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Introduction

Microplastic (MP) contamination in wastewater has become a major focus of environmental
monitoring. Wastewater treatment plants represent important retention barriers and potential
pathways for the release of MPs into aquatic ecosystems. Therefore, reliable characterization of
microplastics is essential for evaluating treatment efficiency, supporting regulatory compliance and
environmental risk assessments.

However, wastewater samples present significant analytical challenges due to the high
abundance of non-polymer particles (e.g., organic matter, cellulose, mineral debris) that can mimic
microplastics in shape, size, or spectral characteristics. Therefore, routine analysis requires an
analytical solution that combines confident polymer identification in complex sample matrices with
the throughput needed for high-volume monitoring.

This application note demonstrates how LUMOS Il ILIM, combined with the ParticlePlus™
workflow, enables automated full-filter analysis of a wastewater influent sample within 25 minutes.

Experimental

The ParticlePlus™ workflow is designed for IR Laser Imaging (ILIM) microscopes. For this study,
we employed the following setup:

= Sample Details: The sample was collected from the influent stream of a wastewater treat-
ment plant in Spain. A 1 L aliquot was treated by Fenton digestion to remove organic matter,
then filtered through a 10 um stainless steel filter. In complex wastewater matrices, partial
pore blockage and filter cake formation may retain smaller particles. The retained particles
were rinsed with ultrapure water and transferred onto an Anodisc membrane filter.

= Measurement Setup: Automated whole-filter imaging was performed by LUMQOS Il ILIM in
transmission mode and the software workflow ParticlePlus™. Laser wavelength was tuned
with a spectral step size of 4 cm™ across the MIR fingerprint region of 1800 to 1250 cm™.

= Data Analysis Tool: After data acquisition, the hyperspectral data is automatically processed
and analyzed by Bruker's Microplastic Identifier (MPID), requiring no user input. The identifica-
tion threshold value was set to 750. For more information on MPID, see Product Note M210.



Results

Figure 1A shows the integration IR image (1800 to 1250 cm™) of the complete 25 mm Anodisc
filter, highlighting the heterogeneous wastewater matrix. The filter contains a complex
mixture of organic residues, cellulose fibers and mineral particles with different sizes and
morphologies. Thus, unbiased chemical imaging of the entire filter, rather than particle
selection, provides statistically representative coverage, while advanced data analysis reveals
and characterizes microplastics within the surrounding complex sample matrix.

The comprehensive results are summarized in Figure 1B. The complete 25 mm filter

was imaged in 13 minutes, generating 22.5 million IR spectra. The acquired dataset was
automatically processed using MPID within 12 minutes. The total turnaround time was
therefore 25 minutes. MPID performs fully automated microplastic analysis by applying
machine-learning (ML) models for unsupervised particle detection, classification, and
extraction of particle-specific parameters such as size, morphology, and spatial distribution.
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A total of 14,739 particles were detected and identified, comprising 403 MPs belonging

to eight different polymer classes. Polypropylene (PP) represents the most abundant
polymer with 180 particles (45% of all detected MPs), followed by polyethylene (PE, 167),
polyethylene terephthalate (PET, 24), polymethyl methacrylate (PMMA, 18), polystyrene (PS,
7), polyurethane (PU, 7), polycarbonate (PC, 1) and polyvinylchloride (PVC, 1). Based on the
analyzed 1 L aliquot, this corresponds to a concentration of 403 MPs/L for the sample.

The resulting classification maps provide a comprehensive overview of the spatial distribution
and morphology of the detected MPs across the entire filter. To improve MP visualization and
facilitate interpretation, individual compound classes, such as surrounding organic matrix, can
be selectively hidden.

The detected MP particle sizes ranged from 5 um to 490 um, with the majority (48%) falling
in the 20 to 50 um size range. This size distribution is consistent with the commonly reported
size range for environmental microplastics in wastewater and demonstrates the capability to
characterize particles across a broad size range.

The high spatial resolving power and specificity of MPID enable reliable identification

of individual particles even in complex sample matrices. As demonstrated in Figure 2A,
representative PE, PP, and PET particles are clearly resolved despite being in direct contact
with surrounding organic residues and cellulose fibers.
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The accuracy of the polymer identification is further validated by comparing the average
spectra obtained from the highlighted PE, PP, and PET particles with their corresponding
reference spectra from the library (Figure 2B). The excellent spectral agreement confirms the
robustness of the Al-driven identification and demonstrates reliable MP identification within
complex sample matrices such as wastewater.

Conclusion

= The total turnaround time of <30 min per 25 mm filter enables high-throughput routine moni-
toring of wastewater samples.

= Full-filter imaging provides unbiased and statistically representative microplastic characteriza-
tion without particle selection.

= Automated data acquisition and Al-driven particle classification minimize operator depen-
dence while preserving the spatial resolving power and chemical specificity required to
identify MPs within complex wastewater matrices.

= Simultaneous determination of polymer type, particle size, morphology, and spatial distribu-
tion supports comprehensive characterization for every particle.
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