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Plastic Degrades into Micro/Nano-Particles

Scanning electron microscopy image of polyethylene facial scrub

Hernandez et. al, Environmental Science & Technology 2017



Wastewater Removes 88-99% of Microplastics

PRIMARY TREATMENT SECONDARY TREATMENT TERTIARY TREATMENT
Primary Secondary Sand
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I  UPTO 99% OF
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UP TO 88% OF
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TO SLUDGE

Sewage sludge

Freeman et al (2020). Journal of Environmental Management



Other _ Surface Disposal Incineration

4% \ 3% / 3%

~75% Biosoilds in WG
California are
Land-Applied

Class B (land appliec

Alternative Use / for agriculture, forest
(alternative fuel, deep management, etc.)

well injection, etc.)
California Association of 2%

Sanitation Agencies (2013) 723,000 dry metric tons applied in CA in 2013



Plastics in Biosolids Correlates to Plastic Production
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Plasticulture Input Negligible Compared to Biosolids
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Plants Uptake and Accumulate Microplastics

Microplastics

Control

Sun et al. (2020). Nature Nanotechnology.
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Crops Uptake Sub-Micron Plastics via Crack-Entr

Li et al. Nature Sustainability (2020).



Microplastics Integrate in SOI| Blophy5|cal Enwronment
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Microplastics Reduce Plant Growth

Control PS-SO,H  PS-NH, Contol ~ PS-SOH  PSNH,
Vi : be ¢ ; .
| L. | |

10 50 100 10 50 100
Nanoplastic concentration (ug mi™)

Sun et al. (2020). Nature Nanotechnology. Nanoplastic concentration (g kg™ ')
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Plastic Bioaccumulation in Rhizosphere Decreases

Growth Rate, Nutrient Uptake
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Days after treatment
Maize treated with PE (100 mg/L) decreased growth rate

Plastic

Maize treated with PE (100 mg/L) caused obvious

morphological changes to roots

Urbina et al. (2020). Sci. Tot. Environ.



Microplastics Can Decrease Food Production
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Control Manure Control 17,870 MP/kg 27,821 MP/kg 47,130 MP/kg
Hernandez-Arenas et al. (2021). Environmental Pollution
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22% of species are at risk in 5% of samples
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Microfibers Exacerbate Drought Impacts

Microplastic fibers E absent — present

well-watered

drought
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Plant species

Microplastics alter dominance
of plant species in a community

Microplastics
absent

Microplastics
present

Lozano and Rillig, Environmental Science & Technology (2020).



Plastic Degrades Very Slowly

100 1 1 | 1 | ] 1 ] I 1 1 1 I ] | | I 1 1 ] I | | 1 | 1 |
v All pieces: m, =2.75 g —
- 80:—."'film p=0.95glom® "
E 601 i(constant area, "-‘ Vo=29cm® -
o ., & oers -
% 40 ' (constant®, : -
° [ % area, 29 cm?)", %y -
o0k & . -bead bead (shrinking -
i ) . *.(constant adius) -
- . . ™ 5 -
I . % ., area, 9.7 cm?) -
0||||||||!|||||||||||||||!|///1 5 A R T TR S Y Y T (Y T WA TR (NN TN WO WO NN TN NN SN NN SN R
0 1 2 3 4 75 200 400 600 800 1000 1200 1400
time / years

Chamas et al. (2020). ACS Sustainable Chemistry & Engineering



What'’s the deal with bioplastics?




Some degrade, some do not

Bio-based plastics and their biodegradation

Biodegradation according to ISO and ASTM standards Managed facilities Natural environment

B Biodegrades Industrial Anaerobic Home Marine Freshwater Anaerobic aquatic Soil

I Does not biodegrade composting digestion composting 30°C 21°C digestion 25°C
6-12 weeks Single-stage 14 days 3-6 months 35°C

B Unknown

\\ 50-70°C Two-stage 15-40 days 28C

Renewable raw materials 7
PLA Polylactic acid
PHA-PHB Polyhydroxybutyrate
PBS Polybutylene succinate
TPS Thermoplastic starch

A
Fossil fuel-based raw materials g
PBAT Polybutyrate adipate terephthalate
PCL Polycaprolactone

lllustrated by GRID-Arendal

Source: UNEP 2021, adapted from Narancic et al. 2018.




Compostable Plastic Bags Increase Aflatoxin Content in Soil
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Accinelli et al. (2020). Waste Management.



Planetary Boundary for Biosphere already at Risk

Novel entities
(Not yet quantified)

Climate change

Folke et al (2021). Ambio
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Evidence for Terrestrial Microplastics Impacts Rapidly Increasing

900 -
—&— Biology
| —@—Sea

2 —8— Freshwater
'% 6004 @ Soil
O —&— Atomsphere
o)
S
o
)
= 300 -
s
S
)
&
)
o | 5%,
0 -
i ] = ] = 1 - | | -
2004 2008 2012 2016 2020 Yang et al,

v Science of the Total
car Environment (2021)



Business-As-Usual = Exponential Increasing Pollution
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— 20 | Business as usual

' | Minimal reduction scenario
I Moderate reduction scenario
B Strong reduction scenario
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Lebreton & Andrady, Palgrave Comms. (2020).
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reduced, l‘{!llﬁ{“:tl,

repaired, rebuilt,
refurbished,

refinished, resold,
recycled or

composled,
then it should
be restricted,

edesigned

or removed

from production.
Im - Pele Seeger
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