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In Life magazine in 1955,
an American family
celebrates the dawn of
“Throwaway Living,” thanks
in part to disposable
plastics

https://www.nationalgeographic.com/magazine/2018/
06/




All plastic ever produced (1950-2015)

Primary production
8300

In-use stocks
2500 primary

Discarded

\ 4600
r 4
EEE
EEE a| 700
ign Incinerated
— 500 " 100

800

Secondary

6.300 million tons of waste

Recycled
600

In Million tons! Geyer et al. 2017, Sci Adv
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Wir haben
die Schnauze voll.

pende: wwf.deplastikflut

Hilf unseren Meeren mit deiner §

WWF-Spendenkon




NOAA's National Ocean Service
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Fragmentation or production

J. Rillig



Aerial deposition

(Brahney et al. 2020 Science)
Discarded plastic litter,
fragmenation

(Rilllig 2012; Kwak and An 2021)

Plastic mulching, other agricultural ¢§/, | L

products

(Blasing and Amelung 2018)
Compost or sewage sludge
addition

(Weithmann et al. 2018)

Roads (tire abrasion)
(Baensch-Baltruschat et al. 2020)




Transport of microplastic into soil

Earthworms efficiently transport various
sized microplastic beads down into the
soil (10cm depth, 21d)

(Rillig et al. 2017, Sci Rep)

Collembola (two spp.) transport
microplastic beads horizontally (several
cm within days)

(Maal} et al. 2017, Env Poll)

Other noteworthy means of
transportation:

- Plowing, harvesting
- Root channels

- Movement with water
(Rillig et al. 2017, Front Plant Sci)

: o BTG
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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

Rillig and Lehmann 2020 Science
Rillig et al. 2021 PLOS Biology, in press
Rillig et al. 2021 Env Sci Techn
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Global plastic toxicity debt

Current Peak of toxic release

: Nanoplastics

Plastic product % Tk

=

®»  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 Negative effects on soil aggregation

12



Compare hyphae and fibers...

500 pm




Machado et al. 2018, 2019 :
Lehmann et al. 2019 ' s 2 mm

Picture by: Dr. Anika Lehmann a5 ~
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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

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

Types of microplastic

\

N L
Soil microbial
¢community *

sorption or
transport

Soil structure
Bulk density

Water holding
capacity

Root traits,

growth and Soil
A4 nutrient aggregation
Nanoplastic Direct toxicity uptake =

Rillig et al. 2019 New Phytol
Rillig 2020 Nature Sustainability
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Our lab‘s major findings on plant effects

Neutral or positive effects
on plant growth

Positive effects on root-
colonizing microorganisms
(arbuscular mycorrhizal
fungi)

Tire-wear pa rticles: Machado et al. 2019 Env Sci Tech
. Lehmann et al. 2020 Soil Ecol Lett
neg atlve effeCtS Leifheit et al. 2021 Front Plant Sci

Lozano et al. 2021 Front Plant Sci
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What about the plant community
(and ecosystem) level?
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Berlin
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Plant community level responses: more
biomass, but shifted community

Microplastic F= absent B3 present

s ; °
0.4 i
= % ) o
w 7 - ;
w03
8 . o s
E E e
g 5] v 021
p= [+}
w 4 o r o
i 0.1
R e o
well-watered drought well-watered drought

C ot D o

+ 0.097 ,, 0907

2 2 : E

® c

;2 0.067 o 5 085 .

3 D $ — | 3

1

0.03 Q ’ 2 080{ ° T e
well-wlatered drm:lght well-wlatered drm:lght
Water treatment Water treatment

Lozano & Rillig 2020 ES&T
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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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How well are we doing with multiple factors?

A B
1000 1004 30000
z
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20000 g
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Rillig et al. in 2019 Science
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Multiple factors of global change
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Multi-factor effects on soil aggregation

i

A
S 3
—~-701-% 1+ . | &
2 - L > % L = ;
[11] . o - ] q 4 P, - » o
E’ -‘___._n__':‘____'l_._!ﬂ_.t b ol '? i sl Qe ]
2 |Patd" FPITICRd
© b | T o P9
= 01 . & | g ) t+ "
(14 ; o |la
il L=
<] i 4
E ] [ [+] : a
i [ ]
a g
® 507 4
= ’
S S DO S0 S Ae 125 B0
ﬁaﬁﬁﬁ'ﬁt}ﬁﬁ q;&&ﬁb S T '
PP A SR
o &i*é@‘q‘ W - Mumber of
v AT factors
Treatment

+ Mean + 95% Cl (0 single factor)

The more factors, the more
soil functions and
biodiversity decreased!

It didn‘t matter as much
much what factors
(including microplastic)!
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Similar effects on o

biodiversity...
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Take-home message |

Microplastic is also a new
global change factor, not
just an ecotoxicology
problem, with effects on

« Soil properties

* Plant performance

« Community

composition of plants
and microbes

« Ecosystem processes

25



Take-home message I

We are only beqginning to
understand the effects of
microplastic in soils

Major unknowns are:
« Long-term effects

* Diversity of microplastic
types

 |nteraction with other
factors

. . op e ,“ﬁ‘ 4 ”
Freie Universitat (L))
2 =74
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Machado et al. 2018, 2019 :
Lehmann et al. 2019 ' s 2 mm

Picture by: Dr. Anika Lehmann a5 ~
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