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Introduction

Microplastics, defined as plastic particles less than
five millimeters in size, have emerged as significant
environmental pollutants. [1] These particles originate
from the degradation of larger plastic debris or are
intentionally manufactured for use in products such as
cosmetics and cleaning agents. Due to their small
size, microplastics are pervasive in various
ecosystems, including marine, freshwater, and
terrestrial environments. Their persistence and
potential harm to wildlife and human health have
made the study of microplastics a critical area of
environmental research. [1]

Qualitative and quantitative analyses of microplastics
are essential for understanding their distribution,
sources, and impacts. The Fourier Transform Infrared
(FTIR) microscope system is an effective tool for
qualitative analysis of microplastics due to its ability to
analyze minute organic samples, typically in the
range of several tens of micrometers (pm). In
addition, FTIR offers non-destructive measurement,

which allows samples to be further analyzed using
other techniques .

Pyrolysis coupled with Gas Chromatography Mass
Spectrometry (Py GC-MS) is a powerful analytical
technique that enables detailed characterization of
polymeric materials. [2] The integration of F-Search
MPs software with Py GC-MS enhances analytical
capabilities by automating the identification process
and facilitating quantitative analysis. This technology
brief outlines the methodology for the qualitative and
quantitative analysis of microplastics using the
AlMsight  FTIR  microscope, EGA/PY-3030D
pyrolyzer, and GCMS-QP2020 NX, combined with
F-Search MPs software. It includes detailed
procedures for sample preparation, data acquisition,
and data analysis.

Microplastics Sample Preparation

Filters and Reagents

Table 1 listed the items used in each sample
preparation step of this experiment.



Table 1. List of Filters/Reagents Required in This Experiment

Preparation Step Filters/Reagents Required

Initial Filtration 25 mm cellulose membrane, 0.25 ym

pore size
Chemical Digestion ~ 30-33% H,0O, Solution
Saturated NaCl/ZnCl,

25 mm Whatman® alumina Anodisc
filter discs, 0.2 ym pore size (with
support ring)

Density Separation

Final Filtration

Microplastics Sample Preparation

For microplastic analysis, sample preparation must
be performed prior to FTIR microscope and
Py GC-MS analysis. In this experiment, laundry
wastewater was initially pre-concentrated by
centrifugation. A total of 500 mL of laundry
wastewater was aliquoted into 10 separate 50-mL
centrifuge tubes and centrifuged at 5000 rpm for 5
minutes. The supernatant from all tubes was
combined, and the top fractions were collected if any
solids were observed. The combined solid residue
fractions were then filtered through a 25 mm cellulose
membrane filter with a 0.25 ym pore size to separate
most of the solid residue.

Following the initial filtration, the filter containing the
solid residue was immersed in 20 mL of ultrapure
water in an inverted position, followed by sonication
for 15 minutes to facilitate the transfer of solid
residues into the ultrapure water. The solid residues
were then chemically digested with 100 mL of
30-33% H,0O, solution, with the digestion performed
at 50° C for 72 hours to ensure complete breakdown
of all organic matter. After digestion, the sample
underwent a 4-hour density separation in 100 mL of
saturated NaCl solution, which helps to further isolate
microplastics from other materials. The final filtration
was conducted using a 25 mm Whatman® Anodisc
filter disc with a 0.2 ym pore size (with a supported
ring), and the microplastics collected on the filter disc
were left to air dry overnight. The sample preparation
flow in this experiment is illustrated in Fig 1.
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Fig. 1 Flow of Microplastics Extraction for Laundry Wastewater
Sample.
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Experimental — FTIR Microscope
Sample Measurement

The dried filter disc was placed directly onto the
sample stage of AlMsight for measurement. As the
fiter material is alumina, measurement can be
performed directly in transmission mode with the filter
intact. The instrumentation and analytical conditions
used are displayed in Table 2.

Table 2. Instrumentation and Analytical Conditions for FTIR
Microscope

Instrument IRXross, AlMsight
Resolution 8 cm!
Accumulation 50

Aperture size 25 x 25 ym
Wavenumber range 1200 - 4000 cm™!
Apodization function SqrTriangle

Detector T2SL

Experimental — Py GC-MS
Calibration Curve Preparation

The Microplastics Calibration Standard (MPCS) set
(P/N: PY1-4940) was purchased from Frontier
Laboratories. This standard mix consists of 12
different polymers of different amounts, including
polyethylene (PE), polypropylene (PP), polystyrene
(PS), acrylonitrile butadiene styrene (ABS), styrene-
butadiene rubber (SBR), polymethyl methacrylate
(PMMA), polycarbonate (PC), polyvinyl chloride
(PVC), polyurethane (PU), polyethylene terephthalate
(PET), Nylon-6 (N6), and Nylon-6,6 (N66). MPCS
diluted in calcium carbonate (CaCO;) was used in
this technology brief. To construct the calibration
curves, friplicate samples of the standard mix were
prepared at concentrations of 0.50, 1.00, 2.00, and
3.90 mg (*£0.05 mg). Each sample was accurately
weighed into a pyrolyzer’s eco-cup using Shimadzu
semi-micro balance, AP225WD. To prevent scattering
of the microplastic standards during analysis, 1 to 2
mg of quartz wool was added to each eco-cup
containing the standards. The calibration standard
data files were then processed using F-Search MPs
software, enabling the creation of calibration curves
for subsequent quantitative analysis.

Sample Measurement

After FTIR microscope measurement, the filter disc
containing the sample (excluding the supported ring)
was subjected to cryogenic milling using the
IQ MILL-2070 (Frontier Laboratories, Japan) to obtain
a homogeneous powder, followed by transferring a
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suitable amount of the powder to an eco-cup and
addition of quartz wool, before subsequent Py GC-MS
analysis.

Instrumental and Analytical Conditions

GCMS-QP2020 NX (Shimadzu Corporation, Japan)
was employed in this work. Pyrolyzer and associated
accessories — including autosampler, Multi-Functional
Splitless (MFS) system and analytical column — from
Frontier Laboratories (Japan) were utilized. Since PE
(one of the common polymers analyzed in
microplastics analysis) produces high-boiling-point
pyrolyzates, MFS system was used to enable
backflush analysis, preventing carryover from sample
to sample and reducing the analysis time.

Microplastics identification and quantitation were
carried out using F-Search MPs software (Frontier
Laboratories, Japan. The specific details of the
instrumentation and analytical conditions used in this
experiment are summarized in Table 3.

Table 3. Instrumentation and Analysis Conditions for Py GC-MS

Instrumentation
GC-MS System
Pyrolyzer System

GCMS-QP2020 NX
EGA/PY-3030D
AS-2020E

MFS-2015E (Multi-Functional
Splitless system), For Backflush

UAMP Column Kit (UAMP-KO01)
GCMSsolution

Auto sampler
Additional Accessories

Analytical Column
GCMS Acq.Software

Data Processing F-Search MPs

Software

Pyrolysis

Furnace Temperature 600 °C
Backflush Time 15 to 28 Mins
Gas Chromatograph

Injection Port SPL
Carrier Gas Helium
Injection Mode Split
Split Ratio 20
Injection Temperature 300 °C
Purge Flow 3 mL/min
Mass Spectrometer

lon Source Temp. 230 °C

Detector Voltage

MS Acquisition

0 kV (Relative to the Tuning
Result)

Scan

Results & Discussion

FTIR Microscope Result
Fig. 2 shows the image of an area of the dried filter
disc taken with 15x reflection objective lens of FTIR

microscope. Particles and fibrous-like substances of
various sizes can be observed, and three potential
microplastic particles (A, B and C) were selected for
qualitative  analysis. The measurement was
conducted down to 1200 cm' which is the cut off
wavenumber for alumina.

Fig. 2 15x Reflection Objective Lens Image of Particles
Collected on Filter Disc.
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Fig. 3 Infrared Spectra and Search Results of
Particle A, B and C.



Fig. 3 displays the infrared spectra of the particles
and their search results. Particle A was found to have
a spectrum similar to that of polyester (PET) while
particle B has a similar match to polyurethane (PU).
Particle C was a mixture of PU and Nylon-6,6 (N66).
The microplastics results match with common
synthetic polymers used in textile industry.

Py GC-MS Result

Fig. 4 presents the total ion chromatogram (TIC) for
1.99 mg of MPCS mix.
i
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Fig. 4 TIC of a 1.99 mg MPCS Mix in CaCO; Diluent.

Polymer identification was achieved by analyzing the
unique ions of degradation products (pyrolyzates) of
each polymer. F-Search MPs software employs a
unique polymer identification approach in which the
mass spectra of selected marker compounds for each
polymer are summed to produce a characteristic
mass spectrum.

An MFS system was employed in this analysis to
shorten the analysis time and prevent sample-to-
sample carryover. As shown in Fig. 5, the data clearly
demonstrate the effectiveness of backflushing via
MFS in removing high-boiling-point pyrolyzates.

(x10,000,000)

(A) With MFS

4.0 mg MPCS

A
2nd Cup blank

T T T T T T T
18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0

(x10,000,000)

B) Without MFS

L,

0751 4.0 mg MPCS

OIWW
5t Cup blank

i cupbank

11t Cup blank

12th Cup blank

— T — — L e e e e B s e e e e
175 ZOD 225 250 275 30.0 325 35.0 37.5

Fig. 5 Overlay TIC of 4 mg MPCS and their Respective Cup
Blanks (A) with MFS and (B) Without MFS.
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When MFS was used, significantly fewer peaks were
observed after 25 mins in the first cup blank analysis,
and none were detected in the second cup blank
analysis. In contrast, without MFS, numerous peaks
persisted in the first cup blank, even with a total run
time extended by 10 mins, and carryover was not fully
eliminated until the 12th cup blank. These results
underscore the importance of employing MFS for
backflush analysis in preventing contamination and
improving analytical throughput.

Py GC-MS Result — Calibration Curves

Fig. 6 displays overlays of the unique pyrolyzate
mass chromatograms for N66 and PU at calibration
levels of 0.50, 1.00, 2.00, and 3.90 mg of MPCS.
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Fig. 6 Overlay Mass Chromatograms of Unique Pyrolyzate of
(A) N66 and (B) PU at Calibration Levels of 0.50, 1.00, 2.00,
and 3.90 mg MPCS.

For each calibration level, triplicate analyses were
conducted, and the average absolute amount of each
polymer was used to plot the calibration curves.
Table 4 summarizes the absolute amounts of each
polymer at the different calibration levels utilized for

curve plotting.

Table 4. Absolute Amount of Each Polymer Used to Plot the
Calibration Curves

Absolute Amount of Polymer (ug)
No| Polymer| Level 1 Level 2 Level 3 Level 4
(0.503 mg | (0.967 mg | (1.970 mg | (3.910 mg

MPCS) MPCS) MPCS) MPCS)
1 PE 21.140 40.600 82.740 164.220
2 PP 5.046 9.691 19.749 39.198
3 PS 1.082 2.078 4.236 8.407
41 ABS 1.875 3.601 7.338 14.565
5| SBR 2.454 4.713 9.604 19.061
6 | PMMA 1.095 2.103 4.285 8.504
7 PC 0.705 1.353 2.758 5.474
8| PVC 5.436 10.440 21.276 42.228
9 PU 0.239 0.459 0.936 1.857
10 PET 2.278 4.374 8.914 17.693
11 N6 0.541 1.039 2.118 4.203
12| N66 2.416 4.640 9.456 18.768
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The the calibration curves for all the polymers were
plotted with quadratic curve fit type and achieved an
R? value of 20.9992. The calibration curves of PE,
PU, PET, and N66 are illustrated in Fig. 7.
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Fig. 7 Calibration Curves of (A) PE, (B) PU, (3) PET, and
(4) N66 Polymer.
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Fig. 8 TIC of Laundry Wastewater Sample.
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Four polymers were detected and quantified from the
ground laundry wastewater (Table 6). High probability
(%) were obtained, indicating high similarity against
the library in F-Search MPs software. Among these,
three polymers, namely PU, PET, and N66, matched
the identifications made by FTIR microscopy. This
detection was facilitated by the complementary nature
of the FTIR analysis, which provided initial
identification of the polymers. Additionally, PE was
also detected and quantified by Py GC-MS.

Table 6. Result Summary of the Identified Polymers from the
Laundry Wastewater Sample.

Absolute  Absolute Amount
No. Polvmer RT Prob. Amount in in
- roy (Mins) (%)  2.02mg 500 ml laundry

Table 5. Summary of RT, R? Value and the % Recovery of the
Calibration Curves for the 12 Polymers

sample (ug) wastewater (ug)

No Polymer RT (Mins) R? Recovery (%)
1 PE 14.33 0.9997 101
2 PP 5.91 1.0000 99
3 PS 17.53 0.9992 100
4 ABS 15.77 1.0000 95
5 SBR 10.63 0.9999 91
6 PMMA 4.23 0.9995 98
7 PC 10.25 1.0000 97
8 PVC 9.54 1.0000 93
9 PU 15.64 1.0000 87
10 PET 12.72 1.0000 96
11 N6 10.11 1.0000 94
12 N66 5.42 1.0000 95

Additionally, the percent recovery was calculated
using the 0.970 mg MPCS mix employed in the level
2 calibration curve. The percent recovery was
excellent, within 87% to 101%. Table 5 provides a
summary of the retention times (RT), R? values, and
percent recoveries from the calibration curves.

Py GC-MS Result — Sample Quantitation
The total weight of the filter containing samples was
9.53 mg. Fig. 8 shows the TIC obtained from
Py GC-MS analysis of a 2.02 mg ground filtered
laundry wastewater sample.

1 PE 1435 994 7.734* -

2 PU 1565 927 0.031 0.146
3 PET 1271 984 14.56 68.691
4 N66 543 976 2.355 11.110

*The quantitated amount may not be accurate since it falls
below the lowest point on the calibration curve.

Table 6 summarizes the results for each identified
polymer laundry wastewater sample.
Furthermore, the distribution of microplastics detected
in the laundry wastewater sample is illustrated in a
pie chart displayed in Fig. 9, providing a visual
representation of the relative abundance of each
polymer.

from the

mPE mPU ®mPET = N66

l 0.13%

Fig. 9 Polymer Distribution in Microplastics Detected in Laundry
Wastewater Sample.
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This technology brief demonstrates the application of 1. National Oceanic and Atmospheric
FTIR microscope and Py GC-MS, which together gdminist(;aftion. (n.d.). What are microplastics?
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accurate quantitation, facilitating the assessment of
polymer distribution within the collected samples. The
methodology facilitated the identification of four
distinct polymers, including PU, PET, N66, and PE,
demonstrating the capability of these techniques to
detect and quantify microplastics in complex
matrices.
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Read More
IRXross With AlMsight

Shimadzu’s AlMsight FTIR microscope is an advanced automatic analysis
system designed to enhance the efficiency of microsample analysis. With
user-friendly features like a wide-field camera for easy sample overview
and a spectrum advisor function, it ensures both beginners and experienced
users can perform analyses with confidence. Additionally, when paired with
the optional high-speed mapping program, it enables rapid measurements
over fixed areas, further boosting productivity.

Learn More

GCMS-QP2020 NX With EGA/PY-3030D

The GCMS-QP2020 NX combines high sensitivity and speed to
significantly reduce analysis times, enhancing laboratory efficiency
and throughput. When integrated with the EGA/Py-3030D multi-
function pyrolyzer from Frontier Laboratories Ltd., it enables advanced
pyrolysis gas chromatography mass spectrometry (Py GC-MS). This
technique allows for the detailed analysis of a wide range of
materials, including insoluble and complex substances, at trace
levels—often without the need for sample pretreatment. Examples of
such materials include polymers, microplastics, rubber, paints, dyes,
resins, coatings, cellulose, wood, textiles, and oils.

Learn More

AP Series Analytical Balance

The Shimadzu AP Series is a high-precision line of analytical balances
engineered for exceptional accuracy, fast response, and user-friendly
operation in laboratory settings. Featuring Shimadzu’s advanced UniBloc
weighing sensor, it ensures high stability, quick response, and excellent
repeatability, making it ideal for precise measurements of even the smallest
sample quantities. Additionally, it supports direct data transfer to laboratory
information management systems (LIMS), computers, and external storage
devices, streamlining data management and workflow efficiency.

Learn More

Analytical Solutions For Microplastics

E sHIMADZ!

Excellence in Science
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In recent years, concerns about the impact of microplastics on Microplastics

marine environments and ecosystems have been on the rise.
Shimadzu offers a range of analytical and measuring
instruments tailored for studying various plastic materials. These
tools support R&D, raw material characterization, quality control
of plastic products, and deterioration analysis. With its diverse
techniques, Shimadzu delivers optimal solutions to advance
microplastics research.

Learn More
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