaminants to 
meet industry standards, certain activating agents will need to 
be researched further and added to the filtration column.

S3, which had the presence of E. coli and coliforms, showed 
that these contaminants were eliminated post-filtration, as in-
dicated by the laboratory test results.

�   Conclusion 
Multiple factors influence groundwater quality. These in-

clude local geology, land use, climatic conditions, patterns and 
frequencies of rainfall, and anthropogenic activities such as the 
use of fertilizers and pesticides in agriculture, the disposal of 
domestic sewage and industrial effluents, and the extent of 
groundwater resource exploitation. Low-income households 
cannot afford commercially available solutions, such as reverse 
osmosis systems, for installation in their homes. High levels 
of dissolved solids, fluoride, chloride, arsenic, nitrates, sulfates, 
phosphates, metals (such as iron, manganese, lead, mercury, 
cadmium, and chromium), organic contaminants (including 
pesticides, herbicides, oil, and hydrocarbons), and microbes in 
drinking water have toxicological and epidemiological impli-
cations.

Home-built water filtration solutions, based on easily avail-
able and affordable filtration media, can help resolve the issue 
of drinking water quality for low-income households, for 
whom commercial solutions are unaffordable. Given that the 
type of contaminants and degree of contamination vary across 
regions, a home filtration solution must utilize media that ad-
dress multiple contaminants to provide a safe source of water. 
This is evident from the results of the water samples, which 
had multiple contaminants, tested at an accredited laboratory 
before and after filtration through a series of media in a filtra-
tion column.

A major advantage of the filtration mechanism examined 
in my project is that it is gravity-based and does not require 
any electricity. The materials used in the column are low-cost, 
easily available, require minimal maintenance, and address a 
wide variety of contaminants, including physical, chemical, 
heavy metals, and microbiological. Initial material cost for a 
single filtration column to filter roughly 10 liters per day works 
out to approximately INR 700-800 (less than USD 10). The 
replacement cost for approximately 30 days is only for activat-

ed charcoal, the cost of which is approximately INR 100-150 
(USD 1.2-1.8). The contaminants in the different water sam-
ples used in the project were varied. By leveraging low-cost, 
readily available, and low-maintenance media for water treat-
ment, households in resource-constrained communities can 
address the issue of multiple contaminants in water for human 
consumption.

Going forward, some areas will require further research. 
There are potential limitations to the filtration mechanism 
for high concentrations of certain contaminants, such as heavy 
metals. In case the contamination levels, especially of heavy 
metals, are way too high, this filtration mechanism is unlikely 
to bring them down to the WHO standards, as was the case in 
two of my sample results post-filtration. The cadmium level in 
S2 and the chromium and uranium levels in S4, although they 
fell significantly, did not reach the levels specified in the BIS 
standards. Additional research and experiments are needed to 
determine the type of agents required and whether they can be 
incorporated into this project or if specific technical interven-
tions are necessary.

�   Acknowledgments 
I would like to acknowledge the guidance from Dr. Soumik 

Banerjee, Ph.D., Chief Scientific Officer, Powell Laboratories, 
Kolkata, India, and his inputs on the scientific rationale of the 
media being used for filtration of groundwater.

�   References
1. WHO/UNICEF Joint Monitoring Programme for water supply, 

sanitation, and hygiene. (2021). Progress on household drinking water, 
sanitation, and hygiene 2000-2020: five years into the SDGs. World 
Health Organization (WHO) and the United Nations Children’s 
Fund (UNICEF).

2. Mapping Safe Drinking Water Use in Low- and Middle-income 
Countries; journal-article; 2021; Vol. 372, pp 928–932. https://doi.
org/10.1126/science.abf2946.

3. Agapitova, N., Navarrete Moreno, C., Barkataky, R., & World Bank. 
(2017). WaterLife: Improving access to safe drinking water in India 
[Report]. The World Bank. https://documents1.worldbank.org/
curated/en/586371495104964514/pdf/115133-WP-P152203-
PUBLIC-17-5-2017-12-28-1-WaterlifeCaseApril.pdf

4. WHO. (2025). WHO drinking water specifications. In WHO 
Drinking Water Specifications. https://cpcb.nic.in/who-guide-
lines-for-drinking-water-quality/

5. Saha, D., Central Ground Water Board, Singh, B. P., Srivastava, S. 
K., Dwivedi, S. N., Mukherjee, R., & Gupta, S. (2014). Concept 
Note on Geogenic Contamination of Ground Water in India with 
a special note on Nitrate. In Central Ground Water Board. Ministry 
of Water Resources, Govt. of India.

6. Stati. (n.d.). WATER QUALITY DATA OF GROUND WATER 
UNDER NWMP - 2022.

7. Prasad Mookerjee, S. (n.d.). Operation and Maintenance: Drinking 
water quality monitoring and surveillance. In Chapter 8.

8. Kanel, S. R., Jr., Das, T. K., Varma, R. S., Kurwadkar, S., Chakraborty, 
S., Joshi, T. P., Bezbaruah, A. N., & Nadagouda, M. N. (2023). 
Arsenic contamination in groundwater: Geochemical basis of treat-
ment technologies. In ACS Environ. Au (p. 135−152). https://doi.
org/10.1021/acsenvironau.2c00053

DOI: 10.36838/v8i3.1

	 ijhighschoolresearch.org



	 8	

9. Nagarnaik, P., Maldhure, A. V., Alam, N., CSIR-NEERI, 
Bhattacharya, A., Srivastava, A., Sharma, V., Rajasekhar, D., Mu-
ralidharan, A., Tewari, P. K., Purkait, M. Kr., Philip, L., UNICEF, 
KPMG, E&Y, R., S., Budhraja, R., Mahajan, V., Lal, B., & Sheel, V. 
(n.d.). Handbook on Drinking Water Treatment Technologies.

10. BUREAU OF INDIAN STANDARDS & Drinking Water 
Sectional Committee. (2012). DRINKING WATER — SPEC-
IFICATION. In the Indian Standard [Report]. https://cpcb.nic.
in/wqm/BIS_Drinking_Water_Specification.pdf (Original work 
published 1983)

�   Authors
Adhit Mandal is a student at The Shri Ram School Aravali, 

Gurgaon, India. He is a passionate environmentalist and re-
searcher in the areas of renewables and sustainable materials. 
He aspires to join a prestigious college course in Materials Sci-
ence Engineering. He loves participating in competitions that 
give him an opportunity to research innovative solutions for 
real-life global issues.

DOI: 10.36838/v8i3.1

ijhighschoolresearch.org


