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Plastic in the oceans
-introduction

World and EU plastics production data

Includes plastic materials (thermoplastics and polyurethanes) and other plastics (thermosets, adhesives,
coatings and sealants). Does not include: PET fibers, PA fibers, PP fibers and polyacryls-fibers.

Source: PlasticsEurope (PEMRG) / Conversio Market & Strategy GmbH
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Plastics - the facts Plastic Europe 2017

> High input

— Zweifel, Maier, Schiller: Plastics Additives Handbook 6th edition, 2008
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Degradation

<3 Mechanical failure

¢z Change in molecular weight
¢z Molecular weight distribution
¢a Carbonyl built-up

{3 Rapid increase in ROOH
{5 Fast oxygen up-take

> High input

> Breakdown into particles < 5 mm

sa|padosd uj abueyn

Stabilizer Consumption
Small increase in ROOH
Slow oxygen uptake

Time

Scheme 1.3 Changes in material properties during aging of polymers
— Zweifel, Maier, Schiller: Plastics Additives Handbook 6th edition, 2008
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Degradation

<3 Mechanical failure

¢z Change in molecular weight
¢z Molecular weight distribution
¢a Carbonyl built-up

{3 Rapid increase in ROOH
{5 Fast oxygen up-take

> High input

> Breakdown into particles < 5 mm
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> Risks unclear i S50

Slow oxygen uptake

> Need for high-troughput analytical protocol

Time

Scheme 1.3 Changes in material properties during aging of polymers
— Zweifel, Maier, Schiller: Plastics Additives Handbook 6th edition, 2008
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Sampling campaign ; BAM

>Starting point:
Tara-Mediterranean Expedition 2014

BARCELONA
Oct. 22-26

—
BIZERTE

AlEIEsﬂls Sept. 1-6 LEBANON

Sept. 8-14 BEYROUTH

TARA MEDITERRANEE el dl .

TARA MEDITERRANEE 2014 :isé... — DCBE

e M ROJECT

https://oceans.taraexpeditions.org/en/m/about-tara/les-expeditions/tara-
Py mediterranee/
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BAM sample set ; BAM

>Sample set for BAM,
>Three size fractions
>Sampled around Corsica

SEmm < X > 20 mm
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First results ; BAM
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Sample set composition

>Polymer identification:
PE & PP only

by number

PP
31%

69 %

by mass

PP

83 %
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Recently published ; BAM

> Larger sample set with similar
polymer composition
> Main focus: PE

45°n1 Mediterranean Sea

n =969 FTIR spectra

H Cellulose acetate @ Poly(ethylene)
M Cellulose like | Poly{ethylene) + fouling
@ Ethylene propylene rubber @ Polylethylene) like
B Morphotype 1 @ Poly(propylene)
@ Morphotype 2 @ Poly(propylene) like
BPEVA Poly(styrene)
B B B B PMMA O Poly{urethane)
B Poly(amide)

Kedzierski, M.; Falcou-Préfol, M.; Kerros, M. E.; Henry, M.; Pedrotti, M. L.; Bruzaud, S., A machine learning algorithm for high throughput
identification of FTIR spectra: Application on microplastics collected in the Mediterranean Sea. Chemosphere 2019, 234, 242-251.
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Sources and polymer age ; BAM

>Polymer aging status
>Knowledge about local currents

45°N

Kedzierski, M.; Falcou-Préfol, M.; Kerros, M. E.; Henry, M.; Pedrotti, M. L.; Bruzaud, S., A machine learning algorithm for high throughput
identification of FTIR spectra: Application on microplastics collected in the Mediterranean Sea. Chemosphere 2019, 234, 242-251.
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First hint: carbonyl index ; BAM

>Polymer aging status: carbonyl index
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First hint: carbonyl index

>Polymer aging status: carbonyl index
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First hint: carbonyl index

>Polymer aging status: carbonyl index
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Lab aging studies

> Artificial aging of PE

> Sheets with 30 um thickness
> UV-irradiated

> Elevated temperature
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Lab aging studies ; BAM
-fusion enthalpy

Characterisation: DSC
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Lab aging studies
-cristallinity

Characterisation: DSC
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Lab aging studies
-carbonyl index

Characterisation: ATR-IR, carbonyl index
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Lab aging studies ; BAM
-limitations

> ATR-IR surface-sensitive
> Surface biofilm causes high carbonyl signal
> Aging scenario inadequate

> Need for better (bulk) method
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TED-GC-MS < BAM

Thermal Extraction-Desorption Gas Chromatography Mass Spectrometry
TED-GC-MS

> fully automated 2-step method

> 2.4 h/run

> main focus: Microplastics in
environmental samples
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TED-GC-MS
-working principle

1st step

Thermo-balance (TGA)
> - 500 pL (500 mg) sample
> heat to 600 °C
> 10 K/min
> N,-atmossphere
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TED-GC-MS < BAM

-working principle

connection

coupling device
> transfer &
> sorption of decomposition products
> on PDMS-bar
> time-controled selection of sampling
window
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TED-GC-MS < BAM

-working principle

2nd step

Thermodesorption-GC-MS
> remobilisation,
> separation &
> detection of decomposition products
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TED-GC-MS < BAM

-applications

Decomposition products

(0]
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o) O
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TED-GC-MS 2 BAM

-applications
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TED-GC-MS 2 BAM

-applications

— 1" measurement
Environmental sample —— 2" measurement
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TED-GC-MS 2 BAM

-applications

— 1" measurement

Environmental sample —— 2" measurement
sample + added polymer
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TED-GC-MS
-applications

Environmental samples
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TED-GC-MS < BAM

-award winning method

Mulheim Water Award
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TED-GC-MS < BAM

-award winning method

Sold copies

Umwelt

. Bundesamt

] Technische
Hochschule
° Wildau
Iut“ ‘ Technical University
B of Applied Sciences
WILDAU
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normalised abundance

TED-GC-MS

and PE
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normalised abundance

TED-GC-MS < BAM

Main decomposition products

> Main decomposition products of PE
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normalised abundance

TED-GC-MS < BAM

Internal standard

> Main decomposition products of PE
P07 > Internal standard
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normalised abundance

TED-GC-MS

Antioxidants
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> Main decomposition products of PE
> Internal standard
> Anti-oxidants
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normalised abundance

TED-GC-MS
Auxiliary agents
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> Main decomposition products of PE

> Internal standard
> Anti-oxidants
> Auxiliary agents?
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normalised abundance

TED-GC-MS < BAM

Oxidation products

> Main decomposition products of PE

0 > Internal standard
AE+07 4 > Aﬂtl‘OdeantS
_— > Auxiliary agents?
> Oxidation products: Ketones
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TED-GC-MS
Oxidation products
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> Main decomposition products of PE
> Internal standard

> Anti-oxidants

> Auxiliary agents?

> Oxidation products: Ketones in

> increasing concentrations
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TED-GC-MS
Oxidation products

Ketone
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< BAM

> Main decomposition products of PE
> Internal standard

> Anti-oxidants

> Auxiliary agents?

> Oxidation products: Ketones in

> Increasing concentrations &

> With good correlation to aging
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TED-GC-MS < BAM

Oxidation products & Antioxidants

Ketons > Main decomposition products of PE
s+ C, > Internal standard
> Anti-oxidants
> Auxiliary agents?
> Oxidation products: Ketones in
> Increasing concentrations &
> With good correlation to aging
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TED-GC-MS < BAM

Oxidation products

. > Main decomposition products of PE
> Internal standard

> Anti-oxidants

> Auxiliary agents?

> Oxidation products: Ketones in

> Increasing concentrations &

> With good correlation to aging
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Summary & Outlook ; BAM

TARA MEDITERRANEE

> Tara-Mediterranean Expedition 2014
> PE & PP most abundant
> Investigation of sources

>Aging status

> First lab experiments: photooxidative i
> Next lab experiments: marine aging

>Both beyond the point of mech. failure o
> Assessment of environmental samples ' N
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TED-GC-MS < BAM

ZIEL: GEESTHACHT

> Sampling campaign river Elbe
> Cellulose & glass fibre filter
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TED-GC-MS < BAM
Sizing

> Sizing on glass fibre filter

> PS, PA, PET?
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