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Introduction

Microplastic (MP) monitoring in marine surface waters is analytically challenging, as particle
count can vary greatly and particles are embedded in complex mixtures of biological,
mineral, and other non-plastic material. Reliable characterization therefore requires chemical
identification rather than visual classification alone, particularly for small particles that are
difficult to distinguish by morphology. FT-IR imaging addresses this challenge by generating
spatially resolved chemical maps of entire filter surfaces.

The particles are thus detected and identified solely on the basis of their spectrum, enabling
polymer-specific identification while also providing particle-level size and morphology
information from the same measurement. This application note describes the use of FT-IR
imaging for microplastic characterization in Southern Ocean seawater samples collected during
the International Antarctic Coastal Circumnavigation Expedition (2024-2025), as described by
Dr. J. Paulo Felizardo and Dr. C. Rodrigues from UFF Brazil.

Experimental

Surface water samples were collected at multiple stations across the Southern Ocean. At
each station, approximately 3 L of seawater were drawn using a Niskin bottle and immediately
vacuum-filtered in situ through pre-muffled stainless steel meshes with a 25 um pore size.
The loaded filters were then refrigerated and transported to the laboratory, where they entered
directly into the extraction protocol described below.

For sample preparation, the filters were processed sequentially. First, organic matter was
digested using a 10% KOH solution at a 10:1 ratio to sample volume, followed by incubation at
40 °C for 72 h. The samples were then re-filtered through a stainless steel mesh. For density
separation, 10-15 mL of Nal solution (4.4 mol/L; 1.8 g/cm3) was added per filter. The samples
were subsequently sonicated for 5 min at 50 Hz, magnetically stirred for 5 min, and centrifuged
at 7,000 rpm for 2 min. The resulting supernatant was finally vacuum-filtered onto 0.2 um
aluminum oxide (Anodisc) filters. To validate the sample preparation process, a procedural
blank was carried through all preparation steps, omitting only the environmental water.
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Results

Analysis of three Southern Ocean samples returned microplastic concentrations between
9,000 and 32,000 MPs per m?. Published values for Southern Ocean surface waters span
approximately 0.01 to 15,400 MPs per m?, reflecting considerable methodological variation
across studies.

The elevated concentrations observed here are likely influenced by the lower effective size
threshold of the analytical workflow, which captures small particles that are not retained
or reported in many conventional studies using non-imaging approaches or subsampling
techniques.

Polymer composition varied between sampling stations. Polypropylene was dominant at most
sites, accounting for 68-81% of identified particles. Poly(ethylene terephthalate) reached
approximately 52% relative abundance at one station.

Mean particle dimensions ranged from 40 to 160 um depending on polymer type. The
procedural blank showed minimal particulate content, confirming negligible background
contamination from laboratory handling.
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Conclusion

The LUMOS Il FT-IR imaging microscope, combined with MPID automated processing,
enables automated particle detection and polymer-specific identification on Anodisc filters,
while preserving particle-level size and morphology information. The instrument detects

and chemically identifies particles from approximately 10 um upward, yielding concentration
estimates that more comprehensively include the small-particle fraction accessible to u-FT-IR
imaging.

The value of MPID, a software that automatically analyzes whole FT-IR images of microplastic
samples within a few minutes, was demonstrated. It yielded comprehensive statistics of all
particles present on the filter and classified them by number, identity and size.

The Southern Ocean samples contained 9,000 to 32,000 MPs m?. These concentrations,
however, are not directly comparable with values obtained using less sensitive sampling
methods, such as 300 um mesh nets. As such methods exclude much of the small-particle
fraction detected by FT-IR imaging, the higher concentrations reported here therefore primarily
reflect differences in the detectable particle-size range and should not be interpreted as direct
evidence of greater environmental contamination.

The concentrations were calculated from 3 L samples and extrapolated to 1 m3, meaning
that relatively small differences in particle counts can substantially affect the extrapolated
concentration. In addition, the limited sample volume may not fully capture spatial
heterogeneity in particle abundance.

These factors should be considered when interpreting the results and comparing them with
other studies. Harmonized sampling and analytical protocols, including standardized particle-
size ranges and IR imaging-based identification, are therefore required to improve comparability
between studies.
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