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Editorial on the Research Topic 
Advances in the synthesis and utilization of waste-derived materials for water purification


INTRODUCTION
Access to clean water remains a challenge to many communities globally. This situation is exacerbated by the mounting crisis of water pollution in both developed and developing nations. Industrial discharges, agricultural runoff, and unscientific and ad hoc waste management approaches continue to introduce a broad spectrum of contaminants—ranging from heavy metals to the chemicals of emerging concern (CEC)—into water bodies, threatening aquatic life and human health. At the same time, the ever-increasing volume of solid and agricultural wastes imposes immense pressure on landfills, contributing to secondary pollution through leachates, greenhouse gas emissions, odours and resource wastages.
In this context, the convergence of waste management and water purification practices offers a promising avenue for sustainable development. The innovative valorization of waste materials into functional adsorbents or catalysts for water treatment not only diverts waste from landfills but also provides cost-effective tools for environmental remediation and contributes to the circular economy. Adsorption by sustainably produced biochar and activated carbon adsorbents from low-cost biomass, mainly agricultural waste, has attracted considerable attention over the years for the remediation of organic and inorganic pollutants due to their multifunctional properties (Vedenyapina et al., 2020; Ambaye et al., 2021; Samghouli et al., 2024). The Research Topic, “Advances in the Synthesis and Utilization of Waste-Derived Materials for Water Purification,” focusses on these synergies, advancing scientific understanding while addressing pressing environmental challenges.
AIMS AND OBJECTIVES
The core objectives of this Research Topic are:
	○ To explore novel routes for transforming waste materials—both organic and inorganic—into functional adsorbents and catalysts for water decontamination.
	○ To assess the efficacy, selectivity, and regeneration capability of these waste-derived materials against varied water pollutants.
	○ To foster interdisciplinary exchanges that bridge chemical engineering, material science, environmental chemistry, and waste management for holistic solutions.
	○ To set a research agenda for future commercialization and policy support for sustainable materials in water purification.

This editorial integrates and contextualizes the contributions of two Original Research and two comprehensive Review articles, which exemplify the range and depth of advances in this critical field.
In the comprehensive review, Nyairo et al., the authors critically assess the potential of agricultural and food waste biomasses—abundant and underutilized raw materials for low-cost and renewable adsorbents for the remediation of toxic heavy metals such as lead, zinc, nickel and cadmium. The waste biomasses considered include bones, rice husks, sugarcane bagasse, potato peels, egg shells, and chitosan. The review details various pretreatment and modification strategies (e.g., physical activation, chemical functionalization) that enhance the adsorption efficiency of the different waste biomass types of materials. This work situates itself at the intersection of waste valorization and sustainable water purification, underscoring the dual benefits of waste minimization and pollutant remediation. The review also identifies key adsorption mechanisms, limitations in scalability and potential for secondary pollution, and opportunities for future research, such as life cycle assessments (LCA), standardizing waste-derived materials and optimization of recoverability of the adsorbents, and integration into modular water treatment technologies.
In the second review article, the environmental legacy of chromated copper arsenate (CCA), a wood preservative that leaches carcinogenic elements (Cr, Cu, As) into soil and water is investigated by Atiang et al. The review outlines the emerging strategies for the removal and stabilization of CCA pollutants—including adsorptive and reductive technologies using waste-derived materials. By expanding the scope from water to interconnected environmental compartments (wood waste, soil), this work concisely exemplifies the importance of system-based approaches in environmental chemistry. The discussion extends to regulatory implications and the challenges in treating mixed-contaminant matrices, emphasizing the urgency of multi-pollutant remediation solutions in the context of circular economy principles.
The third article, original research by Suter et al., focusses on the synthesis of advanced nanocomposite adsorbents that couple high permeability, magnetic recoverability, and environmental compatibility. In the article, the authors demonstrate the fabrication and detailed characterization of a biodegradable ferromagnetic polymer nanocomposite for targeted removal of hexavalent chromium (Cr(VI))—a notoriously recalcitrant water pollutant. The study provides insights into adsorption kinetics, isotherms, and thermodynamics, highlighting not only superior removal efficiency but also the practical advantages of rapid and complete adsorbent recovery using external magnetic fields. This research is emblematic of the next-generation design of functional materials at the interface of nanotechnology and green chemistry.
Finally, the original research article by Ndongmo et al., addresses the Research Topic of synthetic dyes in industrial effluents by exploring the conversion of peanut shells—a common agricultural waste—into a ferromagnetic activated carbon. By leveraging this engineered adsorbent as a catalyst in the Fenton process, the authors report efficient degradation of methyl orange, a model azo dye. This study not only demonstrates the feasibility of upcycling agricultural residue for advanced oxidation processes but also highlights the synergistic benefits of combining adsorption and catalytic degradation. The magnetic feature further facilitates catalyst recovery and reusability, aligning with sustainable process design.
BROADER CONTEXT AND FUTURE DIRECTIONS
The research contributions form an integrated framework for sustainable water purification, moving from waste source characterization through material synthesis and application to pollutant removal and resource recovery.
The advances showcased here hold broad implications for:
	○ Waste Management: Turning liabilities into assets by giving waste a second life.
	○ Water Treatment: Developing affordable and scalable solutions for rural and industrial applications.
	○ Circular Economy: Closing material and resource loops to minimize environmental footprints.
	Future research initiatives should include the following areas:
	○ Scale up laboratory successes to field- and industry-level implementations with associated LCA and techno-economic studies.
	○ Address the mitigation of emerging contaminants (e.g., hormones, antibiotics, nanoplastics) with waste-derived materials.
	○ Integrate water purification, energy recovery, and nutrients reclamation for comprehensive solutions.
	○ Targeted evidence based science policies to address waste water managements.

CONCLUSION
The synthesis and deployment of waste-derived materials in water purification is no longer a conceptual aspiration but an advancing field with tangible societal benefits. The articles in this Research Topic not only extend the scientific frontiers but also inspire cross-sector partnerships crucial for achieving global water security and environmental sustainability.
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