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Transforming biomass residues into functional materials is of crucial importance for a circular
innovation, turning low-value wastes into resources for environmental remediation. Biochar,
a carbon-rich material obtained by pyrolyzing biomass, has emerged as a sustainable and low-
cost sorbent for water and soil remediation [1,2]. In this work, we valorize sawmill-derived
pinewood residues repurposing it for groundwater remediation (Figure 1). The as-obtained
pinewood biochar (PWB, generated at 950 °C from pinewood residues), was employed as a
functional filler in different biopolymer matrices to develop sustainable adsorbents for in-situ
treatment of organic contaminants such as petroleum hydrocarbons and chlorinated solvents
[3]. Through a simple blending approach, raw PWB (average hydrodynamic size >400 pum)
was incorporated into water-soluble polymers to enhance dispersibility and stability. Sodium
carboxymethylcellulose (CMC) proved to be the most effective stabilizer, enabling long-term
colloidal stability via hydrogen bonding and physical entrapment, as confirmed by FTIR.
Sedimentation and aggregation tests carried out by UV-Vis, DLS, and (-potential, guided the
optimization of PWB@CMC formulations, achieving a stable suspension with a
sedimentation rate of (36 + 2)% and a {-potential of (-52.7 £ 0.5) mV after 7 days at PWB 1
g/L and CMC 10 g/L. The optimized BC@CMC suspension was tested by injecting it into a
packed column; this setup was designed to simulate the distribution of the suspension in an
aquifer. Breakthrough tests revealed an effective subsurface distribution of the PWB@CMC
and its retention without clogging. Concurrently, continuous-flow contaminant adsorption
studies demonstrated significant removal and a high retardation factor, indicating strongly
reduced mobility in groundwater. These findings highlight how a low-value industrial residue
can be upgraded into a high-performance remediation material, offering a scalable, cost-
effective, and environmentally sustainable approach to environmental remediation.
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Figure 1. Schematic representation of the herein presented experimental approach.
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