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Abstract

Environmental monitoring and pollution mitigation increasingly require materials that are not only
sensitive and selective, but also sustainable, multifunctional and able to interact actively with pollutants,
biological systems and environmental stressors. Electrospinning and electrospraying provide powerful
electrofluidodynamic tools to design such materials, enabling the fabrication of nanofibres,
nanoparticles, core—shell structures and hierarchical hybrid architectures with controlled morphology,
high surface area and tunable recognition or release properties. This contribution will present recent
strategies for the development of electrospun and electrosprayed hybrid systems based on biomass-
derived compounds, with particular attention to lignin recovered from agricultural residues. In these
architectures, lignin acts as a functional regulator rather than as a simple additive. Processed in polymer
blends, nanoparticles, hybrid metal-containing systems or core—shell structures, lignin can modulate
fibre morphology, surface polarity, redox activity, metal nucleation and stabilization, water uptake,

analyte interactions and release kinetics.

Owing to its phenolic structure, reducing capability, metal-binding affinity and antioxidant activity,
lignin represents a versatile building block for responsive sensing interfaces and environmental devices.
Examples include nanofibrous sensors for ammonia and amine monitoring, also exploiting conductive
components recovered from waste electrical and electronic equipment, and lignin-mediated hybrid
systems where metal species can be reduced, stabilized or distributed within fibrous matrices. Beyond
sensing, electrofluidodynamic materials can be engineered as active platforms for pollution containment
and environmental protection. Core-shell fibres, electrosprayed particles and composite mats can be
designed for the controlled release of essential oils with biocidal activity, polyphenols and
biostimulants, nutrients, or bioactive compounds supporting microbial biofilm development. In this
context, lignin can further regulate release profiles, matrix degradation, antioxidant protection and
interactions with biological or environmental interfaces. Overall, the work highlights
electrofluidodynamic technologies as enabling tools to transform residual biomass and functional
waste-derived materials into advanced platforms for sensing, controlled release and sustainable

pollution-control strategies.



