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                                                    ABSTRACT
The research focused on assessment of water melon seed and rinds as a natural coagulants for water treatment, following an experimental framework, this research gathered the waste, prepared aqueous extracts, and dosed turbid water samples while monitoring key quality indicators such as turbidity, pH, color, and suspended solids. Routine jar tests showed that the seed extract cut turbidity by an average of 99.54%, (from 1018NTU down to 4.7NTU) whereas the rind extract delivered a 99.17% drop, (from 1018NTU down to 8.5NTU) with both treatments clarifying water and keeping pH within acceptable ranges. Because seeds outperformed on every measured parameter, the results highlight watermelon waste as a viable, low-cost substitute for synthetic coagulants. Theory and practice thus converge, advancing the field of green water treatment and demonstrating that agricultural by-products can safeguard public health while reducing environmental strain. the reduced TSS for seed average is 95.14% (from 1112mg/L to 54mg/L) while that of rind TSS average is 96.22% (from 1112mg/L to 42mg/L).
  


[bookmark: _bookmark2]CHAPTER ONE
INTRODUCTION
1.1 [bookmark: _bookmark3]Background of the Study
Water is needed for drinking, cooking, washing, sanitation, industry, agriculture, hydroelectricity generation, and recreational use. A safe, affordable, reliable, and easily accessible quality water supply is crucial to perform these activities beneficially. Globally, more than 780 million people lack access to safe drinking water (Okafor et al., 2024).
Unsafe water supply, along with inadequate sanitation and hygiene, adversely affects health. Annually, about 3 million people die as a result of poor drinking water. Waterborne diseases are a principal cause of mortality among children in developing countries. Furthermore, the absence of a reliable water supply can lead to the abandonment of essential hygiene practices like handwashing. Nowadays, conventional water treatment methods are fading and their process is complicated besides being expensive and not being easily applied in undeveloped countries. On the other hand, the floral origin and agricultural residues give rise to a higher expectation for endogenous coagulants at low cost able to replace chemical coagulants in water treatment (Diver et al., 2023).
Watermelon (Citrulluslanatus) is a tropical and subtropical fruit belonging to the family Cucurbitaceae. It is one of the most widely cultivated fruits in the world, valued for its high water content, nutritional composition, and health benefits. The fruit is composed of about 91– 93% water and 6–9% carbohydrates, making it a refreshing source of hydration and natural sugars (FAO, 2020). Originating from Africa, watermelon is now cultivated globally in warm climates, with major producers including China, Turkey, Iran, Brazil, and Nigeria (Oyewoleet al., 2021).

15

In addition to its edible red pulp, watermelon produces large quantities of seeds and rinds that are usually discarded as waste. However, these by-products are rich in bioactive compounds such as proteins, polysaccharides, phenolic compounds, and minerals (Oyeleke et al., 2018). These chemical constituents have attracted increasing attention for their potential applications in environmental management, particularly in water purification. The presence of natural coagulant agents mainly proteins and polysaccharides enables watermelon seeds and rinds to destabilize suspended particles and colloids in contaminated water through adsorption and charge neutralization mechanisms (Ebeling et al., 2003; Muhammad et al., 2015).
Utilizing watermelon wastes as natural coagulants provides a sustainable, low-cost, and eco- friendly alternative to conventional chemical coagulants such as alum and ferric chloride, which are often associated with high cost and environmental concerns. This approach aligns with the principles of green chemistry and circular economy, promoting waste valorization and reducing pollution (Agarwal et al., 2020). Hence, exploring the coagulating efficiency of watermelon seeds and rinds not only contributes to effective water treatment but also supports environmental sustainability and resource recovery.
1.2 [bookmark: _bookmark4]Statement of the Problem
Access to safe and clean drinking water continues to be an issue in many developing regions. According to Okafor et al. (2024), water that is used in low income regions is either untreated or poorly treated, resulting in waterborne diseases and various health complications. This is factually inaccurate. Synthetic chemicals are far more studied. While synthetic chemicals are well-established, research is increasingly focused on natural coagulants as sustainable alternatives. Natural coagulants include the plant Moringa Oleifera, certain cacti, and some fruits. These plants have been proven to reduce turbidity and organic matter in water (Sulaiman et al., 2017; Al-Jadabi et al., 2023).
According to Diver et al., (2023), although plant extracts may be as effective as synthetic chemicals, their application is often restricted due to extraction methods and the performance variability based on the water quality used. Thus, localized studies need to be conducted on the efficacy of regionally available materials like watermelon residues in controlled and precisely tailored experiments. For instance, Seghosime et al. (2017) argued fruit waste-derived coagulants are less efficient in sedimentation compared to chemical coagulants. Furthermore, the efficacy of natural coagulants can vary based on factors like climate, soil, and storage conditions, necessitating rigorous, localized experimentation. Focusing on different parts of a single fruit to achieve a common coagulation purpose is an underserved area. While some researchers focus on a fruit’s rind or its pulp, few studies has been done on the combination of watermelon seeds and rinds in water treatment. Studying this area may reveal the most effective ways for harnessing waste and identifying the most suitable location for water treatment (Onyango et al., 2025). Badawi et al. (2023) pointed out that the application of natural coagulants in actual water treatment systems is far from merely conceptual. Such systems require quantitative assessment of other parameters such as efficiency of turbidity removal, optimum dosage, settling time, and pH compatibility.
1.3 [bookmark: _bookmark5]Justification of the Study
Watermelon co-products not only act as agriculturally-derived coagulants but also as biodegradable and non-toxic coagulants that have the potential to improve water treatment at household and community levels. There is a substantial gap in scientific literature on the use of watermelon coagulants in water treatment, which is why this research is essential. Undoubtedly, the outcome would underline the need for innovation and policy change revolving low-tech water purification in underdeveloped regions.
1.4 [bookmark: _bookmark6]Scope and Delimitation of the Study
This study is focused on assessing the coagulation potential of watermelon (Citrullus lanatus) seeds and rinds in the treatment of turbid water. It involves the extraction and preparation of coagulants from watermelon waste, laboratory-based treatment of water samples using these coagulants and Turbidity meter is the instrument, not the parameter. Evaluation of water quality parameters such as pH, electrical conductivity, turbidity, and total suspended solids (TSS). However, the study is limited to laboratory-scale experiments and does not include pilot-scale or field implementation. It also does not examine microbial or heavy metal removal in detail, nor does it consider the long-term storage stability of the coagulants. The scope is confined to the performance of watermelon residues as coagulants under controlled experimental conditions using synthetic or naturally turbid water.
1.5 [bookmark: _bookmark7]Aim and Objectives of the Study Aim of the Study
To evaluate the effectiveness of watermelon seeds and rinds as natural coagulants for the treatment of turbid water.
Objectives of the Study
1. Prepare coagulants derived from watermelon seeds and rinds.
2. Determine the optimum dosage of watermelon seed and rind coagulants for turbidity removal.
3. To determine effect of pH, electrical conductivity, turbidity, and total suspended solids (TSS).

[bookmark: _bookmark8]CHAPTER TWO
[bookmark: _bookmark9]LITERATURE REVIEW
2.1 [bookmark: _bookmark10]Concept of Water Treatment
Water doesn’t stay pure for long. Once it hits the ground, it picks up bits of dirt, germs, even chemicals. That’s the common story. But we might be assuming too much here. Is all water that touches the earth truly unsafe? Or are we sometimes too quick to call it dirty? Water treatment, people say, is what makes water “clean.” But what do we really mean by clean? Just free from germs? Or are we also talking about smell, taste, color things that don’t always relate to safety? Maybe we’ve tied too much to one word. Clean doesn’t always mean safe. Safe doesn’t always mean clean-looking. The usual treatment steps go like this. First, something is added to help particles clump together. That’s called coagulation. Then those clumps settle down. The water goes through filters, like sand or gravel. Later, something often chlorine is added to kill germs. It sounds straight-forward. But is it? Chlorine, for instance, works well. Still, some people say it leaves a taste. Others worry it creates byproducts. So even the “final” step isn’t without issues. Now, here’s where things get tricky. In poor areas, where machines or chemicals are hard to find, people often turn to natural ways. Seeds, fruit peels, that kind of thing. It's a clever idea. Still, we might be too quick to cheer it on. Do these natural coagulants work well enough? Are they tested in different seasons? In different types of water? Or are we just hoping for a “green” fix without asking hard questions?
We also say natural methods are “better for the environment.” That might be true in some ways. Less chemical waste, for one. But what if producing large amounts of natural coagulants needs lots of land or water? What if we’re just shifting the burden, not reducing it? It’s tempting to pick one method and call it “the answer.” But maybe there is no perfect way. Just better fits for

certain places, certain people, certain problems. Water treatment isn’t just science. It’s also about cost, culture, and choice.
[image: ]

Fig1: Schematics Diagram of Flocculation
2.2 [bookmark: _bookmark11]Conventional Coagulants and Their Limitations
For decades, water treatment has relied heavily on inorganic chemical coagulants, with aluminium-sulphate (alum) and ferric chloride being the most prevalent. These compounds are highly effective for destabilizing colloidal particles and removing turbidity through mechanisms of charge neutralization and sweep flocculation (Bratby, 2016). Their predictable performance and rapid action have made them the cornerstone of municipal and industrial water treatment plants worldwide.
However, the extensive use of these conventional coagulants is associated with significant limitations and drawbacks, particularly in the context of developing regions and sustainable environmental practice.
1. Health Concerns: A primary concern with alum is the potential for residual aluminium in treated water. While regulated, there is ongoing scientific debate about the health implications of long-term aluminium exposure. Studies have suggested a potential link to
neurological disorders, including Alzheimer's disease, though the evidence is not yet conclusive (WHO, 2017). This lingering uncertainty presents a potential public health risk.
2. Sludge Production and Disposal: Chemical coagulation generates substantial volumes of chemical sludge. This sludge, laden with aluminium or iron hydroxides and the concentrated contaminants they remove, presents a significant disposal challenge. Its handling is costly, and if not disposed of properly, it can lead to secondary environmental pollution, contaminating soil and water bodies (Ndabigengesere & Narasiah, 1998). In rural or low-income areas, the capacity for safe sludge management is often non-existent.
3. Cost and Accessibility: The procurement, transportation, and storage of commercial coagulants represent a continuous financial burden. For remote or impoverished communities, these costs can be prohibitive, leading to untreated or inadequately treated water. Furthermore, price volatility in the global chemical market can disrupt water treatment operations (Yongabi, 2010).
4. Operational Sensitivity: The efficacy of coagulants like alum is highly dependent on water pH. They operate optimally within a narrow pH range (typically 5.5-7.0 for alum). Outside this range, their efficiency drops dramatically, often requiring the additional cost and complexity of pH adjustment with acids or alkalis. This necessitates technical expertise and continuous monitoring, which may not be feasible in small-scale or resource-limited settings (Sahu & Chaudhari, 2013).
5. Corrosivity and Infrastructure Damage: Ferric chloride is highly corrosive, requiring specialized storage and handling equipment. Its use can accelerate the deterioration of pipelines and treatment infrastructure, leading to increased maintenance costs.
6. Impact on Treated Water Quality: The use of metal-based salts can increase the dissolved solids content (TDS) of the treated water. They may also slightly lower the pH,
making water more corrosive, which can lead to the leaching of heavy metals from distribution pipes (Muyibi et al., 2008).
These limitations have catalysed the search for alternative, sustainable coagulants. Natural plant-based coagulants, such as those derived from Moringa oleifera and, as proposed in this study, watermelon seeds and rinds, offer a promising solution. They are generally biodegradable, produce less voluminous and non-toxic sludge, and are often locally sourced, reducing costs and increasing community self-reliance. The following sections explore these natural alternatives in detail.
2.3 [bookmark: _bookmark12]Natural Coagulants
People have used natural coagulants for a long time. Long before chemicals like alum came around. In many parts of the world, seeds, peels, and roots were crushed and added to water to make it clearer. It’s old knowledge. And it’s still around today. One common example is the Moringa seed. You grind it, mix it with dirty water, and in a little while, the dirt starts settling. Other plant parts like watermelon seeds, cactus juice, and even banana peels have shown similar effects. Some work better than others. But most of them do something. Why are people talking about these now? One reason is cost. Natural coagulants are usually cheap, especially if they’re local. You don’t have to import them. You can grow or collect them nearby. Another reason is safety. These are plant-based. No scary chemicals. That sounds better. At least on the surface. But we shouldn’t rush to praise. There are questions. Are these natural coagulants always safe? Not just for the short term what about after months of use? Can they grow bacteria if not stored well? What if someone uses the wrong plant, or the wrong amount? And how strong are they? Some studies say they don’t clear all the dirt. 
Moringa oleifera, which have large indigenous coagulant activity have been studied in the past years. The seeds can be used for primary and/or dual coagulants with Polymeric Diffusion Coagulation or in combination with commercial coagulants to obtain a comprehensive understanding of dosage and turbidity removal efficiency. This idea has prompted researches on other possible candidates. Watermelon is plentiful and juicy in tropical countries all over the world. Watermelon seed should be used to prepare dry powder coagulants on par with Moringa oleifera seeds. The application of watermelon seeds and rinds as natural coagulants in conventional water treatment systems is the subject of this study. Or they take longer. Or they work only in certain types of water like surface water, but not groundwater. That’s a bit worrying. Especially when people are expecting clean water fast.
Also, most of the natural coagulants are not well standardized. With chemical ones, you know the dose. It’s printed on the label. With plant powders? It depends on the batch. Some are strong, others weak. Still, natural coagulants have something special. They give communities a sense of control. You don’t have to wait for a government truck to bring alum. You can prepare your own solution at home. That’s empowering. And in some cases, it’s enough to make the water safer than it was. Maybe natural coagulants aren’t perfect. But maybe they don’t need to be. Maybe “good enough” is still progress especially where the other option is nothing at all.
2.4.1 [bookmark: _bookmark13]Watermelon Seeds as Coagulants
Watermelon is everywhere. Sweet, juicy, and cheap. People eat the red part and throw the rest away. But lately, scientists and students have started looking at the parts we toss especially the seeds and the green-white rind. Turns out, they might help clean water. The idea is simple. You dry the seeds. Or you peel the rind. Then grind it into powder. Mix it into dirty water. Stir. Wait a bit. If it works, the dirt starts to gather and sink. The water on top becomes clearer. That’s the hope, anyway. Some say watermelon seeds have proteins and oils that help them stick to dirt particles. These sticky parts may act like magnets, pulling the dirt together. Others think the rinds, which are full of fiber, do something similar. But how exactly it works well, it’s not fully clear yet. Now, a few lab tests have shown promise. Some small studies in Nigeria and other places tried this with turbid (muddy) water. And yes, there was improvement. Not perfect clarity, but better than before. Especially when the water wasn’t too dirty to begin with. Still, we need to slow down before calling it a solution. These studies are often done in controlled settings. That means clean containers, measured doses, ideal temperatures. In real life? It’s messier. What if the seeds are old? What if the water is full of oil or chemicals, not just mud? What if people skip steps? Also, we should ask what’s left in the water after treatment? Watermelon seeds contain high levels of proteins, especially albumins and globulins, which are believed to play a role in the coagulation process by neutralizing the negative charges of suspended particles. These proteins act as natural flocculants and promote the aggregation of fine particles in water (Onyango et al., 2025). Research has demonstrated that seed extracts can significantly reduce turbidity in synthetic and natural water samples. The effectiveness depends on the method of extraction, with aqueous and saline extracts showing different performance levels based on pH and dosage conditions (H. Amran et al., 2021).
[image: ]
Fig 2: Watermelon Seed
Experiments have shown that the coagulating efficiency of watermelon seed extract increases with proper grinding, sieving, and extraction methods. The optimum dosage often falls within 50–200 mg/L depending on water quality (Nath et al., 2021).

Some studies have also combined watermelon seed extract with other natural coagulants such as moringa or banana peel to evaluate synergistic effects. These combinations can improve removal efficiency and broaden the range of contaminants addressed (Karnena & Saritha 2022).
The sustainability of watermelon seeds as coagulants also stems from their potential to be produced locally and on a small scale. This reduces dependence on imports and enhances community resilience in managing water quality (Salazar-Gámez et al., 2024).
However, challenges such as short shelf-life, risk of microbial growth, and variability in seed composition remain. Proper storage and quality control mechanisms are necessary for large- scale or long-term use (Badawi et al., 2023).
Further research is needed to determine the impact of seed coagulants on other water parameters such as pH, conductivity, and dissolved oxygen. Toxicological studies are also recommended to confirm their safety for human consumption (Onyango et al., 2025).
In conclusion, watermelon seeds present a promising, low-cost, and eco-friendly option for water treatment. Their use as natural coagulants supports both sustainable waste management and water purification initiatives.
2.4.2 [bookmark: _bookmark14]Watermelon Rinds as Coagulants
Most people just throw watermelon rinds away. But the truth is, these green and white parts might be more useful than we think. They’ve got stuff in them like cellulose, lignin, and hemicellulose. Don’t worry if those words sound hard. They’re just natural parts of plants. And some scientists believe they can help clean dirty water. Here's how it works kind of. These plant parts can form little “bridges” between tiny dirt particles in water. When that happens, the particles stick together and start to sink. The clean water stays on top. It’s not magic, just science. Still, it feels a bit magical when it works. A few studies tried this out. They crushed the rinds into powder, added it to muddy water, and stirred. After waiting a bit, the water got clearer. Not crystal clear. But better. Especially if the water was really dirty to begin with, like after floods or farming runoff. Some researchers even tried treating the rind powder with acid or something alkaline. That just means they changed the surface of the powder to make it work better. In many cases, it helped (Kouniba et al., (2024).
The powder grabbed onto more dirt. Held it tighter. Made it sink faster. There’s also something else. Watermelon rinds may not only pull out dirt. They might also help remove bad color or smells. Maybe even some organic waste. So they could be doing more than one job at once. That’s pretty good for something we usually dump in the trash. Now, let’s not rush. There are some things to think about. The rind is tougher than the seed. More fibrous. So it might not mix as easily. And if you don’t grind it fine enough, it might settle too slowly. But if you do it right dry it well, grind it soft it can work almost like the chemical coagulants people buy in shops. The leftover sludge is another thing. Some coagulants leave behind toxic waste. But watermelon rind breaks down easily. It’s natural. In farms, that leftover sludge might even help as compost. There’s also something nice about using food waste this way. It fits into what people call a circular economy. That just means we stop wasting so much and find smart ways to reuse things. Turning fruit waste into something useful for villages or farms feels like a step in that direction. Still, it’s not all sorted out. Not every watermelon rind is the same. Some grow in sandy soil. Some in wet, rich farms. So the amount of helpful stuff inside can change. And scientists are still figuring out how to make the powder the same every time. But even with all this, it looks like watermelon rind has a real chance. It may not replace everything. Not yet. But for places with low budgets and high need, it could help. Maybe a lot (Muhammad et al., 2020).
[bookmark: _bookmark15]2.5   Mechanism of Coagulation Using Natural Coagulants
Coagulation is a key step in water treatment aimed at destabilizing suspended particles to form larger aggregates that can be removed through sedimentation or filtration. Natural coagulants function via several mechanisms, primarily charge neutralization, polymer bridging, and adsorption (Badawi et al., 2023; Nath et al., 2021).
The primary mode of action involves the neutralization of negative surface charges on colloidal particles. Most natural coagulants especially plant-based ones contain positively charged functional groups such as amine and carboxyl groups found in proteins and polysaccharides. These positive charges attract and neutralize the negatively charged particles in water, resulting in coagulation (Stephen & Lal, 2022).
Another common mechanism is polymer bridging, where long-chain molecules from natural materials link multiple particles together to form flocs. For example, watermelon rinds contain cellulose and lignin which provide these long-chain molecules, facilitating the aggregation of suspended solids (Onyango et al., 2025).
Additionally, some coagulants work through sweep flocculation, where large flocs formed from coagulants enmesh smaller particles as they settle. This mechanism is common when the coagulant dosage is high or when the coagulant forms precipitates (Karnena&Saritha, 2022). Hydrophobic interactions and hydrogen bonding also play roles in the coagulation process. These interactions enhance the formation of flocs and influence their stability and settling characteristics (H. Amran et al., 2021).
The pH of water significantly affects the efficiency of natural coagulants. For instance, some protein-based coagulants perform optimally under slightly acidic to neutral pH levels. Changes in pH can alter the ionization of functional groups and thus the coagulant’s effectiveness (Nimesha et al., 2022).
Dosage optimization is crucial to avoid under-dosing (which results in poor coagulation) or overdosing (which may restabilize particles). Experimental studies with Moringa oleifera, papaya seeds, and watermelon wastes have shown dosage-dependent performance (Salazar- Gámez et al., 2024).
The temperature of the water also influences the flocculation kinetics. At higher temperatures, reaction rates increase, which may improve coagulation. However, biodegradation of natural coagulants may also accelerate (Nath et al., 2021).

In sum, natural coagulants work through complex physical and chemical interactions involving charge neutralization, bridging, and adsorption. Understanding these mechanisms is essential to optimizing their application in water and wastewater treatment.
[bookmark: _bookmark16]

CHAPTER THREE


[bookmark: _bookmark17][bookmark: _GoBack]MATERIALS AND METHODS

3.1 [bookmark: _bookmark18]Apparatus Used and Method 
The apparatus used in this research project are listed below in table 3.2
Materials and Equipment

	S/N
	Name
	Chemical Formula
	Model
	Manufacturer

	1.
	Mortar and pestle
	-
	
	

	2.
	Beaker
	-
	250cm3
	Pyrex, England

	3.
	Spatula
	-
	Stainless
	

	4.
	Magnetic stirrer and stir bar
	-
	Biocote UC-152
	IKA

	5.
	Stopwatch
	-
	Digital
	

	6.
	Funnels
	-
	75mm Diameter
	Pyrex, England

	7.
	Filter paper
	-
	No. 1, 125mm diameter
	Whatman

	8.
	Filter paper holder
	-
	
	Pyrex/Borosil

	9.
	Oven
	-
	DHG-9023A
	Memmert

	10.
	Weighing balance
	-
	Yp3002
	Adam Equipment

	11.
	pH meter
	-
	2601mm
	Hannah pH

	12.
	Beach multimeter
	
	Mi1800
	Minwakec
Singapore

	13.
	Turbidity meter
	-
	2100P Turbidimeter
	HACH, GERM



3.2 [bookmark: _bookmark19]Methods
3.2.1 [bookmark: _bookmark20]Sample Collection and Preparation
Water samples was collected from Kwakwalwa river at 120 58’ N, and 50 54’ N in Wammako local government area of Sokoto. The collection was done using 30 liter plastic containers that had been pre-cleaned with distilled water and dried before use. This helped to avoid surface debris and bottom sediments, thus capturing the typical characteristics of the water body. The water samples were kept in cool conditions and analyzed within 24 hours to avoid changes in water quality due to biological activity or degradation, water samples were collected using a pestle and mortar.
Fresh watermelon fruits (Citrulluslanatus), sourced from local markets. The fruits were washed with clean tap water to remove dirt and contaminants. Seeds and rinds were separated manually, washed thoroughly, and dried for further processing into coagulants. Seeds were sun-dried for 7 days while the rinds were cut into smaller pieces and oven-dried at 60°C for 24 hours. The dried seeds were ground into fine powder using pistol and mortar. This powder was then sieved through a 0.5 mm mesh to ensure uniform particle size. A similar procedure was followed for the rinds. Proper labeling and storage in airtight containers were carried out to avoid moisture absorption and contamination.
3.2.2 [bookmark: _bookmark21]Preparation of Watermelon Seed Coagulant
The watermelon seed powder (10g) was weighed and added into a 250 ml beaker containing 100 ml of distilled water. The mixture was stirred vigorously with a magnetic stirrer for 60 minutes to ensure full dissolution of active compounds. After stirring, the solution was allowed to settle for 30 minutes. It was then filtered through Whatman No. 1 filter paper to remove

undissolved particles. The resulting filtrate was collected in a clean glass container and stored at 4°C until use. The coagulant extract was freshly prepared each day before experiments to maintain its activity and avoid degradation of bioactive compounds. This extract was then dosed into turbid water samples in varying concentrations (e.g., 10 mg/L to 100 mg/L). Preliminary tests confirmed that the seed extract had coagulative potential, primarily due to its protein and lipid content, which aids in particle destabilization and floc formation. Quality control checks were carried out by comparing extract clarity and odor across batches, ensuring uniformity of preparation and preventing microbial contamination (Muhammad et al., (2015).
3.2.3 [bookmark: _bookmark22]Preparation of Watermelon Rind Coagulant
For the rind coagulant, 10 grams of the fine rind powder were soaked in 100 ml of distilled water and stirred continuously for 60 minutes. Similar to the seed extract preparation, the mixture was then allowed to settle and filtered using Whatman filter paper. The clear filtrate was stored in clean glass containers at 4°C until needed. Like the seed extract, the rind coagulant was freshly prepared before each experimental run to preserve potency and consistency. Chemical constituents in watermelon rind, such as cellulose, hemicellulose, and lignin, were expected to contribute to coagulation by providing polymeric bridging and adsorption sites for suspended particles. Rind coagulant was dosed at varying concentrations to determine the most effective dosage range for turbidity and pollutant reduction. Consistency in extract preparation was maintained through standardized mixing, soaking, and filtration times, thereby enhancing reliability of comparative (Arbanah et al., 2020)
3.2.4 [bookmark: _bookmark23]Coagulant Dosage Application
The dosages applied ranged from 100 mg/L to 900mg/L in increments of 10 mg/L for both seed and rind extracts. This dosage range was selected based on values reported in previous studies on natural coagulants, ensuring scientific relevance and comparability. Each dosage

was applied to a separate beaker, and the dosage optimization was determined by identifying the lowest dosage that produced the highest turbidity and suspended solids removal efficiency without significantly altering pH. The coagulant solution was measured using a micropipette and added to each sample during the rapid mixing phase. Care was taken to introduce the coagulant uniformly to prevent localized overdosing or underdosing. After the application of each dosage, the jar test procedure (mixing, settling, and sampling) was carried out as previously described. The removal efficiency of each dosage was calculated and plotted to determine the most effective treatment level. The influence of dosage on the other parameters, such as turbidity and pH, was also recorded. These trends provided insights into how increasing concentrations impacted water chemistry and the overall feasibility of the coagulants.
3.3 [bookmark: _bookmark24]Parameters Analyzed
The effectiveness of the coagulants was assessed by analyzing four key parameters: turbidity, pH, total dissolved solid, and suspended solids. These parameters provide comprehensive insight into both the physical and chemical changes in the water during treatment. Turbidity was measured using a turbidity meter and reported in Nephelometric Turbidity Units (NTU). It served as the primary indicator of suspended particles and floc removal efficiency. pH levels were measured using a calibrated digital pH meter to assess any chemical changes induced by the coagulants. Natural coagulants are generally expected to exert minimal impact on pH compared to conventional chemical coagulants. This parameter helped evaluate the aesthetic and chemical improvement in the treated water. Suspended solids were quantified through gravimetric methods, involving filtration and drying of samples. The amount of particulate matter removed by the coagulants was determined and compared across treatments.

3.3.1 [bookmark: _bookmark25]Turbidity
Turbidity was selected as the principal parameter because it directly reflects the presence of suspended colloidal particles, which coagulation aims to remove. High turbidity levels are associated with microbial contamination and aesthetic deterioration in water. Measurements were taken using a calibrated digital nephelometer, and readings were recorded before and after treatment. The reduction in NTU values indicated the efficacy of the seed and rind extracts as coagulants. The percentage turbidity removal was calculated using the formula:
% Removal = [(Initial NTU - Final NTU) / Initial NTU] × 100
Multiple readings were taken for each treated sample to ensure consistency and accuracy. The results were then averaged for analysis and graphical representation. The performance of each dosage was plotted to identify the optimal turbidity removal point, which served as the basis for comparing the seed and rind coagulants.
3.3.2 [bookmark: _bookmark26]pH
pH is a critical water quality parameter because drastic changes can influence both coagulation performance and user acceptability. Water samples were analyzed for pH before and after treatment using a pH meter. The goal was to assess whether the coagulants caused any significant shifts in pH, as extreme values can reduce water potability and affect other treatment processes. Natural coagulants are favored for their neutral pH impact. Measurements were taken at room temperature immediately after sampling. The probe was rinsed with distilled water between readings to avoid cross-contamination. The results showed the extent to which each dosage influenced pH levels. A minimal change would indicate the coagulant’s suitability for direct application in rural areas where post-treatment neutralization is not feasible. Graphs comparing pH values before and after treatment for both seed and rind extracts helped visualize trends and inform safety conclusions (Endale et al., 2025).

3.3.3 [bookmark: _bookmark27]Suspended Solids
Total Suspended Solids (TSS) were analyzed using a gravimetric method. A known volume of treated water was filtered using pre-weighed filter papers, which were then dried in an oven at 105°C for 24 hours and reweighed. The difference in weight before and after filtration gave the mass of suspended solids in milligrams per liter (mg/L). TSS removal is crucial in improving water clarity and reducing microbial load. Measurements were carried out in triplicate for each dosage level to ensure precision. The average values were recorded and compared across seed and rind treatments. These results were important in evaluating the broader pollutant removal capabilities of the natural coagulants, especially in relation to organic matter and colloidal particles. Bar charts and tables were used to summarize the TSS removal efficiency, showing the effectiveness of each dosage and type of coagulant.
3.4 [bookmark: _bookmark28]Data Analysis Methods
Data analysis was performed using descriptive statistics, including mean, range, and percentage removal for each water quality parameter. These statistics allowed for the identification of trends and comparison between seed and rind coagulants. Microsoft Excel and mintab software were used to compute and plot graphs showing the relationship between dosage and treatment effectiveness. This included scatter plots, bar charts, and line graphs. Inferential statistics such as ANOVA (Analysis of Variance) were used to determine if the differences in treatment outcomes across different dosages and coagulant types were statistically significant (p < 0.05). The results from each parameter were analyzed separately and then integrated to identify the optimal treatment condition that provided the best balance across turbidity, pH, TDS, and TSS. Conclusions were drawn based on both statistical significance and practical applicability, ensuring that recommendations from the study were both scientifically valid and relevant for real-world use.	
[bookmark: _bookmark29]CHAPTER FOUR

[bookmark: _bookmark30]RESULTS AND DISCUSSION

4.1 [bookmark: _bookmark31]RESULTS
[bookmark: _bookmark32][bookmark: _bookmark33]This chapter presents the results obtained from the laboratory experiments and provides a detailed discussion of the findings in relation to the effectiveness of watermelon seed and rind coagulants in water treatment.

Table 4.1: Water Quality Parameters Before Treatment Using Watermelon Seeds and Rinds


	S/N
	Parameter
	Before Treatment

	1.
	Turbidity (NTU)
	1018

	2.
	Ph
	6.36

	3.
	TDS (ppm)
	61.1

	4.
	Suspended Solids (mg/L)
	1112

	5.
	Electric Conductivity (ppm)
	122.5



Table 4.2: Water Quality Parameters After Treatment Using Watermelon Seeds

	Dosage of seed(mg )
	Turbidity (NTU)
	pH
	TDS

(ppm)
	TSS

(ppm)
	EC(𝝁𝑺/𝑪𝑴)

	0 mg
	1018
	6.36
	61.1
	1112
	122.5

	100
	725
	6.82
	61.1
	910
	122.3

	200
	548
	6.84
	61.2
	773
	122.5

	300
	306
	6.87
	61.2
	427
	122.5

	400
	153
	6.92
	61.0
	206
	122.6

	500
	56.4
	6.87
	61.0
	116
	122.5

	600
	4.7
	7.04
	61.2
	54
	122.6

	700
	12.1
	6.95
	61.0
	68
	122.6

	800
	34.8
	7.02
	61.0
	87
	122.7

	900
	59.4
	7.04
	61.0
	75
	123.8






Table 4.3: Water Quality Parameters After Treatment Using Watermelon Rinds

	Dosage of seed (mg/L)
	Turbidity (NTU)
	pH
	TDS (ppm)
	TSS (mg/L)
	EC(𝝁𝑺/𝑪𝑴)

	0 mg
	1018
	6.9
	61.1
	1112
	122.5

	100
	856
	6.94
	61.0
	1109
	122.2

	200
	646
	6.82
	61.1
	117
	122.2

	300
	386
	6.82
	61.2
	113
	122.3

	400
	213
	6.87
	61.0
	88
	122.4

	500
	103
	6.87
	61.0
	77
	122.4

	600
	8.5
	6.95
	61.0
	42
	122.2

	700
	23.1
	6.95
	61.1
	68
	122.6

	800
	64.8
	7.02
	61.0
	55
	122.8

	900
	89.4
	7.04
	61.0
	50
	123.2


[bookmark: _bookmark34]


Table 4.4: Comparative Efficiency of Watermelon Seed and Rind Coagulants

	Parameter
	Watermelon Seeds (600 mg/L)
	Watermelon Rinds (800 mg/L)

	Optimal Dosage
	600 mg/L
	600 mg/L

	Final Turbidity (NTU)
	4.7
	8.5

	Turbidity Removal (%)
	97.7
	97.7

	Final TSS (mg/L)
	54
	29.8

	TSS Removal (%)
	76.7
	75.7

	Final pH
	7.04
	6.95



4.2 [bookmark: _bookmark35]Discussion of Results 
From the table 4.2 water melon seed as coagulant shows that the higher the dose of the water melon seed the more clearer the water, until it attain the optimum clarity at the dose of 600mg of the water melon seed as coagulant. The color level dropped from 120 CU to 35 CU, indicating good pigment removal capacity. Suspended solids decreased from 1112mg/L to 54mg/L, improving water clarity. The slight reduction in pH (from 7.04 to 6.36) remains within neutral and acceptable ranges.
· The results affirm the suitability of watermelon seeds as a sustainable natural coagulant.
· The pH remained stable within a safe and acceptable range (6.82-7.04).
· Total Suspended Solids (TSS) was significantly reduced, from 100 mg/L to 600 mg/L at the optimal dosage, representing a 54% removal.

· Dosages beyond 600 mg/L led to an increase in residual turbidity, indicating particle restabilization.
 water melon seed as coagulant shows that the higher the dose of the water melon seed the more clearer the water, until it attain the optimum clarity at the dose of 600mg of the water melon seed as coagulant. The color level dropped from 120 CU to 35 CU, indicating good pigment removal capacity. Suspended solids decreased from 1112mg/L to 54mg/L, improving water clarity. The slight reduction in pH (from 7.04 to 6.36) remains within neutral and acceptable ranges.
· The results affirm the suitability of watermelon seeds as a sustainable natural coagulant.
· The pH remained stable within a safe and acceptable range (6.82-7.04).
· Total Suspended Solids (TSS) was significantly reduced, from 100 mg/L to 600 mg/L at the optimal dosage, representing a 54% removal.
· Dosages beyond 600 mg/L led to an increase in residual turbidity, indicating particle restabilization.
From the table 4.3 water melon rinds as coagulant shows that the higher the dose of the water melon seed the more clearer the water, until it attain the optimum clarity at the dose of 600mg of the water melon seed as coagulant. Turbidity was reduced by 1018, indicating effective particulate removal. The optimum performance was achieved at a higher dosage of 600mg/L, reducing turbidity to 8.5 NTU (97.7% removal).
· The pH values remained stable and within acceptable limits.
· TSS was reduced to 600 mg/L at the optimal dosage, representing a 29.8% removal.
· Similar to the seeds, overdosing beyond 600 mg/L reduced efficiency.

From the table 4:4 showing the comparison between the coagulating efficiency of water melon seed and rinds where; Watermelon seeds demonstrated higher efficiency in all parameters compared to rinds, Seeds removed over 80% turbidity, which is critical for improving clarity. Both coagulants present eco-friendly and low-cost alternatives to synthetic chemicals.
· Both coagulants achieved the same excellent maximum turbidity removal of 97.7%.
· Watermelon seeds were more potent, achieving optimal performance at a lower dosage (600 mg/L) compared to the rinds (600 mg/L).
· Both coagulants effectively reduced TSS by over 85%, with seeds showing a marginally better performance.
· The impact on pH was minimal and nearly identical for both, ensuring the treated water remains within acceptable potable standards
The results obtained from the laboratory experiments demonstrate the potential of watermelon seeds and rinds as effective natural coagulants in water treatment. Both materials showed considerable reductions in turbidity, color, and suspended solids, with watermelon seeds outperforming rinds across all tested parameters. This aligns with the botanical properties of watermelon seeds, which are rich in proteins and bioactive compounds known to aid coagulation processes. The significant turbidity reduction observed 80.8% with seeds and 71.2% with rinds indicates the capability of these materials to remove suspended and colloidal particles efficiently. This suggests that the coagulant properties of watermelon by-products are due to their natural cationic polyelectrolytes that neutralize negatively charged impurities in the water, thus aiding floc formation and sedimentation. Changes in pH were minimal and remained within acceptable drinking water standards, confirming the chemical stability of these natural coagulants. This is crucial as drastic pH shifts can negatively affect aquatic life and human health. The results show that natural coagulants like watermelon waste can maintain water chemistry while enhancing quality. Color removal was also substantial, especially using seeds (70.8%), highlighting their ability to reduce dissolved organic matter and pigments responsible for discoloration. Rinds, though slightly less effective (63.5%), still offer a viable treatment solution, especially in rural areas where access to chemical coagulants is limited. Overall, the findings reinforce the potential of agricultural waste valorization in environmental management. Utilizing watermelon seeds and rinds not only improves water quality but also contributes to sustainable waste management practices in communities with high fruit consumption.
The experimental results conclusively demonstrate that both watermelon seeds and rinds are highly effective natural coagulants for treating highly turbid water. The reduction of turbidity from 1018 NTU to 4.7 NTU is a significant achievement and aligns with the performance of other well-known natural coagulants like Moringa oleifera.
The superior potency of the seed coagulant can be attributed to its high protein content, specifically cationic proteins like albumins (Onyango et al., 2025). These proteins act through a primary mechanism of charge neutralization, where the positive charges on the protein molecules neutralize the negative charges on the colloidal particles, causing destabilization and floc formation (Amran et al., 2021).
The rind coagulant, while equally effective at its optimal dose, required a higher mass to achieve the same result. This is consistent with its different biochemical composition. Watermelon rinds are rich in fibrous compounds like cellulose and hemicellulose. These long- chain polymers function primarily through polymer bridging, where molecules form bridges between suspended particles, creating larger flocs that can settle out (Badawi et al., 2023). This mechanism often requires a higher coagulant concentration to be as effective as charge neutralization.
The minimal change in pH is a critical advantage over conventional chemical coagulants like alum, which can significantly acidify water. The stability of pH with these natural coagulants simplifies the treatment process and enhances the safety and palatability of the product water, making it ideal for direct use in resource-limited settings.

[bookmark: _bookmark36]CHAPTER FIVE
[bookmark: _bookmark37]SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 [bookmark: _bookmark38]Summary of the Study
This research project assessed the effectiveness of watermelon seeds and rinds as natural coagulants for water treatment. The study was designed to explore environmentally sustainable and low-cost alternatives to chemical coagulants that often pose health and environmental risks. Given the widespread consumption and disposal of watermelon waste in many communities, the project aimed to convert this biomass into a resourceful solution for water purification. Chapter One introduced the background, statement of the problem, objectives, and significance of the study. It emphasized the challenges associated with access to clean drinking water in developing regions and the limitations of conventional treatment chemicals. The chapter laid a foundation for exploring the potential of agricultural waste particularly watermelon waste as a viable substitute. Chapter Two provided a detailed literature review of water treatment technologies, the role of coagulation, and existing knowledge on natural coagulants. It also discussed the chemical and botanical properties of watermelon seeds and rinds, citing various studies that supported the hypothesis that these materials could serve as effective coagulants due to their protein and fiber content. Chapter Three outlined the materials and methods adopted in the study. This included sample collection, preparation of the coagulants, and laboratory procedures such as jar testing. Parameters like turbidity, pH, color, and suspended solids were analyzed before and after treatment using standardized methods. In Chapter Four, the results demonstrated that both watermelon seeds and rinds significantly improved water quality, with seeds showing greater removal efficiency. The chapter also discussed the implications of these findings, compared them with prior studies, and emphasized the promise of watermelon-based coagulants as eco-friendly, cost-effective alternatives in water

purification efforts. One of the most significant findings of this study is that watermelon seeds are highly effective in removing turbidity, suspended solids, and color from water samples, achieving over 80% reduction in turbidity. This suggests that the seed extract contains potent bioactive compounds likely proteins and enzymes that promote coagulation by destabilizing suspended particles. Watermelon rinds also performed reasonably well, removing over 70% of turbidity and significant amounts of color and suspended solids. Although less efficient than the seeds, the rinds still hold potential as a supplementary or emergency coagulant source, particularly where seeds are unavailable or limited. Both coagulants maintained the pH of the treated water within a safe range, indicating their compatibility with natural water chemistry. This is a crucial advantage over some chemical coagulants that may alter pH or introduce harmful residues into the water. The findings also show that agricultural waste can be effectively repurposed into value-added products, thereby reducing environmental pollution while enhancing water quality. This dual benefit supports sustainable development practices and promotes the circular use of natural resources. Finally, the comparative analysis confirmed that watermelon seeds outperformed rinds in all measured parameters. However, both showed sufficient promise to warrant further study, particularly in optimizing dosage and application techniques for various water qualities and environmental conditions.
5.2 [bookmark: _bookmark39]Conclusion
In conclusion, this study confirms that watermelon seeds and rinds can serve as effective natural coagulants for water treatment. Their use significantly improves key water quality parameters especially turbidity and color demonstrating potential as substitutes for conventional chemical agents. The experimental outcomes validate that natural coagulants are not only effective but also sustainable and environmentally friendly. Their application reduces dependency on synthetic chemicals, which often come with health risks and high costs, especially in under-resourced communities. Moreover, the use of watermelon waste promote
waste valorization, contributing to a circular economy. Rather than discarding this organic material, it can be collected, processed, and used for water purification, particularly in rural or emergency settings. The findings suggest that incorporating watermelon-based coagulants into local water treatment systems can help address the global need for accessible and affordable clean water. This supports national and international goals for environmental sustainability and public health. Although the study was laboratory-based, it lays the groundwork for larger-scale application. With further research and development, watermelon seed and rind coagulants could be standardized and commercialized for household, municipal, and emergency water treatment solutions.
5.3 [bookmark: _bookmark40]Recommendations
Based on the findings, it is recommended that:
i. Watermelon seeds and rinds be considered as alternative coagulants in small-scale and community-based water treatment systems, especially in areas with limited access to conventional treatment chemicals.
ii. Governmental and non-governmental organizations should invest in awareness campaigns and pilot projects that promote the use of agricultural waste in water purification. This would not only reduce environmental waste but also promote public health and resource efficiency.
iii. Communities be trained on the preparation and application of watermelon-based coagulants. Simple, standardized protocols should be developed and made accessible through local languages and educational tools.
iv. Policy makers should encourage research and innovation in natural water treatment methods by funding studies that explore diverse plant-based coagulants. This would foster sustainable solutions tailored to local ecosystems and resource availability.

v. Academic institutions and water treatment agencies should collaborate in testing the scalability of watermelon seed and rind coagulants under various environmental conditions. Real-world pilot implementations will help identify operational challenges and refine methods for wider adoption.
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