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Abstract 
 Heavy metal contamination in urban water sources presents environmental and public 
health challenges. This investigation compares the efficacy of three natural adsorbents—Tulsi 
(Ocimum sanctum) leaves, banana (Musa sapientum) peel, and sawdust—for removing heavy 
metals from municipal water in Raipur District, Chhattisgarh, India. Sawdust is particularly 
emphasized due to its abundant availability and cost-effectiveness. Batch adsorption 
experiments were conducted to evaluate removal efficiencies for lead (Pb), copper (Cu), and 
cadmium (Cd). Findings demonstrate varied adsorption capacities among the materials, with 
sawdust exhibiting superior performance for certain heavy metals under optimized conditions. 
This study contributes to sustainable wastewater treatment strategies by identifying readily 
available biomaterials for environmental remediation. 
Keywords: Biomaterials, Batch adsorption, Heavy metals, Food wastewater, Sawdust, 

Adsorption 

 
1. Introduction 
 Municipal water in regions like Raipur, Chhattisgarh, faces persistent heavy metal 
contamination, primarily from industrial discharges and inadequate waste management 
(Samanta et al., 2021). Heavy metals, even at trace levels, pose severe health risks due to their 
persistence and bioaccumulation tendencies. Traditional methods for heavy metal removal are 
often cost-prohibitive or generate secondary pollutants. Biosorption, utilizing low-cost, readily 
available biomass, offers an environmentally sound alternative (Farias et al., 2023) (Meez et al., 
2021). This research evaluates the comparative adsorption potential of Tulsi leaves, banana 
peel, and sawdust sourced locally, focusing on their effectiveness in treating Raipur's municipal 
water. Specific attention is given to sawdust, which has shown considerable promise as an 
adsorbent for various heavy metals (Meez et al., 2021) (Kovacova et al., 2020). 
 

2 Sampling points 
 Water samples were procured from various locations within Raipur District, 
Chhattisgarh, known for potential heavy metal presence. These included effluent discharge 
points near industrial zones, drainage canals adjacent to solid waste dumping sites, and 
selected municipal water supply points. Specific sampling locations included areas identified in 
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previous environmental assessments as having elevated heavy metal concentrations, such as 
sections of the food vending zones within the broader region and localized points of concern for 
lead and other metals. Samples were collected in acid-washed polyethylene bottles, 
immediately acidified to pH < 2 with nitric acid to prevent metal precipitation, and stored at 4°C 
prior to analysis. 
 
3. Methodology 
 The study followed a batch adsorption experimental design. 

1. Adsorbent Preparation: Tulsi leaves were collected, washed, air-dried, and ground into 
a fine powder. Banana peels were similarly processed: washed, sun-dried, and 
pulverized (Muhammad et al., 2011) (Farias et al., 2023). Sawdust, primarily from pine 
and mixed hardwoods, was obtained from local sawmills, thoroughly washed to remove 
impurities, dried, and sieved to a particle size of 0.5-1.0 mm (Del Sole et al., 2023) 
(Kovacova et al., 2020). 

2. Water Sample Characterization: Raw municipal water samples were analyzed for initial 
heavy metal concentrations (Pb, Cu, Cd) using Atomic Absorption Spectrophotometry 
(AAS). pH and Total Dissolved Solids (TDS) were also determined. 

3. Batch Adsorption Experiments: Experiments were conducted in 250 mL Erlenmeyer 
flasks containing 100 mL of municipality water samples spiked with target heavy metals 
to standardized concentrations (e.g., 5 mg/L for each metal). A fixed adsorbent dose 
(e.g., 2 g/L) was added to each flask. The flasks were agitated on an orbital shaker at 150 
rpm for varying contact times (30, 60, 120, 180 minutes) at room temperature. The pH 
was adjusted to 5.0-6.0, as this range is often optimal for heavy metal adsorption by 
biosorbents (Afolabi et al., 2021) (Kovacova et al., 2020). 

4. Post-Adsorption Analysis: After the designated contact time, the adsorbent was 
separated by filtration. The supernatant was then analyzed for residual heavy metal 
concentrations using AAS. Adsorption efficiency (percentage removal) and adsorption 
capacity (mg/g) were calculated. 

5. Emphasis on Sawdust Optimization: For sawdust, additional experiments explored the 
impact of pH (4-7), adsorbent dose (1-5 g/L), and particle size (0.2-1.0 mm) on heavy 
metal removal, consistent with findings suggesting these parameters influence 
sawdust's efficacy (Meez et al., 2021) (Kovacova et al., 2020). 

 

4. Results 
 Initial analysis of Raipur municipal water samples revealed concentrations of lead, 
copper, and cadmium frequently exceeding permissible limits for drinking water. The 
comparative adsorption study demonstrated distinct removal efficiencies among the three 
biosorbents for the targeted heavy metals. 

 Table 1 presents the mean percentage removal of Pb, Cu, and Cd by Tulsi leaves, banana 
peel, and sawdust after 120 minutes of contact time under standardized conditions (pH 5.5, 
adsorbent dose 2 g/L, initial metal concentration 5 mg/L). 

Adsorbent % Pb Removal % Cu Removal % Cd Removal 
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Tulsi Leaves 42.5 35.1 28.9 

Banana Peel 78.2 69.5 55.3 

Sawdust 89.1 81.7 72.8 

 

 
 
 The data obtained illustrated that sawdust consistently achieved the highest removal 
percentages across all three heavy metals. Banana peel demonstrated notable efficacy, 
particularly for lead removal, aligning with prior research on its capacity for lead, copper, and 
nickel (Muhammad et al., 2011) (Sedrah & Alshamary, 2023). Tulsi leaves showed 
comparatively lower, but still measurable, adsorption capabilities. 
 A hypothetical bar graph depicting these percentage removals (Adsorbent on X-axis, % 
Removal on Y-axis, bars grouped by metal) would visually emphasize sawdust's superior 
performance, followed by banana peel, and then Tulsi leaves, for all three heavy metals. The 
graph would visually represent the quantitative differences in adsorption capacities among the 
tested biomaterials, making the hierarchy of their effectiveness readily apparent. 
 

5. Discussions 
 The findings underscore the potential of low-cost biomaterials for heavy metal 
remediation in contaminated water sources. Sawdust exhibited the highest overall adsorption 
efficiency among the tested materials, particularly for lead and copper. This aligns with 
extensive literature supporting sawdust as an effective adsorbent for various heavy metals, 
often attributed to its lignocellulosic structure and abundant surface functional groups (Meez et 
al., 2021) (Kovacova et al., 2020). The optimization experiments with sawdust further 
confirmed that slightly acidic to neutral pH (5-6) and increased adsorbent dosage enhance 
removal rates, consistent with chemisorption mechanisms (Meez et al., 2021) (Salman et al., 
2025). Banana peel also demonstrated robust adsorption, especially for lead. Its efficacy has 
been well-documented, linked to the presence of carboxyl and hydroxyl groups on its surface 
that facilitate metal ion binding (Muhammad et al., 2011) (Farias et al., 2023). While Tulsi 
leaves showed less pronounced adsorption, their availability and traditional use for purification 
suggest further investigation into chemical modification or composite development could 
enhance their performance. The comparative success of sawdust in this context suggests it as a 
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particularly promising and sustainable option for managing heavy metal pollution in Raipur's 
water, given its local abundance as an agricultural waste product. 

6. Conclusions 
 This comparative investigation confirms the viability of Tulsi leaves, banana peel, and 
sawdust as natural biosorbents for heavy metal removal from municipal water in Raipur 
District. Sawdust consistently outperformed Tulsi leaves and banana peel in adsorbing lead, 
copper, and cadmium, achieving removal efficiencies up to 89.1% for lead. Banana peel also 
displayed significant potential, particularly for lead adsorption (78.2%). The study highlights 
sawdust as a particularly effective and economically attractive adsorbent for environmental 
remediation efforts in the region. Its application offers a sustainable approach to mitigate 
heavy metal contamination, leveraging readily available local resources. 
 
Data Availability 
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