Influence of PVC microplastics on photodynamic inactivation of

Staphylococcus aureus
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Here we showed that even though photodynamic action is effective
against planktonic Staphylococcus aureus and increases
performance according to curcumin concentration, the presence of
PVC MPs impairs its efficiency. We attributed this to the umbrella
effect, which is protective towards microorganisms and hinders
both light delivery and exposure to the photosensitizing molecule.
Photodynamic inactivation (PDI) is therefore a potential tool in
water and wastewater disinfection, but contamination scenarios
must be taken into account, including MP pollution. Future studies
may include real-life concentrations and environmental matrices.

Target: S. aureus

‘ Contaminants: PVC microplastics |

Introduction

The presence of microplastics (MPs) in various
water sources has become a growing challenge to
water and wastewater treatment technologies [1].
This has brought attention towards how unit
processes respond to contamination scenarions,
especially light-based treatments such as UV, in
which transmitance and diffraction effects may
interfere in treatment performance [2].

PDI has gained attention in environmental
applications [3] and also consists of a photonic
treatment, whose impacts of MPs are yet to be
evaluated. PDI refers to the use of a photosensitizing
substance (PS) that combined with a light source
and oxygen molecules produces

reactive oxygen species (ROS) and singlet oxygen,
leading to cell death in the target organism. [4].
Thus, this study aimed to assess the effects of MPs,
taking polyvinyl choride (PVC) as reference, on the
photodynamic process against Staphylococcus
aureus using curcumin as PS.

Material and Methods

Experiments were carried out in batches in-vitro. We
used 24-well plates filled up to a total of 750 pL each
well, comprising equal parts in volume of: the S.
aureus suspension (ATCC® 25923, ~108 CFU/mL),
PS solutions (3X) and MP suspension (3X) at
different concentration combinations. lllumination
was performed under a fixed energy dose of 5 J/cm?
provided by a white LED light irradiation source
(Biotable®, 12.7 mW/cm?).

The PS under study was curcumin powder (PDT
Pharma, Brazil) dilluted in ethanol (99.7%, stock
solution), then autoclaved distilled water for work
sollutions [5]. MP concentration was based on

extrapolated values of contamination scenarios [2].
Viable colonies were quantified by growth on brain-
heart infusion agar incubated at 37 °C. We analyzed
log-reduction value results for normality using
Lilliefors-L test (95% confidence interval), followed
by ANOVA and Tukey's pairwise test for each group
of curcumin concentration.

Results and Discussion
Figure 1 shows results obtained for S. aureus log
removal by PDI (dashed columns) and PDI in the
presence of PVC. The photodynamic process, as
expected, was effective for bacterial inactivation and
was concentration-dependent to the PS, which may
be attributed to an increase in ROS formation [6].
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Figure 1. Photodynamic inactivation of S. aureus incubated
with different concentrations of curcumin and MP (PVC
microplastics). Dashed column refers to control PDI
efficiency (no MPs added to the sample). Error bars display
the standard deviation (n=4).
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The presence of microparticles hindered PDI to a
similar level among different concentrations of PVC.
Though results may suggest a recovery in PDI
performance (but still not reaching the values
obtained in absence of MPs in the matrix), this was
not confirmed by statistical analysis in the tested

The reduced performance of PDI in the presence of
the microparticles related to the umbrella effect
described in the literature [7], which consists of a
reduced delivery of the disinfectant to the
microorganism (either energy — by reduced light
transmitance) or the chemical agent (by bacterial

conditions. enriched to the MP surface).

Conclusions

Photodynamic inactivation using curcumin is a potential tool for bacterial removal considering S. aureus as a
target, but the presence of PVC microparticles at the tested concentrations impaired its performance. Further
studies are recommended to determine what are the mechanisms involved in MP interference in PDI and
wheter it happens at real-life contamination scenarios.
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