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A brief history of
plastic

e A series of monomers

» Stacked together Iinto
polymer chains gansen 2019

« Each chain significantly
different

® Addltlves I”ClUded (Jansen, 2016)
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Fig 1: Various plastic polymers




A brief history of
plastic

¥ HDPE

2016) 150 wip,LDPE

» 1920 the first modern plastic Fies
- Plasticiser added t0 PVC g |[Je

* Was Initially too brittle > o
» Addltlve made It Usable (Jansen, 2016) 01950 19575; ‘29_60— 19659 -_ 1995 2000 2005 2010 2015

* Today no new polymers, just
add additives

Fig 2: Increased use of plastic and additives since 1950s



A brief history of
plastic

» After WW2 cheap
materials were needed

(Jansen, 2016)

* Plastic was a
convenient replacement

* The impact was not
considered
T R il Y

> Poor WaSte Fig 3: Scarce resources created a gap tat was filled by
Management systems plastic




i ‘,,'* Warnings, more plastic,
71 " more warnings, even
-4 more plastic...

* Silent Spring 1962

 Environmental harm of
DDT

* What about plastic?

* Plastic reaches exponential
growth

Carsons hook has
TerLiT world’

The Times

§ LENT
SPRING
IC{achel

Fig 4: Rachel Carson “Silent Spring”



L Warnings, more plastic, more warnings,
even more plastic...oh no....

« 1972 Carpenter et al. found
plastic in the oceans (0.25 —
0.5 cm)

* 1990 Ryan recorded and
termed “Microplastics” coast of
South Africa

« 2004 Thompson et al.
"Godfather of microplastics™?

 Plastic Is everywhere

5,000 km
2,000 mile

Fig 5: World map of ocean microplastics
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Microplastic research In
the environment

B Freshwater
@ wmarine

Cumulative scientific production (%)

« Marine environments clearly

oo
A

1980 1985 1990 1995 2000 2005 2010 }-:}IIE‘
faVOU red (Blettler et al., 2018) Years

-8 Sea
Freshwater

—a— Biology
Sail

« Has been a recent Increase In

freshwater microplastic research
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Fig 6: A clear bias of marine vs freshwater
research in microplastics




Microplastics In rivers

5 rivers = 80% ocean pIaStiCS (Schmidt et al., 2017)

47 rivers = 80% ocean plastiCS (eretwonetal 2017

Small stream/rivers underestimated weiereta.

2021)

Estimated today at 1656 rivers weiereta. 2021,

Fig 7: Plastic transported from rivers to oceans



* Microplastics don’t simply
float down river

 Limited long-distance
transfer weigemaneta. 2020

e Dams can act as SInKS watns et

al., 2019)

Fig 8: Plastic transported from rivers to oceans
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Microplastics In rivers

microbes
.

“-’(

L o

 River Continuum Concept wamne oo W I

1980) ’b‘,.“.! MosE 28 2 microbes u::a:'.‘f‘{”
(510 :
2 5 solgsl :,'._

* Rivers are heterogeneous

* Environment changes

* Changes in river morphology

» Changes plants and biota woxssan

Maasri, 2022)

* Microplastics similarly adhere
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Fig 9: The River Continuum Concept



Two primary role
players

River habitat

W WaTer

o, "."."‘-"'1“‘-“%. x

Profile View

Pool Areas of slowflowing, deep
water, often on the outside of bends

Run: Smooth, unbroken fiow,
connecting riffles and pools

Fast, shallow flow over
boulders and cobbles which break
the water surface

Plan View




Anthropogenic
Hydrological

Up to 8 billion particles can be
released into rivers daily (Lietal., 2018)

One piece of clothing
can release = 1000

microplastics per wash
(Mcllwraith et al., 2015)

] . -

Clothing made from Lo
plastic, poor filters on Some WWTPs ineffective at

washing machines removing all microplastics
(Guo and Wang, 2019)



Atmospheric and Terrestrial

Sea spray Rainfall Contamination

Migratory birds
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MnPs

Suspension of MnPs : Transport and deposition of MnPs

In-cloud scavenging

Aquatic ejection
Direct release
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Key point

New microplastics entering

the system




Key point

New microplastics entering
the system

‘ Once in the system, what then?




Environmental

Water quality Velocity Sediment grain sizes

Grain size
64 mm

pebble
4 mm

granule

2 mm
very coarse sand
1 mm
coarse sand
0.5 mm
medium sand
0.25 mm
fine sand
0.125 mm
very fine sand
0.063 mm
silt/clay (mud)

Vegetation
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Water quality

* Neletal, 2018

+ Dahms et al., 2020

* Huang et al., 2020

* Parketal., 2020

* Tien et al., 2020

* Chengetal., 2021

* Liuetal., 2022

*+ Owowenu et al., 2023

Microplastics found to relate
to water quality

Poor water quality = higher
microplastic abundances
Possibly related to poor
water/waste management
WWTP=more microplastics



« Dahms et al., 2020

Organic content

-

* Microplastics found to relate to
organic content of water and
. sediment
* Increased organic content =
Increased microplastics

* Neletal.,, 2018

* Huang et al., 2020

* Parketal., 2020

* Tienetal., 2020

* Chengetal., 2021

* Liuetal., 2022

*+ Owowenu et al., 2023



Vegetation

* Microplastics impacted by
vegetation

* |Increased vegetation = increased
microplastic deposition

* Plant life act as filters for
microplastics in water

* Neletal., 2018

« Dahmsetal., 2020

* Huang et al., 2020

* Park et al., 2020

* Tienetal., 2020

+ Chengetal., 2021

* Liuetal., 2022

*+ Owowenu et al., 2023



* Neletal.,, 2018

Sediment grain sizes

Grain size
64 mm

pebble

gaila * Microplastics increase in areas with finer

2 mm

very coarse sand S e d | m e nt

1T mm

coarse sand * Increased grain sizes = reduced

0.5 mm

medium sand microplaStiCS

0.25 mm

fine sand . . . . .
gy * Finer sediment trapping microplastics
dlsolill = - | arger sediment allowing easier
resuspension

* Ordue to correlation with velocity??

silt/clay (mud)

+ Dahms et al., 2020

* Huang et al., 2020

* Parketal., 2020

* Tien et al., 2020

* Chengetal., 2021

* Liuetal., 2022

*+ Owowenu et al., 2023



Velocity

* Neletal., 2018

« Dahmsetal., 2020

* Huang et al., 2020

* Park et al., 2020

* Tienetal., 2020

* Chengetal., 2021

* Liuetal., 2022

*+ Owowenu et al., 2023

Microplastics found to relate to
water velocity

Increased velocity = increased
resuspension of microplastics
Reduced velocity = increased
deposition of microplastics
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Increased depth =
Increased microplastic
deposition

Loss of velocity
Harder to resuspend



Some environments
are more conducive to
either trapping or
transporting
microplastics




So which
environments
should we look

at?




Fig 10: Rivers are exceptionally heterogenous environments



Height above sea level

Longitudinal profile of a river

gkt

From source to sea



Height above sea level

Longitudinal profile of a river

O Cascades

O Rapids

@Da ms/Lakes

Riffles

1. Velocity Pools
2. Depth Wetlands

3. Sediment grain sizes
4. Vegetation % ©

From source to sea




Height above sea level

O Cascades

Longitudinal profile of a river

O

1. Velocity 4 O -'~ ’ |
2. Depth § O -

3. Sediment grain sizes 1 %f
4. Vegetation § % Q

From source to sea

Dahms et al., 2020; Owowenu et al., 2023



Height above sea level

Longitudinal profile of a river

Rapids

1. Velocity £ O
2. Depth § O

3. Sediment grain sizes 1 %f
4. Vegetation § & Q

From source to sea

Dahms et al., 2020; Owowenu et al., 2023



Height above sea level

Longitudinal profile of a river

O Dams/Lakes

O

1. Velocity § O
2. Depth 4 O

3. Sediment grain sizes 4

4. \egetation 4 Q

From source tO sSea Watkins et al., 2019; Weideman et al., 2019; 2020; Dahms et al., 2022



Height above sea level

Longitudinal profile of a river

O Dams/Lakes

O

1. Velocity £ O
2. Depth § O

3. Sediment grain sizes 1 %f
4. Vegetation § % Q

From source to sea

Dahms et al., 2020; Owowenu et al., 2023



Height above sea level

Longitudinal profile of a river

O

1. Velocity £
2. Depth § O

3. Sediment grain sizes 1
4. Vegetation §

From source to sea

Dahms et al., 2020; Owowenu et al., 2023



Height above sea level

Longitudinal profile of a river

O

1. Velocity § O
2. Depth 4

3. Sediment grain sizes 4
4. \egetation 4

From source to sea

Watkins et al., 2019; Weideman et al., 2019; 2020; Dahms et al., 2020; 2022



Height above sea level

Longitudinal profile of a river

O ‘ Wetlands

O

1. Velocity § O
2. Depth 4 O

3. Sediment grain sizes 4
4. \egetation 4

From source tO sSea Liu et al., 2022; Owowenu et al., 2023; Dahms et al., 2024



Height above sea level

Longitudinal profile of a river

O Run

O

1. Velocity § O
2. Depth 4 O

3. Sediment grain sizes 4
4. \egetation 4

From source to sea Weideman et al., 2019; 2020: Dahms et al., 2020; 2022



Height above sea level

1.
2.
3.
4.

S

Longitudinal profile of a river

Seasonality!
A season to depositand a

season to resuspend

Vegetation 4

From source to sea



Fig 11: Some rivers can have extreme seasonal differences
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Profile View

Pool Areas of siow flowing, deep
waler, often on the outside of bends

Run: Smooth, unbroken fiow
connecting riffles and pools

RifMe. Fast shallow flow over
boulders and cobbles which break
the water surface

Plan View

Fig 12: Schematic representation of a river consisting of multiple different river habitats



Selected site with river habitats
River flow

Cross-section

&
Boulders = O

Instream vegetation = |
Fig 13: Schematic representation of how to sample microplastics in rivers (Dahms et al., 2025)




Selected site with river habitats
River flow

Cross-section

Boulders = O

Instream vegetation =
Fig 13: Schematic representation of how to sample microplastics in rivers (Dahms et al., 2025)
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Fig 14: Scanning Electron Microscopy photomicrograph of microplastic particle _




b

Fig 15: Scanning Electron Microscopy photomicrograph of microplastic particle _



Fig 16: Scanning Electron Microscopy photomicrograph of microplastic particle




Fig 17: Scanning Electron Microscopy photomicrograph of microplastic particle _




The
animal

Kingdom
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Fig 18: Literature review of number of freshwater species investigated and found to have ingested microplastics
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Do we need
iIndicator species?
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Fig 18: Literature review of number of freshwater species investigated and found to have ingested microplastics




Cyprinus carpio

* Omnivorous species

e 7 different studies

* 0.4to 48 particles per fish
e Africa, Asia, Americas

* |spresentin Europe
 Vacuumsriverbed

* Invasive

* Omnivorous species

* 6 different studies

* 11to 58 particles per fish

* Only Asia and Africa

* Canbefoundin Americas
* Warmer environments

* |nvasive

Oreochromis niloticus



 Known to break
plastic down for
shells

* Ingestion of plastic

 0.62 particles per
individual

129 = 65.4 particles per
gram

Detritivore

Discussed as possible
bioindicator

0.74 particles per
individual

Shorter lifespan =
more time accurate
measurement
Easier to sample
large quantities

* Polluted systems?

3+ studies

* 53to 291 particles perg
* Wide distribution

* Relatable to sediment
microplastic levels

Long term bioindicator
(including other bivales).
Filter feeding

Possible ingestion from
water and sediment
Universal distribution?
Human impact?
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Chironomidae Corbicula fluminea Ephemeroptera




™  Known to break
* 129+ 65.4 particles per ! L plastic down for
sram L] B shells
Jgestion of plastic

More research
specifically aimed at
bioindicators needed

idual

ter lifespan =

e time accurate
zasurement
 Easierto sample
large quantities

* Polluted systems?

S s s ¢ Universaldistribution?
=~/ * Humanimpact?

Chironomidae Corbicula fluminea Ephemeroptera



Conclusion

Microplastics could have been in the environment for over

100 years

* Microplastics are physical particles and distribute
dependent on the environment

* This needs to be considered when sampling occurs

* Fish remain the most investigated group of animals

* A bioindicator species would close the gap between
studies



Thank you!
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For the list of references, please contact the presenter
Heinrich Dahms
HeinrichTheodorJacob.Dahms@eurac.edu
https://www.researchgate.net/profile/Heinrich-Dahms
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