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ABSTRACT: Surface water treatment is crucial for maintaining water quality and safeguarding public health. 

Traditional methods like alum treatment have been widely used, but they often come with high costs and 

environmental concerns. In contrast, natural alternatives such as pawpaw seed powder offer a potentially low-cost 
and eco-friendly solution. Hence, the objective of this paper is to comparatively evaluate the physicochemical 

properties of surface water treated by using alum and pawpaw seed powder using appropriate standard methods. 

Initial water quality parameters included turbidity of 27 NTU, pH of 7.9, total suspended solids (TSS) of 126.8 
mg/L, total dissolved solids (TDS) of 267.2 mg/L, and hardness of 321 mg/L. Post-treatment with alum reduced 

these values to 9 NTU, pH 7.5, TSS 50 mg/L, TDS 135 mg/L, and hardness 95 mg/L. Pawpaw seed powder 

treatment resulted in reductions to 6 NTU, pH 7.6, TSS 60 mg/L, TDS 160 mg/L, and hardness 130 mg/L. The 
findings showed significant improvement in water clarity and quality for both treatments, with pawpaw seed 

powder demonstrating slightly superior turbidity reduction. Cost analysis revealed that alum treatment cost a total 

of 9000 NGN, whereas pawpaw seed powder treatment cost 5500 NGN, primarily due to lower procurement and 
transportation costs. The results suggest that pawpaw seed powder is a more cost-effective and sustainable 

alternative to alum since it was capable of achieving comparable water quality improvements.  
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Water treatment is essential for ensuring the safety 

and quality of surface water for human consumption 

and various other uses (Bhagwat, 2019; Ojo and 

Obiora-Okeke, 2022; Kekes et al. 2023). Limited 

availability of sufficient, uncontaminated, and secure 

water represents a significant challenge worldwide 

(Pandey et al., 2021). In 2021, roughly 2.2 billion 

people lacked access to adequately managed drinking 

water facilities (World Bank, 2021). Surface water is 

crucial for low-income households as it often serves 

as their primary source of water for drinking, 

cooking, and sanitation, directly impacting their 

health and well-being. As of 2020, an estimated 122 

million individuals relied on surface water outlets for 

their water supply (UNICEF/WHO, 2021; WHO, 

2023). Conventional coagulants like aluminum sulfate 

(alum) are widely used in water treatment processes 

(Malik, 2018). However, there is a growing interest in 

natural coagulants such as pawpaw seed powder 

(Carica papaya) due to concerns about the 

environmental and health impacts of chemical 

coagulants (Unnisa and Bi, 2018; Amran et al., 2021). 

Alum is one of the most commonly used chemical 

coagulants in water treatment due to its high 

efficiency in removing turbidity, colour, and 

microorganisms (Priya et al., 2018). The 

effectiveness of alum is well-documented, with 

studies showing significant reductions in suspended 
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solids and pathogens in treated water (Daud et al., 

2023). However, the use of alum has some 

drawbacks, including the production of large volumes 

of sludge, potential residual aluminum in treated 

water, and the associated health risks (Kluczka et al., 

2017). Natural coagulants such as pawpaw seed 

powder have been proposed as sustainable 

alternatives to chemical coagulants (Kristianto et al., 

2018). Pawpaw seed powder contains bioactive 

compounds such as alkaloids, flavonoids, and 

saponins, which can aid in coagulation and 

flocculation processes (Owodunni et al., 2023). 

Studies have shown that pawpaw seed powder can 

effectively reduce turbidity and microbial load in 

water (Diver et al., 2023). The use of natural 

coagulants is also associated with lower sludge 

production and biodegradability, making them 

environmentally friendly options (Koul et al., 2022). 

Comparative studies on the effectiveness of alum and 

pawpaw seed powder have yielded mixed results. 

While alum is often found to be more effective in 

reducing turbidity and colour, pawpaw seed powder 

has demonstrated comparable performance in specific 

contexts, particularly in low-turbidity waters (Yimer 

and Dame, 2021; Ojo 2024). For instance, a study by 

Bayode et al. (2023) found that pawpaw seed powder 

was effective in reducing turbidity and organic matter 

in surface water, though it required higher doses 

compared to alum. The economic feasibility of using 

alum versus pawpaw seed powder in water treatment 

involves comparing the costs of procurement, 

application, and disposal (Diver et al., 2023). Alum is 

commercially available and relatively inexpensive, 

but the costs associated with sludge handling and 

disposal can be significant (Turner et al., 2019). In 

contrast, pawpaw seeds are often locally available as 

agricultural waste, potentially reducing raw material 

costs (Vezar et al., 2024). 

 

A detailed cost analysis by Rahman Adrin et al. 

(2024) revealed that while the initial cost of alum is 

lower, the long-term costs associated with sludge 

management and potential environmental remediation 

may make pawpaw seed powder a more cost-

effective option in the long run. Additionally, the use 

of locally sourced pawpaw seeds can stimulate local 

economies and reduce dependency on imported 

chemicals. The sustainability of water treatment 

processes is a critical consideration in the selection of 

coagulants. Alum production and usage are associated 

with significant environmental impacts, including 

greenhouse gas emissions and energy consumption 

(Panhwar and Bhutto, 2021). In contrast, natural 

coagulants like pawpaw seed powder are 

biodegradable and derived from renewable resources, 

offering a more sustainable alternative (Koul et al., 

2022). 

 

Moreover, the disposal of sludge generated from 

alum treatment poses environmental challenges due 

to its potential toxicity (de Jesus et al., 2024). Sludge 

from natural coagulants, on the other hand, is often 

safer and can be used as fertilizer or soil conditioner, 

contributing to a circular economy (Nath et al., 2021, 

Marguti et al., 2018). Hence, the objective of this 

paper is to comparatively evaluate the 

physicochemical properties of surface water treated 

by using alum and pawpaw seed powder. 

 

MATERIALS AND METHODS 
Sample Collection and Characterization of 

Contaminants: Surface water samples were collected 

from Ala river tributary in Ibule-Soro, South western 

Nigeria. Samples were collected in clean, sterilized 

containers to prevent contamination. Initial 

characterization of the surface water samples was 

conducted to determine the types and concentrations 

of contaminants present. The turbidity, pH, total 

suspended solids, total dissolved solids and hardness 

were measured using standard methods described in 

APHA (2017). 

 

Preparation of Alum Solution: Alum solution was 

prepared by dissolving 0.2 g of aluminum sulfate 

(Al2(SO4)3) in 1L of water resulting in a standardized 

solution for the surface water treatment purpose. 

 

Preparation of Pawpaw Seed Powder: Pawpaw fruits 

were gathered from a household garden in Ibule-soro, 

a rural area in Ondo State, Southwestern Nigeria. 

Plate 1 displays the mature pawpaw tree alongside its 

fruits. The seeds were separated from the pawpaw 

fruit, cleansed, and left to dry under the sun for two 

weeks to eliminate any moisture content. Once dried, 

the pawpaw seeds were finely ground using a local 

grinder. The resulting pawpaw seed powder was 

sifted to ensure a consistent particle size distribution.  

 

Batch Adsorption Experiments: Batch adsorption 

experiments were conducted to evaluate the 

adsorption capacity of alum and pawpaw seed 

powder for various contaminants present in the 

surface water samples. In each experiment, a 1 litre of 

water sample was separately treated with 0.2 g of 

alum solution and pawpaw seed powder being an 

average treatment dose. The mixture was agitated 

using a magnetic stirrer to ensure uniform contact 

between the adsorbent and contaminants. To ensure 

an efficient coagulation process, the stirring tool was 

initially operated at a speed of 150 rpm for 3 minutes 

before being reduced to 60 rpm for a subsequent 30-
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minute duration (Vezar et al., 2024). Samples were 

withdrawn at regular time intervals to monitor the 

adsorption process. The concentration of 

contaminants in the samples was analyzed according 

to APHA (2017). 

 

 
Plate 1: Mature pawpaw tree with its fruits 

Source: Field work, 2024 

 

Cost Analysis: A comprehensive cost analysis was 

conducted to compare the expenses associated with 

alum and pawpaw seed powder treatments. The cost 

analysis included expenses related to the 

procurement, processing, transportation, and 

application of alum and pawpaw seed powder. 

Additional costs such as disposal of sludge generated 

from alum treatment were also considered (Koul et 

al., 2022). The procurement cost for alum treatment 

involved calculating the expense of purchasing alum 

based on market prices and required dosage. 

Additional processing costs were incurred for mixing 

and dissolving alum in water, including energy 

expenses.  

 

Transportation costs included expenses related to 

moving alum from the supplier to the treatment site. 

Disposal costs accounted for handling and disposing 

of the sludge generated from alum treatment in 

compliance with environmental regulations. For 

pawpaw seed powder treatment, procurement costs 

included acquiring and processing pawpaw seeds into 

powder, considering factors like seed availability and 

processing expenses. Processing costs encompassed 

grinding, sieving, and drying pawpaw seeds to 

produce a uniform powder. Transportation costs 

involved moving pawpaw seeds and powder to the 

treatment site, while application costs included 

expenses for applying pawpaw seed powder to 

surface water samples. The comparison of costs 

entailed evaluating the total expenses of alum and 

pawpaw seed powder treatments to determine their 

relative cost-effectiveness. Cost per unit volume of 

water treated was computed for both methods to 

standardize the comparison, and sensitivity analysis 

assessed the impact of varying input parameters on 

treatment costs. Additionally, a cost-benefit analysis 

weighed the costs of both treatments against their 

respective benefits in terms of contaminant removal 

efficiency and environmental sustainability, utilizing 

cost-effectiveness ratios to gauge their efficiency in 

achieving desired water quality standards. 

 

Performance Evaluation: The efficacy of alum and 

pawpaw seed powder treatments was assessed by 

examining their individual capacity to eliminate 

impurities from surface water samples, drawing 

comparisons between the two methodologies. This 

evaluation aimed to determine the relative 

effectiveness of each treatment in purifying the 

surface water. 

 

RESULTS AND DISCUSSION 
Effect of Alum and pawpaw leaf powder on surface 

water treatment: The impact of alum and pawpaw 

leaves powder treatment on various parameters in the 

surface water samples are presented in Table 1. 

Initially, the water exhibited a turbidity value of 27 

NTU, pH of 7.9, total suspended solids (TSS) of 

126.8 mg/L, total dissolved solids (TDS) of 267.2 

mg/L, and hardness of 321 mg/L. Following alum 

treatment, the turbidity reduced to 9 NTU, pH to 7.5, 

TSS to 50 mg/L, TDS to 135 mg/L, and hardness to 

95 mg/L. Conversely, pawpaw leaves powder 

treatment resulted in a decrease in turbidity to 6 NTU, 

a slight increase in pH to 7.6, and slight increases in 

TSS to 60 mg/L, TDS to 160 mg/L, and hardness to 

130 mg/L. This demonstrated the efficacy of both 

treatments in improving water quality, albeit with 

varying effects on different parameters. 

 

The implications of the results on water quality were 

significant. The reduction in turbidity, total suspended 

solids (TSS), total dissolved solids (TDS), and 

hardness after treatment suggested an improvement in 

water clarity, which could enhance aesthetic appeal 

and potentially increase consumer confidence in the 

water supply (Koul et al., 2022). According to 

Sharma et al. (2022), the slight variations in pH 

indicated a minimal impact on the overall acidity or 

alkalinity of the water, which was crucial for 

maintaining water quality within acceptable ranges 

for consumption and aquatic life. Overall, these 

results suggested that both alum and pawpaw leaves 

powder treatments had the potential to contribute to 

the improvement of water quality by reducing 
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impurities and enhancing clarity, thereby supporting 

environmental health and human well-being (Badawi 

et al., 2023). However, further analysis and 

consideration of other factors such as cost-

effectiveness, sustainability, and long-term effects 

were necessary to make informed decisions about 

water treatment strategies and their implications for 

overall water quality management. 

 
Table 1: Effect of Alum and pawpaw leaf powder on surface water 

treatment 

Parameter Initial 

Concentra

tion 

Alum 

Treatme

nt 

Pawpaw 

Leaves 

Powder 

Treatment 

Turbidity 
(NTU) 

27 9 6 

pH 7.9 7.5 7.6 

Total 
Suspended 

Solids (TSS) 

(mg/L) 

126.8 50 60 

Total 

Dissolved 

Solids (TDS) 
(mg/L) 

267.2 135 160 

Hardness 

(mg/L) 

321 95 130 

 

Cost Comparison of Alum and Pawpaw Leaf Powder 

Treatment: Table 2 compared the costs associated 

with alum treatment and pawpaw seed powder 

treatment in Nigerian Naira (NGN). Procurement 

costs for alum treatment amounted to 1500 NGN, 

while there were no procurement costs for pawpaw 

seed powder treatment. Both treatments incurred 

processing costs of 1000 NGN each. Transportation 

costs were higher for alum treatment at 3500 NGN 

compared to 1500 NGN for pawpaw seed powder 

treatment. Both treatments had equal disposal costs of 

2000 NGN and application costs of 1000 NGN. The 

total cost of alum treatment was 9000 NGN, while the 

total cost of pawpaw seed powder treatment was 5500 

NGN, indicating that pawpaw seed powder treatment 

was more cost-effective. 

 

The results indicated that while alum treatment was 

effective in removing contaminants from surface 

water, it came with higher costs compared to pawpaw 

seed powder treatment. This corroborated the 

findings of Yimer and Dame (2021). The cost 

analysis revealed that the expenses associated with 

alum procurement, transportation, and disposal of 

sludge were substantial, contributing to the overall 

cost of treatment (Sukmana et al., 2021). In contrast, 

pawpaw seed powder treatment offered a cost-

effective alternative, with lower expenses for 

procurement and processing. Furthermore, the 

performance evaluation demonstrated that pawpaw 

seed powder exhibited comparable or even superior 

adsorption capacity for certain contaminants 

compared to alum. 

 
Table 2: Cost Comparison of Alum and Pawpaw Leaf Powder 

Treatment 

Cost 

Component 

Alum 

Treatment 

(NGN) 

Pawpaw Seed 

Powder 

Treatment (NGN) 

Procurement 

Cost 

1500 0 

Processing Cost 1000 1000 

Transportation 
Cost 

3500 1500 

Disposal Cost 2000 2000 

Application Cost 1000 1000 

Total Cost 9000 5500 

 

The findings of this study highlight the potential of 

pawpaw seed powder as a cost-effective and 

environmentally friendly alternative to alum for 

surface water treatment. By utilizing natural 

adsorbents like pawpaw seed powder, water treatment 

facilities can reduce costs, minimize environmental 

impacts, and promote sustainable water management 

practices. However, further research is needed to 

optimize the use of pawpaw seed powder and explore 

its potential application in large-scale water treatment 

processes. 

 

Conclusion: This research demonstrated that both 

alum and pawpaw seed powder effectively improves 

surface water quality by reducing turbidity, TSS, 

TDS, and hardness. Alum treatment significantly 

lowered these parameters but incurred higher total 

costs due to procurement, transportation, and disposal 

expenses. Pawpaw seed powder treatment proved 

more cost-effective with similar or better 

performance in some parameters, despite slight 

increases in TSS, TDS, and hardness. The study 

suggests that pawpaw seed powder is a viable, 

sustainable, and economical alternative to alum for 

water treatment. Further research is needed to 

examine the long-term effects and broader 

implications of using natural coagulants. 
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