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OBJETIVOS

1-Definicion y Problematica de MP’s.

2-Posibilidades del Analisis Cualitativo y Cuantitativo de MP’s por
Cromatografia acoplada a Espectrometria de Masas.

3-Piralisis : Dual/Double Shot y su Versatilidad para la identificacion
y/o cuantificacion de MP’s y todos sus posibles componentes.

4-Conclusiones
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1. Definicion y Problematica de MP’s

- Un MP’s se puede definir como cualquier particula de plastico con
tamafno comprendido entre varias micras y hasta alrededor de 5 mm.

- Los MP’s son contaminantes emergentes en el medio ambiente, la
PERSISTENCIA ¢ tiempo de degradacion de los mismos es muy
grande y sumado a la bioacumulacion supone un problema desde el
punto de vista medioambiental con incidencia en la seguridad
alimentaria.

Estimate Time to Degrade Common Materials
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2. Posibilidades del Analisis Cualitativo y Cuantitativo
de MP’s por Cromatografia acoplada a Espectrometria

de Masas

Applications for Mass Spectrometry

Polymer Identificatiqn
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I Measurement of PAHs by GC-MS/MS

In measurement of the PAHs, a GCMS-TQ8040 triple
quadrupole gas chromatograph mass spectrometer (Fig. 3)

was used. Table 2 shows the measurement conditions of the
GCMS-TQ8040.

The measurements were carried out in the high selectivity
MRM mode. Based on the calibration curve linearity and peak
S/N ratio, the lower limit of quantitation of the compounds
was assumed to be 0.5 to 2ng/mL. Fig.4 shows the MS
chromatogram of the PAHs standard solution (2 ng/mL each).

Quantitative calculations were performed by the internal
standard method.

Table 1 MPs Samples Used in Experiment

(o e 36060151 2.888-0.144

Table 2 GCM5-TQ8040 Measurement Conditions

149 433120104

GC
Column

Column oven temp. program
Injection mode

Vaporizing chamber temp.
Injection volume

Carrier gas

Ms

lonization method

lonization voltage

Interface temp.

Measurement mode

Measured ions (m/z)
Compound (target substance)
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Anthracene
Phenanthrene
Fluoranthene
Pyrene
Benzo[alanthracene
Chrysene
Benzo[b]flucranthens
Benzo[klfluoranthene
Benzo[alpyrene
Benzo[ghilperylene
Indeno(1,2,3-cd]pyrene
Dibenzo[a,hlanthracene

DB-5ms (Agilent Technologies/J&W)

(30 m % 0.25 mm 1.D., 0.25 pm)

60°C (1 min) - 15 "C/min - 200 °C (0 min) - & "C/min - 320 °C (10 min)
Splitless

300°C

2L

Helium (1.0 mL/min)

El

300°C
MRM

Quantitativeion  Reference ion
1282128 128-102
152>152 152=151
153=153 153>152
165=165 165>164
178=178 178152
178=178 178152 Phenanthrene-d,
202=202 202200 Fluoranthene-d
202=202 202200 Pyrene-d,o
228228 228226 Benz[aJanthracene-d,;
228=228 228=226 Chrysena-d,;
2525252 2525250 Benzo[blfluoranthene-d,;
2525252 2525250 Benzo[kIfluoranthene-d,;
2525252 2525250 Benzo[a]pyrene-diz
2762276 276-274 Benzo[ghilperylene-dhz
2762276 276-274 Indeno(1,2,3-cd]pyrene-diz
278-278 278>276 Dibenzo[a,hlanthracene-d.
- - Hexachlorobenzene-"C,

Compound (intemal standard)
Naphthalene-ds
Acenaphthylene-da
Acenaphthenedm
Fluorene-d

Anthracene-dho

Quantitative ion
136=136
160=160
162=162
174174
188=188
188=188
212=212
212=212
240=240
240=240
264264
264=264
264>264
288288
288288
292292
202292

Reference ion
136108
160158
162160
174=171
188=160
188=160
212=208
212=208
240236
240236
264260
264236
264-260
288-284
288-284
292-288
202-292

nnl L L

T T T T T T
75 10 s 58 s 50

Fig.4 MRM Chromatogram of PAHs Standard Solution (2 ng/mL Each) (Only Target Substances)




Table 3 LCMS-8060 Measurement Conditions
Instruments LC: Nexera™ X2

. Measurement of PFAS by LC_MS/MS — MS : LCMS-8060 triple quadrupole liquid chromatograph mass spectrometer

i . Column Inertsil ODS-SP (GL Sciences) (150 mm x 2.1 mm LD., 3 ym)
The instrument used in measurements of the PFAS was a Columntemp a0°C

: R Injection volume 10pL
LCMS-8060 tl’lp|€: quadrupole liquid chromatograph mass Mobile phase A 10 mmol/L ammonium acetate aqueous soution
spectrometer (Fig.5). Table3 shows the measurement Mobile phase B Acetonitrile
Conditions Mobile phase flow rate 0.2 mL/min

Gradient B conc. 09 (0 min) — 10% (1 min) — 40% (7 min) — 95% (31-38 min) — 10% (47 min)

The measurements were carried out in the high selectivity s

MRM mode. Based on the calibration curve linearity and peak lonization method sl

S/N ratio, the lower limit of quantitation of the compounds Polarity Negative
Measurement mode MRM

was assumed to be 0.01 to 0.5 ng/mL. Fig. 6 shows the MS MRM transition

chromatogram of the PFAS standard solution (0.5 ng/mL Compound (target substance)  Quantifativeion  Referenceion  Compound (intemal standard) -~ Quantitative fon  Reference ion
. . . PFHxA 313-269 313=119 PFHxA-"C; 318273 38121

each). Quantitative calculations were performed by the PFHPA 3635319 363-169 PFHPA-"C, 3675322 3675169

internal standard method PFOA 4135369 413160 PFOA-1C, 421376 4215172
PENA 463419 463219 PENA-C, 4725427 4725223
Table 1 MPs Samples Used in Experiment PFDA 513-469 513-219 PFDA-C, 5102474 5195219

[ waterat | e [ ks | e | PFUNDA 563519 563269 PEUNDA-3C, 570525 570>274

PFDoDA 613>569 613269 PFDoDA-"C: 615=570 615=169
PFTIDA 663>619 663169 - -
PFTeDA 713669 713=169 PFTeDA-"Cz 715=670 715=169
PFHxDA 813769 813=168 PFHxDA-3Cz 815770 815=169
i : | PFOCDA 913869 913160 -
Motk By o 3 PFBS 29980 299-09 PFBS-1C; 302=80 302-99
image - = PFPeS 349=80 34500 -
- PFHxS 39980 39900 PFHxS-#C3 402=80 40299
PFHpS 44980 44909
PFOS 499-80 49909 PFOS-"Cs 507=99
e 3606-0.151  288840.144  3.564:-0.125 PENS 540-80 549099

PFDS 5£99-80 50909
PFDo5S 69980 69900

Gpe e ASOEOISI 319150149 433140194

s 20

(0.5 ng/mL Each) (Only Target Substances)




Amount of adsorption on MPs (ng)

Pyrene

Benzola]pyrene
Amount of adsorption on MPs (ng)
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Fig. 8 LC-MS/MS Analysis Results: PFAS

Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[alanthracene
Benzo[ghi]perylene
Indeno(1,2,3-cd]pyrene
Dibenzo[a,hlanthracene ==

Fig. 7 GC-MS/MS Analysis Results: PAHs

I Conclusion

In order to clarify the adsorption characteristics of chemical
substances on MPs, the amount of adsorption of PAHs and
PFAS on MPs in water was evaluated quantitatively by using
GC-MS/MS and LC-MS/MS.

It was found that adsorption characteristics on MPs differed
for each chemical substance. In addition, it was also
suggested that the hydrophobicity of the individual chemical
substances is a critical factor for their transfer ratio.




3.Pirolisis : Dual Shot y su Versatilidad para la
identificacion y/o cuantificacion de MP’s y todos sus
posibles componentes

« Que sucede en una Pirolisis :
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3.Pirolisis : Dual Shot y su Versatilidad para la
identificacion y/o cuantificacion de MP’s y todos sus
posibles componentes

4 = N

5 unique samplers
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Powerful cooling fan
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Ceramic Heater
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Cooling gas
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Inert interface
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3.Pirolisis : Dual Shot y su Versatilidad para la
identificacion y/o cuantificacion de MP’s y todos sus
posibles componentes | " || ||

Ambient Temp. Injegtion
Helium I _,E E' . .
| L Bl B Bl
4 techniques — 1 pyrolyzer :
| | Ready” A Reset / Readv2nd T
Single-Shot Analysis (Flash PY) 100— 300°C

600°C

Double-Shot Analysis (TD & Flash PY)
Evolved Gas Analysis (EGA)

Heart-Cut EGA GC/MS Analysis (HC EGA-GC/MS)
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Single shot of a biosolid sample (Pyrolysis 650 °C)

Jolly

l " uL |.I Jal JU-’"L

Dual Shot ( Desorcion
Térmica + Pirolisis )
Permite separar los compuestos
mas volatiles, aditivos y
adsorbidos de los propios
plasticos ( MP’s )

Double-shot. Same sample (Pyrolysis 650 °C)
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Potential matrix interferences

1St

Prawn (Chitin, proteins) Fish filet (Proteins, fat) Engine oil (Hydrocarbons)

Potential interferences of organic materials with plastics selected indicator compounds.

Matrix Substance Concentration of indicator compound [ mg/g)*

nd d : ;
compat 58 PP PS (trimer) PVC PET (vinyl  PC PMMA (methyl

(2,4-dimethyl-1-heptene  (5-hexene-1,3 5-triyltribenzene (benzene benzoate (bisphenol methacrylate
(m/z 126)) (m/z91)) (m/z78)) (m/z A (m/z
105)) (m/z 213))

Fish filet Proteins, fat

Fir needle Tree gum, terpene

Humic acids  Organic matter

Prawn Chitin, proteins

Wood Lignin

Engine oil Hydrocarbons

Leaf Cellulose, organic matter

Filter paper  Cellulose A
Rice Carhohydrate i




Total lon chromatograph
]

Biosolids

/‘ J JL,Jl»‘L'Jli".’lLLl'j“"n'JL‘mJ'"J"‘JL---A.,J.,_.Vwﬁ___.

o

Plastic indicator compounds and ions.

Plastic Pyrolysis product Indicator compounds (m/z) Retention time (min)

Palypropylene @ 2 4-Dimethyl-1-heptene 70,83, 126 5.15
Polystyrene @ 5-Hexene-1,3,5-triyltribenzene (styrene trimer) 91,117,194, 312 16.77
Poly-(methyl methacrylate) Methyl methacrylate 59, 100, 89 341
Polyethylene terephthalate Vinyl benzoate 105,77, 148, 51 8.42
Polycarbonate Bisphenol A (BA) 213,119, 91, 165, 288 15.41
Palyethylene @ 1-Decene (C10) 83,97 111, 140 6.97
Polyvinyl chloride Benzene 78,74, 52 2.86

Italics and bold values used for calibration and quantification.
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SIM
s Retention f
Polymer Pyrolysis product time (min) mor:g:fing

C20, alkane 20.937 99, 85

PE C20, a-alkene 20.879 97,83

C20, a, w-alkene 20.817 95,82
2,4-dimethylhept-1-ene 5.231 126,70
PP 2,4,6,8-tetramethyl-1-undecene 12.908 111,69
2,4,6,8-tetramethyl-1-undecene 13.027 111,69
2,4,6,8-tetramethyl-1-undecene 13.145 111,69

Styrene 6.17 104,78

PS 3-butene-1,3-diyldibenzene 18.136 208,91
5-hexene-1,3,5-triyltribenzene 25.032 312,207

Benzene 2.498 78,51
pVC 1-Chloroindan 8.874 116,115
Dihydronaphthalene 10.835 130,115
Azulene 11.145 128,102

gEcssscee
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in Mixed Pol;llnrs.mpl;

350 400 450

TIC Chromatogram Obtained by Analysis of Mixed Polymer Sample by Py-GC/MS Method




3.Pirolisis : Dual Shot y su Versatilidad para la
identificacion y/o cuantificacion de MP’s y todos sus
posibles componentes

Polymer EGA-MS Library (1000 polymers) Polymer-PyGC-MS Library (1000 polymers)
—[CHCH ]
“—> — [ CH,CH, }+—
= oo o=
100 —— temperature 800°C nm Jl H | ‘“l“ e
Thermogram (Entire information)
Additive-MS Library (494 additives) Pyrogram (Entire information)
Polymer Pyrolyzate-MS Library
/ / S| g o pien (268 polymers/additives)
: i ™y
CZHS CZHS
| ‘ l —[CH,CH, I
— time :
Impurities and pyrolyzates time

TD/Py chromatogram - ——— <
(Individual information) Pyrogram ( Individual information )
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{Unknown Chvomatogram/Thermogram of ISO006-01.0 (13 467t 2333 ) Focusing on pyrolyzed component

1 100 of polymer base material A
50 Target thermogram
0 - - . Pyrolysate derived from

polymer base material

Search result /—' ey

No.1 thermogram

Additives and
other volatile components

1w oae 8 waasdsw

g of Scan200 ko 96 (1346710 2389 min) F5.216082

340°C

. Mean MS spectrum
Search result list in range A
E)

Styrene-butadiene rubber ; SBR (12.5-28 min) FLY-406 392 9
Styrene-butadiene rubber ; SBR FLY407 38 9%
Styrene butadiene rubber ; SBR (12-27 min) FLY417 340 9%
Styrene-butadiene rubber ; SBR (2.5-27 min) FLY-404 149 “

rubber : SBR (0-28 min) FLY-406 108 9

Styrene t
— Reference Records: Detais... T 1 1 1 1

W o D en e NS

Rubber f 00 300 400 500 600 °C
Elrged v of |——h Themaganty Eoked G

top search results 2 Styrene-butadiene rubber ; SBR (12.5-28 min)

Fig. 1 Thermogram Obtained by Evolved Gas MS Analysis and MS Spectrum of Pyrolyzed Component of Polymer Base Material

Polymer base material estimated to be SBR

Fig. 2 Results from Compositional Analysis of Polymer Base Material Using Evolved GC/MS F-Search Polymer Library




MS spectral search for polymer base material Comparison with pyrogram in search results

TICISeUdII TIC| Search

|Unknown Mass Spectrumof SBR.d (1.031 to 29.996 min) 'Unknown Chromatogram/Thermogram of SBR.d (1.031 to 29.996 min)

T 100 104 ] 100

mn-+ 0

lmumumnmk,m (C1-C20)

| M7 129 143 138 109 134
20

{& MS Spectrum
(" Chromatogram / Thermogram

Reference Records:

Ipwmm» | uafe| EntryiD
.. Styrene-buiadiene rubber ; SBR (C1-C20) 86 FLT-079 Styrene-butadiene rubber ; SBR (C1-C20

.. Styrens-buiadiene rubber ; SBR (C1-C40) %% FLT-079 .. Styrens.butadisne rubber ; SBR (C1-C40)
. Styreng-butadiene rubber ; SBR (C1-C10) g5 FLT-01T9 ... Styrene-butadiene rubber ; SBR (C1-C10)

Reference Records:
deumm =t | ‘ : Similar to the result of 3-1,

Enlarged view of = _
top search results - Styrene-butadiene rubber ; SBR (C1-C40) % from | umateditobe SRR

Fig. 3 Results from Compositional Analysis of Polymer Base Material Using Pyrolysis GC/MS F-Search Polymer Library




Peak A

Measured
spectrum

Library

spectrum

Peak B

Measured
spectrum

Library
spectrum

Qualitative Analysis of Additives by Thermal Extraction GC/MS Analysis peakc

Dioctyl disulphide
(RI: 2122)

p-Toluenethiol

Measured
spectrum

Library
spectrum

S,
(R 1078) VAVAVAVAVAVAVAVAVA

1-Octanethiol
Peak B (RI: 1130) Peak C

(Rl : 990) /\/\/\/\ .
i (RI - 1989
;:1' {from2,5-Di-tert-butylhydroquinone) ;:(.

Peak A ‘ Nocrak M-17
(RI: 942) ®I: 1572)

OH
\ (RI:1840)

3-Cyclohexen-1-yl-bengene
(RI1:1348) Diphenylam|ne

{RI: 1610)
Styrene D_@ @Q
N-Butylidenebutylamine BHT W

(R: 902) (RE: 151 )/

Benzothiazole

4 [ 8

Nocrac 6C
(RI: 2367)

i Measured
A0 specram
H

Library
spectrum

Peak D

Peak D
(RI:3331)
o]

/\‘N)k C17H3s5
P

Naugard 445
(RI:3575)

Similarity: 96
Di-n-butylamine Derived from

/\/\:/\/\ the antioxidant
Tributylthiourea

0-00-0

i [Drign TBTU
1l

Derived from
the antioxidant

[ rnn,:...:u= e s 1 Tributylthiourea
e 11
!

RI: 984

N-Phenyl-1,4-benzenediamine

H
N Estimated to be a
pyrolysate of peak D
HaN
GEN DM NEw e Sk 3

e o i henyb1 b mremdone - [D4gnslicfie i Tobere syl gt e 3 Sy ecres 0]
s Fom: 1138 DsFhy A

p-(p-Toluene sulfonylamido) diphenylamine

Antioxidant
(not included in NIST 14)

G D060 HdWE TN et WS
Ered e Tk slion dpbarirm iind i
Crpefam, CT8H1E0 Cloa i Arkipaded

Fig. 5 Results from Qualitative Analysis of Peaks A, B, C, and D Using the Polymer Additives Library

12 14 16 18 min (RI: Retention Index)

Fig. 4 Total lon Current Chromatogram Obtained by Thermal Extraction GG/MS Analysis, and Results from Qualitative Analysis of Each Detected Peak




4.Conclusiones

-« Las técnicas cromatograficas se presentan como una interesante y
potente alternativa para el analisis de MPs.

- La variedad de sistemas de introduccion de muestra, asi como de
analizadores de espectrometria de masas, permiten abordar el estudio
de los MPs de interes y de los compuestos presentes en ellos, tales
como aditivos del propio plastico y/o contaminantes adsorbidos.

- El desarrollo de métodos de analisis y de herramientas para la facil
identificacion de dichas especies, supone un gran avance en la
aplicacion de las técnicas cromatograficas a la problematica de los
MPs.
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