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Abstract

Pb(Il) and Cu(Il) contamination in aquatic environments is widely associated with wastewater
discharges from mining, electroplating, battery production, metal finishing, and smelting industries,
where persistent heavy metal effluents pose major ecological and public health concerns. Addressing
this challenge requires the development of efficient, low-cost, and scalable treatment technologies. This
keynote presents engineered microalgae—alginate biocomposites as advanced biosorbents combining
biological affinity with material robustness. Biomass of Dunaliella sp. AL-1 [1] and Chlorococcum
dorsiventrale [2] was immobilized in Ca*'-cross-linked alginate to enhance stability, handling, and
reusability. Spectroscopic and morphological analyses (FTIR, SEM, EDX, XRD) identified key
functional groups involved in metal binding. The composites exhibited high adsorption performance,
with capacities up to 167.06 mg g' for Pb(II) in continuous systems. Adsorption followed Langmuir
behavior for Pb(II) and Freundlich/Temkin models for Cu(Il), with spontaneous and endothermic
thermodynamics. Metal uptake is governed by synergistic mechanisms including electrostatic
interactions, ion exchange, and surface complexation. Fixed-bed column experiments confirmed process
scalability, while regeneration tests demonstrated sustained performance over multiple cycles.

These results position microalgae—alginate biocomposites as robust, reusable, and sustainable materials
for next-generation wastewater treatment, supporting the transition toward circular and bio-based
environmental technologies.
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