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An Automated Workflow for Quantitative Analysis of Microplastics in
Environmental Samples via Pyrolysis-GC/MS
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Application

News

m A ED

Frontier Lab multi-shot Pyrolyzer (Py)= Shimadzu
GCMSet ZehE == AUCH (AR 1). O] FAREQ] A|A” 24
2 Shimadzu GCMS (QP2020 NX), Frontier Multi-Shot
Pyrolyzer (EGA/PY-3030D), Auto-shot sampler (AS-
1020E), Frontier lab Ultra-alloy microplastics column
(UAMP)2 2 L9E|QCt. Bt Vent-free GC/MS O{EiE] 5!
F-Search MP Library, 122tX| 1 &X}2Q| Calibration
Standard mixture, Eco-cup LF %! Packed Inlet liner2
dE|0f UL

2 RAYEOAN EME DEXE Polyethylene (PE),
Polyvinylchloride (PVC
Polycarbonate (PC), Polyethylene terephthalate (PET
Poly (methyl methacrylate) (PMMA), Nylon-6 (N-6),
Polystyrene  (PS),  Acrylonitrile-butadiene-styrene

Polypropylene (PP),

)
),
)
)
copolymer (ABS), Styrene-butadiene rubber (SBR),
Nylon-6,6 (N-66) 5! MDI-Polyurethane (PU) O|C}. 47| 10
2 & 77tX|0f Chet £ FRES Ao [T
Workflowt Shimadzu FA2{|E{ GCMS-22011500] HHg|
o ULt

Frontier MPs-CaCO; & 232 AFESI0 5l ZQIEQ| A
H 2 RO, MPs-CaCo, B 20| DR} ue
£ eM ez Fge 0

B EEt BEE 22 4 mgoi| S0
=}

2} 20f| LIEFCH

N6
PET g 1.5% g"gg
8.9% A%
PU
0.7%
PVC
13.1%
PC
1.6%
PMMA
1.6%
SBR
4.6%
PS
1.6% PP
11.1%

HZt MO|-Or0| 22 MES AEdte] 0.2, 0.4, 0.8, 2.0 3
40 mge| BE A 02 MZ 2o g=sio] Yt
(n=4). 2%, 1-2mge| R2| &2 2 ME 2o Y2 S XI5
¢ FX|oll ULt Blank o2 ME ol 0|0 7P ®2
S0 MEHE 52 02 BAMCL 2 ME 2
Pyrolyzer furnaceZ FYE|0| EF SEQ| Yatstd 2al{7t

HEE
SASICH 1% 32 4 mg BE 2| Pyrogram g

HO{ECt

22 1. Shimadzu GCMS-QP2020NX2t
Frontier Multi-Shot Pyrolyzer EGA/PY-3030D.

Polymer e L e
PE 145.8
PP 35.7
PS 5.2
PE ABS 121
45.2% SBR 15.0
PMMA 5.3
PC 5.1
PVC 42.4
PU 2.1
PET 28.6
NG 49
N66 20.7

03 2. CaCo; S|MMIE Zefot 4 mg MPs-CaCO; BE SEOIM 2f 24 22| 2 A IR =Y WEE



Frontier MP Search AZEQ|{E A3t H|0|E HE|E 24 BE 22 YHE E= 9922 02 mg ¥ 3 mg
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Z Algeict (12 3), YESHZ22| Quantitative ionS X2 HAE|ICE LLOQ EH2 E& £3 0.1,0.2,04, 06 ¥

M0l ALgOtR T, Reference ion2 2t 11Xt M 2ol mgS FHOH0 AL LLOQE by WA= =

Off AFBSIICE 2 Bide ZWE 2420 WF Ty ui= SIefEol tfs M= O &5 8l (S/N)7F 10 0¥l 0.2 m

BEMSI0] e MR I3 WAES J|Z02 MP Search ALE BE 22 F0M 2FEEUAC 2H0M HBE S

Qo{ofl oJ8h AFS O 2 MM E|YCE FRds B fi6 4Y S| B2 s EE =3
EAMFCE H2 4 ZEY [ GC-MS 3 Py A|ARY CHEE o

D olo] HisE (0.2 mg)olA 73] HHe 24T TsE (3 EE B T0] HB0f 2.

mg)oilX 73| Bt M50 BtEY BHIAES TSI, 22}
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Gas Chromatography Nexis GC-2030

Injection Port Mode
Injector Pressure
Carrier Gas

Injection Port Temperature
Column: Frontier Lab UAMP

Flow Control Mode

Oven Temperature

Split mode; 50:1 split ratio
150 kPA

Helium

300 C

UA precolumn 50: Ultra Alloy-50 (2 m x 0.25 Colum mmID x 1.0 pm),
Separation column: Ultra Alloy-5(30 m x 0.25 mmiID x 0.5 um)

Constant pressure

40 °C (2 min) » 20 "C/min = 280 C (10 min) 40 C/min to 320 C (60 mins. hold)

Mass Spectrometer

QP2020 NX

Interface Temperature
lon Source Temperature

Detector Voltage

300C
230°C

Relative to Tune 0 kV

Threshold 0
Scan Range m/z 29 to 350; Event time 0.2 s
Pyrolyzer EGA/PY-3030D

Single Shot Furnace Temp
Interface Temp
Auto Sampler Flushing Gas

Auto Sampler Purge Time

600 C
300C
Helium

10 sec




Application
News

m Z1t 8 E9|

System Backgroundof| CHSH 2t0l 2 s sFOM 41 BtE EM5tD Ao F

AW DM ZHs| M, EMRE| WHOZ System HABl 2F BMS OED A A4S AHUCH

Background £ £{RI517| [ef I MS 22 2As10] A|AH A DE SH20) T 43 FMHS HOIFUC

Ol 20 gi= S =HUOIAL. 55 ¥Eot w2 nExtel Y JMoz, % ag
S/NH|= 10£CH AL HEIt 202 836t0 25 127

#g=d DEXfO] TSt ZH Al (R?) 0.9959 HIHH&C (H 2)

S8 DI 242 Al M HI0 2Y S HOIE o
BE ST Y TMS YHOIUCH (Y 4)

|0 oY ™=
ot ox o

10

PU
.
Linear range (ug)
- °
2 4.2} 0| SELAE etEel A4 IS4 2 Ee
PE 1400000 PET S B R
R? = 0.9982 R? = 0.9995 wo0000] R =0.9994
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%RSD

H2 A% 349 A4 =4
Polymer Characteristic pyrolyzates Quantion (m/z) Referenceions (m/z) Linearity (R?)
PE 1,20-Heneicosadiene 82 41,55,97 0.9982
PP 2,4-Dimethyl-1-heptene 126 43,55,70 0.9997
PS Styrene trimer 91 117,207,312 0.9959
ABS 2-Phenethyl-4-phenylpent-enenitrile 170 91,115,118 0.9998
SBR 4-Phenylcyclohexene 104 158 0.9994
PMMA Methyl methacrylate 100 69,41,99 0.9988
PC 4-Isopropenylphenol 134 91,119 0.9999
PVC Naphthalene 128 102 0.9999
PU 4,4'-Methylenediabiline 198 106,182,197 0.998
PET Benzophenone 182 51,77,105 0.9995
N6 ¢-Caprolactam 113 30,55,85 0.9999
N66 Cyclopentanone 84 39,55,56 >0.9999
U &l
AE FHe Mot TN Bted HAES SAlsHA
c.02mg 3 mgel MPs-CoCo, BE B B Phel | PET S 4208 pE L00=722u0 | Loomoreus
2002 ME Holl 210 =Mz 2L E, FU1-7). 2
UhE MZ SN SO SEE A THG ALBOI0] HAHEY
Ct I
I
|
|
02 mg ¥ 3 mg EF SHOIM LAt B0 TSt % |

6-236523-12.1HAUCH (22 6). TH

F&29| ot2t=2 RSD7t 10 % O|LHRAC

o BE S| Cefot S MD|-00| 22 MBS0 Y
AL 22|10 S/N >100| El= AN SEMX| ZA5HICt
LLOQE 2|X EYHC= o= FolEH, & wA2E0IM
£ 2 1EX[ 0.2 mg BE 222 2701 2E 17

Xtoj| CHSH LLOQ HQl= 0.1 - 7.3 ug O|Ct (22 7).

20

PE PP PS ABS SBR PMMA PC PVC PU PET N6 N66

""" QA Reference

14.0

O
14.1

LOQ=
PS S/N =

14,2
0.26 ug
53.2

\

—
16.25

LOQ= 0.6 ug
ABS S/N=53.4

— ——
11.5 11.75

LOQ= 0.11ug
PU S/N=17.

W N~ 70

e

28708 YEstue

R
18.00

e e
18.00 18.25

DE x| Chet Y B
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HYOM 3 mg &

=
FEH 2+8292.2% - 102.8 % HLIUCH

Continuing Calibration Check (X|£%Q1 HH =M =Ql)

CCCe A+ 30| AFBE HE Z42 HBSH| fI8H Batch
(422 =) Otx|2fof| 2AISEILCE. TX| HHX|O)| CHSt O] HF
SMo| Mehdg Fotsho| flsi CCC BE EEQ| % Driftg

A2, % DriftS HLISH=E Otz & A{0] AL (AL

AiE s=-018H &=

% Drift = =R ED X 100
Drift H] otsho| 2o 2 M9l 52t =& (0.8 mg)
|83t CCCol FE 0|22 I3 MNg QI AY
ZMol @B MS 3018 | L8l AT 20 %2| DriftS AXs}
U1, O A CCcol ZE ksl thet % Driftot 20 % 0
ato ZFQICH (F 3). 0] Eip=

g F0| REUSS LIEHHCH
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Frontier Py-3030D Pyrolyzer 2t &=l Shimadzu

GCMS-QP2020NX9| BHEAR(R A52 HIsICE Safy

QEY 23 s YO R WL MPs AR Py-GC/MS
24 22 X TS ¢ 4 2SS HOIEL

O] FAHEM= 129tX] nZ2xte| e 23l W=n
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mg o E= 2E0| 92.2 % - 102.8 %2| 3|48 ECt

DE DEX0 gt LLOQE= 0.1 - 7.3 (0.2 mg) HLIUCY.

g0, CCC HIAEE TIEsIUCH, 423 ¢ = HE
StetE0|| tisl Drift HI&2 20 % 02O 2 LIEFCY,

3240 954 25 29
Polymer Recovery %(n=7) Retention time LLOQ % Drift
3mg 0.2mg (min) (ng) (at 0.8 mg)
PE 99.0 99.9 16.2 7.3 -16.9
PP 996 111.2 6.6 18 114
PS 92.2 66.4 21.3 0.3 -9.3
ABS 92.9 107.3 18.1 0.6 -18.1
SBR 96.0 121.8 11.7 0.8 -8.7
PMMA 102.8 103.6 5.0 03 -6.5
PC 97.2 123.0 11.4 0.3 -10.8
PVC 97.5 114.1 10.6 2.1 -9.6
PU 94.9 145.1 18.1 0.1 -19.8
PET 95.0 126.7 14,1 1.4 -18.2
NG 100.1 112.0 11.4 0.3 -11

NG6 100.8 1215 6.4 1.0 7.2
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Ishimura, T.; Iwai, I.; Matsui, K.; Mattonai, M.; Watanabe, A.; Robberson, W.; Cook, A.; Allen, H.L.; Pipkin, W.;

Teramae, N.; Ohtani, H.; Watanabe, C. Qualitative and quantitative analysis of mixture of microplastics in the

presence of calcium carbonate by Pyrolysis-GC/MS. Journal of Analytical and Applied Pyrolysis, 2021 (157):

105188.

2. 2. WK67788 - New Test Method for Identification of Polymer Type and Quantity (Mass) Measurement of

Microplastic Particles and Fibers in Waters with High-to-Low Suspended Solids Using Pyrolysis-Gas

Chromatography/Mass Spectrometry: Py-GC/MS.

3. 3.JointISO/TC 147/SC 2 - 1SO/TC 61/SC 14 WG: Plastics (including microplastics) in waters and related matrices.

4. 4, Pipkin, W.; Belganeh, R.; Robberson, W.; Allen, H.L.; Cook, A.; Watanabe, A. Identification of Microplastics in

Environmental Monitoring Using Pyrolysis-GC-MS Analysis. LCGC North America. 2021 April 01; 39(4):179-186.

5. 5. How to Kickstart Your Micro- and Nanoplastic Py-GC/MS Analysis. Shimadzu Application News. GCMS-2201.

mATE

Part Number Item Name

Item Description

UAMP-KO1

PY1-3346

UAMP Column Bracket

UA Precolumn 50: Ultra Alloy-50 (2 m x 0.25 mm ID x 1.0 um) and
separation column: Ultra Alloy-5 (30 m x 0.25 mm ID x 0.5 pm)

220-90906-00
220-94824-18
220-90917-00

Packed GC glass insert
Eco-Cup LF
Quartz Pyrolysis Tube

Graphite Vespel ferrule

Packed GC glass insert for Shimadzu
PY-2020 Eco-Cup LF

Pyrolysis tube, 120MM PY

Graphite Vespel Ferrule for Py-2020 (pk of 5)

220-94824-14 Needle Set

PY1-4940

MS402280

220-94792-03 Quartz wool
220-94792-00 Septa
221-49662-91 0-ring

MP calibration standard set

Vent-free GC/MS Adapter

Syringe, deactivated needle (PY) (3/pk)

MP calibration standard consisting of 12 polymers
Vent-free GC/MS Adapter N-50

Phthalate-free quartz wool

Septa for Pyrolysis

O-ring for sealing glass liners when using a Pyrolyzer
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For Research Use Only. Not for use in diagnostic procedures. Not available in the USA, Canada, and China.
This publication may contain references to products that are not available in your country. Please contact us to check the availability of
these products in your country.
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accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to

the use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and
subject to change without notice.
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