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Background

" Plastic are important in
modern daily life. However,
leakage towards the natural

environment raises concerns.

Biodegradability is not
included in standard
LCA studies.

" Therefore, we quantify the
microplastic exposure &
accumulation from polymers
and plastic products
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Conceptual basis

100%

" All polymers biodegrade

® Mass balance

Small intermediate
products

Carbon mass

" EXposure to
microplastics over time

co,

0%
B Accumulation Potential Time

Cpolymer + 0; = €O + H30 + Cpipmass
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Modelling approach

" Set of ordinary differential
equations in time.

" Fit system parameters to
CO, evolution in time

" See publication:
Brouwer, et al. 2024,
A predictive model to assess the
accumulation
of microplastics in the natural
environment.
https://doi.org/10.1016/j.scitotenv.2024.

177503

WAGENINGEN

UNIVERSITY & RESEARCH

I ]' [i\. R SRR LR R Bt e g et S S et

A predictive model to assess the accumulat
natural environment

Marieke T. Brouwer ™ , Wouter Post “, Maarten van de:
Evelien Maaskant °

* Wageningen Food & Biobased Research, Wageningen University & Research, Bornse Weilander
b Food Process Engineering Group, Wageningen University & Research, Bornse Weilanden 9, 671

HIGHLIGHTS GRAPHICAL ABST

s Integrated biodegradation model en-
ables the assessment of microplastic

ccumulation Th lati
~umulation potential defined as time- st UL
rated concentration of , )
et Plastic entering
astics

the natural environment
‘ability leads to significantly =

e [N R R | Amﬂunt DF EI|E|‘5tiI:


https://doi.org/10.1016/j.scitotenv.2024.177503
https://doi.org/10.1016/j.scitotenv.2024.177503

Plastic entering the 3 Microplastic I Microplastic II Small intermediate co
natural environment (in the environment) (incl. active microbes) products (S1P) 2

Sequestered Carbon (SC)

" Describes degradation ‘e
behaviour of polymers 200
i !
B Fits well with what we Utilisation of small intermediate products -
know about
biodegradation process :
dynamics o AIE G4pOI e

S - = Hl | |
= Suitable for all polymer . ‘ 1 4 v.-

types (fast and slow/non \ ——

WAGENINGEN 5

UNIVERSITY & RESEARCH



Application

Plastic entering the 3 Microplastic I Microplastic IT Small intermediate co
natural environment (in the environment) (incl. active microbes) products (S1P) 2

Sequestered Carbon (SC)

Determine and compare: o,
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Database

® Data from literature

" Different:
e Polymers,
e Polymer blends,
e Environments,
e Conditions.

Disclaimer: data from polymer
blends have specific compositions
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The accumulation of microplastics in the natural environment

Plastic entering
the natural environment

Amount of plastic
on the market
X
Littering potential

Y 4

s

Carbon mass

Biodegration model

Time

N

Carbon mass microplastics

Accumulation potential

== PE: Polyethylene
PLA: Polylactic acid
== PBS: Polybutylene succinate

—
—
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Time



Case: Candy Wrapper

Goal:

" Compare material
options for a candy
wrapper

Functional Unit:

" Littering of 1
candy wrapper

® To soil environment
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=== | DPE 0.6 g === PLA 0.8 g === PBAT-PLA 0.8 g == PBS 0.8 g
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Case: Candy Wrapper

What if these wrappers
end up in a
marine environment?
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=== | DPE 0.6 g/y === PLA 0.8 g/y PBAT-PLA 0.8 g/y === PBS 0.8 g/y
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=== | DPE 52 g/y === PLA 71 g/y === PBAT-PLA 71 g/y == PBS 71 g/y

Case: Candy Wrapper
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=== | DPE 0.2% w=m PBAT-PLA 0.2%

Case: Candy Wrapper e TR
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0
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‘ a S e " ‘ a n d y W ra p p e r mmm | DPE 1% wmm PBAT-PLA 1% === PBAT-PLA 10% == PBAT-PLA 50%
. s L DPE 3% mmm PBAT-PLA 3% === PBAT-PLA 20%
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me= LDPE 1 kg/y === PLA 1.4 kg/y === PBAT-PLA 1.4 kg/y == PBS 1.4 kg/y

Case: Mulch film

o
Goal: <
+
. o
" To compare material 2
options for a mulch film "
1S
Functional Unit: 5
® The seasonal use of °
mulch film
® To soil environment o 8 16 24 32 40

Time (y)
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Case: Mulch film

m=m | DPE 1 kg/y === PBAT-PLA 28 kg/y

—~100
What if the mulch films =
made from biodegradable g
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land: - [
0 20 40 60 80 100

Time (y)
Recovery rates: Microplastic exposure
LPPE: 95% . (time-integrated mass)

®m best = worst
4000

PBAT-PLA: 0%

2000

LDPE PBAT-PLA 15
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Conclusions

Predictive model of microplastic
accumulation and exposure,
suitable for:

" very different degradation
properties

" assessing scenarios of
plastic use and leakage
to the environment

® determining required
biodegradation behaviour
for specific products /
applications

" inputin LCA studies
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The accumulation of microplastics in the natural environment

Plastic entering
the natural environment
Amount of plastic
on the market
X
Littering potential
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Carbon mass

Biodegration model

Time
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Accumulation potential

== PE: Polyethylene
PLA: Polylactic acid |
== PBS: Polybutylene succinate
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