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Abstract

Bangladesh immensely depends on water - be it for agriculture, drinking, washing, industrial work or laboratory
work. But Bangladesh has been facing a lot of challenges in sufficing the need of usable water due to pollution,
overuse, declining resources and the impacts of climate change. The water resources are not increasing, rather they
are shrinking and losing their capability to supply adequate water. While recycling and reusing can be a sustainable
solution, conventional water treatment methods are often expensive and unsustainable, particularly in a developing
country like Bangladesh. This study investigates the use of locally available, low-cost agricultural byproducts such
as, mahogany (Swietenia macrophylla) fruit shell powder and tamarind (Tamarindus indica) seed powder for
turbidity removal of a mixed source of domestic and industrial wastewater through batch experiments under
constant operational conditions. Sample wastewater turbidity was initially recorded at 25° C temperature and 7.25
pH. The optimal dosages were found at 10 mg/L, 50 mg/L and 25 mg/L for mahogany, tamarind and combined
dosage respectively, where mahogany achieved 63.67%, tamarind achieved 90.34% and combined dosage
achieved 91.19% of removal efficiency. The results indicate that both the materials have significant turbidity
removal ability whereas the combined application showed the highest overall performance representing these
natural bio-coagulants as effective, affordable and environment friendly solutions for water purification.
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1 Introduction

Water is one of the most basic needs of living beings. “The World Counts” states that an average American uses
around 100 to 175 gallons of water per day. For drinking purpose only, one person needs 5 liters of water daily.
We have only 2.5% freshwater to drink although 75% of the planet is covered with water. According to
Balasubramanian (2015), only 3% of the water available on earth is fresh water, of which only 0.3% is directly
available on the land surface. In this, a very small proportion exists as biological water. And, when this water also
starts getting polluted, the whole ecosystem gets endangered. During waterborne diseases’ outbreaks, the crisis of
water increases even more. To overcome the issues of water pollution and to avail at least the least needed amount
of water for each person daily, it is necessary to ensure the proper and continuous purification of used water. It
helps in fulfilling the everyday increasing water demands. However, there are numerous methods that have been
adopted and many water treatment plants to implement the ultimate water purification.

There are many chemicals involved in all the water treatment plants. These plants mainly work in different fields
like, removal of solid particles, pH Adjustment, odor control, disinfection, foam prevention & removal, sludge
removal of water etc. Removal of solid particles from water requires different coagulant and flocculent polymers.
For pH adjustment, sulfuric acid, sodium hydroxide etc. acids and bases are needed as per the pH level of the
water. To disinfect the water, bleach is used. Chlorine, aluminium etc. salts, hydrogen peroxide are widely used to
clean the turbid water. Poly Aluminium Chloride, a highly effective chemical which is used in water treatment
plants, industries, wastewater managements etc. as a coagulant has been serving for a long time (Petty, 2020).
The continuous studies have shown that the use of water, treated using chemicals, can convey many health hazards,
such as, eye irritation, damaged mucous membranes, chances of cancer, anemia, liver problems etc. through the
by-products of their disinfection reaction in water (Shetty et al., 2023). Moreover, operating water treatment plants
using these chemical compounds for purification takes a huge amount of money investment. Typically, installation
of a plant of 8-10 KLD capacity would cost around Rs. 2.5-3.0 lakhs (Euroteck & Euroteck, 2022). After
installation, the continuous maintenance, purchase of expensive chemicals increase the expenses even more and
as Bangladesh is a developing country, it is depressing for our economy. To help our economy and to ensure
healthy consumption of water, the best solution is to find a natural water purifying element which can mitigate
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these challenges. It can be both cheaper and safer. That’s why, using natural resources for water treatment can be
a sustainable and environment friendly solution.

Mahogany (Swietenia macrophylla) and tamarind (Tamarindus indica) are some very common trees in
Bangladesh. They are often used in herbal medicines. Mahogany fruit shells have porous nature and essential active
groups are present on their surfaces which enhances their capability of adsorption. As per some researches.
Mahogany fruit shell is a new low-cost adsorbent for removal of methylene blue dye from water (Sartape et al.,
2013). And this methylene blue dye is toxic, carcinogenic and non-biodegradable and can cause a severe threat to
human health and environmental safety. According to Sartape et al. (2013), the amount of carbon present in
mahogany fruit shells is around 60.77% tested by element analyzer. We all know that carbon particles help in
cleaning water by odor removal, taste control and removal of various harmful chemicals. This makes mahogany
fruit shells a good adsorbent to be used as a water purifying element. Some studies reveal that tamarind seed kernel
powder, discarded as agricultural waste, is an effective agent to clean turbid municipal and industrial waste water
(Thesni et al., 2021). The present practice is to use aluminium salt to treat such water. While using different
chemicals for this purpose, different natural substances like Mahogany fruit shells and Tamarind seeds can help in
a wide scale. This will save the money spent behind aluminium, chlorine etc. chemical substances as well as save
us from the harmful effects of these chemicals.

Many studies have been carried out regarding these natural substances. But, their uses are not that much visible in
Bangladesh. Though Bangladesh is blessed with these in adequate amounts, not properly utilizing them would be
an utter failure of proper management of resources. However, big projects like waste water treatment can’t be
conducted alone with these natural substances. Still, treating the huge amount of water that is getting polluted
every day, can be a huge success for solving Bangladesh’s scarcity problem of water. This study has the main
objective to portray the effectiveness of Mahogany fruit shell powder and Tamarind seed powder as cost-effective
and sustainable alternatives for water purification.

2 Materials & Method
2.1 Materials

Mahogany (Swietenia macrophylla)

Mahogany is a fast-growing tree with a very strong timber. The fruits are known as “Sky fruits” for their upward
growth towards the sky and each fruit contains about 71 winged seeds. Mahogany wood is widely used for
furniture, wooden constructions etc. and Mahogany has numerous medicinal benefits as well. But, its fruit shell is
considered merely an agricultural waste and thus is unemployed. The researchers have studied, experimented and
turned this wasted fruit shell into a promising adsorbent in water purification (Team, 2025).

Tamarind (Tamarindus indica)

Tamarind is a long-living, medium-growth tree, which attains a maximum crown height of 25 m (80 feet). It
produces edible, pod-like fruits which has sweet-tart pulp. Although, tamarind seeds have several uses, they are
basically an agricultural byproduct and easily available in Bangladesh. The polyelectrolyte ion and polysaccharide
present inside the tamarind seeds had been recognized and confirmed as one of the many factors that contributed
to the efficiency of the natural tamarind seeds as the coagulant. The performances are almost as efficient as the
commercial coagulants (Zainol & Fadli, 2020b).

2.2 Method

Material Collection & Preparation

Mahogany fruit shells were collected from the ground beneath mature trees located in Islamic University of
Technology (IUT) campus. Fruit shells were collected carefully to ensure intact shells, free from fungal growth,
for further processing. And, tamarind seeds were collected from the household kitchen waste. After collection,
both the collected mahogany fruit shells and tamarind seeds were washed thoroughly, to remove any kind of
adhering dirt, pulp or unwanted substances. Then, they were oven-dried at 378 K for 72 hours to ensure complete
moisture removal. The dried samples were broken into small pieces using a hammer and then grounded into fine
powder using a kitchen mixer grinder machine. All the grounded materials were sieved to ensure even particle
sizes.

Preparation of Coagulant Solution

For coagulant solution preparation, 10 gm of each sample was added to 1 L of distilled water and the solutions
were stirred well for the extraction of active coagulation components. To ensure better extraction, the coagulant
solution beakers were left at room temperature for 24 hours, avoiding any kind of spoilage. Then, the solutions
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were filtered through Whatman filter paper to remove any kind of suspended particles. The filtered solutions,
referred to as the crude extracts from mahogany fruit shell powder & tamarind seed powder were stored under 4°
Celsius and used within 2 days of preparation to avoid spoilage.

Wastewater Sample Collection

Wastewater samples were collected manually from the pond near the Babul Mondol road, north of AB bank, along
the Dhaka-Mymensingh highway. Nearby houses and small-scale industries discharge wastewater into the pond,
resulting in a mixture of domestic and industrial wastewater. The samples were collected in 5 L bottles, labeled
and stored in a cool place to preserve their original properties. These samples were collected prior to the experiment
and not stored for more than 5 days. For comparing with the experiment results, initial water quality parameter
value of turbidity, was recorded.

Jar Test

To determine the coagulation activity of the crude extracts, standard jar tests were conducted at room temperature
of 25°C. The flocculator apparatus comprised 6 batch reactors. Each beaker was filled with 350 ml of sample
wastewater, with an initial pH of 7.25. Then, different doses of the prepared coagulant solutions, varying within
10-500 mg/L, were added into the beakers at constant room temperature. Rapid mixing was conducted at 125 rpm
for 2 min. This speed was reduced and slow mixing was done at 40 rpm for another 20 min. The jar test was
conducted three times, for mahogany fruit shell extract, for tamarind seed extract and for their combined dosage
respectively. Upon completion of the jar tests, the beakers were left undisturbed to initiate sedimentation. After 2
hours of settling, clarified supernatant samples were collected carefully from the surface of the beakers, avoiding
any disturbance of the settled flocs, and consequently analyzed for final water quality parameter values.

3 Result Analysis

The experimental results are shown here in tables along with their corresponding graphical representations. Table 1
presents the removal percentage data of mahogany fruit shell extracts over a wide range of 10-500 mg/L. Figure 1
shows that this removal efficiency varied across the dosage range and the highest removal percentage was noticed
was at 10 mg/L dosage. Further tests were carried out to check the optimum value and, the results confirmed the
optimum dosage to be 10 mg/L with a removal efficiency of 63.67%.

Table 1. Removal Efficiency of Mahogany Fruit Shells

Jar Dosage (mg/L) Initial Turbidity (NTU) Final Turbidity (NTU) Removal Efficiency

* 5 373 31.56%
1 10 19.8 63.67%
2 25 21.1 61.28%
3 50 54.5 27.8 48.99%
4 100 34.2 37.25%
5 250 41.7 23.49%
6 500 49.4 9.36%

*Further test to confirm the optimum dosage
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Turbidity Removal using Mahogany Fruit Shells
70.00%

60.00% 63.67%
50.00%
40.00%
30.00%
10.00%

0.00%

61.28%

48.99%

9.36%

Removal Efficiency

5 10 25 50 100 250 500
Dosage (mg/L)

Figure 1. Turbidity Removal using Mahogany Fruit Shells
Table 2 presents the removal percentage data of tamarind seed extracts at the same dosage range. Figure 2 shows
that this removal efficiency varied across the dosage range, with the optimum dosage observed at 50 mg/L,

achieving a removal efficiency of 90.64%.

Table 2. Removal Efficiency of Tamarind Seeds

Jar Dosage (mg/L) Initial Turbidity (NTU) Final Turbidity (NTU) Removal Efficiency

1 10 9.39 82.77%
2 25 6.62 87.85%
3 50 545 5.1 90.64%
4 100 ' 7.22 86.75%
5 250 10.93 79.94%
6 500 13.1 75.96%
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Figure 2. Turbidity Removal using Tamarind Seeds

Table 3 presents the removal percentage data of the combined dosage of mahogany fruit shell extracts and tamarind

seed extracts. Figure 3 shows that this removal efficiency varied across the dosage range, with the optimum dosage

observed at 25 mg/L, achieving a removal efficiency of 91.19%.

Table 3. Removal Efficiency of Combined Dosage

Dosage of Each Bio-

Jar coagulant (mg/L) Initial Turbidity (NTU) Final Turbidity (NTU) Removal Efficiency
1 10 8.26 84.84%
2 25 4.8 91.19%
3 50 545 5.8 89.36%
4 100 ’ 7.68 85.91%
5 250 13.2 75.78%
6 500 18.6 65.87%

1867



N. Sharmin, A. S. Samota, M. R. Karim & S. A. Mofiz
ICCEI 2025

Turbidity Removal using Combined Dosage
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Figure 3. Turbidity Removal using Combined Dosage

4 Discussion

The experimental analysis shows the effectiveness of individual and combined application of mahogany fruit shell
powder and tamarind seed powder as natural coagulants for turbidity removal in wastewater treatment. All the
experiments were conducted under constant environmental conditions, ensuring a pH of 7.25 at room temperature
of 25°C. In this study, the powdered bio-coagulants were not applied directly; instead, extracts prepared from the
coagulant solutions were used for conducting the jar tests. According to Dewi et al. (2021), the results of bio-
coagulant examination from the extract of tamarind seeds showed that 95.1% of SS was removed at 10 mg/L
dosage. This indicates the effectiveness of coagulation-flocculation process with bio-coagulant extract of tamarind
seeds. However, these bio-coagulants behave differently depending on the level of dosage. For mahogany, the best
performance of 63.67% of turbidity removal was achieved at a low dosage of 10 mg/L; increasing the dosage
beyond this point made it less effective. This is a common issue known as overdosing where excessive coagulant
can destabilize floc formation (Namane, 2024). Tamarind performed better than mahogany, achieving the turbidity
removal efficiency of 90.64% at a dosage of 50 mg/L. It maintained strong performance across a wider dosage
range (25-250 mg/L) before a slight decline appeared at a very high dosage of 500 mg/L. The result aligns with the
finding that plant-based coagulants with high polysaccharide content often exhibit stronger charge neutralization
and bridging capacity (Namane, 2024). While the optimum dosages for mahogany and tamarind were determined
to be 10 mg/L and 50 mg/L respectively, the combined usage of these bio-coagulants showed improved removal
efficiencies and the optimum dosage also decreased. The combined dosage (each of 25 mg/L) achieved the highest
removal efficiency of 91.19%. This indicates that both the coagulants complement each other and can deliver
overall better performance if applied together accordingly. According to WHO drinking water quality standards,
the acceptable turbidity limit is maximum 5 NTU. Mahogany could reduce the turbidity level to 19.8 NTU from
54.5 NTU, whereas tamarind reduced the turbidity level to 5.1 NTU, almost the same as the WHO standards. And,
the combined application of these extracts further lowered the turbidity level to 4.8 NTU, thereby meeting the
WHO standards.

5 Conclusion

This study is based on the eco-friendly approaches to wastewater treatment by utilizing locally available plant-
based materials, such as mahogany fruit shells and tamarind seeds through batch experiment. The individual and
combined removal efficiencies of these materials indicate the future prospect of natural coagulants. Their combined
usage showed highest turbidity removal efficiency of 91.19% at an optimal dose of 25 mg/L (each), followed by
tamarind seed powder alone with a maximum removal efficiency of 90.64% at 50 mg/L and mahogany fruit shell
powder achieving highest removal efficiency of 63.67% at 10 mg/L. The combined usage showed overall better
performance which suggests further applications of natural bio-coagulants together. This study is more meaningful
in the context of Bangladesh where untreated wastewater continues to pollute surface and groundwater systems.
By emphasizing accessibility, cost-effectiveness and environmental sustainability, this approach presents a
promising alternative to conventional chemical treatment methods which are both economically and
environmentally burdensome. In the future, the application of such natural and sustainable methods can play a key
role in making clean water more equitable, affordable, and environmentally responsible, encouraging resource
recovery, utilization and waste minimization.
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