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ABSTRACT
*Corresponding Author:
r.mafigholami@wtiau.ac.ir Background: The presence of microplastics in the environment poses a significant threat to
human health. This study aimed to evaluate the performance of an atmospheric cold plasma
How to Cite This Article: (ACP) process for the degradation of polypropylene microplastics in aqueous solutions.

Materials and Methods: In this laboratory-scale experimental study, key operational

Seyedi A, Mafigholami R, Saviz S, . . . . . . .
o Pl iy e parameters—including reaction time (30—60 min), applied voltage (20—40 kV), airflow rate

Sari AH. Optimizing Atmospheric

Cold Plasma-Based Advanced (10-20 L/min), pH (4-8), and initial microplastic concentration (500-1000 particles/L) wete
Oxidation for the Degradation of optimized using a Central Composite Design. Microplastic quantification was performed via
Polypropylene Microplastics Using microscopic counting. Additional analyses included kinetic modeling, assessment of interfering
Response Surface Methodology. ions, radical scavenger experiments, energy consumption evaluation, and measurement of
Jourpal Qf EnvironmentalHealth COD and TOC removal under optimal conditions.

Engineering. 2025;13(4):367-92. Results: The quadratic model detived from CCD was highly significant (p < 0.0001) and

demonstrated that increasing reaction time and applied voltage significantly enhanced removal
efficiency. In contrast, higher initial concentrations, excessive airflow rates, and extreme pH
conditions negatively affected process performance. The maximum removal efficiency was
achieved under optimal conditions, with an applied voltage of 25 kV and an airflow rate of 14
L/min. Neutral pH provided greater stability of reactive species. Kinetic analysis indicated that
degradation followed a first-order kinetic model. Radical scavenging experiments confirmed
that hydroxyl radicals were the dominant reactive species responsible for degradation. The
presence of inorganic ions exhibited both inhibitory and promoting effects depending on their
type and concentration. Specific energy consumption analysis demonstrated acceptable energy
efficiency of the process.

Conclusion: The atmospheric cold plasma process achieved a removal efficiency of 73.2%
under optimized conditions and can be considered a promising and energy-efficient approach
for the removal of polypropylene microplastics from aqueous environments.

DOI: Keywords: Atmospheric cold plasma process, Microplastics, Polypropylene, Optimization,
Central Composite Design, Aqueous Environments
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