e 0
a .
''''''''''
......
o ce ®

Freie Universitat )i

A Plant, fungal
and soil ecology lab.

Impact of microplastics on
soils
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What are effects? Two vantage points

As a pollutant inducing As a factor of global
toxicity (ecotoxicology) change

* Focus on current Focus on future

contamination levels contamination levels
* Negative effects * Any effects
* Focus on highly controlled -+ Focus on ecological
experiments relevance, ecosystems
 Readouts from individual < Ecosystem-relevant
(model) organisms endpoints; communities;
iInteraction with other
Rillig and Lehmann 2020 Science factors of g|oba| Change

Rillig et al. 2021 PLOS Biology
Rillig et al. 2021 Env Sci Techn
Rillig et al. 2021 Nature Ecology & Evolution
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Effects of additives and time-delay
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Microplastic Extractable
additive

Toxic effects

CHEMICAL ADDITIVES as
a key explanatory variable
Caenorhabditis elegans Number of offspring of microplastic toxicity

Kim et al. 2020 Env Sci Techn
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Global plastic toxicity debt: toxicity may yet
fully unfold with increasing degradation

Current Peak of toxic release

E Nanoplastics
Plastic product . ¢ 3

— Microplastics

.. & @“

additives

T : >
ime ®»  Plastic toxicity debt \

Rillig et al. 2021 Env Sci Techn
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Microplastic as a factor of global change
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Small-scale field experiment

Four different microplastic types Focus on soil physical effects and soil
« Polyamide beads aggregation

« Polyethylene fragments Duration 5 wk

« Polyester fibers Found strong effects of fibers!

» Polyacrylic fibers

Machado et al. (2018) Env Sci Tech
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Physical effects of MP (fibers) on soil:

Altered water holding capacity; water dynamics
Decreased bulk densﬂy}

Often decreased soil h,ggregate water stability
Effects on sml‘erosu;n

Machado et al. 2018, 2019
Lehmann et al. 2019

Ingraffia et al. 2022
g 2 mm

Picture by: Dr. Anika Lehmann
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The importance of particle shape

(

Examples of
natural shapes
and forms

soll
particles

hyphae,
roots

\

@ R
Shape Dissimilarity Hypothesis Examples of
e human-made
e shapes and forms
population shape dissimilarity
. fragments,
beads
sand particles fragments beads fibers
Shape Mediation Hypothesis
fibers
equal shape varying properties
fiber thickness lenght : width flexibility
ratio
N _J

Rillig et al. 2019 Environmental Science & Technology
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How could plants be affected?

Types of microplastic

Carbon
resource

@ ’
Soil microbial
#community *

Contaminant
sorption or
transport

Soil structure
Bulk density

Water holding
capacity

Direct toxicity

Microplastic

Root traits,
growth and
nutrient

uptake

Soil
aggregation

Nanoplastic

Rillig et al. 2019 New Phytol
Rillig 2020 Nature Sustainability
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Plant growth effects: often neutral/ positive

1. Neutral or positive effects
on plant growth

2. Positive feedback effect of
soil trained with
microplastic

3. Positive effects on root-
colonizing microorganisms
(arbuscular mycorrhizal

fungi)
. Machado et al. 2019 Env Sci Tech
4. Negative effects also Lehmann et al. 2020 Soil Ecol Lett
. Leifheit et al. 2021 Front Plant Sci
observed (tlre-Wear Lozano et al. 2021 Front Plant Sci

particles; biodegradab|e ) Lozano et al. 2022ab Front Plant Sci
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Shifts in community composition and decrease
in ecosystem multifunctionality
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Plastisphere enriched in pathogens and
antibiotic resistance geners ARGs (compared
to bulk soil)
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D. Zhu et al. 2022 Nature Communications
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Consequences for Earth system feedbacks?

Bundesministerium

Microplastic in terrestrial ecosystems L i Roa g

Deposition and accumulation of microplastics can affect soil properties, with consequences for process rates and
net primary production (NPP), causing feedbacks to the atmosphere, including greenhouse gase (GHG) emissions. European Research Council  Freje [niversitat

Microplastics arrive in soil Microplastics Atmospheric COz Microplastics affect the soil:
from various sources with accumulate in soil functioning and soil-atmosphere
different fates. over time. exchange.

Atmospheric " 4 [ G— Plants
deposition =~
e.g. rain,

wind,

snow

Other inputs
e.g. agriculture,
daily-life

Plastic Cycle » tion - T~ i Process rates

Physical parameters

Different fates

Rillig & Lehmann 2020, Science
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Take-home message |

Microplastic is a new global change factor with effects on

Soil properties (physical; chemical; biological — including the
soil microbiome)

Plant performance/ plant-associated symbionts
Community composition of plants

Ecosystem processes and multifunctionality (and potentially
Earth system feedbacks)

15
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Microplastic as one facet of global change

Strong, direct effect. Short term

¢ carbon dioxide emissions

collectively
cause

Global environmental change

Sars-Cov-2

affect

Weaker, direct effect. Long term

Indirect effect. Long term

Rillig et al. 2021 Nature Ecology & Evolution
16
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Take-home message I

We are still discovering effects of microplastic in soils. Major
unknowns are:

« Long-term effects (e.g. toxicity debt)
« Diversity of microplastic types (incl. weathering)

* |nteraction with other factors and context dependence
Rillig et al. 2019 Science; Yang et al. 2022 Nature Communications

Environmental Chemistry Letters
https://doi.org/10.1007/s10311-022-01500-2

ORIGINAL PAPER q

Check for
updates

New separation protocol reveals spray painting as a neglected source
of microplastics in soils

Yaqi Xu'® . Matthias C. Rillig'? - Walter R. Waldman?
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Thanks for your attention
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