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INTRODUCTION RESULTS & DISCUSSION

Microplastics have become ubiquitous contaminants in aquatic and terrestrial Microplastics are not passive contaminant carriers. They are active
environments. Beyond their physical presence, they act as heterogeneous thermodynamic interfaces capable of generating heterogeneous chemical
Interfaces capable of modifying adsorption equilibria, chemical speciation and synergism, modifying pollutant speciation and producing non-additive
contaminant transport. environmental effects.

Interactions among microplastic surfaces, dissolved ligands and metal ions

generate cooperative effects that cannot be explained by classical additive MAIN FINDINGS:

models. *» Microplastics actively participate in environmental equilibria.

+» Surface-mediated interactions alter chemical speciation and pollutant
OBJECTIVE distribution. i i

To develop a thermodynamic interpretation of (micro)plastic pollution by  ** Cooperative (synergistic) interactions enhance contaminant retention.

investigating: ¢ Multi-component complexes lead to non-additive behavior.
= Interfacial adsorption processes; ¢ Environmental conditions strongly control heterogeneous synergism.
= Surface complexation mechanism: ¢ Pollutant persistence and ecological risk may increase significantly.
= Heterogeneous chemical synergism; Dissolved Metal lon
= Non-additive contaminant behavior; (Cu®, Pb*, Cd*, Zn™")
= Ecological implications of altered speciation. Q . @
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S — synergistic contribution
S=F (observed) ZEi E (onserveay — €XPErimentally observed effect
2.E; — sum of individual contributions

ﬁ§ 2. Microplastic - Metal — Ligand interaction network
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MICROPLASTICS ~ INTERFACIAL CHEMICAL SPECIATION ENHANCED INCREASED ECOLOGICAL
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Relative Contaminant Retention (%) = Microplastics should be considered active thermodynamic components rather

than passive carries.
| = Heterogeneous chemical synergism provides a mechanistic explanation for non-
----- — additive pollutant behavior.
= Thermodynamic modeling offers a powerful tool to predict contaminant fate,
Fig. 1. Additive prediction vs. observed synergism transport and ecological impact.
= Future environmental risk assessments should explicitly incorporate synergistic
Interfacial interactions involving microplastics, ligands and metal ions.

The observed combined response (85) is significantly higher than the
sum of individual effects (50), demonstrating positive synergism.
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