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The article investigates certain low-cost filtering materials and

their filtration efficiency for open well sources in terms of economic Received: January 4, 2024
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research aimed to study a selection of filter materials including

coconut shell activated carbon, rice husk ash, manganese modified

sand, and graphene oxide, as well as assess their performance

against selected physico-chemical parameters of water. Considering KEYWORDS
the basic idea of slow sand and gravity-based filtration, a setup was
arranged with a cartridge filled with layers of filtering materials
and a ceramic candle filter. Adsorption turned out the most
pronounced removal mechanism that took place when utilizing the
aforementioned filter materials. The main focus of the study was to
reduce pH, TDS, hardness, alkalinity, chlorides and iron content by
applying dif-ferent filtration removal mechanisms. The study results
show a significant drop in turbidity, pH, TDS and chlorides, and small
reduction in hardness when coconut shell activated carbon and rice
husk ash were used as filtration media. Whereas the chemically
coated medium - manga-nese modified sand - demonstrated a
considerable fall in iron concentrations, graphene oxide sand was
observed to reduce alkalinity for any sample source.
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1. Introduction

With two-thirds of the Earth's surface covered with water, and the human
body’s 75% water content, it is clear that this substance is one of the prime elements
responsible for life on our planet. Clean water represents a key concern for all
developing countries like India, with the majority of population lacking access to
safe drinking water.

Potable water conditions greatly impact people’s everyday life, especially in
rural and remote areas, where access to safe water is most crucial. Among all the
sources of water, surface ones are most widely used, and thus water contamination
is difficult to avoid due to rigorous and reckless water resource use (Magesh et al.,
2013). Groundwater is more prone to pollution by dissolved and organic impurities;
hence, the need to treat water before consumption (Mahmood, 2018).

Among the treatment processes, filtration is important, as it allows removing
several undesirable constituents (El-Harbawi, 2010). Filtration manifests an element
of purification that offers clean and healthy water free from contaminants and
impurities (Cescon & Jiang, 2020). It is a type of treatment aimed at eliminating
solids from liquids via a defined filtration system or filter media. The filtration process
involves separation of suspended solids and impurities from water by certain physical,
chemical, or biological processes (Mohan et al., 2014). Removal using oxidized film
on filter medium grains represents a method used for eliminating dissolved iron
and manganese (Barlokova & Ilavsky, 2010). Simonis and Basson (2012) studied the
manufacturing of a low-cost ceramic water filtration system to eliminate pathogenic
bacteria and suspended solids. Coconut shell-activated carbon (CSAC) was applied to
reduce chlorides and water hardness with certain time intervals - the study showed
that this filter medium allowed slashing water hardness by 52.81% after one hour
contact time, and chlorides - by 24.48% (Bharadwaj et al., 2016). Rice husk ash (RHA)
cast in a matrix of cement and pebbles formed into a filtration bed can trap up to
95% of turbidity and bacteria present in water (Malhotra et al., 2013).

Today, various filtration techniques are available using natural filtering
medium substitutes. As the byproducts of agricultural or manufacturing processes,
they are less expensive. The corresponding natural filtration techniques help
achieving sustainability - one of the global objectives for many years. Additionally,
such techniques help getting rid of water-borne diseases, another major threat to
humanity (Shabiimam et al., 2018).

Activated carbon is broadly utilized to remove different types of pollutants
from water and is unquestionably regarded a universal adsorbent for wastewater
treatment (Bansal & Goyal, 2005). Due to their high adsorption capacity and low
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cost, coconut-based agricultural wastes have drawn significant attention as efficient
biosorbents removing multiple water contaminants (Bhatnagar et al., 2010). The
turbidity removal efficiency of candle-type ceramic filters is 99% (Suribabu et al.,
2020). Indigenous low-cost water filter systems based on activated carbon, prepared
from low-cost materials, demonstrate efficiency in terms of removing acidity, chlorides
and alkalinity; in addition, their design and fabrication is deemed environmentally
friendly and cost effective (Hiremath et al., 2020). A filter block made up by way
of mixing different shares of rice husk, rice husk ash, fine aggregate, and cement -
aimed at abating sulfates, chlorides, iron, as well as water turbidity and hardness
- demonstrates reduction in hardness, chlorides, turbidity and iron by 20%, 37.5%,
16.75%, and 15.55%, respectively; and an increase in pH and alkalinity by 50% and
65%, respectively, due to the basic nature of cement present in filter pat composition
(Priyanka Singh, 2020).

Coconut shell charcoal and rice husk were used to remove iron from water.
In fact, coconut shell activated carbon showed the maximum iron removal efficiency
of 80% with the sample pH ranging between 6.5-7, when compared to other filtering
materials (Abraham et al., 2021a).

Iron represents yet another worldwide observed public health issue (Sampan
Anvekar, 2022). The Graphene Oxide Sand (GOS) Composite acts as a super adsorbent
and is applied in water purification to remove dye contaminants from drinking water
sources (Andrijanto et al., 2018). The Graphene Sand Composite (GSC) is yet another
filtering medium, the efficiency of which was validated based on sophisticated
characterization techniques (Castro-Munoz et al., 2022). Since it demonstrated a
strong adsorption impact on iron and manganese ions, the modified manganese sand
can become another useful component of a novel kind of ion adsorbent (Kang et al.,
2022).

The current study aimed to examine and assess the removal performance
of filter media made up of natural materials in terms of removing undesirable
constituents from water. The study’s main objectives were: identify and prepare the
filter media from natural materials; evaluate their properties and suitability; design
a simple household water filtration setup; detect the best filter material among the
selected ones, i.e. demonstrating the highest removing efficiency; and, analyze its
performance and applicability as a substitute for other uneconomical trends of water
filtration.

2. Materials and methods

2.1. Study area
Anakapalle is a suburb of Visakhapatnam (17°41'11.0" N and 82°59'17.2"
E) of Andhra Pradesh, India. The main water sources in the area are surface and
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groundwater. In the past, the municipality merged with the Greater Visakhapatnam
Municipal Corporation, and has the second-largest jaggery market in the county. The
area borders on Alluri Sitharama Raju District in the north, Kakinada District in the
west, the Bay of Bengal in the south, and Visakhapatnam District in the east (see Fig.
1.).

82°50'0"E 82°59'30"E 83°9'0"E 70°00"E 80°0'0"E 90°0'0"E

India S S
Anakapalle ;{7@ ndia States

\\—7\.: \ — ] rv—/

30°0'0"N

17°50'0"N

20°0'0°'N

10°0'0"N

17°40'0"N

17°30'0"N

—— Kilometers
0 385 770 1,540 2,310 3,080

Figure 1. Study area.

2.2. Sampling and data preparation

The water samples within the framework of this study were harvested from an
open well in Anakapalle during the 2022 pre-monsoon period, with due care during
collection to avoid accidental contamination.

Initially, five liters of the representative sample were collected from the
source. All samples were properly labeled, indicating the source, time and date
of collection. The samples were examined for the selected physico-chemical water
parameters within 48 hours of harvesting. The experimental sequence was as follows:
1) collection of water samples; 2) collection and pretreatment of filter materials; 3)
proceeding with the experimental setups; 4) conducting the filtration experiments;
5) characterizing the filtered water through laboratory analysis of the selected
parameters; 6) recording the concentrations of the selected parameters; 7) and,
finally calculating the removal efficiencies for each filter media setup.
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The filtration phase involved: (a) pouring the collected 5 liter representative
sample into the top container of the experimental setup equipped with a ceramic
candle filter and coconut shell activated carbon filter media in the bottom container;
(b) noting the start and end time of the filtration run to collect one liter of the
sample; (¢) continuing with the filtration process until collecting one liter of the
filtered water and noting the time of filtration; and (d) following the same filtration
procedure for each of the media using water from different sources.

The physico-chemical water sample parameters - pH, total dissolved solids
(TDS), electrical conductivity (EC), total hardness (TH), total alkalinity (TA), chlorides
(Cl-), iron (Fe+2), and turbidity - were estimated for both raw and filtered samples
in each of the five trials, and observations were recorded and analyzed in terms
of removal percentages for each of the parameters using coconut shell activated
carbon (CSAC), manganese modified sand (Mn-S), graphene oxide sand composite
(GOSC), and rice husk ash (RHA) as filter media as shown below. The materials used
for the preparation of the filter media were: coconut shell activated carbon (2 mm)
and sand passing through 425 micron IS sieve, KMnO4 crystals, granular activated
carbon, commercially available ceramic candle filter, distilled water, and rice husk.

2.3. Experiment setup and filter media

Ceramic
Candle
Filter

Plastic
Filter
Cartridge

Figure 2. Experimental setup and filter cartridge.



84 (&  N.Fetratetal.

Layer 1: Sand

Layer 2: Activated Carbon Layer 2: Activated Carbon

Plastic Porous Plate 2em . Porous Plate 2 cm

Layer 1: GO-Sand 5cm Layer 1: Rice Husk Ash 3 cm

Layer 2: Sand 3cm
Layer 2: Activated Carbon 4 cm

3 Layer 3: Coconut Shell Activated Carbon 3 cm

Porous Plate 2cm

Figure 3. Filter media and material thickness: (a) coconut shell activated
carbon,(b) Mn-S filter medium, (c) GO filter medium,
(d) RHA filter medium.

The laboratory experiments were conducted using an experimental setup/
model facilitating gravity filtration. The model consisted of two plastic containers (5
| capacity each), placed one above the other as shown in Fig. 2. The top container
was equipped with a hole (3 cm diameter) to install the filter cartridge. The bottom
container was meant to collect and store the filtered water. The filter cartridge
represented a plastic bottle (3 cm in diameter at its mouth and 6 cm in diameter
below the mouth till the bottle base; 15 cm in height). The bottles were filled with
layers of the filtering materials. The cartridge was equipped with 2 mm diameter
holes at its bottom to transport the filtered water through the media to the collection
container. A porous plate (2 cm thick) was placed at the bottom of every cartridge.
The filter media and material thickness used in different experimental setups are
presented in Fig. 3. above.

3. Results and discussion

The filters with different media were assessed in terms of their filtering
performance. The quality of the filtered water was evaluated based on the selected
water quality parameters, with the corresponding observations performed during
testing. The values obtained were then analyzed against the water quality indicators
for raw open well samples. The removal efficiency of impurities from the initial
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water sample was estimated for the selected physico-chemical parameters. Based
on the removal efficiencies, the considered filter media were compared and assessed
as to their overall water purification performance.

3.1. Filtration experiment results in terms of pH change

Open source water samples were tested for their pH before and after
filtration. The experiment was carried out in 5 iterations. Under each iteration, the
total filtration duration was 90 minutes. The observed values of pH - for both raw and
filtered samples - are presented in Table 1. and graphically presented in Fig. 4. As
Table | shows, the results were drawn for 0.66 l/hour rate of filtration. The filtering
medium thickness was 9 cm. The measurements of pH were carried out at the end
of each trial, i.e. after 90 minutes of filtration. The raw water sample demonstrated
the pH value of 7.7; this value dropped by the maximum of 7.8% and became constant
during the subsequent 3 experimental trials of filtration through CSAC.

The water samples filtered through the Mn-S filter medium showed an increase
in pH to the maximum of 2.6%, with the value reducing down to 1.94% after the third
trial. That increase was due to using a strong oxidizing agent (KMnO,) facilitating
the phenomenon of oxidation and formation of manganese oxide coating on the
surface of the sand medium (Jia et al., 2015). The filtration using the graphene oxide
sand filtered medium also led to the increased filtered water sample pH - up to the
maximum of 3.75%. Further investigation of the chemical characteristics of graphene
oxide affecting the pH when considered for filtration are necessary. The filtration
through the RHA medium showed the pH value reduction by the maximum of 12.9
%. Among all the experiments with the selected filter media, the maximum pH drop
(12.9%) was observed in case of using rice husk ash as the filtering medium.

Table I. pH and its % changes after filtration.

Trial | pH of raw pH of samples filtered through different filter media
sample CSAC Mn-S GO-S RHA
pH % Change | pH % Change pH % Change pH | % Change

1 7.7 7.2 -6.5 7.86 +2.07 8.0 +3.75 6.8 -11.7
2 7.7 7.2 -6.5 7.86 +2.07 7.95 +3.14 6.7 -12.9
3 7.65 7.1 -7.74 7.85 +2.6 7.95 +3.77 6.7 -12.4
4 7.7 7.1 -7.8 7.85 +1.94 7.95 +3.14 6.7 -12.9
5 7.1 7.1 -7.8 7.85 +1.94 8.0 +3.75 6.7 -12.9
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Figure 4. pH variations in open well water due to filtration.

3.2. Filtration experiment results in terms of EC change

The collected open well water samples were tested for electrical conductivity
before and after filtration. The experiment was carried out in 5 iterations, each 90
minutes long. The observed EC values - for both raw and filtered samples - were
tabulated. As shown in Table Il., the EC values varied between 1421 to 1426 in the
five trials. Among all the filter media, the GO-S medium showed a high increase in
EC values due to the TDS increase when using this medium. Whereas no significant
change in the electrical conductivity values was observed in the sample filtered
through the manganese sand media, the RHA filter medium showed the maximum fall
in EC values compared to other filtering media. The rate of EC value variations for
each trial is graphically presented in Fig. 5.

Table Il. EC and its % removal after filtration.

Trial | EC of raw EC of samples filtered through different filter media
Sample CSAC Mn-S GO-S RHA
EC % EC % EC % EC %
Change Change Change Change

1425 1350 -5.26 1420 -0.35 1540 +8.07 1340 -5.96
1421 1355 -4.64 1420 -0.07 1545 +8.72 1338 --5.84
1426 1351 -5.25 1421 -0.35 1542 +8.13 1340 -6.03
1425 1355 -4.9 1422 -0.21 1541 +8.14 1338 -6.10
1426 1352 -5.18 1420 -0.42 1542 +7.52 1341 -5.96

G|AN|[WIN|—
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Figure 5. EC variations in open well water due to filtration.

3.3. Filtration experiment results in terms of TH change

The experiment results for treating open well water in terms of total hardness
removal are presented in Table Ill. The maximum observed TH removal percentage
amounted to 16.66%, achieved when using coconut shell activated carbon as filter
medium. The TH removal due to filtering through RHA amounted to 13.67%. The
maximum TH removal percentage using Mn-S as filter medium was observed to be
12.84%. The application of GO-S showed rather low TH removal, with the maximum
value amounting to 3.84%. The adsorption of calcium and magnesium ions in the voids
of activated carbon and rice husk ash was the causative effect of hardness reduction.
Similar observations were reported by (Bharadwaj et al., 2016), specifically decreased
hardness using CSAC filter medium considering the effects of contact time and dosage.
Thus, by comparing all the TH values from Fig. 6. and its corresponding percentage
removal values in Table Ill., CSAC demonstrated the maximum TH reduction (16.66%)
in the target open well water.

Table lll. TH (mg/l) and its % removal after filtration.

Trial TH of TH of samples filtered through different filter media
raw CSAC Mn-S GO-S RHA

sample %R TH %R TH %R TH %R
1 468 392 16.24 408 12.82 450 3.84 404 13.67
2 466 389 16.52 408 12.44 451 3.21 405 13.1
3 468 390 16.66 406 13.24 450 3.84 404 13.67
4 467 390 16.48 407 12.84 452 3.21 405 13.27
5 467 390 16.48 407 12.84 451 3.42 405 13.27
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Figure 6. TH variations in open well water due to filtration.

3.4. Filtration experiment results in terms of TA change

The filtration experimental results in terms of treating open well water
samples for the removal of total alkalinity are presented in Table IV and graphically
presented in Fig. 7. It was observed that the maximum TA percentage removal values
amounted to 17.48%, achieved when applying CSAC as the filtering medium, and
12.56% when using RHA. When using Mn-S, the maximum TA percentage removal was
observed at 15.27%. In case of GO-S, total alkalinity fell by the maximum of 16.05%.
Among all the filtration experiments with the selected filter media, the best TA
reduction (17.48%) was achieved using the coconut shell activated carbon medium.
Interpreting the total hardness observations in Table Ill. and total alkalinity values
in Table IV., it becomes clear that the TA values were below TH values, signifying
the elevated levels of chlorides, nitrates and sulfates in raw samples and respective
filtered samples (Shelton, 2005).

Table IV. TA (mg/l) and its % removal after filtration.

Trial | TA of raw TA of samples filtered through different filter media
sample CSAC Mn-S GO-S RHA
TA % R TA % R TA % R TA % R

1 405 335 17.28 345 14.81 340 16.05 355 12.34
2 406 335 17.48 344 15.27 341 16.00 355 12.56
3 405 336 17.03 345 14.81 340 16.05 356 12.10
4 405 336 17.03 344 15.06 342 15.55 356 12.10
5 406 335 17.48 344 15.27 341 16.00 356 12.31
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Figure 7. TA variations in open well water due to filtration.

3.5. Filtration experiment results in terms of chloride content change

The experimental results in terms of treating the open well water sample for
the removal of chlorides are shown in Table V. As per Table V. and Fig. 8., the best
chloride reduction performance (maximum value of 26.9%) was achieved using the
CSAC medium. RHA demonstrated a similar chloride percentage removal (maximum
of 26.1%). Further, when the raw sample was treated with the Mn-S medium, the
maximum chloride percentage reduction was observed at 12.30%, whereas another
chemical-activated filter medium (GO-S) showed no considerable chloride content
reduction. Instead, its concentration was observed to rise. Hence, the observations
make it evident that coconut shell activated carbon and rice husk ash show the
maximum chloride reduction percentages compared to other filtering media.

Table V. Chloride content (mg/l) and its % removal after filtration.

89

Trial Cl of raw Chloride content of samples filtered through different filter media
sample CSAC Mn-S GO-S RHA

Cl % R Cl % R Cl % R Cl % R
1 129 94 26.89 114 11.6 161.5 -20.1 96 25.58
2 130 94 27.7 114 12.3 161.5 -24.2 96 26.1
3 130 94 27.7 115 11.5 162 -24.6 97 25.38
4 129 95 26.35 114 11.6 161 -24.8 97 24.8
5 130 95 26.9 114 12.3 162 -24.6 98 24.6
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Figure 8. Chloride variations in open well water due to filtration.

3.6. Filtration experiment results in terms of iron content change

The filtration results in terms of treating open well water for the removal of
iron are shown in Table VI. below. Iron (Fe+2) concentrations in the raw water sample
were found to be less than 0.2 mg/l. The maximum percentage reduction of the iron
content was observed to be 15.38% when filtering through the CSAC medium. That
was due to the adsorption of oxygen followed by the oxidation of Fe+2, catalyzed
by the adsorbent carbon surface (Abraham et al., 2021b). The maximum observed
percentage removal of iron using Mn-S amounted to 71.42%, due to the development
of MnO2 film on the sand medium surface that enhanced its adsorption properties
(Barlokova & Ilavsky, 2010). Similarly, when GO-S and RHA were used as filter media,
the maximum percentage removal of iron content reached 35.71% and 21.42%,
respectively. Among all the filter media used under the study, manganese modified
sand showed the best performance in terms of reducing water iron content (see Fig.
9.).

Table VI. Iron content (mg/l) and its % removal after filtration.

Trial Fe of Fe content of samples filtered through different filter media
raw CSAC Mn-S GO-S RHA
sample Fe % R Fe % R Fe % R Fe % R

1 0.14 0.12 14.28 0.04 71.42 0.09 35.71 0.11 21.42
2 0.13 0.11 15.38 0.04 69.23 0.09 30.77 0.11 15.38
3 0.14 0.12 14.28 0.05 64.28 0.09 35.71 0.11 21.42
4 0.13 0.12 7.69 0.05 61.53 0.10 23.07 0.11 15.38
5 0.14 0.12 14.28 0.04 71.42 0.10 28.57 0.11 21.42
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Figure 9. Iron variations in open well water due to filtration.

3.7. Filtration experiment results in terms of turbidity change

& 91

The experiment results for the removal of turbidity are presented in Table VII.

The maximum observed initial turbidity of the raw water sample was 0.51 mg/l (Fig.
10.). The sample filtered through the Mn-S and GOS media showed the maximum
turbidity removal percentage, i.e. 80% and 72.5%, respectively. The samples filtered
through the CSAC and RHA media demonstrated the maximum turbidity removal
percentage of 70% and 66%, respectively.

Table VII. Turbidity (mg/l) and its % removal after filtration.

Trial NTU of raw NTU of samples filtered through different filter media
sample CSAC Mn-S GO-S RHA
NTU % R NTU % R NTU % R NTU % R
1 0.51 0.15 70.6 0.11 78.4 0.14 72.5 0.18 64.7
2 0.50 0.15 70.0 0.10 80.0 0.14 72.0 0.17 66.0
3 0.50 0.15 70.0 0.10 80.0 0.14 72.0 0.17 66.0
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Figure 10. Turbidity variations in open well water due to filtration.
4. Conclusion

Based on the experiments conducted within the framework of this study to
identify the most efficient open well water filtering medium among the four selected
ones, rice husk ash showed high performance in all trials in terms of reducing pH,
with the maximum values ranging between 12.9% and 18.1%. Coconut shell activated
carbon was found to be the best filter medium to remove total alkalinity, turbidity,
and chlorides. Based on the above, CSAC and RHA rendered the best results for
almost all water parameters tested, except for iron content. The chemical-coated
media - manganese modified sand - demonstrated the best performance in terms of
reducing iron concentrations.

Hence, the research team recommends using 59 Mn-S filters to remove iron
from any sample considered in this study, and CSAC or RHA to remove turbidity and
chlorides, as well as a significant share of hardness and alkalinity.

Scope of future research

1. The study was carried out with the constant filter media thickness and
filtration duration. Considering the variations of contact time with the dosage and
filter media thickness, it is possible to achieve a better estimation of the removal
efficiency of different media.

2. The study was limited to analyzing the trends, eitherincreasing or decreasing,
in the quality parameters of raw and filtered samples. However, the exact physical
and chemical reactivity of the media with sample constituents occurring during
filtration are yet to be investigated.
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