MICROPLASTICS IN THE ENVIRONMENT: PATHWAYS AND DISTRIBUTION
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DISTRIBUTION OF MICROPLASTICS IN OUR ENVIRONMENT
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THE PATH OF THE PLASTIC BOTTLE INTO FOOD
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WHAT EFFECTS DO MICROPLASTICS HAVE ON WILDLIFE?

®

Oxidative Stress
Inflammation
Metabolic Disorders
Behavioural Changes
Structural Damage (Organs)
Biochemical Damage
Reduced Fertility
Developmental Delays

Direct Ingestion —»

»
>




MICROPLASTIC DISTRIBUTION THROUGH TIRE AND ROAD ABRASION

Tire + Road

Abrasion
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MICROPLASTICS AND LAUNDRY WASHING

Direct levers to reduce microfiber release
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MICROPLASTICS FROM TEXTILES

..................................................................................................................................................................................................................................

CONTAMINATED
ENVIRONMENTS

TEXTILE LIFECYCLE WASTEWATER TREATMENT




MICROPLASTIC RELEASE FROM TEXTILES
Pro-contra analysis of current prevention tactics

® Can be retrofitted to any household washing machine

(external)
WASHING MACHINE FILTER Efficiency depends on mesh size

® Filter has to be recycled and replaced regularly
(material, effort, and costs)

® Easy to use and reusable

® Protects textiles from mechanical stress
WASHING BAGS (clothes last longer)

Efficiency depends on mesh size, cleaning,

and bag material may release microplastic fibres itself

Likely only captures larger fibres and particles

efficiency approx. 30 %
CORA BALL ( y.app ?

@ Could damage textiles and release more microplastics

through abrasion

No information on the exact mode of action
(chemical/mechanical)

SPECIAL DETERGENT Reduction presumably only at low washing
temperatures (20°C)

® Disproportionately high price



MICROPLASTICS ENTERING
THE WATER CYCLE.

Microplastics
in surface water

MICROPLASTICS IN THE WATER CYCLE
STATUS QUO

Microplastics in aquatic
organisms

Microplastics
in human bodies



MICROPLASTICS IN THE WATER CYCLE
INCLUDING WASSER 3.0 detect | remove | reuse

QUANTIFICATION
OF MICROPLASTICS

MICROPLASTICS ENTERING
THE WATER CYCLE.

AT THE ORIGIN
v
P
° ) REMOVAL
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AT THE ORIGIN

remove

DIRECT POSITIVE
IMPACTS ON:

o water quality
e environment
e health

Wasser 3.0 detect delivers
the world’s first detection and
process control system for
microplastics in water.
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With Wasser 3.0 PE-X®
we remove pollutants
before they enter

the ecosystem.
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MICROPLASTICS IN OUR ENVIRONMENT: UNITED IN WATER
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WHAT EFFECTS DO MICROPLASTICS HAVE ON OUR HEALTH?

Microplastics

Interaction
Direct of microplastic

m consumption e particles

Food & beverages
e.g. seafood,

Cancer, obesity,
respiratory

\/
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Human problems,

drinking water, birth defects,
honey, salt... cardiovascular
disease

Microplastics




WHAT IS THE SIZE DEFINITION OF MICROPLASTICS?

MACROPLASTICS

MICROPLASTICS

NANOPLASTICS

103
10cm 104
Smm 10 10
mm 20pum 107 .
Tum 10 107
10nm
nm
Visible with naked eye. Still partially visible. No longer visible.
Can still be collected Advanced detection Only detectable with
from the environment. methods necessary. very high effort.
Almost impossible to remove Not removable from
from the environment. the environment. O



THE TOP 10 TYPES OF PLASTIC WASTE IN INLAND WATERS
Shares of macroplastic deposits in European rivers and lakes®

o>

3%
hygiene
products 14%
12% plastic bottle
food packaging
1%
plastic bags
2%
packaging
of tobacco
products
6%
packaging of take
away food

*The values are based on 5 British studies, three country-specific studies
(France, Switzerland, Poland) and one Europe-wide study. Source: Earth Watch Institute

Source: https://de.statista.com/infografik/25199/haeufigste-plastikmuell-arten-in-binnengewaessern/

5%
cotton swab

4%
cups

9%
cigarette butts

1%
plastic straws, stir-
rers, cutlery


https://de.statista.com/infografik/25199/haeufigste-plastikmuell-arten-in-binnengewaessern/





BEHAVIOUR OF PLASTICS IN WATER

SUSPENDED

(depending on the density)

Types of Plastics

Foams

Natural rubber (NR)
Polyethylene (PE)
Polypropylene (PP)

Types of Plastics

Polystyrene (PS)

Polycarbonate (PC)

Polyamide (PA)
Polymethylmethacrylate (PMMA)

Types of Plastics

Polyvinyl chloride (PVC)
Polybutylene terephthalate (PBT)
Polyoxymethylene (POM)
Polytetrafluoroethylene (PTFE)

Density [g/cm3]

> 0.005
092-10
0.92-0.96
09-10

Density [g/cm?]
1,05

1,0-12

1,0-12

116 -1,2

Density [g/cm?]

12-14
1.3-132
1.34-143
>1,8

WASSER

3.0



MICROPLASTICS AND COSMETICS

(Values for Germany)

A

More than every 10* body More than every 10t
scrub examined contains make-up product studied
nylon-12. contains nylon-12.

Every 3rd facial peel
examined contains
polyethylene (PE).

More than every 3™ More than every 5% face
sunscreen tested contains cream tested contains
Acrylates / C10-30 Alkyl Acrylates / C10-30 Alkyl
Acrylate Crosspolymer (ACS). Acrylate Crosspolymer (ACS).

Every 4 shower gel
contains Polyquaternuim-7
(P-7) and every 10th
Acrylates Copolymer (AC).

Source: Fraunhofer Institut fur Umwelt-, Sicherheits- und Energietechnik UMSICHT und NABU (Naturschutzbund Deutschland) e.V. (2018) Mikroplastik und synthetische WASSER
Polymere in Kosmetikprodukten sowie Wasch-, Putz- und Reinigungsmitteln, Endbericht, DOI 10.24406/UMSICHT-N-494063. 3 O
®



MICROPLASTICS AND DISSOLVED POLYMERS

Estimated entry volumes into the sewage system (tons per year in Germany)

COSMETICS
55t 23.200t 92t 23.700t
Microplastics of dissolved polymers Microplastics of dissolved polymers
used as: used as: softener, used as: used as: film formers,
film former, dirt deflector, graying inhibitor, film former, opacifiers, viscosity regulators,
surface improvement viscosity regulator, fillers, friction bodies emulsifiers,
etc. solvents, etc.

Source:: Fraunhofer Institut fur Umwelt-, Sicherheits- und Energietechnik UMSICHT und NABU (Naturschutzbund Deutschland) e.V. (2018) Mikroplastik und synthetische Polymere in
Kosmetikprodukten sowie Wasch-, Putz- und Reinigungsmitteln, Endbericht, DOI 10.24406/UMSICHT-N-494063. @



HOW DOES THE PLASTIC GET TO THE SEA?

PRIVATE WATER

Microplastic particles
from cosmetic products
and synthetic fiber
laundry contaminate the
wastewater, which flows
directly into the sea
without being filtered.

INDUSTRIAL
WASTE

Untreated wastewater
from industries and cities
goes directly into the
river / seq.

SHIPS

GARBAGE

Bad or missing waste
management / recycling
system is one of many
causes.

m Many ships illegally dispose
their garbage in the sea and

lose cargo and containers.

Source: https://www.tauchen.de/umweltschutz/plastik-mit-giftbeilage-wie-der-stoff-unsere-meere-verschmutzt

FISHING

Nets and other equipment
are deliberately thrown into
the sea (ghost nets).

BEACH

80% of the waste from
the mainland comes
from tourists.

DISASTERS

Wreckage and garbage
carried to sea by
hurricanes, storm surges,
tsunamis.



THE DISTRIBUTION OF PLASTIC GARBAGE IN OUR SEAS

ARE ADDED EVERY YEAR.

.
Sé L 6—8 MILLION TONS OF PLASTIC
L 4

North Atlantic
9640t

North Pacific
. 100 Mio. t

South Atlantic Indian Ocean South Pacific
2590t 2185t 2860t

Source: https://www.tauchen.de/umweltschutz/plastik-mit-giftbeilage-wie-der-stoff-unsere-meere-verschmutzt




DISPOSABLE PLASTIC PRODUCTS IN OUR SEAS

—‘= Cigarettes / cigarette ends A 22%
o Lids / Caps e 9%

B2y Food packaging R 14%
e  Cotton swabs A 4%

ii Bottles e 9%

[©) Wipes I e

(5]  Puastic bags P 7%
; Plastic cutlery [ TA

@ Plastic cups / lids s 2%

N I

— Straws / stir sticks M 1%

0% 5% 10% 15% 20% 25%

Quelle: EU-Kommission 2017



POLYMERS, PLASTICS & MICROPLASTICS
Where does the regulation start?

Polymer

. . Controlled
Plastic parts pellets, incl. 3D release
and packaging printing o
medicines
powders
Abrasive Cosmetic
blasting exfoliants
Polymer .
dispersion Agricapsules
Opacifiers
Coatings Seed
and Paints coatings
Polymers make up Polymers Intentionally
bulk of products as intermediates added microplastics
Microplastic regulations Regulations in place (regionally)
do not apply or under discussion O



RETHINKING ECONOMY

LINEAR ECONOMY ECONOMY WITH FEEDBACK LOOPS CIRCULAR ECONOMY

raw materials

¢\>°\ waste

5\
2
production :

residual waste




MICROPLASTICS IN SOILS

ATMOSPHERIC

DEPOSITION ,
oy
IRRIGATION FRAGMENTATION -~ .~
RUNOFF -
E' PORE FILM . SEWAGE ACCUMULATION
] EXCLUSION STRAINING %
1 PHYSICOCHEMICAL 1 ' - SLUDGE
| STRAINING A DEPOSITION 4
. n Po ,a ANDFLL r.p MULCHING

INGESTION
|I 7 ADHERE
h ROOT BIOTURBATION
SOIL CRACKS LEACHING DECOMPOSITION BY PLANT ROOT DIGESTION

- TOXICS
# . O IMPACT ON SOIL
PROPERTIES SORPTION

MICROBIAL WATER soiL soiL ACCELERATING
ACTIVITY HOLDING BULK STRUCTURE

CAPACITY DENSITY & FUNCTION PESTICIDE
LEACHING

GROUNDWATER

Source: Environmental Pollution, Volume 257, February 2020, 113570, https://doi.org/10.1016/j.envpol.2019.113570 3.0



MICROPLASTICS IN WASTEWATER TREATMENT PLANTS

MICROPLASTIC ENTRY PATH
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Fragments, DISTRIBUTION
Microbeads (WATER)



SUSPENDED
MATTERS

(Decay products,

main component:

dead organisms)

NATURAL
POLYMERS

IN THE
ENVIRONMENT

Source: Fraunhofer Umsicht 2018

BIO-BASED,

RENEWABLE,
REGENERATIVE

POLYMERS IN OUR ENVIRONMENT

NON-RENEWABLE,
FOSSIL,
PETROLEUM-BASED

natural semi-synthetic synthetic

WOOD,

COTTON, ...

Processing

and production Thermosets
processes

semi-solid, viscous liquid, viscous dispersed, viscous

+ ADDITIVE + ADDITIVE + ADDITIVE + ADDITIVE

LIQUID POLYMER
POLYMERS ADDITIVES

PLASTICS WAX

Thermoplastics

Elastomers

Plastic emissions from
microplastics and macroplastics

ANTHROPOGENIC POLYMERS IN THE ENVIRONMENT

WASSER

3.0
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ENTRY PATH OF MICROPLASTICS IN THE ENVIRONMENT

Consumer

Plastic Pellets Products

& 8C

Industrial Activities -

Personal
Care Products Paint »p\
<
%
2N

Leachate Treatment

<

Wastewater
Treatment Plant

<
<

O

Surface waters

Agriculture

Source: https://pubs.rsc.org/en/content/articlelanding/2022/em/dlem00443c/unauth
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