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ABSTRACT: In this work, laser ablation (LA) was characterized as a method for sampling and introducing microplastic particles
(MPs) into an inductively coupled plasma (ICP) for subsequent '*C* monitoring using an ICP-mass spectrometer operated in single-
event mode. MPs of different types (PS, PMMA and PVC) and sizes (2-20 pm) were introduced intactly. The laser energy density
did not affect the particle sampling across a wide range (0.25-6.00 J cm2). Single-shot analysis separated clustered MPs (2-7 MPs
per cluster) during the LA and particle transport processes, allowing temporally resolved analysis of the individual constituting
MPs. Line scanning showed superior performance when using a small laser beam diameter combined with a high repetition rate.
The *C" signal intensity correlated linearly (R* >0.9945) with the absolute C mass in a 2-10 pm size range, while the use of He in
the collision-reaction cell (CRC) allowed extension of the linear range to 20 pm. The LA approach generated narrower *C* signal
distributions than the traditional solution-based approach (dry versus wet plasma conditions) and proved successful for the analysis
of a mixed suspension (containing 4 sizes of PS MPs in a 2 — 5 pm size range) and for sampling MPs from PVDF and glass micro-

fiber filters, with the latter offering a lower background.

The occurrence of microplastics (MPs, size range 1-5,000
pum) in various environmental compartments and foodstuff is a
matter of significant concern.! These MPs primarily originate
from plastic waste degradation? and the smaller of these parti-
cles (<10 pm) have often been overlooked in previous assess-
ments due to the lack of adequate analytical methodologies.>*

Various techniques are available for the detection, quantifi-
cation, and property analysis of MPs within a sample. These
encompass microscopic methods, such as transmission elec-
tron microscopy (TEM) and scanning electron microscopy
(SEM), light scattering techniques like dynamic light scatter-
ing (DLS) and multi-angle light scattering (MALS), as well as
nanoparticle tracking analysis (NTA), Fourier-transform infra-
red FT-IR microscopy, Raman microscopy, and pyrolysis-gas
chromatography/mass spectrometry (pyr-GC/MS).>¢ Each
subgroup of techniques offers specific insights, while present-
ing its own set of limitations, highlighting the gap between the
requirements and capabilities of current approaches when
characterizing MPs at environmentally relevant levels, particu-
larly within the 1 to 10 pm size range.””’

In 2020, single-particle inductively coupled plasma-mass
spectrometry (SP-ICP-MS) was demonstrated capable of de-
tecting and quantifying MPs down to 1 pm.!” This approach
provides information on the size distribution (spherical
equivalent diameter), mass concentration, and particle number
density and is based on monitoring the signal intensity for
BC*. Subsequent research confirmed the potential of SP-ICP-
MS in this context (monitoring either *C* or '2C"), although
also some limitations, including a high carbon background and
the need for sample preconcentration due to low MP concen-
trations in real samples, were realized.!'”'* Although filtration
is a common preconcentration method, resuspending the MPs
in solution for adequate sample introduction prior to SP-ICP-
MS analysis remains challenging.

The combination of laser ablation (LA) for sample introduc-
tion and SP-ICP-MS for spatially resolved analysis of metallic
nanoparticles in biomaterials was introduced by Metarapi et
al.’® and is based on low-energy LA scanning and monitoring
the transient signal using a fast-scanning ICP-MS unit.

In this work, a method for sampling individual MPs using
LA for their subsequent introduction into the ICP ion source
while monitoring the corresponding transient *C* signal with
an ICP-MS instrument operated in single-particle mode has
been developed and characterized. Successful release of intact
MPs — of different polymer types and within a size range of 2-
20 pm diameter — from glass and filter substrates has been
achieved using nanosecond laser pulses from a 193 nm excim-
er-based ArF* laser. This approach was also demonstrated
capable of directly sampling MP particles from a filter mem-
brane.

EXPERIMENTAL SECTION

Instrumentation

All measurements were carried out using an Iridia LA-unit
(Teledyne Photon Machines, USA) coupled to an Agilent
8900 tandem ICP-MS instrument (ICP-MS/MS, Agilent Tech-
nologies, Japan). The LA-unit was equipped with a nanosec-
ond 193 nm ArF* excimer-based laser (MLase, Germany) and
a Cobalt ablation chamber with “cup-type” cell.!® The low-
dispersion aerosol transport system ARIS was used to couple
the LA-unit to the ICP-MS/MS instrument.!” The ARIS con-
sists of 0.5 m long and 1 mm inner diameter PEEK tubing and
a mixing bulb for the co-axial addition of Ar make-up gas to
the He carrier gas flow, transporting the dry aerosol from the
ablation site into the ICP. In this work, the ICP-MS/MS in-
strument was exclusively operated in single quadrupole (SQ)
mode, whereby Q1 was used as an ion guide (no mass filter-
ing).!® For extending the linear dynamic range to larger MPs,
the 3C" signal intensity was suppressed by pressurizing the



octupole collision/reaction cell (CRC) with He (1-3 mL min).
The LA-ICP-MS/MS instrument settings and data acquisition
parameters used throughout the work are listed in Tables S1-
S9. The instrument settings were fine-tuned daily using NIST
SRM 612 glass reference material (National Institute of Stand-
ards and Technology, USA) to achieve high signal-to-noise
(S/N) ratios across the elemental mass range, low levels of
oxide formation (*¥U'0O+/*8U*" <0.5%) and low elemental
fractionation (*¥U*/*?Th* = 1). Additionally, specific attention
was also paid to achieving a high S/N ratio for *C".

Reagents and standards

The CRC was pressurized with pure He (99.9999%,
ALPHAGAZ™ 2, Air Liquide, Belgium). A Milli-Q Element
water purification system (Millipore, France) was used to pro-
duce ultra-pure water (resistivity > 18.2 MQ cm). Pro analysis
purity level 14 M HNO; (ChemLab, Belgium) was further
purified by sub-boiling distillation. A gelatin droplet standard
containing 100 pg g Al and Zn was prepared, following the
protocol described by Sala e al.'® and used for determining
the average peak profiles upon LA of a C-based material (SI).

MP suspensions in deionized water were supplied by
Lab261 (USA) and Bangs Laboratories (USA). Different types
of polymers, i.e. polystyrene (PS, mass density 1.05 g cm™),
polymethylmethacrylate (PMMA, mass density 1.19 g cm?),
and polyvinyl chloride (PVC, mass density 1.38 g cm?), in a
size range from 2 to 20 pm (Table 1), were studied. All MP
suspensions were appropriately diluted in Milli-Q water.

Table 1. Standard solutions of PS, PMMA and PVC MPs.

Polymer Particle diameter Particle concentration
(nm) (particles mL-")
2.07+0.15 2.10 x 1010
3.10+0.03 6.11x 108
3.97 £0.06 2.91x 108
PS 5.19+0.51 1.35x10°
6.05£0.10 8.21 x 107
8.12+£0.12 3.40 x 107
9.87+0.13 1.89 x 107
20.15 +1.67 2.22x 10°
2.96 £0.09 6.19 x 10%
5.25+0.25 1.11x 108
PMMA 6.20 +0.20 6.73 x 107
7.52+0.12 3.77 x 107
10.22 +0.30 1.50 x 107
20.80 +1.76 1.78 x 10°
2.62+0.18 7.70 x 108
PVC 3.69 +£0.29 2.75x 108
5.59+£0.51 7.92 x 107

Droplets of 10 uL were spotted on Superfrost™ microscope
slides after appropriate dilution to £10° particles/mL with ul-
tra-pure water. These droplets were dried inside a closed Petri
dish in a drying oven at 50 °C. No specific attention was paid
to achieving a homogenous distribution of the MPs. Similar
droplets were spotted on two different types of filters: polyvi-
nylidene fluoride (PVDF) membrane syringe filters (0.2 pm
pore size, Acrodisc, Pall Life Science, Belgium) and high-

purity quartz (SiO,) microfiber filters (0.3 um pore size,
Whatman QM-C pre-fired, UK) without any binder or organic
chemicals.

Data processing software and peak detection

HDIP v1.8.4 was used for processing the data exported from
the MassHunter software of the Agilent 8900 ICP-MS/MS
unit. These data were synchronized with the laser timings
listed in the log files generated by the LA operating software
(Chromium v3.1). After gas blank subtraction from the transi-
ent *C* signal, the build-in peak detection tool*® was used to
distinguish particle events, calculate peak areas and widths for
all these events, and construct average peak profiles. Particles
were detected with a n * SD detection threshold (with SD the
standard deviation of the transient '*C* signal and n = 5 —
12, depending on the experiment). For further data processing
and preparation of figures MATLAB was used.

RESULTS AND DISCUSSION

Comparison of 3C* peak profiles obtained upon detec-
tion of MPs via LA-SP-ICP-MS and SP-ICP-MS

In order to assess whether MPs can be released from a glass
microscope slide as intact entities using LA, experiments were
designed to compare single pulse response (SPR) profiles, i.e.
the transient signal monitored upon an individual laser pulse,
directed at different solid sample matrices, e.g., NIST SRM
612 glass, multi-element spiked gelatin droplets and ERM-
EC680m PE on the one hand, and individual MPs (3 and 6 pm
PS beads) deposited on a microscope slide on the other.
Figure 1A displays the average SPRs for different matrices
with the same LA-ICP-MS setup used throughout this work.
All matrices were ablated with a beam of 20 um diameter,
energy density of 3.5 J cm™, repetition rate of 1 Hz, scan speed
of 4 um s! and integration time of 3 ms. By normalizing the
signal intensities, the shape and duration of the SPRs can be
directly compared. The duration of the SPRs observed upon
ablation of NIST SRM 612 glass is in the range of 5 ms (*’Al",
defined as full peak width at 1% of the maximum peak height,
FWO0.01M) for this setup. For the C-based materials, element-
specific peak profiles are generated, as some elements, such as
Al, are mainly transported in particulate phase (FW0.01M
approx. 20 ms) while others are partially transported in the
gaseous phase as well (two-phase sample transport), giving
rise to double peaks with a total SPR duration of
approximately 100 ms, as illustrated for ®Zn* and *C* upon
ablation of gelatin and ERM-EC680m PE, respectively.

In SP-ICP-MS, the duration of signal peak profiles obtained
upon detection of individual metallic nanoparticles and MPs is
around 500 ps.?' To adequately register such short transient
peaks, the integration time was decreased to the instrumental
minimum of 100 ps (Table S1). Upon firing laser pulses at
individual MPs, originally present in a droplet spotted on a
glass microscope slide, it can be observed visually with the
LA-unit’s microscopic camera that the particles are catapulted
from the surface, which is likely the result of the shockwave
produced during the LA process. The particles are taken up in
and transported away with the He carrier gas via the ablation
cell and transport tubing towards the ICP to
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Figure 1. (A) Average SPRs (N = 100) obtained upon ablation of NIST SRM 612 glass (*’Al", blue), a multi-element gelatin droplet (?’Al*
and %Zn*, orange and green) and ERM-EC680m PE ('3C*, red). (B) Average peak profiles for 3C* obtained upon detection of individual
MPs (3 and 6 um PS) in LA-SP-ICP-MS (blue and green) and SP-ICP-MS (orange and red). (C) Transient *C* signal upon analysis of 4
um PS MPs (droplet spotted on a glass microscope slide) via line scanning LA-SP-ICP-MS, with accompanying brightfield LA-unit cam-

era image capturing a portion of the droplet (scale bar = 40 um).

subsequently undergo vaporization, atomization and
ionization, giving rise to much narrower *C* SPRs than if
these particles were vaporized or disintegrated during the LA
process. In Figure 1B, the average '*C* peak profiles obtained
for 3 and 6 pm PS MPs using LA-SP-ICP-MS are compared to
those obtained using SP-ICP-MS upon introducing a liquid
suspension of MPs. Both approaches reveal identical peak
profiles in terms of shape and duration, strongly suggesting
that these particles enter the ICP as intact MPs using LA for
sampling. Additionally in Figure 1C, an exemplary "“C*
transient signal monitored upon ablating multiple line scans on
a dried droplet containing 4 pm PS MPs is displayed.

Effect of laser energy density on particle integrity

To evaluate the effect of the laser energy density on poten-
tial particle disintegration, seven laser energy densities were
selected (0.10, 0.25, 0.50, 1.00, 2.00, 4.00 and 6.00 J cm™),
and for each, three line scans were ablated on a dried droplet
containing 5 pum PS MPs using a 10 pm diameter fired at a
repetition rate of 125 Hz. The number of particles detected in
case of the lowest laser energy density applied (0.10 J cm™?)
was only 13, but upon increasing the laser energy density, the
number of particles detected increased and further remained
relatively constant across a wide range, with 109, 113, 102,
106, 97 and 117 (107£8 particles detected), respectively. In
Figure 2, the average "*C* integrated signal intensities and
peak widths have been plotted as a function of the laser energy
density along with overall population averages and standard

3

deviations (4,850+913 counts and 0.47+0.04 ms). Both 3C*
integrated signal intensities and peak widths remain constant
with increasing laser energy density, indicating that the MPs
remain intact after LA sampling and are introduced into the
ICP as discrete entities.
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Figure 2. Average integrated '3C" signal intensities (£SD, left y-
axis, blue) and peak widths defined as FW0.01M (+SD, right y-
axis, grey) as a function of the laser energy density for 5 um di-



ameter PS MPs. In both cases, also population averages (dotted
lines) and corresponding uncertainties (+SD, dashed lines) are
displayed.

Single shot analysis of clustered MPs and line scanning
approach

An important aspect of SP-ICP-MS is to limit the number of
double events affecting measurement accuracy; ideally all
particles are detected individually and if the percentage of
double events is too high, the suspension can be diluted to
limit the number of particles introduced per unit of time.*> For
LA-SP-ICP-MS analysis, in addition to diluting the initial
suspension, there is the possibility to balance the laser beam
size, as well as the repetition rate, rendering it a flexible sam-
ple introduction system for discrete entities. In SP-ICP-MS, it
is also important to vortex and sonicate the suspension to
avoid particle agglomeration which would lead to a high de-
gree of double events. In LA-SP-ICP-MS, agglomerated or
clustered particles can also occur, and single shot analyses
were performed on clustered MPs to evaluate whether the
technique would be capable of separating these MPs in time
and space during ablation and transport towards the ICP. Fig-
ure 3 displays the results of single shot analyses performed on
clustered MPs (6 pm PS) deposited on a microscope slide.
Brightfield camera images show 2 to 7 clustered MPs before
analysis and what is left afterwards. It can be seen that MPs
located inside the target regions (blue circles) are set free from
the microscope slide, while other MPs remain on the slide.
The number of *C* peaks in the transient signal corresponds
to the original number of MPs in the clusters. This means that
even MPs that were initially agglomerated can be released
from the slide and end up in the central channel of the ICP at
different times, sometimes even with tens of ms difference in
arrival time. It is highly likely that upon laser pulse impact, the
particles are separated from one another due to the shockwave
and further separation occurs in the transport tubing between
the ablation cell and ICP.

® ® |2

To sample a higher number of MPs per unit of time and
scan larger areas, a line-by-line scanning approach is preferred
over spot (point-by-point) analysis. High lateral scan speeds
up to 5 mm s! can be achieved with state-of-art LA units. For
line scanning, it was observed that firing at higher repetition
rate combined with a smaller laser beam diameter is preferred
over a lower repetition rate combined with a larger beam di-
ameter. Highly agglomerated clusters of MPs can be released
at once using large laser beam diameters, leading to more
double events, while with a small laser beam diameter only a
few MPs of these highly agglomerated clusters are released
per shot. As an example, two identical areas (1,750x50 pm?)
on a microscope slide containing 4 pm PS MPs were analyzed
with two different combinations of LA settings (SI video 1).
One area was analyzed using 5 line scans with a 10 pm diame-
ter laser beam at 125 Hz repetition rate (1 shot per position
and lateral scan speed of 1.25 mm s™!), the other using 1 line
scan with a 50 pm diameter laser beam at 5 Hz (1 shot per
position and lateral scan speed of 0.25 mm s). The rate of
double events detected increased from 15% to 40% for the
large beam diameter and low repetition rate combination. The
total number of particles detected, taking into account the
double events, was highly comparable between both areas
(139 and 131).

Linearity between the '*C* signal and particle volume
for PS, PMMA and PVC MPs

One of the a priori concerns of MP analysis using (LA-)SP-
ICP-MS, is the potential lack of linearity between the inte-
grated 1*C” signal and the particle volume, which could occur
as a result of incomplete vaporization, atomization and ioniza-
tion of larger sized MPs in the ICP ion source, as has already
been observed in the context of SP-ICP-MS analysis of
AuNPs.? Therefore, a wide range of MP sizes was considered.
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Figure 3. Brightfield camera images of 2 to 7 clustered MPs (6 um PS) before single shot analysis and of what is left after analysis with
resulting '*C" transient signal peaks monitored using an integration time of 100 ps.

With the CRC operated in vented mode (no gas), small are-
as of dried droplets, containing 2-10 um PS MPs and deposit-
ed on a microscope slide, were ablated line-by-line and the
average '3C" signal intensity was plotted as a function of the
particle volume, which yielded a highly linear correlation (R?
=0.9990) — see Figure 4. Under the same experimental condi-
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tions, also for 3-10 pm PMMA MPs and 3-6 um PVC MPs, a
highly linear response was obtained (R? = 0.9945 and 1.0000
for PMMA and PVC, respectively). The slopes of all 3 linear
regression lines were derived (27.40, 19.46 and 13.68 counts
pm™ for PS, PMMA and PVC, respectively) and used to verify
whether the C” signal intensities monitored were affected by



polymer type. Ideally, the *C* signal is proportional to the
absolute mass of C in the MPs and is independent of the pol-
ymer type. The C content in PS, PMMA and PVC is 92.3, 60.0
and 38.7%, respectively, and thus theoretically, taking into
account the mass densities, a PS MP of a specific size should
yield a 1.4-fold higher *C* signal than a PMMA MP of the
same size and a 1.8-fold higher *C* signal than a PVC MP of
the same size. The values derived by dividing the slope of the
PS linear regression line by that of PMMA and PVC, yield
ratios of 1.4 and 2.0, in good agreement with the theoretical
values (1.4 and 1.8). Size detection limits of 0.9, 1.0 and 1.2
pm were achieved for PS, PMMA and PVC, respectively, and
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Figure 4. Average '3C* signal intensity as a function of particle
volume for PS, PMMA and PVC) MPs originally present in a
droplet spotted on a microscope slide and analyzed via LA-SP-
ICP-MS (N =400-500 particles).

These results demonstrate that even MPs of 10 pm diameter
are handled adequately by the ICP under these conditions.
However, as can be seen in Figure SA, analysis of even larger
particles, 20 um diameter PS and PMMA MPs, did not yield a
linear response anymore in pulse-counting mode, most likely
due to overlapping ions arriving at the detector within the dead
time of the electron multiplier. Therefore, the sensitivity was
decreased by pressurizing the CRC with 3.0 mL min! He as
collision gas, while also the effect of the Ar make-up gas flow
rate on the 3C" signal intensities was evaluated for 10 and 20
pm MPs, as it has a significant influence on the residence time
of the MPs in the ICP. On the left y-axis of Figure 5B, the
average integrated '*C* signals for 10 and 20 um PS MPs are
displayed versus the Ar make-up gas flow rate and on the right
y-axis, the ratios of the '*C* integrated signals for 20 um and
10 um MPs are plotted. Also, the theoretical ratio of
8.51+0.71, calculated based on the corresponding particle vol-
umes, is indicated. One can observe that the experimental ratio
varies largely (1.5-19) and that at 0.90 L min™', the *C* signal
reaches its maximum for 20 pm MPs and the experimental and
theoretical ratios are in good agreement. At higher gas flow
rates, the experimental ratio is lower than the theoretical one
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as a result of insufficient residence time in the ICP for com-
plete particle vaporization, atomization and ionization for 20
um MPs, as signaled by the significant drop in *C” signal. At
lower gas flow rates, the experimental ratio exceeds the theo-
retical ratio which could be explained by 20 pm MPs having
sufficient residence time in the ICP for complete particle va-
porization but with the zone of maximum '*C* ion density for
the 10 um MPs located too much upstream in the ICP (too
close to the rf coil), such that it is not efficiently sampled by
the sampling cone.?*

Comparison of the 3C" signal distributions for wet ver-
sus dry plasma conditions (SP-ICP-MS versus LA-SP-
ICP-MS) and analysis of mixed MPs

Earlier, it was demonstrated that the average SPRs for PS
MPs analyzed via SP-ICP-MS and LA-SP-ICP-MS were iden-
tical, while the plasma conditions are very different (wet ver-
sus dry plasma conditions). When comparing the *C* signal
distributions for MPs (3, 4 and 6 pm PS) in wet (Figures 6A-
C) and dry plasma conditions (Figures 6D-F) for the same
number of detected events, the signal distributions for SP-ICP-
MS appear broader compared to LA-SP-ICP-MS and this
could be attributed to the hypothesis that under dry plasma
conditions, the ICP is more powerful and can vaporize, atom-
ize and ionize large particles more easily, which translates into
narrower signal distributions. This results in varying sizes
being more easily distinguishable. Therefore, the methodology
was evaluated in a more complex situation, i.e., the analysis of
a mixed suspension containing 2, 3, 4 and 5 pm diameter PS
MPs (lower size range) spotted onto a microscope slide. A
total of 12 lines were ablated over a time span of 4 min and the
transient '*C” signal monitored during 40 s was plotted in Fig-
ure 6G. A logarithmic scale was selected for the y-axis for
better visualization of the peak maxima. After background
subtraction and peak detection (N = 2,032 peaks), integrated
3C* signal intensities were obtained, histograms constructed,
and normal distributions fitted to the data (Figure 6H). Four
distinct normal distributions (un = 72, 306, 673 and 1,551
counts, and SD = 38, 60, 118 and 283 counts, respectively) are
observed with some overlap between them. In the figure inset,
the means of the distributions with corresponding SDs were
plotted as a function of the particle volume and a very good
linear correlation was achieved (R? = 1.0000). It should be
noted that the width of the distribution of the 5 pum PS MPs is
slightly broader because of the larger spread in size, e.g.,
5.19£0.51 pm (5 pm PS, RSD = 17%) versus 3.97+0.06 pm (4
um, RSD = 3%).

Sampling MPs on carbon-based and carbon-free filter
substrates

All previous experiments were performed on dried suspen-
sions of MPs droplet-spotted onto soda-lime-silica glass mi-
croscope slides. To verify whether the MPs could also be re-
leased from filter materials, which are regularly used to extract
MPs from environmental matrices, e.g., surface water, two
different filter types, a C-based PVDF filter and a C-free GMF
filter, were used as substrates for deposition of a suspension
containing 6 um PS MPs. Multiple line scans were ablated on
both substrates using a 10 um laser beam diameter, repetition
rate of 25 Hz and laser energy density of 2 J cm™. In Figure
7A, the transient *C* signal monitored is displayed, demon-
strating a consistent release and detection of MPs from the
GMF filter without elevated *C* background.
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tion between integrated '3C* signal intensity and MP particle volume.

From Figure 7B, it is clear that the PVDF filter substrate is
partially co-ablated, resulting in transient 3C* peaks. Although
the 1*C* peaks resulting from the PVDF are of a longer dura-
tion than the '3C* peaks arising from individual MPs, particle
detection and detection power are compromised due to the
elevated background signal. Figure 7B shows the superposi-
tion of narrow '*C" signal spikes on top of a wider *C" peak.

Even at lower laser energy densities, down to 0.50 J cm?, sig-
nificant substrate co-ablation was observed. The transient na-
ture of the '*C” signal originating from co-ablation of the sub-
strate could be minimized by using an LA-setup characterized
by a higher dispersion, for example by incorporating mixing
bulbs and/or using aerosol transport tubing with wider inner
diameter, to mix the aerosol and smooth the signal, but
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Figure 7. (A) Transient '*C* signal upon ablation of 9 line scans on a dried droplet deposited on a GMF filter containing 6 um PS MPs.
(B) Comparison of transient '3C* signals for analysis of 6 um PS MPs deposited on a GMF (blue) and PVDF (black) filter with figure inset
displaying the '3C" signal contribution originating from co-ablation of the C-based PVDF filter. (C) Resulting average peak profile and (D)
binned histogram representing the '3C* signal distribution of 6 um PS MPs (N = 734).

this in turn can lead to particle losses and thus, decreased
particle transport efficiency. Figures 7C and 7D display the
average peak profiles for 6 um PS MPs and the frequency
distribution as binned histogram and fitted normal distribution.
The average peak width (FWO0.01M) is 0.5 ms, and this
demonstrates that the MPs are also released as intact entities
from the GMF filter substrate.

CONCLUSIONS

The potential of LA as a non-destructive sampling method
allowing for the introduction of individual intact MPs into the
ICP ion source for SP- ICP-MS analysis has been demonstrat-
ed. This allowed their detection and quantification in a wide
size range (2-20 um) with a highly linear correlation between
the integrated '3C* signal intensity and the absolute mass of C,
independently of the MP type (PS, PMMA and PVC). The
BC* signal distributions were narrower for LA-SP-ICP-MS
compared to solution-based SP-ICP-MS (dry versus wet plas-
ma conditions), allowing MPs of different sizes to be more
easily distinguishable. The approach proved effective in ana-
lyzing suspensions containing MPs of various sizes (2-5 pum)
and MP suspensions deposited onto different substrates. C-free
filter material was proven superior as a result of co-ablation of
C-containing filter material. Overall, the LA approach devel-
oped is promising as it can offer a solution for characterizing
MPs in real samples, even at low concentrations.
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