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Single particle inductively coupled plasma mass spectrometry (spICPMS) is increasingly employed for
quantification of microplastics (MPs). However, routine analysis of polymer MPs remains constrained by
the poor transport efficiency (TE) of conventional pneumatic nebulization systems and by limited
sensitivity for carbon-based detection. In this study, an infrared (IR)-heated modified baffled cyclonic
spray chamber was used for spICPMS, and an electrostatic Ba®* labelling strategy was introduced to
enable sensitive, particle-by-particle characterization of functionalized polymer MPs. For 4.5 pm
sulfonated polystyrene/divinylbenzene ion-exchange MPs, IR heating (135-150 °C) increased the number
of detected events approximately 20-fold relative to a Scott double-pass chamber, yielding a TE of 60 +
7%. For 10 um MPs, 11% TE resulted under optimized conditions, extending the practical upper size
range. For unlabelled MPs monitored via *C*, the IR-heated system increased event counts by greater
than 20-fold (from 170 + 40 to 4300 + 600 for 4.5 um MPs; from 7.0 + 4 to 350 + 50 for 10 pm MPs).
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Introduction

Microplastics (MPs) are now detected across marine, fresh-
water, and terrestrial ecosystems, and are increasingly recog-
nized in the context of human exposure." Their significance
extends beyond particle abundance and polymer identity, as
plastics may contain metal-based tags, and metalloids may be
absorbed from surrounding media.>* As these components can
modulate weathering behavior, environmental transport, and
toxicological outcomes, MPs analysis requires tools that quan-
tify both MPs and their elemental signatures. In fact, the study
of MPs has expanded to include viruses to evaluate their
combined effects on environmental and human health.*

MPs are recognized as pervasive particulate contaminants in
aquatic and terrestrial environments.>® However, meaningful
exposure and risk assessments remain constrained by the difficulty
of measuring particle number concentration (PNC) and size
distributions at environmentally relevant levels, especially in
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characterization method using functional-group-associated heteroatom content at the single-particle

complex matrices. For plastic specifically, inductively coupled
plasma mass spectrometry (ICPMS) approaches typically require
either microwave digestion or an intentional metal tag to enable
quantification of the polymer through its elemental composition.*”
Single particle ICPMS (spICPMS) has become an important
technique for high-throughput characterization of metal-
containing particles. The approach detects individual transient
ion signals generated when individual particles are atomized and
ionized in the plasma, enabling estimation of particle mass and size
if density, shape, and composition are known, alongside dissolved
analyte concentration.® Compared with ensemble methods,
SpICPMS provides particle-by-particle information and can rapidly
generate particle mass/size distributions, making it useful for
screening particles in products and environmental extracts.’
Several studies have described the detection of micrometer-
sized particles by monitoring C isotopes, despite the low degree
of ionization of C in the ICP and the variety of potential non-
particulate carbon sources.*'*** Figures of merit have been
improved by using ICP tandem mass spectrometry.” However,
the low sensitivity and the elevated background signal remain
critical limitations of this approach.'**> Recently, ICP time-of-
flight (TOF) MS was used for the quasi-simultaneous detec-
tion of ">C* and doped rare earth elements in MP beads.*

J. Anal. At. Spectrom.
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At the same time, the heteroatom content of various polymer
particle types can be exploited for detection using spICPMS,
providing chemical information that aids particle identifica-
tion. Such a heteroatom-based approach was employed for
monitoring polytetrafluoroethylene (PTFE) particles through
detection of the **Ba’®F" polyatomic ion formed upon addition
of barium nitrate to the carrier solution.”

When plastics are metal-tagged, the same spICPMS principle
can be extended to nanoplastics or MP fragments by treating the
metal label as the measurable “reporter,” enabling quantifica-
tion of particle number and size distribution through the tracer
mass.” A complementary approach to the direct determination
of C or covalently attached heteroatoms is the labelling of
particles with abundant isotopes that are not susceptible to
common ICPMS interferences, which increases sensitivity.
Tagging carboxylated nanoplastics with positively charged gold
nanoparticles (NPs) was found to be the most effective
approach, while direct Ag" metal labelling was insufficient for
sensitive detection."*® Additionally, an optimized tagging
approach with NPs was developed to label common plastic types
and detect them in the presence of matrix NPs.**

Despite these advances, conventional spICPMS calibrated
with dissolved standards requires independent measurements of
sample uptake rate and sample transport efficiency (TE) to
convert signal intensity into particle mass, which adds labor and
introduces error sources.”*** In addition, standard pneumatic
nebulization is inherently inefficient, with TE below 1% for MPs
and cells using a sample introduction system consisting of
a pneumatic nebulizer fitted into a Scott double-pass spray
chamber.” As a result, only a small fraction of particles reaches
the plasma, which increases sample consumption and reduces
the number of detectable particle events. These limitations are
especially problematic where sample volume may be limited,
target MPs may be rare, and matrices can elevate background
signals.** Although using a linear pass spray chamber designed
for the analysis of cells improved TE, a degradation of TE resulted
when the size of the cell increased from 2-3 um to 6 pm.>>’

The upper size limit in spICPMS is also limited by the sample
introduction system. Aerosol droplets produced by pneumatic
nebulization, following passage through the spray chamber, are
generally less than 8 um in diameter, and the sample transport
rate must remain sufficiently low to avoid plasma extinction.?®
Falling-tube devices and vertically downward-pointing ICP-
TOFMS configurations have been employed to extend the
upper size limit to approximately 20 pm."

One infrared (IR) heated sample introduction system provides
total consumption for NPs.?>** As heating the aerosol reduces the
droplet size and noise originating from the desolvation and
vaporization of droplets in the ICP,*"* it may allow larger MPs to
reach the plasma. The aim of this proof-of-concept study was to
expand the set of methodologies for the analysis of MPs by
assessing the performance of an IR-heated sample introduction
system and an electrostatic metal labelling procedure.***** No IR-
heated sample introduction system has previously been used for
the measurement of MPs. Also for the first time, size character-
ization of functionalized MPs was based on electrostatic metal ion
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labelling of functional groups, with the aim to increase
sensitivity.**

Optimization of the IR-heating temperature and the sample
uptake rate was performed using Ba-labelled sulfonated poly-
styrene (PS)/divinylbenzene (DVB) MPs to obtain a stable, high-
contrast MP signal for TE evaluation. The use of an alkaline
earth metal cation for labelling should significantly improve
binding selectivity and therefore reduce the background.
Furthermore, the resulting stoichiometric labelling allows count-
ing of the functional groups based on the Ba atoms. The opti-
mized IR-heated sample introduction system was then applied to
size characterization of unlabelled MPs detected via *C and
labelled MPs detected via ***Ba and S content. A protocol for
introducing these highly hydrophobic materials is also presented.

Experimental

Instruments

A Varian 820MS ICPMS instrument (Mulgrave, Australia) or
a NexION 2000 ICPMS instrument (PerkinElmer, Waltham, MA,
USA) equipped with Syngistix nanosoftware was employed
without any collision or reaction gas to maximize sensitivity. For
optimization, solutions and suspensions of MPs were intro-
duced at 25 to 300 uL min~' using a standalone peristatic
pump. The sample uptake rate was determined daily and ob-
tained from 5 min aspiration of water in triplicates.

The sample introduction system consisted of a 25 mL
modified baffled cyclonic spray chamber featuring a 2 mm gap
between the top of the modified baffle and the upper surface of
the spray chamber, a shortened neck, an L-shaped elbow
connection (JRV Scientific Glass, Montreal, QC, Canada),>**"
and an SC175 single-cell nebulizer (Burgener Research Inc.,
Mississauga, ON, Canada) designed for low-flow operation and
introduction of larger particles. A ceramic rod IR heater (Elstein-
Werk, Northeim, Germany) inserted into the modified baffle,
and a ceramic beaded rope IR heater (Normangee, TX, USA)
wrapped around the elbow connection and the base of the torch
heated the system. Two thermocouples positioned next to the
pen heater and underneath the rope heater were connected to
separate DigiTrol II temperature controllers (GLAS-COL Appa-
ratus Company, Terre Haute, IN, USA). The entire assembly was
insulated with glass-fiber heat resistant tape and aluminum foil
to minimize heat loss and maintain thermal stability.

For comparison, both ICPMS instruments were also oper-
ated with the SC175 single-cell nebulizer inserted in their
standard spray chamber: a Scott double-pass spray chamber
(SCP Science, Baie d’Urfé, QC, Canada) in a Peltier cooling
system on the Varian 820MS and a baffled cyclonic C3 high-
sensitivity glass cyclonic spray chamber with a matrix gas port
(PerkinElmer) on the NexION 2000B. The operating conditions
used with the standard and IR-heated sample introduction
systems on the two instruments are summarized in Table 1.

Chemicals

External calibration solutions for C determination were freshly
prepared from tartaric acid in glassware to minimize C

This journal is © The Royal Society of Chemistry 2026
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Table 1 ICPMS operating conditions
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Varian 820MS

NexION 2000B

Spray chamber Scott double pass

Ar plasma gas flow rate (L min ) 18 18

Ar auxiliary gas flow rate (L min™") 1.8 1.8

RF power (kW) 1.3 1.3

Ar nebulizer gas flow rate (L min™") 0.98 0.98
Dwell time (jus) 10 000 10 000
Operating temperature (°C) 3 150 °C
Sample uptake rate (uL min ") 333 75

Monitored signal 1BC* or **Ba”*

contamination.'® Ba standard solutions (0.1-100 ng L") were
prepared in 2% v/v HNO; from 10 000 mg L~" Ba solutions (SCP
Science), sub-boiled HNOj; (ACS grade; Fisher Scientific, Ottawa,
ON, Canada) purified in a sub-boiling distillation system
(Savillex, Minnetonka, MN, USA) and doubly deionized water
(DDW) (18.2 MQ cm) (Arium Pro UV/DI System, Sartorius Ste-
dim Biotech, Goettingen, Germany). The performance of the
standard sample introduction system on the Varian 820MS and
NexION 2000B was optimized using a 5 ug L™ multielement
tuning solution.

Labelling of MPs

PS/DVB MPs were prepared and characterized as described
previously (Table S1).**** Two resins were selected as model
materials. Particles of type A offer a high degree of sulfonation
and narrow homogeneous size distribution, with an average
diameter of 4.45 um. Type B particles have a lower degree of
sulfonation and a broad and heterogeneous size distribution
around an average of 10.0 pm.

Briefly, a suspension of 5 mg dried polymer MPs, 0.5 mL
ethanol, 0.5 mL water and 0.1 mL saturated Ba(NO;) labelling
solution was homogenized and incubated overnight at 21 °C.
The MPs were extracted seven times with 20/80% (v/v) (ethanol/
water) and then with water to remove unbound metal ions. The
labelled MPs were dried overnight at 60 °C and were weighed to
determine the mass concentration of the respective slurry. A
stock suspension of 5000 mg L™" was prepared in 1 mM Triton
X-100, which was stored at room temperature and was stable for
over 6 months.* Prior to analysis, the stock suspension was
sonicated and diluted to 10 mg L™ with 1 mM Triton X-100 (or
DDW for unlabelled MPs). Diluted slurries of MPs were soni-
cated for 30 min before analysis and then sonicated for 10 min
at 30 min intervals throughout the analysis to minimize
aggregation.

Transport efficiency and particle number concentration

Under the conditions in Table 1, the ratio of detected MP events
over the total number of MPs delivered to the sample intro-
duction system during the measurement period corresponded
to TE. The particle frequency method was selected over the
particle mass approach®* because type A and type B MPs are not
certified in mass whereas their PNC could be measured to
determine the total number of MPs delivered to the nebulizer

This journal is © The Royal Society of Chemistry 2026

IR-heated modified cyclonic

Baffled cyclonic IR-heated modified cyclonic

15 15
1.2 1.2
1.6 1.6
1.0 1.0
50 50
20 150
75 75

during the measurement period. The PNC of MPs suspension
was determined using a Neumann counting chamber (Mar-
ienfeld, Lauda, Germany) with two replicate fillings per sample
combined with optical microscopy. Twenty images at 10x
magnification were taken per replicate using a Axiotech 100HD
microscope (Zeiss, Jena, Germany) equipped with a Canon EOS
1200D (Canon, Tokio, Japan) camera. Images were processed
using the Image]2 software with Fiji package to determine PNCs
(included in Table S1).

Optimization

A multivariate optimization of the sample uptake rate in the 25-
75 uL min ' range and IR-heating temperature in the 20-250 °C
range was performed using a 1 mg L™ suspension of 4.5 pm
labelled MPs. A central composite design was generated with
Minitab 18 (State College, Pennsylvania, USA) statistical soft-
ware (Table S2). The optimization was performed on the Varian
820MS whereas evaluation of the performance of the optimized
IR-heated sample introduction system was carried out on the
NexION 2000B.

Data processing

The data collected in time-resolved mode were exported and
processed using Excel (Microsoft, Redmond, WA, USA). The
same statistical model was applied for particle identification
whether unlabelled MPs were monitored using *C* or labelled
MPs were monitored using “*®*Ba”. A threshold of three times
the standard deviation of the average signal was used to
discriminate between MP events and the background. The
procedure was iterated to account for all MP events indepen-
dently of the number of detected events. External calibration
with standard solutions of C (tartaric acid) and Ba was used to
convert MP signal into MP mass for unlabelled and Ba-labelled
MPs respectively. Solution concentration was converted into
mass flux by multiplying it by the dwell time, sample uptake rate
and TE. The IR-heated sample introduction system provided
100% TE for standard solutions.*® For the conventional sample
introduction system, the solution TE was measured using
a certified Au NPs suspension. The acquired data were further
processed using Excel 365 (Microsoft) and GraphPad Prism 9
(GraphPad Software 225, Boston, MA, USA). Varian 820MS data
were corrected for the average quadrupole settling time of 41 ms
per dwell time period when monitoring a single m/z ratio, as

J. Anal. At. Spectrom.


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ja00095a

Open Access Article. Published on 06 May 2026. Downloaded on 5/27/2026 3:29:44 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

JAAS

Normalized

number of

peak
1000
2000
3000
4000
5000

70

1000

I 2000

I 3000
60 | mm 4000

50

40

Sample uptake rate (uL/min)

30

50 100 150
IR Temperature (°C)

200

250

View Article Online

Paper

—
Normalized
70 background
Ba signal
[ < 300
Il 300 - 400
[ 400 - 500
60 500 - 600
| 600 - 700
W 700 - 800
[} > 800

50

Sample uptake rate (uL/min)

30

50 100

150
IR Temperature (°C)

200 250

Fig. 1 Contour plot of normalized particle number for Ba%*-labelled resin of type A (1 mg LY versus sample uptake rate and IR-heating
temperature (left). Contour plot of blank-subtracted MPs signal for Ba®*-labelled resin of type A versus sample uptake rate and IR-heating

temperature (right).

described previously.*® Also, TE was corrected by multiplying it
by the fraction of total acquisition time during which data were
actually collected.?”**

Results and discussion

Effect of temperature and sample uptake rate on TE

Using 4.5 pm Ba-labelled sulfonated PS/DVB MPs of type A to
provide a stable, high-contrast MP signal for TE evaluation, IR-
heating temperature and sample uptake rate were optimized
while monitoring the number of detected peaks, which reflects
TE, and the background signal level, which influences the
theoretical method detection limit (Fig. 1). The maximum
number of detected peaks was observed in the temperature
range of 135-220 °C, and this maximum was not very dependent
on sample uptake rate, as confirmed by the Pareto chart
(Fig. S2). However, as temperature increased and sample uptake
rate decreased, background signal intensity increased, indi-
cating that some Ba-labelled MPs lost their Ba*>* tags into the
surrounding solution. Thus, an upper temperature threshold

may exist for introduction of electrostatically tagged MPs,
beyond which tag stability becomes compromised.

An IR-heating temperature of 150 °C at 75 uL min~" sample
uptake rate (Table 1) provided the best compromise in terms of
maximizing MPs number while also minimizing background Ba
signal. Compared to 508 + 57 MPs detected using a Scott
double-pass spray chamber at 3 °C and 333 pL min’, the
number of detected MPs increased 10-fold with the IR-heated
system for the same suspension despite the sample uptake
rate being only 75 uL min~'. The higher sample uptake rate
with the Scott double-pass spray chamber was required to detect
enough MP events. Based on the calculated PNC, this corre-
sponds to a TE of 60 & 7% with the IR-heated system. Although
this represents a substantial improvement, further optimiza-
tion will be required to achieve total consumption.

Size characterization of unlabelled MPs

The performance of the optimized IR-heated sample introduc-
tion system was also evaluated for unlabelled MPs on a NexION
2000B instrument, which has negligible settling time (in
contrast to the Varian 820MS instrument that takes on average

Table 2 Characterization of type A (4.5 um) and type B (10 um) MPs using two sample introduction systems on the NexION 2000

Standard cyclonic
spray chamber

IR-heated sample
introduction system

Average ">C* peak intensity of type A MPs (counts)
Average size of type A MPs (um)

Average *C* peak intensity of type B MPs (counts)
Average size of type B MPs (um)

Average % TE of type A MPs (n = 3)

Average % TE of type B MPs (n = 3)

Method detection limit (pm)*

12.3 £3.2 10.2 £ 2.1
5.6 +1.7 48+ 1.4
67.8 £ 6.0 98.4 £5.3
7.6 £1.0 9.2 +2.1
2.13 £ 0.50 53.8 £ 7.5
0.23 £+ 0.13 11.7 = 1.6
1.8 1.7

“ Calculated based on **C background signal left after removing the MPs signal and assuming spherical geometry.
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Fig.2 Peak area distribution of the 4.5 um type A MPs obtained using
the optimized IR-heated sample introduction system.

41 ms per dwell time period to send data to the computer,
during which no data acquisition can occur). Type A (4.5 pm)
and type B (10 um) MPs were analyzed while monitoring “*C"
(Table 2). For the 4.5 pm MPs, the number of detected peaks
increased from 188 to 4083 when introducing suspensions of
equivalent PNC, representing more than 20-fold improvement
(Fig. S3 and 2) versus that achieved with a standard baffled
cyclonic spray chamber at the same sample uptake rate of 75
uL min~'. This improvement was reflected in TE, which
increased from less than 2.1% with the standard system to
approximately 55% with IR-heated sample introduction. This
TE agrees with the 60 + 7% obtained when the same IR-heated
system was used on the Varian 820MS instrument, indicating
that it provides consistent results across ICPMS instruments.
Analysis of 10 pm MPs proved particularly challenging for
the standard pneumatic sample introduction system. Being
designed to filter out droplets larger than approximately 8 um,
when 3000 MPs were introduced, only 7 MP events were
detected. Furthermore, the MP sizes calculated from the **C

30

Number of particles = 396
Avraged size =9.2 £ 2.1ym

20

Frequency

0 50 100 150 200
Peak area(counts)

Fig. 3 Peak area distribution of the 10 um type B MPs obtained using
the optimized IR-heated sample introduction system.
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calibration were significantly smaller than the known size,
indicating that only a subpopulation of smaller MPs was
successfully transported to the plasma, resulting in an unrep-
resentative size distribution (Fig. S4).

In contrast, the IR-heated sample introduction system
enabled detection of more MP events, yielding a size distribu-
tion in agreement with the known size (Fig. 3). This is a result of
pre-evaporation of droplets by IR heating, which allows more
MPs to reach the plasma, and of the modified spray chamber
design, where the baffle gap at the top of the chamber rather
than at the base allows larger droplets to flow out of the spray
chamber. Hence, the IR-heated sample introduction system
improves the TE and enables the measurement of larger MPs
while retaining the beneficial features of a cyclonic spray
chamber design, such as reduced memory effects, without
jeopardizing the detection limit (Table 2).

Size characterization of Ba-labelled microplastics

The PS/DVB ion-exchange MPs employed in this study possess
sulfonic acid functional groups as cation-exchange sites (Table
S1), which each contain one S atom; consequently, the bulk S
mass fraction is directly proportional to the unit mass of each
polymer MP. Upon incubation with Ba(NO;),, Ba®>" ions bind
electrostatically to the negatively charged sulfonate sites via
cation exchange, resulting in a fixed Ba/S stoichiometry. Ba was
selected as the labelling element because it exhibits a high
signal-to-noise ratio. The quantity of specifically bound Ba>" is
governed by the number of available sulfonate sites. Given that
the number of sulfonate sites is proportional to S content, the
mass of Ba per MP is thus proportional to the mass of S per MP.
This relationship enables estimation of MP mass from the
measured Ba signal, assuming a constant degree of sulfonation,
which may mostly be only valid for the single batch of MPs used
in this work.

When two MPs populations differing in size and sulfonate
content were introduced into spICPMS, the duration of the ion
cloud was comparable regardless of MP size (Fig. 4). However, for
the model MPs, smaller MPs (type A) exhibited a higher Ba signal
intensity because of their greater S mass percentage. These

particles were reported to be fully porous and the
10000
4.5 ym Ba
8000- labeled MP
10um Ba
labeled MP

Ba signal intensity (counts)

0.5 1.0 1.5
time (ms)

Fig. 4 1®Ba signal obtained at 50 ps dwell time for Ba-labelled indi-
vidual MPs of type A (4.5 um) and type B (10 um).
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Table 3 Size (um) of MPs obtained by different methods

IR-heated sample introduction

system
MP type SEM** Bc 13%Ba
A 45402 48+1.4 42+2.4
B 10.0 £ 1.4 9.2 +2.1 10.3 £ 3.6

Table 4 Size (um) detection limit for MPs having different S contents
using standard and IR-heated sample introduction systems

Standard

cyclonic

spray IR-heated

chamber system
Material %mm"s Pc PBa PCc  P¥Ba
4 um type A MPs 7.212 1.8 1.3 1.7 0.7
10 um type BMPs  0.31 + 0.03 1.8 3.8 1.7 1.5

functionalization for the 4.5 um particles was shown to be
homogeneous throughout global particles surface and bulk.** As
a linear relationship was previously reported between the Ba
content by spICPMS and the bulk S percentage for different
labelled MPs,** the S mass was calculated from the measured Ba
mass per particle and the known stoichiometry of Ba** binding to
sulfonate groups (the S/Ba atom ratio being 2.1 + 0.2, obtained by
dividing the S/Ba mass ratio by the S/Ba atomic mass ratio). Using
the known S mass percentage, the total MP mass was then
calculated and converted to MP diameter assuming spherical
geometry and a corrected density based on the composition.
Table 3 shows that, compared with scanning electron microscopy
(SEM) measurements, spICPMS with the IR-heated sample
introduction system provided accurate size determinations. As
Ba exhibits a higher signal-to-noise ratio than *>C, such indirect
method may yield better detection limit than measuring **C.
Table 4 shows that the improvement in size detection limit
depends on the S content of MPs. With MPs containing a rela-
tively small amount of S, the size detection limit is similar using
3C or Ba when using the IR-heated sample introduction system.
In contrast, Ba labelling is clearly advantageous for MPs with
a relatively high S content. Even the size detection limit with the
standard system improves, albeit not as much as with IR heating.
The Ba-labelling approach may also enable indirect determina-
tion of S mass percentage in MPs on a particle-by-particle basis.

Conclusions and future work

This work demonstrates that IR-heating a modified baffled
cyclonic spray chamber can improve the introduction of poly-
mer MPs for spICPMS analysis. Under optimized conditions, TE
increased to approximately 55% for 4.5 pm particles and
decreased to approximately 11% for 10 pm particles, out-
performing standard spray chambers that preferentially exclude
larger droplets and MPs, thereby biasing measured size
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distributions. For direct MP detection using *C”, the IR-heated
configuration increased the number of measurable particle
events by more than an order of magnitude and enabled
representative measurement of 10 um particles that were largely
lost through a conventional cyclonic spray chamber. The higher
TE and the capability to analyze larger MPs without sacrificing
the operational benefits of cyclonic designs, combined with
a similar size detection limit, are practical analytical advantages
of the IR-heated sample introduction system. This system will
facilitate the detection of microbeads that are widely used in
personal care products and end up in the environment.*

In parallel, a Ba®>* ion-exchange labelling strategy provides
a sensitive linked reporter for sulfonated PS/DVB MPs, enabling
MP size characterization based on the Ba signal and known
sulfur content. Agreement between Ba-derived sizes and SEM
measurements indicates that metal-ion labelling and IR-heated
sample introduction provide accurate MP sizing. Using Ba
labelling may also significantly improve the size detection limit
compared to ">C" measurement when MPs contain a relatively
high amount of S. Ba labelling might be used to indirectly
assess functional group inter-particle heterogeneity, which is
difficult via direct S detection by quadrupole spICPMS. The
approach should facilitate the detection of polyethersulfone
MPs that are used in energy, environmental and biomedical
applications.*

Future work will focus on the measurement of MPs of a wider
size range to determine the upper particle size detection limit of
the method. Additionally, a multivariate optimization including
nebulizer gas flow rate and torch position should be carried out
to hopefully achieve 100% TE for MPs, including with larger MPs.
Polydisperse MPs samples will also be investigated to assess the
performance of the system under compositionally complex
conditions for environmental applications. To improve the
detection of larger MPs, the design of the modified baffled spray
chamber, in particular the gap between the top of the baffle and
the top surface of the spray chamber, will also be revisited.
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