
Eco-Treatment of Microplastics: Laccase Enzyme based biodegradation
S.D. Martinho1,2, L. Gonçalves1, V.C. Fernandes1,3,4,*, S. A. Figueiredo1*, M. Hultberg5, C. Delerue-Matos1

1 REQUIMTE/LAQV, ISEP, Polytechnic of Porto, Portugal 
2 Department of Chemistry and Biochemistry, Faculty of Sciences of Porto University, Portugal
3 Chemical Sciences and Biomolecules, ESS, Polythetic of Porto, Portugal 
4 RISE-Health, Center and Translational Health and medical Biotechnology Research (TBIO), ESS, Polytechnic of Porto, Portugal   
5 Department of Biosystems and Technology, Swedish University of Agricultural Sciences, Alnarp, SE-230 53  Sweden                                                            * fcv@ess.ipp.pt / saf@isep.ipp.pt

INTRODUCTION & AIM

[1] Martinho, S.D. et al. (2022) Int. J.Environ. Res. Public Health. 19,5610
[2] Directive (EU) 2024/3019 of the European Parliament and of the Council of 27 November 
2024 concerning urban wastewater treatment (recast)
[3] Ramamurthy, et al (2024) Int J. Biol Macromol. 243, 133971
 

This work received financial support from: PT national funds (FCT/MECI, Fundação para a Ciência e Tecnologia and Ministério da Educação, Ciência e Inovação) through the
project UID/50006 - Laboratório Associado para a Química Verde - Tecnologias e Processos Limpos; Plastoxic-2022.15094.CBM under the Agreement between Portugal and
France-2023-2024 Person Program and no 49190WH (PHC PESSOA 2023); BiodivRestore Joint Call 2020–2021, part of the European Union’s Horizon 2020 research and
innovation program under grant agreement No 101003777, (Bio-divRestore-406/DivRestore/0002/2020-BioReset, http://doi.org/10.54499/DivRestore/0002/2020); WISE - 
Water Improvement for a Safer Environment” (reference COMPETE2030-FEDER-00841800, operation nº 1709, n.º MPr-2023-12), with finantial support from FEDER e and 
FCT/MECI. Sílvia D. Martinho thanks FCT/MECI and European Social Fund) through NORTE 2020 (Programa Operacional Região Norte) for her PhD grant ref
SFRH/BD/13595/2022 (DOI: 10.54499/2022.13595.BD). The authors are greatly indebted to all financing sources.

✓ After an initial increase, the Laccase activity declined over the 7-day experiment. The increase in Laccase initial concentration resulted in a visible enhancement in sedimentation of 
MPs, suggesting potential surface modifications that promoted their aggregation.

✓ FTIR analysis indicates minor spectral variations .

[PET] = 1 g∙L-1

[Laccase] = 50 – 200 U∙L-1

7 days contact time
 Monitoring twice a day  

ABTS oxidation method UV-VIS spectrophotometer
Absorbance at 420 nm 

Filtration of solution after 7 days 
(glass fiber filter 1.2 µm of porosity)

Dried at 55 ºC

FTIR analysis
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Continued release of MPs poses a 
global threat to ecosystems and 

human health [1]

The Revised EU Urban Wastewater 
Treatment Directive highlights the need  to 

reduce the release of target micropollutants, 
including MPs, into the environment [2] 

Development of quaternary 
treatments [2]

Biodegradation processes [3]
✓ Eco-friendly 

✓ Sustainable approach

✓ Studies using the enzyme Laccase indicated the breaking of polymer bonds, potentially contributing to the removal of MPs, and their persistence.
✓ Further research and optimization are essential to improve enzyme action and enhance polymer biodegradation.

The aim of this study was to evaluate 
the effect of Laccase on the degradation 

of MPs.
✓ Three MPs were tested: 

Low-density polyethylene (LDPE, 300 
and 600 m), Polyethylene 

terephthalate (PET, 300 m), and 
Polyamide nylon 6 (PA6, 20 m)

✓ Laccase from Trametes versicolor 
was used

Secondary MPs formed by 
the physical breakdown of 
larger plastic products in 

the environment [1]

Microplastics (MPs) are 
defined as plastic particles 

smaller than 5 mm [1]

Primary MPs intentionally 
manufactured for 

commercial purpose [1]
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Increase of the 
carbonyl group 
area between 

[Laccase] 150 U/L 
and 200 U/L 

Wavenumber (cm-1)
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