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Mlcroplastlcs n the Envwonment

» Largest market sector is packaging with

about 40% share only in the EU

. - Plastics made up at least 10% of solid

waste world wide

* Up to 12.7 million tons plastic waste enter
the ocean world wide every year

=, Single-use plastics making up approx.
40% of beach litter

« Jambeck et al. 2015, Science Reports




Plastic Polymers

The two categories of plastics

Thermoplastics Thermosets

are a family of plastics that can be melted when heated
and hardened when cooled. These characteristics, which

are a family of plastics that undergo a chemical change when
heated, creating a three dimensional network.

lend the material its name, are reversible. That is, it can be
reheated, reshaped and frozen repeatedly.

After they are heated and formed these plastics cannot
be re-melted and reformed.

Polyethylene (PE) Polycarbonate (PC) Polyurethane (PUR)
Polypropylene (PP) Poly methyl methacrylate (PMMA) Unsaturated polyester
Polyvinyl-chloride (PVC) Thermoplastic elastomers (TPE) Epoxy resins
Polyethylene Terephthalate (PET) Polyarylsulfone (PSU) Melamine resin
Polystyrene (PS) Fluoropolymers Vinyl ester
Expanded polystyrene (EPS) PEEK Silicone
ABS POM Phenol - formaldeyhde
SAN PBT Urea - formaldeyhde
Polyamides (PA) Etc. Phenolic resins

Acrylic resins

Etc.

Source: PlasticsEurope AISBL, www.plasticseurope.org
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Plastic Polymers
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Analytical Techniques

Techniques for microplastic analysis

* Fourier Transformation Infrared (FTIR)

spectroscopy

* Raman spectroscopy and microscopy

* Pyrolysis — Gas Chromatography Mass
Spectrometry (py-GC-MS)




Objectives

« Demonstrate the efficiency of pyrolysis
GC coupled to a high-resolution mass
spectrometry

* Qualitative and quantitative analysis of
microplastics

» Benefit of a high resolution GC-MS
system

Pyrolysis-GC-Orbitrap MS - a powerful analytical
tool for identification and quantification of
microplastics in a biological matrix
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Goal

The purpose of the experiments described in this work was to assess the
applicability of pyrolysis-gas chromatography-Orbitrap™ mass spectrometry
for the qualitative and quantitative analysis of plastic polymers in complex
biological matrices.

Introduction

Plastics are synthetic organic palymers, commercially introduced on

a large scale starting in the 1950s. Single-use plastics (grocery bags,

food packaging, bottles, utensils) are istent pollutants making up
approximately 40% of beach litter’. Thig litter eventuslly ends up in the marine
ervironment, with an estimated & million metric tons of plastic waste entering

the oceans worldwide every year®. Most plasfics have a very long degradation
time, and for a timespan up to centuries they end up as macro-, micro- and
nanoplastics through weathering. Due to their characterisfics and additional
content {monomeric residue, plasticizers, flame retardants etc.), micro- and
nanoplastics can have complex toxicological effects on marine life through
direct ingestion®= and/or leachatest. This might represent a hazard for
ecosysterns and for human exposure through consumption and inhalation’,
As this is an emerging field, there are limited studies on the identification
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Instrumentation: Pyrolysis-GC-Orbitrap MS




Thermo Scientific Trace 1310 GC

Thermo Scientific™ TRACE™ 1310: Unique
modular injector and detector design

Thermo Scientific
“Instant Connect” modules

Injectors Detectors Additional Options Software drivers
Thermospray SSL FID MS NoVent Microfluidics Chromeleon™ CDS
SSL WLD Auxiliary Oven Xcalibur™
SSL backflush ECD Inj/Oven Cryo TraceFinder
PTV NPD Aux carrier
PTV backflush FPD Aux temperature
OnColumn PDD D/A-converter (AOI)
Gas Sampling Valve (GSV) PFPD
MS
ThermoFisher



Thermo Scientific™ Q Exactive™ GC Orbitrap™ GC-MS/MS

system

Hybrid Quadrupole-Orbitrap GC-MS/MS System

10



Q Exactive and Exactive GC

HCD Cell

Source:
Scan range
Resolving power:

Acquisition :

Bent

AQT /Flatapole

Quadrupole

Orbitrap Thermo Scientific™
Mass Analyzer ExtractaBrite™

lon Source
El and CI (NCI/PCI)
m/z 30-3000
15/30/60/120K @ m/z 200

non-targeted - full scan
targeted - SIM, (MS/MS)
combined NT/T - full scan + SIM

11



Exactive GC System Features

« Ultra high resolution up to 60.000
» Data aquisition rate of 7 Hz at 60k

* Mass Accuracy:
* Internal: <1 ppm RMS
« External: < 3 ppm RMS

Under conditions defined in 1 pL,
100 fg/uL octafluoronaphthalene
El Full MS installation specification

* Vent free source and routine proof source
* Vent free column exchange

« PCl and NCI

* Very good system linearity

12




Frontier Lab’s Multi-Shot Pyrolyzer

- What is it? g_miﬂ#
« Sample introduction system for
viscous liquids or solid organic ;

materials into a GC or GC/MS
* How does it work?

» Uses vertical micro furnace H
technology to thermally vaporize or 3
decompose a sample into a et
gaseous state - reproducibly us_Statuial

EGA/PY-3030D AS-1020E
Double-Shot Auto-Shot
Analytical Technigues
1. Single-Shot
2. Double-Shot
3. EGA
4. Heart-cut EGA
Programmable
(10-1050 ° C)
ThermoFisher

13



Techniques Used For Samples

EGA

Evolved Gas Analysis

TD

Thermal Desorption

HC Heart-Cutting
PY Pyrolysis
RxPy | Reactive Pyrolysis

14



Single-Shot Py-GC/MS Information

<4+—— Target Zone —»

Sample cu A .
Pyrolyzer P P B & =
600°C T~ Column | T T T T -
v (30m, 0.25mm id) 40 100 200 300 400  500° C
/
/
] — K/
i ( Information of

= @ additives & polymers

MS GC
GC oven
40 — 320°C (20°C/min)

16
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Experimental and Analytical Conditions

1. Polymer Standards
Aliguots of PMMA and PS standards (0.05 —
5ug) dissolved in ethyl acetate

2. Spiked Fishmeal

Analysis in decomposed fishmeal as a complex
matrix. Fishmeal sample spiked with PMMA
(2.5 pug) and PS (2.7 pg)

Multi-Shot Pyrolyzer EGA/PY-3030D Parameters
Oven Temp.: 600 °C
Interface Temp. : 300 °C

TRACE 1310 GC System Parameters

Injector: Thermo Scientific™ Instant Connect
Thermospray (TSI)

Inlet: 270°C

Carrier Gas: He, 1.2 (mL/min)

Split Flow: 200 mL/min

Oven Temperature Program

Temperature 1: 50 °C

Hold Time: 1 min

Temperature 2: 320 °C

Rate: 15 °C/min

Hold Time: 5 min

Exactive GC Orbitrap Mass Spectrometer Parameters

Transfer Line: 320 °C
lonization Type: El
lon Source: 280 °C

Electron Energy: 70 eV

Emission Current: 20 pA

Acquisition Mode:  Full-scan, centroid

Mass Range: 50-650 Da

Resolving Power: 60,000 FWHM at m/z 200
Lockmass,

Column Bleed: 207.03235 m/z

18
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1. Polymer Standards - Sensitivity and Linearity

Analysis of standards with concentration of 0.05, 0.5, 5 and 50 ug

Polystyrene (PS)

Calibration Curve =

styrene
Y =1978e8X + 4,572e6; R*2: 0,9990; Origin: lgnore; W: 1/X; Area

(=Jlx)
B

[Caiibration Curve v J

Polymethyl methacrylate (PMMA)
EAET)

polymethylmethacrylate (PMMA)
Y = 4.032e7X - 4.879e5; R"2: 0.9992; Origin: Ignore; W: 1/X; Area

12000000000 2400000000}
11000000000 2200000000
= 2000000000
e 1800000000}
8000000000~ R= 0.999 1600000000
7000000000 ] R2= 0.9992
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© B © ]
g & ]
< 6000000000 <1200000000-]
5000000000 1000000000
SO~ 800000000
3000000000 600000000}
2000000000 400000000
1000000000 200000000-]
0 T T T T
0 1ICI ZID 3'0 4'0 s'u o I | I T T I
0 10 20 30 40 50 60
ThermoFisher

19



2. Spiked Fishmeal

Stability and mass accuracy irrespective of compound concentration

Kal 0-05 RT:4.11-4.12 AV: 6 NL:2.76E6 Kal50 RT:4.114.12 AV: 6 NL:5.36E9
104.06211
CgHg
100 0.60311 ppm 100 -0.42580 ppm

. PS (0.05 ug) . PS (50 ug)

80 80

70 et 70

0.78123 ppm 78.04640

8 102.04653 -0 Ogﬁg?’pm
S 60 CgHe 60 ' 102.04644
-8 0.27999 ppm Cg
= 0.41332 ppm
£ 50 50
<
=) 40
o

30 30

20 20

10 63.02298 401816 89.03862 10 5208075 5502208 74.01511

OsH 285 c C c CgHa 89.03857 9801515
(R G | [N ol ‘ IS e [T ||
50 55 60 65 70 75 80 /85 90 95 100 105 110 115 50 55 60 65 70 75 80 m/85 90 95 100
mz 4

Compound Spiked Amount (ug) Measured Amount (ug)
Polystyrene (PS) T 2.9
Polymethyl methacrylate (PMMA) 2.6 2.2

20 SCIENTIFIC



3. Polymer Mixture - Selectivity in High-Resolution

239 NL: 0.76E7
I PMMA -
50 = o/ 100.05188 100.04688-100.05688
103 B 414 NL: 3.45€9
= PVC m/z= 78.04153-78.05153
302 551 m/z 78.04653
0 12068 A
357 NL: 1.64E8
10 3 PE B.35 - 1637 T4 1848 1944 9ygg m/z= 83.08053-83.00053
50 3 m/z83.08553 [411 g1 12.42 A J( .J\I J@ |
E N T lﬁul a4l bl il .n,L,J A Be A
414 NL: 6.04E9
100 o PS o)
- 3 m/z 91.05423 —
S 553 mz 104.06205 16.51 91.04023-91.05923+
= 3 ! 11.93 104.05705-104.06705
s L3 201 | - ‘ | 14.99 ]
§ 100 o 101 NL: 3.44E9
= - 3 PET =
o= = 63.03397-163.04307
5 m/z 163.03897 103 e T 163.03397-163.0
- N I - il N ) i i
108 - 15.00 ML: 3.31EB
3 PC /o=
50 3 m/z 228.11448 298.10048-228.11948
- L
0 15.47 NL: 1.13€7
100 o M=
50 3 nl::gﬂSEIE-BSE 8.1 113.07852-113.08852
3 ' 6.07 [_3__21 1273 1332 120 1750 4901 2152 2326
0 B.35 HIH? 2 13ER
1003 1gay 17471848 1044 o554 m/z= 69.,06488-60.07488
5 mvz 83.06988 611 1190 1386
50 o AN 626 |97 I LZH OI" !
1w e Pt ki B
03 A y [P N IV T 1T ST TR P T N A T ey S
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min]
ThermoFisher
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Relative Aburdance

Relative Abundance

Relative Aburdarce

Benefit of High-Resolution and Accurate Mass Selectivity
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10,65 8

“ 11'43
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0ED | 472 1111 f
J L_[M\_ 1099 M 1116 |1148

Nominal mass (=100 mmu)
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9.0

100 7
90 3
80 3
70 3
B0
50 3
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20 3
Y

p =]

12 | 1(}_32‘
2 L 95,3952 “ ;995;'L J 106{}- JEE 1”1_111.~Jﬂ '|11:m

e T | T
100 105 1.0 11.5

C

Nominal mass (=800 mmu)
10.'1 4 10.39

|
077 993 “ !

z\_r-v.)"u

9.0

1[].[] 1[] 5 11 i 11.5
Time (min)

Full-scan accurate mass selectivity
demonstrated for PS in a mixed sample
containing PS, PA, PC, PE, PMMA, PP,
PVC, and PET

Accurate mass measurements enable

confident detection (=5 ppm, A), whereas
at nominal mass acquisitions additional

interfering compounds can be detected
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Non-Targeted Unknown Compound Identification

» With routine full-scan, high-resolution mode additional untargeted analysis of

sample can be done with TraceFinder software

« Example: a-methylstyrene, a degradation product of polystyrene

¢ sl
| Fle View Hep
ek Li Peak idertfications: (75)
@ a a- - }(. el Md av g - _uj Score to use:  Forward search -
| FTs a:::m S-:Ennliso 0] [ Te ¢ e AT - He‘gem‘e miz BP Area _ B Heont M T scoe Matched Compound SN cas sl HRF Score RS
i Ethaneperoxsic 3cd, eya.. | 5077 05.070160 9702267 4906003 || I | ! ! 13
_m _P:ubez y lam i mm 11?159915 200814689 105739&‘ r 978 n-lldhﬂyrme ICSHII:I Isam 901 | SB.IEB‘BI
» | W spkedren 1 | 1Propaxy3 3cketiytriazen, . | 5138 | 103.041763 10006027 | 458871 i $7.7 Bansene. cyckprony {C3H10 [BT3454 835 993559
£ mﬁ“ﬂ e | 5“5-: 58“T393| m 14704 1 877 Benwse 1-propenl- _‘ICQHID __'_53?-56-3 895_ 99.355_9”
| Cyclooctane, 1. 4dmethyt- . | 5169 £9,063977 27777| 118594 | 976 o Mathyistyrens | CaH10 98838 832 993859
34Dmeinipoin2ene | 5187 171.060008 s41%62| 3563 575 Tetracyclol3 3.1.02.8) 04 6in... [CIH10 86 39355
Acquisibon dete: 07/02/2018 164764 || :25":“"‘”"’ dido 3} .5-1.92-: 107072051 | msoaf_ sz || i e |_'|u:m-‘l - D=
InstrumertName typeQ Bxactive GCOF || IR ey AR 51RO 17065816 4585007, Z700 - 75 | Benzene, 1 ropeny- Jowo  Jersn el il B
Inst ID: Excactive Senes siot 781 b | 5 (] » ‘ m »

BP: 0 @ 0.00E+000

I Actual | Nomalized _

Companent spectrum

100
1.00E+008
8 00E+007 80)
6 00E+007 -
4.00E+007
2 D0E+007 40
0.00E+000 g
5031288 5063579 5095872 5128165 5 160457 5192750 5 2
; E o ——1 ul{- _,/, ] I
@] d- 3
| Active Measured m/z Area Height Fragment 1D Theo m/z - Lo e
M = 113.081139 12412105 9609631 |C(128.CI13)1 H10 | 119.081056 &l
v 118077736 185529321 96502021 | C128 H1D [1ao7rm -60)
v 118.073318 | 19201674 | 8386735 |C128CONTHI | 118.072231 v
El 17063516 202814689 105739896 | C{1219 H9. | 117063876
T A5A02 | 2575034 | C(12)9 Ha 116062051 £9.000000 £3.400000 77.800000 92200000 106600000 121000000
v mm, 53874 4720205 C(1Z8C3)1 H |11s.m1
| ® | 1isesana 56483220 50379743 | C1Z9 HT 115.054226 - Library specirum
‘ n ¢
LS -
.
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py-GC-MS system in combination with pyrolysis a promising analytical

technique that opens new possibilities in environmental microplastic analysis

Exactive GC Orbitrap GC-MS system provides excellent linearity (0.05 — 50 pg)

with accurate quantitative estimation of plastic polymer in real sample

High resolving power facilitates sub-ppm accuracy at low and high

concentrations -> confidential selectivity and identification of pyrolysis products

Routine full-scan enables detection and identification of non-targeted and

potentially unknown microplastic by-products during pyrolysis

25
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