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ARTICLE INFO ABSTRACT
Keywords: Anthropogenic particles, including microplastics, are receiving ever-increasing concern due to their potential
Membranes environmental impact. Surveys and monitoring require sampling from many environmental and biological
Polycarbonate matrices, including natural water, drinking water, sediment, and air. However, there are no standard methods for
Microplastics . . . . i . . .

. . sampling particles in the environment; thereby, many different approaches are used for both single particle and
Analytical techniques . . . . ) .
Spectroscopy ensemble distribution or bulk chemical analyses. In the microplastics field, particles are often analyzed on

membranes using automated analysis with spectroscopic techniques such as Fourier-transform infrared spec-
troscopy (FTIR) and Raman spectroscopy. For automated analysis, the filters’ properties are crucial. We coated
polycarbonate (PC) membranes with 100 nm platinum (Pt) on both side using a e-beam evaporator and evaluated
their suitability for filtrating and analysis of environmental samples. The PC membranes have a defined and
practical pore size, available in many pore sizes and with circular diameter of 47 mm and 25 mm. Our Pt coated
membranes can handle large volumes of fresh and marine waters, high pressure, and various treatment solutions.
Moreover, they have good optical properties for imaging with light microscopy (LM) and Scanning Electron
Microscopy (SEM), and no disturbing background signal for Raman or FTIR spectroscopy analysis.

requirements of subsequent analysis with different modes of
microscopy.

The membrane should have well-defined pore size distribution, and
particle selection should occur on the filters’ surface rather than depth
filtration, which occurs in many common membrane types. The porosity
or pore coverage should be high to avoid clogging from occurring pre-
maturely. Clogging of pores with both analyte and background particles
will unenviably occur at some point during the filtration of a sample. It is
known that filter pore size distribution and, thus, adequate particle
selectivity change much before clogging, leading to pressure buildup
[10,11]. In order to increase the clogging volume for a given filter, a
cascade filtration setup with a sequential series of filters with a stepwise
smaller pore size can be used. However, it should be noted that the
retention of particles defines the nominal pore size cutoff and not the
free-passing particle size, this previous filter will influence the next, and
holistic analysis is needed.

For microplastics, the most commonly used sampling techniques are
bulk sampling, i.e., the entire sample volume is collected and not
reduced during the sampling, or volume-reduced sampling, i.e., the

1. Introduction

Anthropogenic particles, including microplastics [1], are sampled
from biological, technical and environmental matrices, such as water,
sediment, and air. For example, in the marine environment, anthropo-
genic particles are sampled from surface water [2], the pelagic water
column, sediments [3], and biota [4]. However, there are no standard
methods for sampling particles in the environment [5-8]; therefore,
many different approaches are used for both single particle and
ensemble distribution or bulk chemical analyses. Most widely used
technique for single particle analysis is microscopy-based techniques
such as Raman microscopy and Fourier-transform infrared spectroscopy
(FTIR), and for bulk analysis it is pyrolysis-gas-chromatography-mass
spectroscopy (py-GCMS) [9].

Analytical filtration for microscopy particle analysis, single particle
count, and characterization have specific prerequisites and demands on
the filtration setup and filters. These derive from particle filtration
process behavior, the filter integrity, its properties, and the
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Abbreviations

BF Bright Field

DF Dark Field

EDX Energy dispersive X-ray spectroscopy
FTIR Fourier Transform Infrared

H50-, Hydrogen peroxide

LM Light Microscopy

PC Polycarbonate

PS Polystyrene

Pt Platinum

PVP Polyvinylpyrrolidone

Py-GCMS Pyrolysis-gas chromatography-mass spectroscopy
SEM Scanning Electron Microscopy

ZnCl, Zinc Chloride

sample is reduced while collected, such as through filtration [8]. In both
cases, the particles of interest will end up on filters. Often, a chemical or
enzymatic treatment is applied to the samples to reduce organic matter
[12]. This can be either before the particles reach the filters, when they
are on the filters, or both. The filters are then analyzed visually and
spectroscopically [8]. To avoid contamination from the surroundings
[13], as little sample and filter handling are desired, direct analysis of
the particle on the filters is preferable. Typically, visual identification
occurs through a light microscope (LM), where the particles are
measured and characterized according to their visual appearance [8,
14]. Then, the spectroscopic identification takes place, generally with
FTIR or Raman spectroscopy, to identify the specific polymer. For par-
ticles larger than 300 pm, the structure of the filters is less crucial as for
smaller-sized particles, basically due to magnification and comparably
less interaction with the background. The size distribution of particles
collected in the environment shows a higher abundance of particles
within the smaller-sized classes [15-17]. Because of their small size,
high abundance of particles, and a potential biased impact from the
operator [8,18-20], automated analysis is required. For automated
analysis, the filters’ surface has to be unstructured and smooth and have
good optical contrast, low Raman, and fluorescence signal, especially in
the range of polymer bands. If Scanning Electron Microscopy (SEM)
analysis is desired, the filter’s and particles’ conductivity is essential,
especially under high vacuum conditions. The filters should also not be
affected by high pressure from the filtration, treatments to reduce
organic matter, and have a defined pore size and pore distributions and
not be fragile. Preferably many filters made of the same material but
with different pore sizes can be used during the sampling of particles.
Subsequently, the filters would be put through the analysis pipeline with
one or another mode of micro-spectroscopy or even correlative micro-
scopy workflows. The filtration process needs to be more carefully
considered and optimized for smaller pore sizes when diffusion of
small-sized particles plays a more prominent role than simple sieving,
slow filtration rate, and large porosity and cascade filtration are
important considerations [21,22].

There are many available filters on the market, with different
strengths and limitations, both from the filtration properties such as
accuracy and reproducibility of pore size, porosity and clogging pro-
pensity, sorption or contamination of analyzed, and suitability for
different types of microspectroscopic analysis. These include silicon
wafer filters, aluminum oxide (Anodisc, Whatman) and different
polymer-based membranes like track edged polycarbonate (PC) (several
different manufactures available). Aluminum oxide filters are only
available in 47 mm, 25 mm, and 13 mm sizes, with two pore sizes, 200
nm, and 20 nm. They can be used with both FTIR (transmission mode)
and Raman; they are smooth but have a pattern on their surface,
impacting the visual analysis with LM and SEM, especially if the

Talanta 269 (2024) 125435

Table 1
Membrane specifications.
Pore size 30 pm 10 pm 1 pm 0.4 pm
Thickness 30 pm 10 pm 11 pm 10 pm
Hydrophilic/ Hydrophilic Hydrophobic Hydrophobic Hydrophobic
Hydrophobic
PVP-free No Yes Yes Yes
Diameter 47 mm 47 mm 25 mm 25 mm
Pore size 28.17 + 10.01 + 0.24 0.94 + 0.06 0.34 + 0.02
before 0.26 ym pm pm pm
coating
Pore size after 27.89 + 10.31 £ 0.18 1.03 £ 0.03 0.49 + 0.02
coating 0.28 pm pm pm pm

particles of interest are white, transparent, or semi-transparent. The
track-etched PC membrane filters are commercially available in
different diameters and pore sizes. However, since PC is an analyte
polymer, it is not practical to use for spectroscopic identifications since
the background signal from the filter can interfere with the actual signal
from the particles of interest. It is even more complicated if the particles
are polycarbonate. Gold-coated PC membranes have good optical
properties in the darkfield but give a weak fluorescence Raman signal
from the background [23]. When evaluating gold-coated filters with
polystyrene (PS) reference particles, the intensity of the Raman back-
ground signal from the membrane interfered too much with the signal
from the PS particles.

Using electron beam evaporation, PC filters have been coated with
titan, nickel, and aluminum. The membranes coated with titan or nickel
have been shown to have similar optical properties as gold-coated
membranes and no signal from the PC background. However, with
titan, it was not possible to obtain a Raman signal from the PS reference
particles with a 532 nm laser, and with nickel, it was not possible to
acquire a Raman signal with a 785 nm laser [23]. On the other hand,
aluminum-coated PC membranes had mirror properties and showed
good optical performance in both bright field (BF) and dark field (DF).
However, in BF it is challenging to automatically distinguish between
holes and particles. In addition, there was no signal from the back-
ground, only a weak fluorescence signal with a 785 nm laser; however,
the Raman intensity was much higher than for gold-coated membranes.

We aimed to develop filters made of one type of material with a
defined and practical pore distribution, available in many pore sizes and
with a circular diameter of 47 mm and 25 mm. Moreover, the mem-
branes must be able to handle high pressure, filtrate a large volume of
solutions, withstand chemical or enzymatic treatments, low background
signal from filters that do not interfere with the polymeric fingerprint, as
well as good properties in SEM with various detectors and performing
well in different imaging modes of LM. The SEM criteria include good
charge dissipation, and ideally as low or as high atomic number as
possible so the sample material that typically distributes from carbon to
copper, would have different contrast in backscattering detectors.

2. Material and methods
2.1. Membrane selection

Filters fulfilled purpose criteria: a smooth and unstructured surface,
defined pore sizes, pore distribution, not brittle or fragile, available in
two circular diameters (47 mm and 25 mm), and many different pore
sizes were track edge PC membranes supplied from Sterlitech (Auburn,
WA, USA). Only hydrophilic membranes are available for membranes
with a pore size of 30 pm; however, for 10, 1, and 0.4 pm, both hy-
drophilic and hydrophobic, as well as free from PVP (poly-
vinylpyrrolidone) exist. Membrane specifications presented in Table 1.
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Fig. 1. A-B) Membrane holders for 47 mm and 25 mm filters and C) Platinum coated filters in a holder.

2.2. Magnetron sputtering

A load-locked magnetron sputter system configured sputter-down, i.
e., the sputter target located 7 cm above the substrate tray. In this
configuration, the objects to be coated can often be kept in place by
gravity only. A few filter membranes were placed on the substrate tray,
with the shiny side up and weight clamped with metal rings, and 100 nm
aluminum was deposed with argon plasma.

2.3. E-beam evaporation

For evaporation with an e-beam evaporator, a load-locked system
built by Kurt J. Lesker Company was used. It has a substrate tray located
49 cm above the crucible. For the initial test, filter membranes with 47
and 25 mm diameters and 30, 10, 1, and 0.4 pm pore sizes were attached
to three 150 mm silicon wafers using three or four small strips of Kapton
tape per membrane. The silicon wafers were attached to the substrate
tray, and the filter membranes were single-sided coated with 100 nm
aluminum or 100 nm platinum (Pt) at a rate of 3 Ass.

2.4. Membrane holder plates

In order to keep the filter membranes stretched flat during the
deposition process, two 8 mm thick aluminum plates were fabricated.
The top plate had openings slightly smaller than the membranes. A
nitrile rubber o-ring was placed in a recess around each hole to increase
friction and ensure uniform pressure when this aluminum plate was used
to clamp the membranes against the substrate plate. The openings were
fabricated for the back side plate without recess around the holes
(Fig. 1).

2.5. Test samples
Tap water from different locations in Sweden was filtrated in a

cascade filtration setup with 100, 30, 10, 1, and 0.4 pm membranes. The
10 and 1 pm membranes were coated with aluminum. For the 10 pm

membranes, volumes between 200 and 400 L were filtrated, and for the
1 pm filters, 0.5-3 L were filtrated.

Different anthropogenic particles, including black particles, paint
particles, fibers, and plastic particles collected from the environment
and some reference plastic particles, were transferred using tweezers to
a Pt-coated membrane and analyzed with LM, Raman spectroscopy, and
SEM.

Cryo-milled PS particles were transferred with a tweezer to a Pt-
coated membrane and imaged, and spectra were obtained with Raman
microscopy from the particles and the background. As a comparison, PS
particles were transferred with a tweezer to an uncoated PC membrane
and imaged and analyzed with Raman microscopy.

Pieces of beach litter was collected and filed into micro-sized parti-
cles, which were placed on a Pt-coated membrane and analyzed with
Raman microscopy and FTIR in transmission mode using a cooled
detector.

To include biological samples, a planktonic trawl (mesh size 90 pm)
from 25 m of depth was collected in the Gullmarn fjord, filtered on a Pt-
coated membrane, and imaged with SEM.

2.5.1. On-filter sample preparation treatments

Water samples (marine water and tap water) were treated directly
after filtration in their cascade filtration setup with 10 % filtrated (0.4
pm) hydrogen peroxide (H203). Sediment samples were treated with a
chemical treatment [24], then separated with Zinc Chloride (ZnCl,) and
filtrated through the membranes. Fish tissue was treated with enzymes
[25], then filtrated through membranes. However, the membranes were
also exposed directly to different commonly used solutions for organic
matter degradation including enzymes (Tris-Creon) [25], two chemical
treatments [24,26], and, HoO. Moreover, the membranes were exposed
to and an acid treatment (20 % of hydrofluoric acid (48-50 %) and 10 %
hydrochloric acid (37 %)) in room temperature during 3 h for dissolu-
tion of minerals.

Fig. 2. Membranes after A) Sputtering with aluminum B) Evaporation with aluminum and C) Evaporation with platinum on one side of the membrane.
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Fig. 3. A) Image of the 30 pm membrane where one part has been coated (left) and one remained uncoated (right) and B) Raman spectra of the coated part of
membrane (blue) and uncoated PC membrane (red). Spectra obtained using 10x objective, 10 accumulations with 0.5 s of integration time. Spectra are not base-

line corrected.

2.6. Imaging and spectroscopic analysis (LM, SEM, Raman, FTIR)

Light microscopy imaging was performed with a Zeiss Axio Imager
equipped with 5x, 10x, 20x and 50x objectives with possibility to image
both in DF and BF. Entire membranes (47 mm diameter) with z-stacking
can be imaged. SEM images were obtained on a Zeiss Gemini 300 and a
SEM Zeiss Sigma VP both equipped with a backscatter detector, sec-
ondary electron detector, in-lens SE detector and a Bruker energy
dispersive X-ray spectrometer (EDX). Raman microscopy analyses were
performed on a WiTec Alpha 300 R microscope equipped with a 532 nm
laser and 600 g/mm grating. Imaging can be performed in both BF and
DF with 5x, 10x, 20x, and 50x objectives. Laser power depending of the
size of analyzed particles and in general 10-50 accumulations for 0.5 s
were recorded. FTIR was performed on a Thermo Scientific Nicolet iN10
infrared microscope equipped with a cooled detector. Measurements
were performed in reflectance mode, 128 scans and a background ob-
taineld directly after the spectra with a wavenumber range of 4000-675
cm™ .

3. Results and discussion
3.1. Sputtering vs. evaporation

Aluminum with a thickness of 100 nm was metalized on the PC
membranes with sputtering. After the deposition of aluminum with
argon plasma, the membranes were severely deformed (Fig. 2A). It is
probably due to that the argon plasma radiation overheated the PC
membranes. The mechanical properties of the very thin membranes
make them virtually impossible to heat-sink. Therefore, no more

magnetron sputtering attempts were made.

With the e-beam evaporator, 100 nm of aluminum was applied to the
PC membranes’ shiny side, resulting in flat membranes with mirror-like
surfaces (Fig. 2B). On the other hand, evaporating 100 nm, Pt on the
shiny side of the PC membranes resulted in curled membranes towards
the coated face and instantly rolled up into cylinders when detached
from the silicon wafer (Fig. 2C). These cylinders are very difficult to
handle, loading them in the filter holders and after filtration for the
analysis process. This much different result can be explained by the
substantially higher temperature of the radiating platinum source and
platinum’s mechanical hardness. Both properties can induce higher
tensile stress in the membranes. In order to keep the filter membranes
stretched flat during the deposition process, we fabricated the filter
holding plates (Fig. 1), in order to be able to coat them on both sides.

Membranes coated on both sides with 100 nm Pt resulted in flat
filters when first coating the shiny side and then the backside is shown in
Fig. 1. However, when the rough side were first coated the membranes
rolled up and formed cylinders. It is possible that flat membranes could
also be obtained if the rough (back) side would be coated with a different
metal. However, this would require more process development in order
to find suitable metallic material and thickness. This particular metal
would also have to withstand the chemicals or enzymes used to reduce
organic matter.

3.1.1. Aluminum coating integrity

The aluminum coated filters had good optical properties in LM, no
interference from the background with Raman spectroscopy, and good
properties for SEM (charge dissipation and low atomic number). These
filters were used for filtrating tap water. Volumes between 200 and 400

10 pm EHT = 20,00V
WD= 17.0 mm

Signal A= VP BSD1
Photo No. = 590

P T
EHT=2000 &V
W= 11.0 mm

Date: 22 Jan 2019 00
Time: 10:55.51 —

| o
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Mag= 68X

Signal A= VP BSD
Mag= 762X

Date: 12 Jan 2021

Date: 12 Jan 2021 10pm EHT=2000kV
Time: 17:50:05

—
{ptoat wo=11.1mm

Fig. 4. Membranes imaged with SEM in VP mode, 20 kV and using the backscatter detector A) Al coated 1 pm membranes and B-C) Pt-coated membranes, with a
pore size of 10 pm, imaged with SEM using typical settings for automated analysis using SmartPI and SEM-EDX measurements [27], and different magnifications B)

68x and C) 762 X.
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Fig. 5. A-B) Raman microscopy images in DF and BF using a 5x objective of a paint particle and a PVC particle collected in the environment and C) Raman spectra of
PVC particle in A-B. D) DF image of a blue PP particle collected on a beach and filed into micro-sized, E) Raman spectra of particle D (red) with reference spectra for
blue color (top blue) and PP (lower blue). DF and BF image of F-G) red plastic particles, and H-I) black fiber.

L were filtered through 10 pm membranes with pressure up to 2 bars. For
1 pm membranes, between 0.5 and 3 L were filtered with a pressure of
up to 0.2 bar. In most cases, for the 10 pm membranes, the coating was
damaged. However, for the 1 pm, most membrane coatings were intact,
implying that the aluminum coating cannot handle high pressure and/or
filtering of large volumes. This was in contrast to the findings by Oss-
mann et al., 2017 that recommended aluminum coated filters, however
in that study only a small volume (250 mL) of sample was passed
through the filters. Aluminum deposited in the vacuum may not have a
protective oxide layer, and 100 nm aluminum could be significantly
oxidatively destroyed by passing large volumes of water and in contact
with water during several hours. Additionally, the integrity of the thin
aluminum coating would be susceptible to further damage as a results of
any post-filtration chemical treatments. The overall conclusions is
therefore that aluminum is not a recommended coating metal to explore
further.

3.1.2. Issues hydrophilic vs. hydrophobic membranes and PVP free

The hydrophilic non-PVP-free PC membranes showed an increased
fluorescence signal with Raman spectroscopy. The 30 pm membranes
are unfortunately not available as PVP-free. However, the fluorescent
signal disappeared after the coating with 100 nm Pt on both sides
(Fig. 3).

3.2. Platinum coating membranes

Membranes metalized with 100 nm platinum on both sides using e-
beam evaporation and membrane holder plates resulted in mirror-like
membranes (Figs. 1 and 4). The pore size of the filters was measured
with SEM before and after coating, and there was a slight increase in
pore size for 10, 1, and 0.4 pm, while for 30 pm, there was a small
decrease after the membranes were coated (Table 1). For identification
and characterization of anthropogenic particles with SEM imaging, a
clear contrast between particles and background is critical so either the

background should have a low atomic number or a high. Moreover, for
automated analysis the back scatter detector and EDX measurements are
necessary, which puts requirements on working distance and voltage
[27].

3.2.1. Treatments

Tap water and marine water have been filtrated in a cascade filtra-
tion setup and directly treated with 10-30 % H20,, without damaging
the membranes. To evaluate effects of concentration and/or exposure
time, one membrane was exposed to 10 % of HyO2 during 10 min, fol-
lowed by 20 % during 10 min and then 30 % during 10 min. The first
three treatments were successful without affecting the surface. Howev-
er, after 4 treatments small parts of coating came loose. Sediments have
been treated with chemicals [24,28] and then separated with ZnCl, and
filtrated through Pt-coated membranes without any surface effects. After
filtration the membranes were rinsed with deionized water (Milli-Q) and
dried. Fish tissue have been treated with enzymes [25] and after treat-
ment the solution were filtrated through membranes without any
interference or damages of the membranes. After filtration the mem-
branes were rinsed with Milli-Q water and dried. Membranes without
any particles were exposed to HyO», chemicals [26,28] and enzymes
[25] according to the protocol [25,26,28]. The Hy02 and chemical so-
lution developed by Strand et al., did not affect the membranes, how-
ever, the enzymatic treatment and the chemical treatment developed by
Enders et al., resulted in damaged surfaces. Tire and road wear particles
were treated with an acid treatment (20 % solution of concentrated
hydrofluoric acid (48-50 %) and 10 % solution of concentrated hydro-
chloric acid (37 %)) to remove minerals incrusted in the particles. The
particles were treated on the membranes in room temperature for 3 h
and after treatment the filters were rinsed with Milli-Q and the particles
and the membranes surface were analyzed with SEM where the mem-
branes still were intact without any artifacts in the coating.
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Fig. 6. Paint particle imaged with A) BF using Raman microscopy, 20x objective and focus stacking, B) DF using Raman microscopy, 20x objective and focus
stacking C) SEM using the Back Scatter detector in VP mode and 20 kV, and D) SEM-EDX mapping of zinc, copper, and platina.

20 pm EHT= 200KV Signal A = SE2 Date 6 Feb 2021 20 pm EHT =20.00 kv Signal A=NTSBSD  Date 4 Feb 2021 20 um EHT =20.00kV Signal A=VPSEG3  Date 4 Feb 2021
i WD= 83 mm Photo No. = 4336 Time :15:10.02 [l WD = 85 mm Photo No. = 4330 Time 14:33:00 i WD = 84mm Photo No. = 4332 Time :14:38:04
-

Fig. 7. SEM images of Dinoflagellates imaged with A) secondary electrons, B) backscatter detector, and C) secondary electrons in variable pressure.

Table 2
Vibration modes for PC, PVC, PS and PE.
PC PVC PS PE
cm? vibration mode em? vibration mode em’? vibration mode cm? vibration mode
879 0-C(0)-O stretching 361 C-Cl bending 614 ring deformation mode 720 CH; rock
1103 C-O-C stretching 636 C-Cl in C12C=CHCl stretching 795 C-H out of plane deformation 1376 CHj3 bending
1225 C-O-C stretching 695 C-Cl in H2C=CHCI symmetric stretching 1001 ring breathing mode 1474 CH;, bending
1595 phenyl ring vibration 1329 CH bending 1031 C-H in plane deformation 2846 C-H symmetric stratch in CHy
3067 C-H stretching 1429 CH; bending 1150-1200 C-C stretch 2914 C-H asymmetric stretch in CHy
2910 C-H stretching in -CH, structure 1450 CH, scissoring
1583 C=C stretch
1602 ring skeletal stretch
3000 C-H vibrations
3.2.2. Light and electronic microscopy properties When imaged with BF, all particles were visible; however, it was more
A sample containing black particles, paint particles, fibers, and challenging with particles close to the pore size to distinguish between
plastic particles from the environment and reference plastic particles particles and holes. In DF, all particles were visible; however, the black
were imaged in Raman microscopy with bright field (BF) and dark field particles were more difficult to see. There were no problems dis-
(DF) (Fig. 5 and Fig. S1), and in s SEM using different detection modes. tinguishing particles from holes. For automated image analysis in BF,

1A

440 448

CCD cts
432

424

500 1000 1500 2000 2500 3000
rel. 1/cm

Fig. 8. A) Raman spectra of a PS particle (blue), background spectra (red), and B) image of the particle with marks where spectra were obtained. Laser power 1.5
mW, 600 g/mm grating, 10x objective, 50 accumulations and 0.5 s integration time.
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Fig. 9. FTIR spectra obtained with reflectance mode, 128 scans with a background collected directly after the particle spectra of A) field beach micro-litter and B)

reference PE spectra.

there were no problems. At the same time, in DF, the dark particles had
to be identified separately from the lighter ones, i.e., the light particles
can be automatically identified, then the dark or the other way around.
The same sample were also analyzed with SEM and EDX with excellent
performance (Fig. 6).

Dinoflagellates were filtered on a Pt-coated membrane and imaged
with SEM in high vacuum and in variable pressure (Fig. 7). To be able to
image organic, insulator specimens in high vacuum without sputtering
with a conductive material such as gold or carbon, is a great advantage
in imaging size resolution. In the SE2 detector in high vacuum (Fig. 7A)
there is possibly a small charge buildup on some edges, on the diatoms
but very little, and the resolution was better than the variable pressure
secondary electron detector (Fig. 7B).

3.2.3. Spectroscopic properties

The Pt-coated membrane itself, as well as the PVC particle in Fig. 5A
and B (white), were analyzed with Raman spectroscopy (Fig. 5C). From
the particle, precise PVC spectra were obtained, with characteristics
peaks for PVC (Table 2), with no interference from the background, and
from the Pt coating, no disturbing signals were obtained. PS particles
were also analyzed with Raman microscopy, and precise spectra of PS
were obtained, with characteristic peaks for PS (Table 2), with no
interference from the background (Fig. 8). High hit rates were obtained
on Pt-coated and uncoated membranes for larger-sized particles, i.e.,
particles larger than the laser spot. However, when measuring particles
smaller than the laser spot, interference from the uncoated membranes
was clear, with 62 % PS match and 38 % PC match, while for Pt-coated
membranes, the hit rate was 93 % for PS (Fig. S2).

The North Sea beach micro-litter particle was analyzed with Raman
microscopy (Fig. 5D and E) and FTIR on the Pt-coated membranes
without any interference from the background or problems in identi-
fying the blue polypropylene particles (Fig. 5E) and polyethylene par-
ticles (Fig. 9).

4. Conclusions

PC coated membranes with 100 nm Pt on both sides resulted in flat
mirror like membranes. The membranes can handle large volumes of
fresh and marine waters, high pressure, and various treatment solutions
for water samples. They also have good optical properties and can be
used both in DF and BF, however, with BF, particles with a size close to
the pore-size of the membranes, automated identification is limited due
to the challenge to distinguish particles from holes. In DF, particles are
clearly visible and no interference from the holes in the membranes,

however, two thresholds had to be applied to automatically select par-
ticles to analyze, i.e., one for the dark/black particles and one for the
others. Since Pt has a high atomic number, the SEM properties are good,
where anthropogenic particles easily can be imaged with automated
analysis with SmartPI for example. For spectroscopic analysis with
Raman and FTIR spectroscopy there were no disturbing signal from the
background and no fluorescence.
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