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Abstract 

Electrochemical wastewater treatment has gained significant attention as an environmentally friendly alternative to conventional treatment 

methods. This article reviews electrochemical techniques such as electrocoagulation, electrooxidation, and electroflotation for removing organic 

pollutants, heavy metals, and pathogens from wastewater. The mechanisms underlying pollutant degradation and separation are discussed, along 

with the influence of electrode materials and operational parameters. The potential for integrating electrochemical treatment with renewable 

energy sources and resource recovery strategies is highlighted, demonstrating its relevance to sustainable water management. 
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Introduction 

Water pollution poses a growing threat to ecosystems and public health, necessitating innovative treatment 

solutions. Electrochemical wastewater treatment offers several advantages, including reduced chemical 

usage, compact system design, and high treatment efficiency. By applying an electrical current, 

contaminants can be destabilized, oxidized, or separated without the addition of external reagents. Recent 

research has focused on improving electrode durability and reducing energy consumption, making 

electrochemical treatment increasingly viable for large-scale applications.  Thermodynamics plays a 

central role in electrochemistry by defining the feasibility and direction of electrochemical reactions. 

Electrochemical systems convert chemical energy into electrical energy or vice versa, making 

thermodynamic analysis essential for evaluating system efficiency and stability. Concepts such as 

electrode potential and free energy changes allow researchers to predict reaction spontaneity and 

equilibrium conditions. In modern energy technologies, including renewable energy storage and hydrogen 

production, electrochemical thermodynamics provides crucial insights into performance limitations and 

optimization strategies. Understanding these principles is therefore fundamental to both academic research 

and industrial innovation. Traditional electrochemical techniques such as polarization resistance and 

impedance spectroscopy provide valuable insights but often require system perturbation, which may alter 

natural corrosion processes. Electrochemical noise analysis offers an alternative approach by measuring 

spontaneous fluctuations generated by electrochemical reactions occurring on metal surfaces. These 



fluctuations arise from stochastic events such as pit initiation, film breakdown, and mass transport 

variations. Over the past two decades, advances in data acquisition systems and digital signal processing 

have significantly improved the reliability and interpretability of electrochemical noise measurements. As 

a result, ENA has gained increasing acceptance as a practical tool for in-situ corrosion monitoring in 

pipelines, marine structures, and reinforced concrete systems. 

Conclusion  

Electrochemical wastewater treatment represents a promising approach for addressing complex water 

pollution challenges. Its flexibility and effectiveness in treating diverse contaminants position it as a key 

technology for sustainable water management. Continued research into energy efficiency, electrode 

materials, and system integration will further enhance its practical implementation. A thorough 

understanding of electrochemical thermodynamics is indispensable for advancing electrochemical 

technologies. By linking energy changes to measurable electrical parameters, thermodynamic analysis 

enables rational design and performance assessment of electrochemical systems. Continued integration of 

thermodynamic modeling with experimental research will support the development of more efficient and 

sustainable energy conversion technologies. Electrochemical sensors continue to evolve as versatile 

analytical devices with broad application potential. Innovations in materials science and device engineering 

have substantially improved their sensitivity, stability, and portability. Despite challenges related to long-

term performance and interference effects, ongoing research efforts are addressing these limitations. The 

future of electrochemical sensing lies in smart, connected systems capable of continuous monitoring and 

data-driven decision-making. Electrochemical noise analysis represents a robust and sensitive technique 

for understanding corrosion mechanisms without disturbing the system under study. Its ability to detect 

early-stage localized corrosion makes it particularly valuable for industrial applications requiring 

continuous monitoring. While challenges remain in data interpretation and standardization, ongoing 

advancements in signal processing and modeling are steadily enhancing the predictive capabilities of ENA. 

Future research focused on integrating ENA with machine learning and multi-sensor platforms is expected 

to further expand its applicability in corrosion science and engineering. 
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