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This study evaluated the performance of banana leaf powder (BLP) in
combination with Sudfloc as coagulants for the treatment of medium
turbidity surface water. The research investigated the efficiency of BLP-
Sudfloc blends in reducing turbidity, colour, and total dissolved solids
(TDS) while maintaining pH stability. Jar tests were conducted with
varying ratios of BLP and Sudfloc. The results revealed superior water
quality improvements, particularly at a 25%-75% blend which achieved

turbidity reductions to 0.49 NTU and colour reductions to 5 TCU.
Advanced analytical techniques (SEM-EDS and XRD) revealed the
porous structure and favorable elemental composition of BLP, alongside

= Crossref its crystalline characteristics, which contribute to its high adsorption
il and coagulation efficiency. The findings of this study established the
Goc gle synergistic potential of combining natural and chemical coagulants for
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1. Introduction

Water treatment technologies play a crucial role in ensuring access to clean and safe water, particularly in regions with
limited resources [1, 2, 3]. Among these technologies, coagulation remains one of the most effective processes for
reducing turbidity, colour, and suspended solids by introducing coagulants that promote particle aggregation [4, 5, 6,
7]. Conventional chemical coagulants, such as Aluminium Sulphate (Alum) and Polyaluminium Chloride (Sudfloc),
have demonstrated high efficiency in water treatment applications. However, their widespread use has raised concerns
regarding cost, environmental impact, and potential health risks, leading to a growing demand for more sustainable and
eco-friendly alternatives [8, 9]. Sudfloc, a cationic polyelectrolyte commonly employed in water treatment, effectively
forms stable flocs that enhance the removal of contaminants. Despite its effectiveness, its high cost remains a significant
drawback, limiting its accessibility in low-income communities [9]. As a result, the exploration of natural coagulants
derived from plants and other biodegradable materials has gained momentum as a sustainable alternative to conventional
coagulants [7, 10, 11, 12]. These natural coagulants offer promising advantages such as biocompatibility, lower
environmental impact, and local availability, making them an attractive option for resource-limited settings. Their
integration into water treatment systems presents an opportunity to enhance cost-effectiveness while reducing the
reliance on synthetic chemicals. The utilization of banana leaves, a readily available agricultural byproduct, as a natural
coagulant aligns with global efforts toward resource recovery and sustainable waste recycling [13, 14, 15]. Natural
coagulants offer several advantages, including biocompatibility, low toxicity, and local availability, making them
particularly suitable for water treatment in resource-limited communities [16, 17, 18]. Their widespread adoption could
contribute to reducing dependence on conventional chemical coagulants, which often pose environmental and health
concerns. Moreover, leveraging agricultural waste for water treatment supports circular economy principles by
transforming waste materials into valuable resources for environmental sustainability.
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Despite their numerous benefits, natural coagulants face challenges such as dosage optimization which must be
addressed to ensure their large-scale applicability [19, 20]. The innovative combination of banana leaf powder (BLP)
with Sudfloc seeks to overcome these limitations by integrating the efficiency of chemical coagulants with the eco-
friendly properties of natural alternatives. This synergistic approach is expected to enhance coagulation performance
while reducing chemical usage and minimizing residual sludge, ultimately contributing to a more sustainable and
effective water treatment process.

In this study, efficacy of BLP in combination with Sudfloc is evaluated, with focus on its potential as an eco-friendly
coagulant for medium turbidity water.This research adopts a comprehensive approach to compare the performance of
BLP and Sudfloc combinations against standard water quality parameters, including turbidity, pH, colour, total
dissolved solids (TDS), and conductivity. By integrating advanced analytical techniques such as Scanning Electron
Microscopy (SEM) and X-Ray Diffraction (XRD), the study also sheds light on the microstructural properties that
underpin the coagulation mechanism.

2.0 Methodology

2.1 Collection of Natural Coagulants

Fresh samples of banana leaves were obtained within the Federal University of Technology, Akure, Ondo State. The
chemical coagulant Sudfloc was procured from the Lagos State Water Corporation.

2.2 Processing of Natural Coagulants

The collected leaves were cut into small pieces, washed with distilled water and sun-dried for seven days to a fine brown
colour and crunchy texture. The drying of the leaves was done as suggested by [21]. The dried leaves were further oven-
dried for 24 hours at 100°C to completely remove moisture. Plates 1 and 2 shows sun-drying and oven-drying of the
banana leaves. Pulverization of the dried leaves into fine powder was carried out using a ball mill, with the resulting
powder sieved through a 425 um mesh. The fine powders were stored in airtight containers for subsequent experimental
use.

Plate 1: Sun drying of leaves Plate 2: Oven drying

2.3 Preparation of Coagulant Solutions

A stock solution of 10 mg/L was prepared by dissolving 2.5 g of the BLP in 250 mL of distilled water. The mixture was
stirred vigorously for 20 minutes and then filtered through 110 mm filter paper. The filtrates were stored in clean, capped
bottles for jar testing and water quality analysis. Sudfloc mixture was prepared by diluting 1 mL of concentrated Sudfloc
in 1 L of distilled water and allowing it to rest for 24 hours.

2.4 Raw Water Sample Collection

Raw water samples were sourced from the Ogun River tributary in Lagos State, representing medium turbidity
conditions (45-50 NTU). Five liters of water were drawn directly from the raw water inlet chamber of the Lagos State
Water Corporation’s Iju Waterworks. Samples were transported to the laboratory immediately and analyzed for initial
water quality parameters, including pH, turbidity, colour, total dissolved solids (TDS), and conductivity.

25 Water Quality Analysis

25.1 pH Measurement

The pH was determined using the Bromothymol Blue Indicator method. Five milliliters of sample were mixed with
three drops of indicator, and the resulting colour was compared using a Lovibond comparator with a bromothymol blue
disc.
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252 Colour Measurement
Water colour was assessed using the American Public Health Association (APHA) colour scale with a Lovibond
Nessleriser. Samples were matched against a comparator disc to determine colour intensity in true colour units (TCU).

25.3  Turbidity
A Nephelometric turbidity meter was used to measure turbidity. After calibrating the instrument with distilled water,
raw and treated water samples were analyzed, and turbidity readings were recorded.

254  Total Dissolved Solids (TDS) and Conductivity
TDS and conductivity were measured using an Adwa AD-31 EC/TDS meter. The probe was immersed in the water
sample, and the readings were recorded for different coagulant dosages.

2.6 Jar Testing
Jar tests were conducted to determine the optimum dosages of coagulants. Five 1 L jars, labeled A through E, were
prepared with varying ratios of natural coagulants to Sudfloc:

e Jar A: 100% BLP (50 ppm) + 0% Sudfloc

e Jar B: 75% BLP (37.5 ppm) + 25% Sudfloc (5 ppm)
e Jar C: 50% BLP (25 ppm) + 50% Sudfloc (10 ppm)
e Jar D: 25% BLP (12.5 ppm) + 75% Sudfloc (15 ppm)
e Jar E: 0% BLP + 100% Sudfloc (20 ppm)

Each jar was filled with 1 L of raw water, and the coagulants were added according to the predefined ratios. The mixtures
were stirred at 100 rpm for 1 minute (rapid mixing) and at 40 rpm for 15 minutes (slow mixing). The samples were then
allowed to settle for 30 minutes before the supernatant was collected for post-treatment analysis.

2.7 Advanced Analytical Techniques

2.7.1 Scanning Electron Microscopy (SEM)

SEM analysis was conducted to examine the morphological properties of the BLP coagulant. The sample was mounted
on metal stubs using adhesive tape, coated with gold, and analyzed under a scanning electron microscope at an
accelerating voltage of 15 kV. Energy Dispersive Spectroscopy (EDS) was used in conjunction with SEM to determine
the elemental composition of the BLP sample.

2.7.2  X-Ray Diffraction (XRD)
XRD analysis was performed to investigate the crystalline structure of the coagulant. Diffraction patterns were analyzed
to correlate structural properties with coagulation performance.

2.8 Statistical Analysis

The experimental results were systematically analyzed and presented in graphical form using Microsoft Excel. The
graphical representations enabled a clear visualization of trends and variations in the data thereby enhancing the
comparative assessment of treatment efficiency. These analyses provided a robust evaluation of the efficiency of BLP-
Sudfloc combinations in water treatment.

3. Results and Discussion

3.1 Effect of Coagulant Dosages on Water Quality

3.1.1 Turbidity Reduction

The BLP-Sudfloc coagulation on the surface water is shown in Figure 1. The BLP demonstrated significant turbidity
reduction, with its best performance observed at the 25%-75% banana-to-Sudfloc ratio (Jar D). Turbidity decreased
from an initial value of 44.9 NTU to 0.49 NTU, surpassing the efficiency of the pure chemical coagulant (Jar E). This
reduction highlights the synergistic effect of combining natural and chemical coagulants. The performance of BLP as a
natural coagulant, particularly when combined with Sudfloc, aligns with findings from similar studies on natural
coagulants. [22] reported turbidity removal efficiency of 74.5%, which is lower than the 93.1% efficiency achieved with
alum in the same study. [23] demonstrated that plant-based coagulants such as Moringa oleifera and aloe vera effectively
reduce turbidity and colour in water. However, the turbidity reduction achieved in this study—from 44.9 NTU to 0.49
NTU at optimal dosage—is superior to the 2-5 NTU range commonly reported in the literature for Moringa-based
coagulants. This highlights the enhanced efficiency of BLP when combined with a chemical coagulant.
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Figure 1: Coagulation effect on turbidity

3.12 Colour Removal

Figure 2 shows the effect of coagulation on the colour of the surface water samples. Colour intensity reduction followed
a similar trend, with the combination in Jar D achieving a reduction from 225 TCU to 5 TCU. The results emphasize
the effectiveness of the banana-Sudfloc combination in addressing colour-related impurities in water, likely due to
enhanced floc formation. The study’s findings on colour reduction compare favorably with existing literature. [24]
reported a colour reduction of up to 88.7% using different natural coagulants. This suggest that BLP, as a natural
coagulant, has a distinct advantage in addressing colour-related impurities. Also, [25] reported that the use of Linseed
demonstrated high removal of colour, up to 97.76 %, thus suggesting that BLP could have similar colour removing

potentials.
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Figure 2: Coagulation effects on colour

3.1.3  pH Stability

Figure 3 presents the effects of coagulation on pH of the water. The pH values remained stable across all dosages, with
slight variations between 7.0 and 7.2. This stability is critical, as it indicates that the coagulants do not significantly alter
the natural water chemistry, making them suitable for practical applications. The pH stability observed in this study
(7.0-7.2) is consistent with findings by [26], who noted minimal pH variations during water treatment with Sudfloc.
The synergy between BLP and Sudfloc appears to further stabilize pH, contrasting with some natural coagulants that
tend to lower pH values due to acidic components.
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Figure 3: Coagulation effects on pH
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3.1.4 Total Dissolved Solids and Conductivity: TDS and conductivity measurements (as presented in Figures 4
and 5) showed minimal variation across different dosages, indicating that the coagulants did not introduce significant
ionic loads into the water. This behaviour is advantageous for maintaining overall water quality.
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Figure 4: Coagulation effect on TDS
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Figure 5: Coagulation effect on conductivity

3.2 Morphological and Structural Analysis

3.21 SEM-EDS Analysis

The results of the SEM-EDS analysis are presented in Figure 6. The SEM image shows the surface morphology and
elemental composition of the banana leaf coagulant powder. The SEM images revealed the porous microstructure of
the BLP, which contributes to its high adsorption capacity and ability to trap suspended particles during coagulation.
The EDS data indicates a high carbon content (60.18%), highlighting the organic nature of the material, along with
significant amounts of nitrogen (19.84%) and potassium (5.82%), which are known to enhance coagulation properties.
These structural and elemental characteristics align with the coagulant's ability to effectively reduce turbidity, as
observed in this study. The porous structure increases the surface area available for interaction with suspended particles,
while the elemental composition, particularly potassium and nitrogen, contributes to destabilizing colloids. This finding
is consistent with the excellent performance of BLP in achieving turbidity reductions below 1 NTU, demonstrating its
potential as a sustainable alternative to chemical coagulants. The morphological analysis using SEM also corroborates
findings by [27, 28], which highlighted the significance of porous and rough surfaces in enhancing adsorption capacity.
The porous structure of BLP observed in this study likely contributes to its superior performance in trapping suspended
particles, a feature similarly noted in neem and tamarind-based coagulants.
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Element Atomic| Weight
Name Conc. |Conc.

Carbon 018 43458
Nitrogen 1984 1651
Potassium 582 13.B6
Aluminium 3.46 567

Silicon 228 3.50
Magnesium 2.27 3.36
Chlorine 134 280
Calcium 0.99 242
Sodium 162 227
Phosphorus 0.91 172
Sulfur 0.BE 168
Irom 0.28 0.96
Titanium 0.13 0.37
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Figure 6: SEM-EDS results

3.2.2 XRD Analysis

The XRD result of the BLP is presented in Figure 7. The XRD results reveal a crystalline structure for the BLP, with
prominent peaks that suggest the presence of graphite, cristobalite, and other identified phases like urea syn and dawine.
The presence of crystalline structures in the BLP play a role in its coagulation efficacy. The major peak at around 20°
indicates significant crystalline properties, which may contribute to the effective coagulation observed in this study.
The presence of graphite is particularly noteworthy, as it is associated with improved adsorption capabilities, enhancing
the removal of suspended particles and impurities from water. The identified phases correlate with the functionality of
the BLP as a natural coagulant. Cristobalite and other silica-based compounds can contribute to the destabilization of
colloidal particles, while organic compounds like those linked to the urea syn phase may enhance surface reactivity.
These structural attributes likely explain the observed reductions in turbidity, colour, and other water quality parameters
during the jar tests. The crystalline phases in BLP enhance its effectiveness as a natural coagulant. [29, 30, 31] identified
the role of crystalline structures in other plant-based coagulants, where enhanced adsorption and particle destabilization
were linked to specific crystalline phases. The results of this study provide further evidence of the utility of BLP as a
sustainable and efficient water treatment agent.
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Figure 7: XRD result

4.0 Conclusion

The findings of this study demonstrate the efficacy of BLP as a natural coagulant for water treatment, particularly when
used in combination with Sudfloc. The results show significant reductions in turbidity, colour, TDS, and conductivity,
with values surpassing those reported in existing literature for other natural coagulants. This is attributed to the unique
morphological and crystalline characteristics of BLP, as revealed through SEM and XRD analyses, which enhance its
coagulation ability. Incorporating BLP as a coagulant would reduce the dependency on expensive chemical coagulants,
making the treatment process more cost-effective for communities in resource-limited settings. Additionally, the
potential for sourcing banana leaves locally further supports its feasibility in decentralized water treatment applications.
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