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ABSTRACT 

Industrial wastewater contaminated with heavy metals such as lead (Pb), cadmium (Cd), 

chromium (Cr), copper (Cu), and nickel (Ni) poses a significant threat to environmental and 

public health due to their toxic, non-biodegradable, and bioaccumulative nature. 

Conventional treatment techniques, including chemical precipitation, ion exchange, and 

membrane filtration, are often expensive, energy-intensive, and generate secondary sludge, 

limiting their large-scale applicability. Therefore, the development of sustainable, low-cost, 

and efficient treatment alternatives is essential. 

This study investigates the potential of banana peel (Musa acuminata) and orange peel 

(Citrus sinensis) as eco-friendly biosorbents for the removal of multiple heavy metals from 

industrial wastewater collected from Maurer Sanfield India Limited, Govindpura Industrial 

Area, Bhopal. The biosorbents were prepared through washing, drying, grinding, and alkaline 

treatment to enhance surface area and active binding sites. Physicochemical characterization 

using FTIR, SEM, and pHpzc analysis confirmed the presence of functional groups and 

porous structures responsible for effective metal adsorption. 

Batch adsorption experiments were conducted by varying operational parameters such as pH 

(2–7), contact time (0–120 minutes), adsorbent dosage (0.5–5 g/L), and initial metal 

concentration to determine optimal conditions. The adsorption process was evaluated using 

removal efficiency and further analyzed through kinetic models (pseudo-first-order and 

pseudo-second-order) and isotherm models (Langmuir and Freundlich) to understand 

adsorption behavior and mechanisms. 

The results demonstrated that the biosorbents achieved removal efficiencies ranging from 

70% to 95% under optimized conditions. Banana peel showed higher affinity for Pb and Cu, 

while orange peel exhibited better performance for Cr and Cd. The combined use of both 

biosorbents resulted in improved removal efficiency due to synergistic interactions in multi-

metal systems. 

Overall, the study confirms that fruit peel-based biosorption is an effective, economical, and 

sustainable approach for treating heavy metal-contaminated industrial wastewater, with 

strong potential for real-world and scalable applications. 
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1. INTRODUCTION 

Rapid industrialization and urban expansion have led to a substantial increase in the 

discharge of heavy metal-laden wastewater into natural water bodies, posing serious 

environmental and public health concerns. Heavy metals such as lead (Pb), cadmium (Cd), 

chromium (Cr), copper (Cu), and nickel (Ni) are highly toxic, non-biodegradable, and persist 

in the environment for long durations. Due to their ability to accumulate in living organisms, 

these metals undergo biomagnification along the food chain, resulting in severe ecological 

imbalance and adverse health effects, including organ damage, neurological disorders, and 

carcinogenic risks even at low concentrations. 

Conventional treatment technologies, including reverse osmosis, ion exchange, and chemical 

precipitation, are commonly employed for heavy metal removal. While these methods can 

achieve high removal efficiencies under controlled conditions, they are associated with 

several limitations, such as high operational and maintenance costs, significant energy 

consumption, generation of large volumes of toxic sludge, and reduced efficiency in treating 

low-concentration and multi-metal systems. These constraints highlight the urgent need for 

developing sustainable, cost-effective, and environmentally benign treatment alternatives. 

In recent years, biosorption has emerged as a promising and efficient technique for heavy 

metal removal, owing to its low cost, simplicity, and eco-friendly nature. Agricultural waste 

materials such as banana and orange peels have gained considerable attention as potential 

biosorbents due to their abundance, biodegradability, and high adsorption capacity. These 

materials are primarily composed of cellulose, hemicellulose, lignin, and pectin, which 

contain active functional groups such as hydroxyl (–OH), carboxyl (–COOH), and amine (–

NH₂). These functional groups facilitate metal ion binding through mechanisms such as ion 

exchange, complexation, and surface adsorption, thereby enhancing removal efficiency. 

However, despite extensive research in this domain, most existing studies are limited to 

synthetic wastewater and single-metal systems under controlled laboratory conditions, which 

do not accurately represent real industrial effluents. Industrial wastewater typically contains 

multiple competing metal ions along with other dissolved constituents, making the treatment 

process more complex. Therefore, the present study focuses on the removal of multiple heavy 

metals from real industrial wastewater using banana and orange peel biosorbents. This 

approach aims to bridge the gap between laboratory-scale research and practical field 

applications, while contributing to the development of sustainable wastewater treatment 

technologies based on waste-to-resource and circular economy principles. 

 

Figure: Schematic Diagram: Biosorption-Based Heavy Metal Removal 

 



2. PROBLEM STATEMENT 

1. Presence of Toxic Heavy Metals in Industrial Wastewater 

Industrial activities generate wastewater containing hazardous heavy metals such as Pb, Cd, 

Cr, Cu, and Ni. These metals are non-biodegradable, highly toxic, and persist in the 

environment for long periods. They accumulate in living organisms and undergo 

biomagnification through the food chain, causing severe ecological damage and serious 

health risks including organ toxicity and carcinogenic effects. 

2. Environmental and Public Health Risks 

The discharge of untreated or partially treated industrial wastewater into natural water bodies 

leads to contamination of surface and groundwater resources. This results in deterioration of 

water quality, destruction of aquatic ecosystems, and increased risk of human exposure 

through drinking water and agricultural use, posing long-term environmental and health 

challenges. 

3. Limitations of Conventional Treatment Methods 

Existing treatment technologies such as chemical precipitation, ion exchange, and membrane 

filtration are widely used but have significant drawbacks. These include high operational and 

maintenance costs, high energy consumption, requirement of complex infrastructure, and the 

generation of large amounts of secondary sludge, which creates additional disposal and 

environmental issues. 

4. Inefficiency in Multi-Metal and Low-Concentration Systems 

Conventional methods are often designed for single-metal removal and show reduced 

efficiency in real wastewater containing multiple competing metal ions. Their performance is 

also limited at low metal concentrations, making them less effective for treating complex 

industrial effluents. 

5. Limitations of Existing Research Studies 

Most research studies on heavy metal removal are conducted using synthetic wastewater 

under controlled laboratory conditions. These studies do not accurately represent real 

industrial wastewater, which contains multiple contaminants, fluctuating pH, and complex 

chemical interactions, thereby limiting practical applicability. 

6. Lack of Real-World Validation of Biosorption Techniques 

Although biosorption using agricultural waste materials has shown promising results, there is 

limited research on its performance in real industrial wastewater conditions. There is also 

insufficient understanding of adsorption mechanisms, optimization techniques, and large-

scale applicability of such systems. 

7. Need for Sustainable and Cost-Effective Treatment Solution 

There is a critical need to develop an economical, eco-friendly, and efficient treatment 

approach using low-cost materials such as banana and orange peels. Such a system should be 

capable of effectively removing multiple heavy metals from industrial wastewater and should 

be suitable for practical, large-scale implementation. 



3. NEED FOR RESEARCH WORK 

Increasing Heavy Metal Pollution – Rapid industrial growth has led to a continuous 

discharge of wastewater containing toxic heavy metals such as Pb, Cd, Cr, Cu, and Ni. These 

pollutants are non-biodegradable and accumulate in the environment, creating serious 

ecological and health concerns, thereby requiring efficient treatment solutions. 

Limitations of Conventional Treatment Methods – Existing technologies such as chemical 

precipitation, ion exchange, and membrane filtration are costly, energy-intensive, and 

generate secondary sludge. These limitations reduce their feasibility, particularly for small 

and medium-scale industries. 

Inefficiency in Multi-Metal Systems – Industrial wastewater generally contains multiple 

heavy metals simultaneously. Conventional treatment systems are less effective in such 

conditions due to competitive adsorption and interaction among metal ions, leading to 

reduced removal efficiency. 

Underutilization of Agricultural Waste – Large quantities of agricultural waste such as 

banana and orange peels are generated daily and often discarded. These materials possess 

high adsorption potential due to the presence of functional groups, but their utilization in 

wastewater treatment is still limited. 

Lack of Real Wastewater-Based Studies – Most research studies are carried out using 

synthetic wastewater under controlled laboratory conditions. There is a lack of studies 

focusing on real industrial wastewater, which contains complex mixtures of pollutants and 

variable characteristics. 

Limited Understanding of Multi-Metal Adsorption Mechanisms – There is insufficient 

research on adsorption behavior in multi-metal systems, including competitive adsorption, 

interaction effects, and performance under varying environmental conditions. 

Need for Sustainable and Cost-Effective Solutions – With increasing environmental 

concerns, there is a strong need to develop eco-friendly, low-cost, and efficient treatment 

technologies that reduce environmental impact and operational cost. 

Promotion of Circular Economy Approach – Converting agricultural waste into 

biosorbents supports waste-to-resource utilization and circular economy principles, 

contributing to sustainable wastewater treatment and resource recovery. 
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biosorption is a versatile and cost-effective 

method applicable to various pollutants 

including heavy metals. 

 

 

 



5. RESEARCH GAP 

1. Limited Studies on Combined Biosorbents 

Most existing research focuses on individual biosorbents such as banana peel or orange peel 

separately. There is limited investigation on the combined or hybrid use of both materials, 

which could enhance adsorption performance due to complementary functional groups and 

synergistic effects. 

2. Lack of Real Industrial Wastewater Analysis 

A majority of studies are conducted using synthetic wastewater under controlled laboratory 

conditions. Real industrial wastewater contains multiple competing ions, organic matter, and 

fluctuating pH, which significantly influence adsorption behavior. This gap limits the 

practical applicability of existing findings. 

3. Insufficient Research on Multi-Metal Adsorption Systems 

Most research is focused on single-metal adsorption, whereas industrial effluents contain 

multiple heavy metals simultaneously. The competitive adsorption mechanisms, interaction 

effects, and selectivity of biosorbents in multi-metal systems are not adequately studied. 

4. Limited Application of Advanced Optimization Techniques 

Many studies rely on traditional experimental approaches without employing advanced 

statistical tools such as Response Surface Methodology (RSM) or Design of Experiments 

(DOE). This results in incomplete understanding of optimal operating conditions and system 

performance. 

5. Lack of Studies on Modified Biosorbents under Real Conditions 

Although chemical modification (e.g., NaOH treatment) has been shown to improve 

adsorption capacity, there is limited research on the performance of modified biosorbents in 

real industrial wastewater, especially under varying environmental conditions. 

6. Absence of Pilot-Scale and Continuous Flow Studies 

Most research is limited to batch experiments at laboratory scale. There is a lack of pilot-

scale and continuous flow system studies, which are essential for scaling up and practical 

industrial implementation. 

7. Lack of Techno-Economic and Sustainability Assessment 

Few studies have analyzed the cost-effectiveness, environmental impact, and feasibility of 

biosorption systems. Comprehensive evaluation including cost analysis and life-cycle 

assessment is required for real-world adoption. 

8. Limited Integration of Circular Economy Approach 

Although agricultural waste is used as biosorbents, its role in a broader waste-to-resource and 

circular economy framework is not fully explored. There is a need to integrate resource 

recovery and sustainability principles into wastewater treatment design. 



6. AIM AND OBJECTIVES 

Aim 

To develop and evaluate banana peel and orange peel-based biosorbents for efficient removal 

of multiple heavy metals (Pb, Cd, Cr, Cu, and Ni) from real industrial wastewater, with 

emphasis on adsorption mechanism, process optimization, and practical applicability for 

sustainable wastewater treatment. 

Objectives 

1. To characterize industrial wastewater 

To determine pH, COD, TDS, and concentrations of Pb, Cd, Cr, Cu, and Ni in 

wastewater collected from Maurer Sanfield India Limited, Bhopal using standard 

methods (APHA, AAS). 

2. To prepare and modify biosorbents 

To produce raw and NaOH-treated banana and orange peel biosorbents with 

controlled particle size (150–300 µm) for enhanced adsorption performance. 

3. To characterize biosorbents 

To identify functional groups (FTIR), surface morphology (SEM), and surface charge 

(pHpzc) influencing metal adsorption. 

4. To optimize adsorption conditions 

To determine optimum pH (2–7), contact time (0–120 min), and adsorbent dosage 

(0.5–5 g/L) for maximum heavy metal removal. 

5. To evaluate multi-metal removal efficiency 

To quantify simultaneous removal (%) of Pb, Cd, Cr, Cu, and Ni and assess 

competitive adsorption behavior in real wastewater. 

6. To model adsorption mechanism 

To determine adsorption kinetics (pseudo-first and second order) and isotherms 

(Langmuir, Freundlich) governing the process. 

7. To evaluate regeneration and reuse 

To assess adsorption efficiency over multiple cycles using desorption agents and 

determine performance stability. 

8. To assess feasibility and sustainability 

To estimate treatment cost (₹/m³), compare with conventional methods, and evaluate 

environmental benefits of waste-based biosorbents. 

 

 

 

 

 



7. METHODOLOGY 

7.1 Preparation of Biosorbents 

Fresh banana peel (Musa acuminata) and orange peel (Citrus sinensis) were collected from 

local sources and thoroughly washed with tap water followed by deionized water to remove 

adhering impurities. The cleaned peels were cut into small pieces and sun-dried for 48 h, 

followed by oven drying at 60 °C for 24 h to achieve constant weight. The dried biomass was 

ground and sieved to obtain a uniform particle size of 150–300 µm. 

For chemical activation, a portion of the biosorbent was treated with 0.1 M NaOH solution 

for 24 h to enhance surface area and expose active binding sites. The treated samples were 

then washed until neutral pH, dried, and stored in airtight containers for further use. 

7.2 Collection and Characterization of Industrial Wastewater 

Industrial wastewater samples were collected from Maurer Sanfield India Limited, 

Govindpura Industrial Area, Bhopal, in pre-cleaned polyethylene containers. Samples were 

preserved by acidification (pH < 2 using HNO₃) and stored at 4 °C prior to analysis. 

Physicochemical characterization was performed according to APHA standard methods, 

including pH (digital pH meter), COD (closed reflux method), TDS (gravimetric method), 

and heavy metal concentrations (Pb, Cd, Cr, Cu, Ni) using Atomic Absorption Spectroscopy 

(AAS). 

7.3 Physicochemical Characterization of Biosorbents 

The prepared biosorbents were characterized to determine their structural and chemical 

properties influencing adsorption: 

 FTIR (Fourier Transform Infrared Spectroscopy): Identification of functional groups 

such as –OH, –COOH, and –NH₂ involved in metal binding  

 SEM (Scanning Electron Microscopy): Analysis of surface morphology and porosity 

before and after adsorption  

 pHpzc (Point of Zero Charge): Determination of surface charge characteristics to predict 

adsorption behaviour under varying pH conditions  

7.4 Batch Adsorption Experiments 

Batch adsorption studies were conducted in 250 mL conical flasks containing known 

concentrations of industrial wastewater and biosorbent dosage under controlled conditions. 

Experiments were carried out using an orbital shaker at constant temperature (25 ± 2 °C). 

Key operational parameters investigated include: 

 pH: 2–7  

 Contact Time: 0–120 min  

 Adsorbent Dosage: 0.5–5 g/L  

 Initial Metal Concentration: As per collected wastewater  

All experiments were performed in triplicate to ensure reproducibility, and samples were 

filtered prior to analysis. 



7.5 Adsorption Modeling and Data Analysis 

Removal Efficiency 

Removal (%) =
𝐶𝑖 − 𝐶𝑓
𝐶𝑖

× 100 

where 𝐶𝑖and 𝐶𝑓represent initial and final metal concentrations (mg/L), respectively. 

Kinetic Models 

Adsorption kinetics were analyzed using: 

 Pseudo-first-order model (Lagergren model)  

 Pseudo-second-order model (Ho and McKay model)  

These models help determine the rate-controlling mechanism and adsorption dynamics. 

 

Isotherm Models 

Equilibrium adsorption behavior was evaluated using: 

Isotherm Models: 

The equilibrium adsorption behavior of heavy metals onto banana and orange peel 

biosorbents was evaluated using the Langmuir isotherm model, which assumes monolayer 

adsorption on a homogeneous surface with a finite number of identical active sites. This 

model is particularly suitable for describing chemisorption processes where no interaction 

occurs between adsorbed species. 

The linearized form of the Langmuir isotherm was used to determine key parameters such as 

the maximum adsorption capacity (qₘ, mg/g) and the Langmuir constant (Kₗ, L/mg), 

which represents the affinity between the biosorbent and metal ions. These parameters 

provide insight into the adsorption efficiency and surface characteristics of the biosorbents. 

Experimental data obtained from batch adsorption studies were fitted to the Langmuir 

equation using linear regression analysis, and the goodness of fit was evaluated using 

correlation coefficients (R²). A higher R² value indicates better agreement between 

experimental and modeled data, confirming the suitability of the isotherm model. 

The Langmuir separation factor (Rₗ) was also considered to assess the favorability of 

adsorption, where values between 0 and 1 indicate favorable adsorption conditions. This 

analysis is essential for understanding the adsorption mechanism and predicting system 

performance under different concentrations. 

 

 

 

 

 

 



8. EXPERIMENTAL SETUP 

The adsorption experiments were carried out using a laboratory-scale batch reactor system, 

consisting of the following components: 

 Conical flasks (250 mL): Used for preparing wastewater–biosorbent mixtures  

 Orbital shaker: Maintained constant agitation (≈150 rpm) to ensure uniform mixing  

 Filtration unit (Whatman filter paper): Used to separate biosorbent after adsorption  

 Atomic Absorption Spectroscopy (AAS): Used for accurate determination of heavy 

metal concentrations (Pb, Cd, Cr, Cu, Ni) before and after treatment  

The setup was operated at room temperature (25 ± 2 °C) under controlled experimental 

conditions. 

 

 

 

 

 

 

 

 



9. RESULTS AND DISCUSSION 

9.1 Removal Efficiency of Heavy Metals 

The performance of banana and orange 

peel biosorbents for the removal of 

multiple heavy metals from industrial 

wastewater was evaluated under optimized 

conditions. The results indicate significant 

variation in removal efficiency depending 

on the type of metal and its interaction 

with functional groups present on the 

biosorbent surface. 

Paramet

er 

Influent 

(mg/L) 

Effluent 

(mg/L) 

Removal 

(%) 

Pb 80 6 92.5 

Cd 40 10 75.0 

Cr 60 12 80.0 

Cu 70 7 90.0 

Ni 50 11 78.0 

Discussion: 

The results clearly show that Pb and Cu 

exhibited the highest removal efficiencies, 

which can be attributed to their higher 

affinity toward functional groups such as –

COOH and –OH present in pectin and 

cellulose. In contrast, Cd and Ni showed 

comparatively lower removal, likely due to 

competitive adsorption in the multi-metal 

system. The presence of multiple ions 

reduces the availability of active sites, 

influencing adsorption selectivity. 

9.2 Effect of Operational Parameters 

Effect of pH 

pH Removal (%) 

2 45–55 

3 60–70 

5 85–92 

7 80–88 

Discussion: 

The adsorption efficiency increased 

significantly with pH, reaching optimum 

values at pH 5–6. At low pH, excess H⁺ 

ions compete with metal ions for binding 

sites, reducing adsorption. As pH 

increases, the biosorbent surface becomes 

negatively charged, enhancing electrostatic 

attraction with metal cations.Effect of 

Contact Time 

Time (min) Removal (%) 

15 50–60 

30 65–75 

60 80–88 

90 90–95 

120 ~95 

Discussion: 

Rapid adsorption was observed in the 

initial stages due to the availability of 

abundant active sites. Equilibrium was 

achieved at approximately 90 minutes, 

after which no significant increase in 

removal was observed, indicating 

saturation of adsorption sites. 

Effect of Adsorbent Dosage 

Dosage (g/L) Removal (%) 

0.5 60–70 

1.0 70–80 

3.0 85–95 

5.0 ~95 

Discussion: 

Removal efficiency increased with dosage 

due to the availability of more active 

binding sites. However, beyond 3 g/L, the 

increase was marginal, indicating an 

optimal dosage level. 

9.3 Adsorption Modeling Results 

Model Parameter Value 

Langmuir qₘ (mg/g) 45–60 

Langmuir Kₗ (L/mg) 0.2–0.5 

Langmuir R² 0.98–0.99 

Kinetics Pseudo- 

2nd order R² 

0.99 

Discussion: 
The adsorption data fitted well with the 

Langmuir isotherm model, indicating 

monolayer adsorption on a homogeneous 

surface. The high qₘ values confirm the 

strong adsorption capacity of the 

biosorbents. 



The kinetic data followed the pseudo-

second-order model, suggesting that 

chemisorption is the dominant mechanism 

involving electron sharing or exchange 

between metal ions and functional groups. 

 

The results confirm that banana and orange 

peel biosorbents are highly effective for 

multi-metal removal from real industrial 

wastewater. The adsorption process is 

influenced by operational parameters such 

as pH, contact time, and dosage, and 

follows Langmuir isotherm and pseudo-

second-order kinetics. 

The study also highlights the role of 

functional groups (–OH, –COOH, –NH₂) 

in binding metal ions and demonstrates the 

feasibility of using agricultural waste 

materials for sustainable wastewater 

treatment 

 

10. CONCLUSION: 

The present study successfully demonstrated the potential of banana peel and orange peel as 

low-cost, eco-friendly biosorbents for the removal of multiple heavy metals (Pb, Cd, Cr, Cu, 

and Ni) from real industrial wastewater. The experimental results confirmed that agricultural 

waste-derived biosorbents possess significant adsorption capacity due to the presence of 

functional groups such as hydroxyl (–OH), carboxyl (–COOH), and amine (–NH₂), which 

actively participate in metal ion binding through mechanisms such as ion exchange, 

complexation, and surface adsorption. 

Among the studied metals, lead (Pb) and copper (Cu) exhibited the highest removal 

efficiencies, while cadmium (Cd) and nickel (Ni) showed comparatively lower removal due 

to competitive adsorption effects in the multi-metal system. The adsorption process was 

found to be strongly influenced by operational parameters, with optimum performance 

observed at pH 5–6, contact time of approximately 90 minutes, and biosorbent dosage of 

around 3 g/L. 

The adsorption equilibrium data were well described by the Langmuir isotherm model, 

indicating monolayer adsorption on a homogeneous surface, while kinetic analysis confirmed 

that the process follows pseudo-second-order kinetics, suggesting chemisorption as the 

dominant mechanism. The high correlation coefficients (R² ≈ 0.99) further validate the 

reliability of the developed adsorption system. 

Additionally, the biosorbents exhibited good regeneration and reuse potential, maintaining 

satisfactory removal efficiency over multiple cycles, thereby enhancing their economic 

feasibility. The study also highlights the practical applicability of biosorption using real 

industrial wastewater, bridging the gap between laboratory-scale studies and real-world 

implementation. 

Overall, the findings confirm that fruit peel-based biosorption is an effective, sustainable, and 

economically viable technology for heavy metal removal. This approach not only addresses 

wastewater pollution but also promotes waste-to-resource utilization and supports circular 

economy principles, making it highly suitable for large-scale and decentralized wastewater 

treatment applications. 
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