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ABSTRACT

The world is facing a lack of freshwater because of high population growth rates, 
and an increase in industrial activities. Therefore, new approaches to wastewater 
treatment and recycling are essential in sustainable water management. This chapter 
focuses on the integration of adsorption, which is an economically feasible method 
of pollutant removal, and Artificial Neural Networks (ANNs), known for their ex-
ceptional skills in complex system modeling and process optimization. ANN aids in 
increasing the efficiency and flexibility of adsorption systems to ensure appropriate 
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water quality for reuse. This integration is feasible and beneficial not only from an 
environmental perspective, but also from an economic one, as shown through its 
practical implementation in municipal and industrial settings.

INTRODUCTION

Wastewater treatment and recycling are crucial components of sustainable water 
management, addressing the dual challenges of water scarcity and environmental 
pollution (Yadav & Kamsonlian, 2023). As global populations grow and industrial 
activities expand, the demand for freshwater intensifies, and the generation of con-
taminated wastewater has escalated. Effective treatment processes are essential for 
removing pollutants, protecting ecosystems, and enabling the safe reuse of water 
for agricultural, industrial, and municipal applications (Gupta et al., 2012). Among 
the various methods employed, chemical processes, such as adsorption, membrane 
filtration, and chemical oxidation, have emerged as prominent solutions because of 
their efficacy in targeting diverse contaminants, including heavy metals, organic 
compounds, and emerging micropollutants. (Almuktar et al., 2018; Saravanan et 
al., 2021)

Adsorption, in particular, has gained widespread recognition for its versatility, 
cost-​effectiveness, and ability to be integrated with other treatment technologies 
(Liu, 2023). This process leverages the surface properties of adsorbents to capture 
and remove pollutants, offering a sustainable alternative to conventional methods 
(Tony, 2021b). However, the efficiency of adsorption and other treatment techniques 
is influenced by complex factors such as the operating conditions, contaminant 
properties, and material regeneration. To optimize these processes, advanced 
tools, such as Artificial Neural Networks (ANNs), have been increasingly adopted 
(Nguyen et al., 2020). ANNs provide predictive modeling, real-​time monitoring, 
and operational optimization, thereby enhancing the performance and scalability of 
wastewater treatment systems. (Yetilmezsoy & Demirel, 2008 ; Sadek et al., 2023)

This work explores the principles, applications, and challenges of wastewater 
treatment and recycling, with a focus on chemical methods and the role of ANNs in 
improving process efficiency. Case studies from industrial and municipal contexts 
highlight practical implementations and the potential for reuse of treated wastewater. 
By addressing technological limitations and emphasizing innovative solutions, this 
study contributes to the advancement of sustainable water management practices.
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