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Introduction

Microplastics are small plastic particles (¢ 5mm) that result from both
commercial product development and the breakdown of larger plastics.
Microplastics are abundant in our environment and come from variety of
sources. Commercial sources include cosmetics, clothing, and other textiles to
other pieces of plastics such as water bottles that breakdown with radiation.
Microplastics are not a single type of contaminant but a wide variety consisting
of flame retardants, plastic stabilizers, and colorants. Currently microplastics
have been detected at an alarming level in our marine life and drinking water.

The presented methodology combines direct analysis in real time (DART)
ionization with an ionRocket thermal desorption and pyrolysis (TDP) stage
(BioChromato Inc., Fujisawa, Japan). The addition of this platform permits for
precise control of the temperature (up to 600°C) over a desired time frame.
This allows compounds in the sample to be sublimated, vaporized, or
pyrolyzed according to their volatility, and then introduced into the DART
metastable gas stream. Sample preparation is not required as a small solid
cutting of the sample (< 5mg) is placed directly in the heating device. The high-
resolution mass spectrometer from Bruker, impact Il quadrupole time-of-flight,
was used to collect all spectra.
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Figure 1. TDP-DART Setup and Schematic on Bruker Impact Il QTOF
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Methods

The DART source conditions for the experimental study are as follows: 300 °C
DART gas heater temperature, 1.5 kV discharge needle voltage, and 350 V grid
electrode voltage. High-purity helium (99.998%, 80 psi) was used for ionization.

The temperature profile of the ionRocket was programmed as follows:

Segment No. | Rate (°C/min) TemQ%rflture RU(%Tr'];ne

Initial
1 100 600 6.4

A small amount (< 5mg) of solid samples were loaded onto the copper-pot
(fig. 1). Plastics were collected from various sources and cut down to < 5mm in
size to mimic particles found in authentic samples. 3 different plastics of
known sources and 1 unknown sample were analyzed using autoMS/MS. High-
resolution full scan and MS/MS data was collected simultaneously.

xnielréss Polyethylene Terephtalate (PETE) M ; ch+@600
: W - 500 ~
2.0j . N r
] R J/\/d—/\m\/\/m/f E 400 %
1.0 =200 —
053 ?oo
0.0 = 0
Intens. BPC +All MS

Polypropylene (PP)

Intens. ; BPC +All MS

_<]Low-Density Polyethylene (LDPE)

i 2 3 4 5 éTime [min]
Intxelndg'5 | 1490571 192.0447 192.042 192041 e
- : R is0m ]
480.1654 533 1443 672.2066
4 -
i 341.1019
2
1 193.0478 385.0922 L 728.2323
0 \ N hn At L A N 269q802 N N A N l A \ l _l L A k; L;m. A N Al LL A N . N
x104 1 Polypropylene IR_rp_PP
123.1139
31 307.2587 365.2997
] 265.2122 447.3767 524.4601
E 223.1655 608.5524
2 1 149.1293 650.5983
] 692.6442
17
OE | LALLM NRN ) L[ | | [ 1) AL RN T T “ \‘H“““\H‘MHM\ ‘H‘H\“m \“‘Hm\‘\m\ o M\H‘HMMM L] MM‘\“‘ m‘ \“ || ibn | L
x104 | 379.3157 Polyethylene IR_sm_LDPE
31
2 1
11
0 1 LR AR A AR AL AR S \u\H‘HMH\‘\MH‘\MH\‘\\‘H‘HMMM‘\H‘\\‘MHM‘H‘MHM‘\M\‘\‘MMMH\‘M‘u‘MH\\‘m‘mum“h\m\m\uum NI ot s Mo 0

100 200 300 400 500 600 700 800 m/z

Figure 2. (A) Base peak chromatograms of 3 different types of plastics.
ionRocket thermal program outline with the yellow, dashed line. (B) Spectra
extracted from the portion shaded in light blue.
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Name Moleculal m/z meas. Amfz
Tris(2,4-di-tert-butylphenyl) phosphite Hg303P .67 135.113 -3H] 43
149.128 5.1
+ 121.098 -1H] 38 5
— A [MH] 54 3963,
4 smartFormula Manually T A 1 | ceH0eH J+H+ 125.002 [-2H1 42 3833813
[CBH12]+H+ 109.098 [-1H] 34 3218513
Lower formula: |C3;FgSy + 139.108 [-3H] 45 3123342
123.113 [-3H] 40 3061320
Upper formula: [CTH100]+H+ 111.077 [-1H1 37 263319
I+ 177.158 [-3HI 59 2347.340
C32-n, PO-0,50-0 191.174 -2H] 62 1917.
Note: for m < 2000 the elements C, H, N, and O are considered implicitly. 137.128 ]
181.153 2H] 5.9
M+H ™ Collect adducts [-3H] 69
107.083 [1H] 29
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Unknown ions were identified using search tools built in to MetaboScape

1. SmartFormula calculates the elemental composition based on
accurate mass and isotope pattern

2. CompoundCrawler searches structures for the elemental composition
determined with online databases (e.g., ChemSpider, ChEBI, and
PubChem) as well as user-generated databases (Analyte DB)

3. MetFrag is then used to predict ion formation and subsequent
fragmentation patterns of arbitrary small molecules and validate
putative annotations of tandem mass spectrometry data.

Figure 3. Mass chromatogram of LDPE highlighting some of the additives
observed with TDP-DART-MS

Intens.
x104

663.4549

537.3139

607.3922

705.5021

100

Tris(2,4-ditert-butylphenyl)phosphate C,,He0,P  663.4549 Oxidized Irgafos 168 (stabilizer)
Tris(4-tert-butyl-2-methylphenyl) phosphate  C;,H,-0,P 537.3139 Breakdown product of Irgafos 168

(2-Tert-butylphenyl) bis(2,4-ditert-

butylphenyl) phosphate CyeH::0,P 607.3922 Breakdown product of Irgafos 168

Oxidized Naugard P

1 fisiimenyishemt) phesplizite (antioxidant/stabilizer)

CysHegO,P  705.5021

For Research Use Only. Not for use in diagnostic procedures.

(<O

Summary

MetaboScape® 2023 (Bruker, Inc.) was used for statistical evaluation.
Multivariate statistics (PCA) of 3 analyses for each plastic samples
resulted in accurate grouping. The loading plot (fig. 4) also displays
features that are unique to the different plastic types.

An unknown plastic sample was analyzed and processed under the same
conditions as the known samples. Based on the clustering within the PCA
plot, results suggest that the plastic is made up of PETE, a common plastic
used in the production of beverage bottles and food containers.
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Figure 4. PCA and loading plot of plastic samples

Conclusion

The presented method requires no sample preparation and allows for
quick screening of plastics with TDP-DART-MS,

Resulting high-resolution MS and MS/MS data can be quickly
processed and matched against existing libraries.

Data can also be identified using tools built into the software thus

constantly expanding a user-generated library.

Continued work will further characterize different plastic materials of
various origins.
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