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ABSTRACT: The contamination of water sources with heavy metals poses a significant environmental and public 

health risk. Traditional methods for removing heavy metals from contaminated water often involve synthetic chemicals 

and complex processes. Chitosan, a natural biopolymer derived from chitin, has emerged as a promising alternative due 
to its biodegradability, availability, and effectiveness. This research paper explores the effectiveness of chitosan as a 

natural coagulant for the removal of heavy metals from contaminated water. Through a series of laboratory-scale 

experiments, the study evaluates chitosan’s performance in heavy metal removal, examines factors influencing its 

efficacy, and compares it with conventional chemical coagulants. The results indicate that chitosan can be a viable and 

sustainable option for water treatment applications. 

 

I. INTRODUCTION 

 

Background 

Water pollution by heavy metals is a critical issue affecting global water resources. Heavy metals such as lead, 

cadmium, mercury, and arsenic are toxic and can cause severe health problems in humans and wildlife. Conventional 
methods for removing these contaminants often involve chemical coagulants and complex processes that may not be 

environmentally friendly. 

 

Chitosan, a biopolymer derived from chitin found in crustacean shells, has gained attention for its potential as a natural 

coagulant. Its unique properties, including high adsorption capacity and biodegradability, make it a promising candidate 

for water treatment. This research aims to evaluate the effectiveness of chitosan in removing heavy metals from 

contaminated water and to compare its performance with traditional coagulants. 

 

Objectives 

The objectives of this research are to: 

1. Evaluate Chitosan’s Effectiveness: Assess the performance of chitosan as a coagulant in removing heavy 

metals from contaminated water. 
2. Determine Optimal Conditions: Identify the optimal conditions (e.g., pH, dosage) for chitosan’s 

effectiveness in heavy metal removal. 

3. Compare with Conventional Coagulants: Compare the effectiveness of chitosan with traditional chemical 

coagulants in terms of heavy metal removal efficiency. 

4. Assess Environmental and Economic Implications: Discuss the environmental and economic benefits of 

using chitosan compared to conventional methods. 

 

II. LITERATURE REVIEW 

 

Heavy Metal Contamination and Its Effects 

Heavy metals are defined as metals with high atomic weights and densities. They are often introduced into water 
sources through industrial discharges, mining activities, and agricultural runoff. 

 

Health Impacts 

1. Lead: Can cause neurological damage, developmental issues in children, and cardiovascular problems. 

2. Cadmium: Associated with kidney damage, bone loss, and cancer. 
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3. Mercury: Impacts the nervous system, leading to tremors, memory loss, and developmental issues. 

4. Arsenic: Causes skin lesions, cancer, and developmental problems. 

 

Conventional Methods for Heavy Metal Removal 

1. Chemical Coagulation: Utilizes chemical coagulants like alum and ferric chloride to aggregate and remove 

contaminants. 

2. Ion Exchange: Employs resins to exchange ions with heavy metal ions in water. 

3. Precipitation: Involves adding chemicals to form insoluble compounds with heavy metals that can be 
removed. 

 

Limitations 

1. Environmental Impact: Synthetic chemicals can create secondary waste and may not be environmentally 

friendly. 

2. Cost: Some methods are expensive due to the cost of chemicals and maintenance. 

3. Complexity: Advanced methods can be complex and require specialized equipment. 

 

Chitosan as a Natural Coagulant 

Chitosan is a biopolymer obtained by deacetylating chitin, which is found in the shells of crustaceans like shrimp and 

crabs. 
 

Properties of Chitosan 

1. Biodegradability: Chitosan is biodegradable, making it an environmentally friendly option. 

2. High Adsorption Capacity: It has a high capacity for binding with various contaminants, including heavy 

metals. 

3. Non-Toxicity: Chitosan is non-toxic and safe for use in water treatment. 

 

Applications in Water Treatment 

1. Coagulation and Flocculation: Chitosan can be used to aggregate suspended particles and contaminants, 

facilitating their removal. 

2. Heavy Metal Removal: Chitosan has shown effectiveness in removing heavy metals from contaminated 

water through adsorption and precipitation. 

 

Previous Research 

1. Cui et al. (2015) investigated the removal of lead and cadmium using chitosan and found it to be effective, 

with high removal efficiencies observed. 

2. Zhang et al. (2017) studied the removal of mercury using chitosan-based adsorbents and reported promising 

results in heavy metal removal. 

3. Chakraborty et al. (2019) compared chitosan with other natural coagulants and highlighted its superior 

performance in heavy metal removal. 

 

III. METHODOLOGY 

 

Materials 

Chitosan Preparation 

1. Source: Chitosan was obtained from commercial suppliers and processed to remove impurities. 

2. Processing: Chitosan was dissolved in acetic acid to prepare a stock solution of various concentrations. 

 

Heavy Metals 

1. Contaminants: Lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) were used as model contaminants. 

2. Stock Solutions: Stock solutions of heavy metals were prepared to create contaminated water samples. 

 

Experimental Procedure 

Coagulation and Flocculation Testing 

1. Jar Test Apparatus: Coagulation experiments were conducted using a jar test apparatus to simulate real-
world conditions. 
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2. Procedure: Water samples were treated with chitosan at varying concentrations. Coagulation and flocculation 

processes were monitored. 

 

Removal Efficiency 

1. Parameters: The effectiveness of chitosan was evaluated based on the reduction in heavy metal 

concentrations. 

2. Analysis: Heavy metal concentrations in water samples were analyzed using atomic absorption spectroscopy 

(AAS) before and after treatment. 

 

Optimization Studies 

1. pH Optimization: The effect of pH on chitosan’s performance was investigated by adjusting the pH of the 

water samples and measuring removal efficiency. 

2. Dosage Optimization: The optimal dosage of chitosan was determined by varying its concentration and 

assessing its impact on heavy metal removal. 

 

Comparison with Conventional Coagulants 

1. Control Experiments: Traditional coagulants such as alum and ferric chloride were used as controls. 

2. Performance Comparison: The removal efficiencies of chitosan and conventional coagulants were compared 

based on their effectiveness in removing heavy metals. 

 

IV. RESULTS AND DISCUSSION 

 

Coagulation Efficiency of Chitosan 

Heavy Metal Removal 

1. Lead (Pb): Chitosan demonstrated a high removal efficiency for lead, with up to 85% reduction in 

concentration observed at optimal conditions. 

2. Cadmium (Cd): Removal efficiency for cadmium was also high, reaching approximately 80% under optimal 

conditions. 

3. Mercury (Hg): Chitosan effectively removed mercury, with a reduction of around 75% observed. 

4. Arsenic (As): The removal of arsenic was less effective compared to other metals, with about 60% reduction 

in concentration. 

 

Optimization Results 

1. pH Optimization: Chitosan performed best at a pH range of 5.5 to 6.5. Outside this range, its effectiveness in 

heavy metal removal decreased. 

2. Dosage Optimization: The optimal dosage of chitosan was found to be 0.5 g/L, beyond which no significant 

improvement in removal efficiency was observed. 

 

Comparison with Conventional Coagulants 

1. Aluminum Sulfate (Alum): Alum was effective in removing heavy metals, with similar or slightly higher 

efficiencies compared to chitosan. 

2. Ferric Chloride: Ferric chloride also showed high removal efficiencies, comparable to those of chitosan, but 
with potential issues related to residual chlorine and higher costs. 

 

Environmental and Economic Considerations 

Environmental Benefits 

1. Biodegradability: Chitosan is biodegradable and does not contribute to secondary pollution, making it an 

environmentally friendly option. 

2. Resource Utilization: Utilizing chitosan from crustacean waste contributes to resource efficiency and waste 

reduction. 

 

Economic Benefits 

1. Cost-Effectiveness: Chitosan is relatively cost-effective compared to some chemical coagulants, especially 

when sourced from agricultural or seafood waste. 
2. Sustainability: The use of chitosan can reduce dependency on synthetic chemicals and promote sustainable 

water treatment practices. 
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V. CONCLUSION 

 

The study demonstrates that chitosan is an effective natural coagulant for the removal of heavy metals from 

contaminated water. Its high adsorption capacity, biodegradability, and non-toxicity make it a promising alternative to 

conventional chemical coagulants. Chitosan achieved significant removal efficiencies for lead, cadmium, mercury, and 

arsenic, with optimal performance observed at specific pH levels and dosages. 

 
While chitosan shows comparable effectiveness to traditional coagulants like alum and ferric chloride, it offers 

additional environmental and economic benefits. Future research could focus on enhancing the performance of chitosan 

through modification and exploring its application in large-scale water treatment systems. 
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