








Figure 4. False-color IR image and polymer type statistics of reference
certified reference plankton material (BCR-414) derived from automated
LDIR analysis workflow.

Results and discussion

Microplastic concentrations (>20 pm) for the sampling
locations 1 -7 ranged from 10 to 226 particles/fibers m™
(Table 1). 30,471 natural, 635 synthetic particles and 14
different polymer clusters were identified in the 7 samples.
The most abundant polymer clusters were acrylates/
polyurethanes/varnish (39.2%) PET (26.0%), PE-CI (7.1%),
PVC (6.0%), PE (5.2%), PP (5.2%) and rubber (4.3%). 94.9% of
the microplastics particles/fibers had a diameter <100 pm
(Figure 5).

Figure 5. Percentages of the different size classes of the identified
microplastic particles/fibers.

Figure 6. These fibers, > 300 pm, were identified to be cellulosic (upper image;
containing indigo dye confirmed by Raman analysis), PET (lower image) and
PP (not shown). There was 100% agreement between ATR-FTIR spectroscopy
and LDIR Imaging for these fibers.

Even after almost complete matrix removal, 97.4% of the
identified particles had a natural origin (cellulosic, silicate,
coal, chitin and natural polyamide IR spectra), whereas only
2.6% were assigned to synthetic polymer types (Figure 7).
Domogalla-Urbansky et al. (2018) describe microplastics
particle / natural particles ratios between 1:100 and 1:1000
(also after sample preparation) (8).

Figure 7. Different types of microplastics detected in water samples (<300 pm)
from the Indian Ocean. The polypropylene (top) and polystyrene (middle)
spectra were manually recorded, whereas the polyethylene terephthalate
(bottom) spectrum was from the automated analysis.



Table 1. The filtered volume, sample location and the number of microplastics detected for each station. The most abundant polymer types for each is also listed.

Station Sampled Volume Coordinates Number of Number of Microplastics Most Abundant Microplastics
[m3] Particles/Fibers Particles/Fibers Microplastics Type (#) Concentration [MPs m-3]
1 23 212275'_88?% 3150 47 PET (20) 21
2 57 g;zggg;i 524 54 PET (32) 10
3 1.1 gi:gg::}?g:i 2112 67 PP (22) 62
Col s e
5 1.3 22:512;;2 2938 109 PET (40) 86
B
7 1.4 gz:gi: 15232 857 15 PS (5) 1

In contrast to other studies, where only a percentage of the
sample suspension or a small area of filtered sample was
analyzed (9, 70), the digestion protocol and LDIR imaging
of a large microscope slide enabled analysis of each

entire sample. This measurement technique reduced the
uncertainty introduced by any extrapolation.

As Figure 8 shows, it is important to use spectroscopic
particle analysis and not just visual identification, as natural
and colorless synthetic particles often have a similar
appearance (even for beads).

Figure 8. Visual images (left) and IR spectra (compared to the best-fit library
spectrum) of two microplastic beads (PE and EVA). The lower image shows a
diatom identified by LDIR analysis in the samples.

Figure 9 shows an example of how microplastic particles can
be attached to natural particles e.g. diatoms. In this case,

the LDIR’s p-ATR function was used to verify the polymer
type (very good agreement with library spectrum). It was
even possible to position the crystal directly on the particle
attached to the diatom to cross check the result of the
automated analysis.

Figure 9. Visual images (left) and p-ATR-IR spectrum (compared to the
best-fit library spectrum) of a PET particle (indicated by the orange marker),
attached to a diatom.

Based on a elongation factor (aspect ratio) of 3 (11),

the majority of the microplastics were identified as
fragments and not microfibers. Fiber recognition is quite
challenging—especially for single-point imaging-based
approaches, but LDIR Imaging can easily identify fibers
(as shown in Figure 6) in environmental samples.

There is scientific consensus on the problem of
measurement contamination due to airborne fibers (12).
Consequently, the strict use of clean benches might explain
the lower share of microfibers compared to other studies.




Figure 10. Visual image of an aggregate of the cellulose fibers and natural
particles recorded by the LDIR.

To analyze entangled fibers (for included polymers) as well
as particle aggregates (Figure 10), the manual single-peak
(Figure 11) or hyperspectral imaging functions of the LDIR
were applied.

Microplastics Starter 1.0+ o

TOP SEARCH RESULTS

Figure 11. The IR single peak image at ¥ = 1368.5 cm™ (lower, right) and IR
spectrum (upper) of the aggregate of the cellulose fibers and natural particles
shown in Figure 10.

Multi-peak analysis, in conjunction with the y-ATR, proved
valuable for particles containing biofilm-populated areas.
Figure 12, for instance, shows a large polyurethane (PU)
particle that exhibits areas showing clear cellulosic IR spectra
and good PU and acrylate spectra. Both were confirmed by
manual transflection and p-ATR analysis. The LDIR enables
good spatial differentiation between such different domains
of environmental aggregates, but is also useful with respect
to particles consisting of polymer blends and composites.
Multi-peak can help to identify the different components of
such mixtures in environmental microplastics.



Figure 12. Presumably biofilm-populated PU particle (top) analyzed by
multi-peak imaging (bottom) showing strong absorption at ¥ = 1045 cm”
and 7=1730 cm™ (middle). Violet domains show good agreement with
cellulosic reference spectra (2nd picture), whereas turquoise domains
correspond to PU and Acrylate spectra (3rd picture).

Comparison to other microplastic studies

Even though inter-study comparison is hampered by the
application of different methods (sampling and detection),
the reported concentrations (10 - 226 MPs m~) are well in
line with other studies based on either FTIR or Raman
micro-spectroscopy. Lorenz et al. (2019) found between

0.1 and 245.4 microplastics particles m= in manta net
samples from the southern North Sea (surface water) (9).
Enders at al. (2015) detected between 13 and 501 MPs m®
in samples taken with a fractionated filtration device in the
Atlantic Ocean (3 m below water line) (73). According to
modeling and monitoring data, microplastics concentrations
in surface water can be up to 30-times higher compared

to the water column (74-76). Therefore, it is likely that the
sampled area exhibits a comparably high particulate plastic
contamination, with high concentrations at the sea surface.

Polymer types detected in the study do seem to support
this hypothesis. The 2" (PET), 3 (PE-CI) and 4™ (PVC) most
abundant polymers found in this study have typical densities
exceeding the density of seawater (first most abundant
acrylates/polyurethanes/varnish can have a larger density
spread). It is remarkable that the lower density polymers PE
and PP (~ 50% production volume) both make up only 5.2%
each of the found microplastics. These polymers remain at
the surface until biofouling leads to sinking and transport to
the seafloor. However, this hypothesis must be proven in the
future by sampling at different depths (depth profiling).

Conclusion

LDIR imaging was successfully used to detect and
characterize microplastic particles and fibers in high-volume
marine water samples. Results indicated comparably high
microplastic contamination.

The results of the automated workflow were thoroughly
rechecked by visual inspection, at least 5 manual
transflection IR measurements, and partially by y-ATR IR
analysis. For the fraction >300 um, good agreement was
achieved between LDIR imaging, using a well-established
microplastics spectral database, and conventional
ATR-FTIR analysis. Extension of the database with typical
matrix spectra helped to further increase the accuracy of
the workflow.

Due to its time-efficiency and high degree of automation,
the technique has a great potential to become the
micro-spectroscopic method of choice, e.g. during large
scale microplastics studies or for monitoring activities,
which require fast data provision.
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More Information

This application contains a share of ongoing work comprising
method development and a large dataset, which are planned
to be published in peer-reviewed scientific journal.
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