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ABSTRACT

Filtration enhanced the quality of water samples from various areas. The present study
evaluates the impact of a portable water filter system on water quality parameters. The
wastewater samples' pH readings before and after filtering, which meet environmental
and discharge criteria of 6.6-8.5, vary greatly. The initial wastewater samples from
domestic (pH 4.70), industrial (pH 6.90), and municipal solid waste (pH 9.28) sources
have pH levels outside the permissible range. This signals acidity or alkalinity issues.
Filtration raises wastewater pH to 6.93 (residential), 6.92 (industrial), and 6.71 (MSW).
Residential wastewater dropped from 1.35 NTU to 1.09 NTU, within the safe drinking
water range (1-5 NTU). Filtering lowered industrial wastewater turbidity from 2.67 NTU
to 1.25 NTU, indicating effectiveness. After filtration, the turbidity of municipal solid
waste (MSW) wastewater fell from 7.65 NTU to 4.35 NTU. After filtering, the residential
wastewater content increased from 65 mg/L to 85 mg/L. This new value is within the 10-
300 mg/L range but close to the maximum limit. Successful treatment reduced industrial
wastewater contaminants from 240 mg/L to 184 mg/L, meeting discharge restrictions.
Filtration reduced municipal solid waste (MSW) effluent from 283 mg/L to 265 mg/L,
demonstrating partial pollution eradication. After filtration, residential wastewater
content dropped from 295 mg/L to 265 mg/L, within the 250-500 mg/L limit. Filtration
reduced industrial wastewater from 310 mg/L to 275 mg/L, proving the treatment. The
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filtration procedure removed pollutants, lowering MSW effluent from 440 mg/L to 395
mg/L. Thus, the implementation of a portable water filtration system has resulted in
impressive improvements in wastewater quality. This includes significant improvements
in pH stability, reductions in turbidity levels, and effective lowering of BOD and COD
parameters. This approach not only enhances efficiency but also emphasizes our
commitment to promoting sustainable water management techniques.

Keywords: Assessment; Wastewater sample; Portable water filter; pH; Turbidity; BOD;
COD.

Abbreviation

BOD Biological oxygen demand
WwW Wastewater

COD Chemical oxygen demand
MSW Municipal solid waste

FP Filter paper

CG Chhattisgarh

mg/L Milligrams per liter

NTU Nephelometric turbidity units
uv Ultraviolet

AR Analytical reagent
INTRODUCTION

The evolution of wastewater treatment reflects humanity's enduring quest to manage
water quality and safeguard public health. Ancient civilizations, such as the Indus Valley
around 2500 BC, engineered rudimentary drainage systems using terracotta pipes to
channel wastewater into sumps, facilitating the separation of solids from liquids.

The Romans advanced these practices by constructing extensive aqueducts and sewer
networks, exemplified by the Cloaca Maxima in Rome, which efficiently removed
sewage from urban areas.

Following a period of stagnation during the Middle Ages, the 19th century witnessed
significant advancements with the establishment of centralized sewage treatment
facilities. These early plants employed physical processes, such as sedimentation, to
eliminate pollutants before discharging effluent into water bodies.

The advent of the activated sludge process in the early 20th century marked a pivotal
development, introducing biological treatment methods that harnessed microbial activity
to degrade organic matter (Haouchine et al., 2024). In contemporary times, drinking water
and wastewater treatment has become increasingly sophisticated, integrating advanced
technologies to address complex contaminants, such as exchange ion processes (Aw et
al., 2024) or eco-friendly adsorption processes (Bouchemal and Achour, 2007; Khelifi et
al., 2018; Chauhan and Dikshit, 2023). For instance, the use of powdered activated carbon
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has been studied for the effective removal of harmful substances, such as phosphates,
phosphorous, or heavy metals, from natural waters, highlighting ongoing innovations in
treatment methodologies, especially eco-friendly technologies (Mumthaj et al., 2023;
2014; Yadav et al., 2024; Chadee et al., 2024; Khelili et al., 2024).

Integrated approaches for evaluating water quality are essential in ensuring safe and
sustainable water resources, particularly in water treatment processes (Sahu et al., 2024).
In addition, in water treatment, an integrated approach ensures that contaminants are
effectively removed while optimizing treatment processes for drinking water, industrial
use, and wastewater management. This approach combines physical, chemical, and
biological assessments to provide a comprehensive understanding of water quality. Key
parameters such as pH, turbidity, electric conductivity, dissolved oxygen, heavy metals,
mercury, and microbial contamination are analyzed using advanced monitoring
techniques and modeling tools, such as coagulation-flocculation that enhances water
clarity, reduces turbidity, and improves the efficiency of downstream filtration and
disinfection by minimizing the presence of pathogens and organic precursors that may
form disinfection by-products (DBPs) (Masmoudi et al., 2018; Ghecham et al., 2018;
Randika et al., 2022). By integrating data from field measurements, remote sensing, and
optimized laboratory analyses, these methods enhance the accuracy of water quality
assessments, facilitating early detection of pollutants and improving treatment efficiency
(El Ghammat et al., 2019; Yoboué et al., 2019; Achour et al., 2019). Ultimately, it
supports sustainable water management by providing reliable data for decision-making,
regulatory compliance, and environmental protection.

The treatment of sewage sludge has become an increasingly critical environmental
concern due to its high content of hazardous heavy metals and organic pollutants. If
improperly managed, these contaminants can pose severe risks to soil, water, and human
health, leading to long-term ecological damage. The presence of toxic substances such as
lead, cadmium, mercury, carcinogenic humic substances, and persistent organic
pollutants necessitates advanced treatment methods to ensure safe disposal or beneficial
reuse (Bacha and Achour, 2023). Sustainable sewage sludge management involves
processes like stabilization, dewatering, thermal treatment, and resource recovery to
mitigate environmental risks while promoting circular economy practices. Given the
growing urban population and industrial expansion, developing efficient, eco-friendly,
and cost-effective sewage sludge treatment technologies is essential for environmental
protection and sustainable waste management. In addition, predictive modeling of daily
dried sludge production in full-scale wastewater treatment plants is crucial for optimizing
sludge management and disposal strategies. By integrating machine learning algorithms
with empirical mode decomposition (EMD), researchers can enhance prediction accuracy
by capturing complex nonlinear patterns in sludge production data. This approach allows
for improved forecasting, enabling treatment plants to efficiently plan for sludge
handling, resource allocation, and environmental compliance. The combination of data-
driven machine learning techniques with signal decomposition methods offers a powerful
tool for optimizing wastewater treatment processes and ensuring sustainable sludge
management (Zaidi et al., 2023).
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This historical progression underscores a continuous enhancement of wastewater
treatment processes, driven by the imperative to protect environmental and human health.

Recently, there has been a greater emphasis on finding effective and environmentally
friendly methods for managing water due to growing worries about the environment and
limited resources (Cosgrove and Loucks, 2015; Mishra et al., 2021; Rouissat and Smail,
2022; Aroua, 2023; Berrezel et al., 2023; Kouloughli and Telli, 2023; Kezzar and Souar,
2024). Wastewater treatment is crucial in this effort, with the goal of not just reducing
pollution but also efficiently recovering and reusing water (Gaouar and Gaouar, 2016;
Aroua-Berkat and Aroua, 2022). An effective method involves the use of portable water
filter devices, which are designed to improve water quality by employing modern
filtration technology, is an effective method (Jacobsen 2004; Verma et al., 2024; Fadhil
et al., 2011). The primary objective of this study is to evaluate the efficacy of a portable
water filtration system in enhancing crucial water quality indicators, including pH,
turbidity, biochemical oxygen demand (BOD), and chemical oxygen demand (COD).
These measures are crucial indicators of water quality and pollution levels, directly
affecting aquatic ecosystems and human well-being (Poonam et al., 2013; Tyagi et al.,
2013; Ounoki and Achour, 2014; Baba Hamed, 2021). The filtration system's portability
enables it to be easily used in a wide range of situations, including industrial wastewater
treatment and decentralized community water purification projects. This study aims to
evaluate the system's effectiveness and potential uses in both urban and rural
environments by analyzing its performance in various water sources and situations.
Understanding the impact of these systems on water quality metrics is critical to optimize
their implementation and provide guidance for future water management strategies (El-
Harbawi, 2010; Naitali and Ghoualem, 2015; Bouklia-Hassane and Yebdri, 2015; Behmel
et al, 2016). This project enhances sustainable water treatment techniques by
investigating cutting-edge technologies that facilitate the purification of water resources,
ensuring their cleanliness and safety for communities across the globe.

The quality of water is a significant global issue that affects both human well-being and
environmental sustainability (Kahoul and Touhami, 2014; Aboubakar et al., 2017). As
populations increase and industrial activity rises, the task of guaranteeing access to
uncontaminated and secure drinking water becomes progressively more difficult (Remini,
2010; Li and Wu, 2019; Somadjago et al., 2019; Gomis and Thior, 2020). Portable water
filter systems provide a viable alternative by providing convenient filtration capabilities
that can improve water quality in a variety of environments, including outdoor
expeditions, emergency scenarios, and routine domestic usage (Kyriienko et al., 2029;
Verma et al., 2024; Yusuf and Murtala, 2020). This assessment aims to evaluate various
portable water filtration systems using important water quality indicators (Calvert and
Mazumder, 2016; Razman et al., 2023; Damo and Icka, 2013; Yusuf et al., 2019).
Parameters such as pH, turbidity, and bacterial concentration are essential indications of
water safety and cleanliness. By evaluating these parameters in various filtration systems,
we can ascertain their efficacy in eliminating impurities and enhancing the overall quality
of water. The study will investigate several portable filter technologies, such as activated
carbon filters, ceramic filters, and membrane filters (Baker et al., 2000; Bandosz, 2006;
Thsan and Derosya, 2024). Every filter type possesses distinct capabilities for effectively
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targeting certain impurities and ensuring the clarity of water. Assessing their effectiveness
in practical situations is crucial for suggesting appropriate filtration options for different
user requirements and environmental circumstances. Therefore, this study aims to provide
valuable insights to consumers, policymakers, and environmentalists by analyzing the
strengths and shortcomings of various models. The goal is to help with the selection of
suitable technologies that can improve water quality and support sustainable water
management practices.

BACKGROUND OF THE STUDY

The evolution of portable water filters throughout history spans thousands of years,
showcasing humanity's unwavering pursuit of purified and secure drinking water. Ancient
civilizations developed primitive techniques for purifying water using natural substances
such as sand, gravel, and charcoal, as evidenced by ancient Sanskrit books from India that
are many millennia old. In the 17th century, scientists like Sir Francis Bacon conducted
innovative experiments to investigate filtration methods using porous substances such as
sand and charcoal to eliminate contaminants. These initial endeavours established the
fundamental foundations for contemporary filtration technology. During the 19th century,
there were notable improvements in portable water filtration. In 1827, Robert Thom
obtained a patent for a ceramic water filter that utilized a porous earthenware container.
By effectively capturing particles and bacteria, this discovery enhanced the quality of
water and established a model for ceramic filtering techniques still in use today. The
advent of activated carbon in the early 20th century brought about a significant
transformation in the field of water filtration (Khelili et al., 2010; Ouakouak and Youcef,
2016). The capacity of activated carbon to absorb pollutants has made it an essential
element in portable water filtration systems, successfully eliminating organic compounds,
chlorine, and undesirable flavours and smells from water. Portable water filters became
strategically significant during World War II as they supplied safe drinking water to
military forces stationed in remote areas and combat zones. This period stimulated
progress in the development of small, resilient, and effective filtration devices that are
appropriate for use in outdoor environments. During the later half of the 20th century,
there were additional advancements made in portable water filtration technology.
Membrane technology advancements, such as microfiltration and ultrafiltration, have
improved filtration effectiveness by effectively eliminating minute microorganisms and
particles. In addition, ultraviolet (UV) light sterilization has evolved as a non-chemical
technique for disinfecting water, which complements traditional filtration technologies
(Achour and Chabbi, 2014).

OBJECTIVE OF THE PRESENT STUDY
The objective of designing portable water filters is to methodically assess and enhance

their efficacy, user-friendliness, and influence in delivering safe drinking water. The main
objectives typically include:
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1. To assess the filtering efficiency and efficacy of a portable water filter design
across various water sources.

2. Examine the treated water's quality parameters using the developed filter.

MATERIAL AND METHODS

The materials and methods used in a household wastewater filter that utilizes activated
charcoal are critical for providing a comprehensive description of the components and
procedures used in its production and operation (Bhatnagar et al., 2013; Musa et al.,
2020). Activated charcoal serves as the primary filtering agent due to its porous structure
and high adsorption capacity. The filter typically consists of activated charcoal granules
contained within a container, inlet, and output pipes for regulating water flow, as well as
a collection tank for collecting filtered water. We construct the filter by evenly dispersing
activated charcoal granules within the housing, ensuring efficient interaction with
wastewater as it flows through. The inflow pipe directs the wastewater into the filter,
where pollutants adhere to the charcoal's surface through adsorption. The outlet pipe then
discharges the cleaned water, making it ready for reuse or processing.

STUDY AREA DESCRIPTION

The coordinates of Bhilai are 21.22°N, 81.43°E (Fig. 1). The average elevation is 293 m
(961 ft). The city is located 22 km west of Raipur, the capital city, along the Howrah-
Mumbai railway route and National Highway 6. Bhilai is well-known for its integrated
steel plant, which is one of India's largest steel mills. The investigation focused on the tap
drinking water supply at the Rungta campus of Engineering and Technology, located in
Kohka Bhilai. We also collected samples from the household drinking water supply in
Kohka near Arya Nagar and the railway station in Durg.
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Figure 1: Study area map (https:/www.mapsofindia.com/).
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PRIMARY DATA COLLECTION

The majority of the research's data was collected during fieldwork. The primary purpose
of the fitter medium is to remove the water's temporary hardness. The second part entails
the water's permanent softening. The design process begins with careful material
selection, followed by filter design, filter testing, and water quality assessment. It
concludes with the acquisition of the desired outcome. The design of the portable water
filter consists of three components. The third part comprises an alternate layer specifically
designed to extract organic hardness from the water sample. We measured pH at the
sample site immediately after sample collection. We used the Elico CM 180 Conductivity
Bridge to measure the electrical conductivity values. All the chemicals utilized were of
analytical reagent (AR) grade. From September 21-24, 2013, we collected five
groundwater samples from various locations in Bhilai City, each from a distinct
groundwater source. We collected samples from residential (R), industrial (I), and
adjacent municipal solid waste (MSW) dumpsite locations.

METHODOLOGY

The process of developing a portable water filter entails various essential stages. Initially,
establish the filtering objectives according to the specified water quality criteria. Choose
an appropriate filtration medium, such as activated carbon, ceramic, or filter paper, based
on the specific pollutants that are present. Develop the filter housing using materials such
as plastic or metal, taking into account factors such as durability and weight. Enhance the
filter structure to maximize water flow efficiency and facilitate user-friendly operation in
portable environments. Perform laboratory and field experiments to evaluate the
effectiveness of filtration, the rate at which fluids pass through, and the ability to
withstand different circumstances. Finally, improve the design based on test results to
achieve the highest efficiency in delivering safe potable water. Here the methodology
adopted for the present study is illustrated in Fig. 2.
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Figure 2: Methodology

Significance of the system

The design of a portable water filtration system is critical for ensuring access to potable
water in a variety of settings and during times of crisis. It tackles the worldwide problem
of waterborne illnesses by offering a portable and dependable method of water treatment.
These systems enable people and groups to autonomously obtain clean water, even in
situations where centralized infrastructure is unavailable, such as after natural
catastrophes or in distant places with limited access to reliable water sources.
Furthermore, they advocate for sustainability by reducing their reliance on disposable
plastic bottles and minimizing their ecological footprint. In general, portable water filters
play a significant role in promoting public health, environmental responsibility, and the
ability to withstand emergencies by ensuring that safe drinking water is available to
everyone.

Filter media

A plastic bottle with a capacity of two liters contains multiple layers (Fig. 3). Filter
layering consists of three components. The initial part of the filtering media's primary
function is to remove the sample water's thermal hardness. Using lime, the lime layer has
a thickness of around 2-2.5 cm. We measure this after we have retained the lime filter
paper layer. Ultimately, we form the second part of the filter medium by utilizing
bentonite clay, which effectively and permanently removes the hardness from the sample
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water. We consistently maintain the layer's thickness at two centimeters after applying a
layer of bentonite clay-composed filter paper. The primary function of the third segment
of the filter is to remove organic pollutants from the water sample. Activated carbon forms
the first of its four layers. The initial layer consists of approximately 4 cm of activated
carbon. We position the filter paper adjacent to the layer. The second layer is composed
of coconut fibre with a 2 cm thickness. The third layer consists of bio-balls. A total of 25
bio-balls are present, with filter paper positioned 2 cm downstream from the bio-balls.
Mineral sand makes up the fourth layer, where we store the filter paper.

Figure 3: Filter media of portable water filter system with multiple layers
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RESULTS AND DISCUSSION

This section presents the data and analysis of the measurements of water samples before
and after passing through a water filter produced using coconut husk fibre, charcoal
(active carbon), zeolite, and membrane. We conducted the experiments to assess the
efficacy of these portable filter media. The table and graphs display the values of pH,
biological oxygen demand (BOD), and COD. The collection and analysis of this data are
crucial for the construction of the model. We collected five water samples (Industrial,
Residential, and MSW) both before and after filtration.

pH

Table 1 and Fig. 4 show the pH readings of the wastewater samples, both before and after
filtering, exhibit substantial variations that align with the target pH range of 6.6-8.5, as
stipulated by environmental and discharge standards. The initial wastewater samples
obtained from household (pH 4.70), industrial (pH 6.90), and municipal solid waste (pH
9.28) sources display pH levels that go outside the acceptable range. This suggests the
presence of possible acidity or alkalinity problems. Following the filtration process, the
pH levels of the treated wastewater samples show improvement, measuring at 6.93
(residential), 6.92 (industrial), and 6.71 (MSW). The results show that filtration methods
can effectively achieve pH correction, bringing the wastewater's pH within the permitted
range to ensure environmental safety and regulatory compliance.

Table 1: Data of pH value before and after filtered

S. No. Wastewater Before Unit Range Outcome (After
samples filtered filtered)
1 Residential 4.7 6.93
Industrial 6.9 - 6.6-8.5 6.92
3 MSW 9.28 6.71
10
0 m Before filtered  m After filtered
8
% 7
s 6
.’:& 5
4
3
2
1
0

Residential Industrial MSW
Water samples

Figure 4: Graph of pH value against wastewater samples.
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Turbidity

The findings demonstrate significant decreases in turbidity levels in several wastewater
samples following filtration (Table 2 and Fig. 5). Residential wastewater decreased from
1.35 NTU to 1.09 NTU, which falls within the acceptable range for safe drinking water
(1-5 NTU). The industrial wastewater showed a decrease in turbidity from 2.67 NTU to
1.25 NTU after filtering, indicating successful treatment. Nevertheless, the wastewater
from municipal solid waste (MSW), which initially had a turbidity of 7.65 NTU,
decreased to 4.35 NTU after undergoing filtration. This indicates that there are still
difficulties in immediately meeting the standards for drinking water. These findings
emphasize the effectiveness of filtration methods in enhancing water quality. They also
emphasize the necessity of customized strategies to tackle elevated turbidity levels in
MSW wastewater to ensure its safety for consumption.

Table 2: Data of turbidity value before and after filtered.

S. No. Wastewater Before Unit Range Outcome (After
samples filtered filtered)
1 Residential 1.35 1.09
2 Industrial 2.67 NTU 1-5NTU 1.25
3 MSW 7.65 4.35
9
m Before filtered m After filtered
8
7
o6
=
Zs
2
< 4
)
=
o 3
2
1
0
Residential Industrial MSW
Wastewater samples

Figure 5: Graph of turbidity value against wastewater samples.
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BOD

The results (Table 3 and Fig. 6) demonstrate substantial alterations in pollutant
concentrations after filtration in several types of wastewaters. The concentration of
residential wastewater, initially at 65 mg/L, experienced a modest increase to 85 mg/L
after undergoing filtration. This new concentration falls within the permissible range of
10-300 mg/L, but it is closer to the top limit. The concentration of pollutants in the
industrial wastewater decreased from 240 mg/L to 184 mg/L, demonstrating successful
treatment that meets the required limits for discharge. Nevertheless, the concentration of
municipal solid waste (MSW) effluent fell from 283 mg/L to 265 mg/L following
filtration, indicating a partial elimination of pollutants.

Table 3: Data of BOD value before and after filtered.

S. No. Wastewater Before Unit Range Outcome
samples filtered (After filtered)
1 Residential 65 85
2 Industrial 240 mg/L 10-300 mg/L 184
3 MSW 283 265
300

m Before filtered m After filtered

250

200

150

BOD (mg/L)

100

50

0
Residential Industrial MSW

Wastewater samples

Figure 6: Graph of BOD values against wastewater samples.
COD

The results indicate (Table 4 and Fig. 7) a successful decrease in contaminant levels in
several wastewater samples after filtration. The concentration of residential wastewater
was initially 295 mg/L but fell to 265 mg/L after filtration, which is within the permitted
range of 250-500 mg/L. The industrial wastewater showed improvement, decreasing
from 310 mg/L to 275 mg/L after filtration, demonstrating successful treatment. The
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filtration process successfully eliminated contaminants, reducing the concentration of
municipal solid waste (MSW) effluent from 440 mg/L to 395 mg/L. These findings
highlight the effectiveness of filtration technologies in improving water quality by
decreasing pollutant concentrations in various types of wastewaters. Sustained
surveillance and refinement of filtration techniques are critical for upholding
environmental regulations and guaranteeing the safe reuse or release of water.

Table 4: Data of COD value before and after filtered

Wastewater Before Outcome

S. No. samples filtered Unit Range (After filtered)
1 Residential 295 265
Industrial 310 mg/L 250-500 mg/L 275

3 MSW 440 395

500
450
400
350
300
250
200
150
100
50
0

m Before filtered m After filtered

COD (mg/L)

Residential Industrial MSW

Wastewater samples

Figure 7: Graph of COD values against wastewater samples.

CONCLUSION

The filters significantly improved the water quality of samples from three different
locations. Key parameters such as pH, turbidity, biological oxygen demand (BOD), and
chemical oxygen demand (COD) showed noticeable enhancements. The study
highlighted the diverse chemical composition of wastewater. We observed some
discrepancies in rainwater samples pre- and post-filtration, indicating a need for filter
material refinement, even though the produced filters effectively enhanced wastewater
quality. As a result, developing filters from natural ingredients appears to be a promising
and effective approach for treating and improving rainwater quality for daily use.
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Limitations of the present study

The study design for a portable water filter may face many difficulties that could affect
its dependability and suitability. Firstly, the laboratory-based nature of many studies may
not accurately replicate real-world scenarios where water quality variations and
environmental factors can influence filter effectiveness in diverse ways. Additionally, the
limited time of experimental testing may fail to accurately assess the long-term efficiency
and resilience of the filter when used continuously.

Future scope of the study

The future scope of potable water filter studies holds promise for several advancements
and applications. Integrating sensors and IoT capabilities can provide real-time
monitoring of water quality and filter operation, improving efficiency and user
convenience. Additionally, investigating sustainable materials and renewable energy
sources for filter operation has the potential to decrease environmental harm and
operational expenses, hence enhancing the availability of filtration devices in rural or
underserved areas.
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