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PLASTIC & ENVIRONIVIENT:

Other
thermoplastics
Other 10.8%
thermosets
(excl. PUR
7.5

Household,
Leisure & Sports

7%

Pockaging

390.7 mt ““

in 2021

Building &
Construction

18

European plastics converters

demand by segment in 2021
[PlasticsEurope, Plastics — the Facts 2022]

More than An estimated
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million tonnes million tonnes
of plastic exist in of plastic enter
the oceans today the oceans every year

Problems caused by plastic waste in the ocean to:

O Marine life @ Economy

Entanglement and ingestion by Estimated cost of marine litter is between
animals, including damage caused by €259 million and €695 million

lost fishing equipment mainly to tourism and fisheries sectors
Habitat deqradation

Exposute to chemicals in the plastics

© Climate:

Recydling 1 million tonnes of plastic

© Human health :
equals taking 1 million cars off the road

Exposure to chemicals through the food chain (in terms of C02 emissions
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IMIICROPLASTICS SOURCES
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MITIGATION STRATEGIES

Macroplastics & microplastics
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ased from textiles

It is generally recognized that the presence of microplastics released
from textile in the environment is mainly due to the washing and
wearing process of synthetic fabrics.

IDENTIFICATION
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MPFS RELEASE
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Evaluation of microplastic release caused by textile washing processes @r“
of lc fabrics™
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OPEN The contribution of washing
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MITIGATION STRATEGIES: microplastics released from textiles

Microplastics of fibrous shape have been detected everywhere .... in sample for human consumption

Mytilus galloprovincialis Bee & Honey
Synthetic and natural
=) microfibers were present in
| [} 74% of mussel samples, with a
- mean number of 14.57
4 microfibers/individual,
L L o corresponding to 3.13
i e . microfibers/g w.w
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MITIGATION STRATEGIES: Coatings

- -~
- - - CONVENTIONAL EFDs 4 3 i i i
Pectin grafted on polyamide fabric ! Now-conventionaL grps | DilUte solutions of polymers can easily
I | promote the formation of particles by the
I 1 . . .
1° STEP: Synthesis of Pectin- 2° STEP: Grafting of Pectin- R ELECTROSPRAYING | | Iconventlonal ;eglrlne of e|eFttr:°h§P:]a:\l/'I'\‘,5- X
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Novel finishing treatments of polyamide
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MITIGATION STRATEGIES: Filtration S

FLECIROOnINING Water solutions of Poly(vinyl alcohol) Mw

89000-98000, 99+% hydrolyzed 15%, 18% e 20%.
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PROTOTYPE 1: water enters the filter housing (2) and is e
filtered by passing through membrane (3) supported by the

cartridge frame (5) and enters into the filter cartridge e FeedRate: 1 mL/h
where it passes through the filtering medium (4). e AV=30kV

PROTOTYPE 2: the flow of water is changed in order to

reverse the two filtering stages: water enters into the filter
housing 2 and enters inside of a 5-in. cartridge where it Wastewater derived for Washing tests

passes through the filtration filtering medium (4) after were performed in a Linitest apparatus,
which it c?:/’sznuesthrough the membrane (3). containing around 0,030 mg/mL of

microfibers, was filtered through the
§0yum PVA membrane and a 5 mm pore size
ey BN e PVDF filter for comparison.

PVA membrane

ke

/’—\ PC system
< L .

@ Y 4(?9 Km

MDA 011 | 2002 0542 8

PVDF filter

Development and Performance Evaluation of a Filtration
System for Washing Machines to Reduce Microfiber Release
in Wastewater

microfiber length 0,162 mm
Number of microfibers on PVDF 10
“n = | microfiber length 0,251 mm

Retained by multistep filration 1 Retained by PC system

ie
Microfiores released [mg/kg)
®
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MITIGATION STRATEGIES: Liquid laundry detergent formulations

The effect of a liquid detergent, specifically formulated by BASF for Inditex to reduce the release of microfibers from synthetic

fabrics during washing tests was evaluated o
For the washing test two types of fabric were supplied by Inditex A commercial (DET A) and the other one o B0 ’ -
(1) Taffetta with a continuous and texturized warp yarn type; specifically ~ formulated to limit the ‘ p
microplastics release (DET B), were S | \ ‘
. (2) Jersey black with a staple carded yarn. provided by Inditex for the washing tests. ~ 4 w

Detergent B strongly reduces the release of microplastics for both fabric type and used washing load.

Jersey black 1Kg J
Taffetta 1pcs 0,09 = g
0,30 0,08 NG
5 3 0,07
] " 3 o6
% 0,20 "‘E 0,05
-E 0,15 é 0,04
H 0,03
% 0,10 Taffetta 1kg é 0,02
g 0,05 Jersey black 1 pes
0,05 one 001 030
- 0,00
0,00 - 0,04 DETA DETB 025 T .
DETA DETE % 0,03 g 020 }::Egg%b\[i}g:gf
3 oss The reduction in the 3 e
The reduction in the o= i 0us
amount of released % o0 arpour?t of r'elease.d i
2 om microfibers obtained in § o0
microfibers  obtained in oot washing tests of Jerse
y 0,05
washing tests of ) Taffetta 000 black with DET B was 28% o
with DET B was 85% in the in the case of low oETA DeTo

case of low washing load
(1pcs) and 57% in the case
of high washing load (1kg) .

washing load (1pcs) and
29% in the case of high
washing load (1kg).



MITIGATION STRATEGIES: Ocean Plastic collection and upcycling

Waste Mangement Hierarchy

Keeping parts for longer.

Design for easier dismantling and :
recycling. Minimise number of Prevention
materials in design and manufacture.

Checking, cleaning, repairing, refurbish- Reuse
ing, repair for whole itelms or spare parts.
Pyrolysis
Re-use an existing part for a different appli- :
cation, usually of lower value than the original. Repurpose Mp';:g;g’:i‘ge
Fluidised Bed

Turning waste into a new substance or product. Thermal
Includes composting if it meets protocols.

Chemical Solvolysis

Includes anaerobic digestion, incineration with energy
recovery, gasification and pyrolysis which produce
energy (fuels, heat and power) and materials from wast

Landfill and incineration without energy recovery.
sa

Design

Maintenance

Repair

High Voltage
Mechanical Pulse
Fragmentation

Recovery
e,

Material Cement Kiln

Energy Incineration




MITIGATION STRATEGIES: Ocean Plastic collection and upcycling PONRicercae @) 9000
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traditional PET bottles.

As a model system for litter with high content of non F B Py . DT oo ™
polymeric materials, a common multilayer packaging -
(MC) was selected. A recycled HDPE was used to produce 4l
composites. Maleated PE (MAPE) was also considered as
a process additive.

u polyners e

o
®

* Water absorption increases with
increasing MC content

* The additive slightly reduces the
water uptake i

¢
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MITIGATION STRATEGIES: Ocean| Plastic collection’upcycling and reuse:

........

|

MC + HDPE 50/50 Laminated with HDPE

MC + HDPE 50/50

. :- 3 \~ =

PA 66 treated with Chitosan, CS, at different concentration
for different time

i 2% CS -5 min

+ recycled PE 40/60

B

A

Ricercae ¢ O ‘
SIRIMAP !g&)zc!}!lnnovazione i‘%__o._j?m o 4% CS - 10 min FlRM




MITIGATIONISTRATEGIES: Biodegradable and compostable polymers

Biodegradable o compostable
plastic products

QQ

PLA, PCL, PHB and PBSA were buried in sand

The degradation trend in sand decreased in the
order PHB > PBSA > PCL > PLA. PLA, PCL and PBSA
did not undergo complete degradation in sand.

Biodegradable and compostable
plastics were designed to ‘ e¢ X

facilitate bio-waste collection and o -a-
organic recycling, in line with the k 2;55,7,’,; ‘
i

requirements of the European

Packaging and Packaging Waste @ oy

Directive 94/62/EC) ; - r ‘ )
Some degradation trends of BPs: PLA is sllghtly affected by n _4 o] e

marine environment and its degradation could be improved éﬁ} . mn,m — ol —— — .
by the presence of natural fibers. The degradation of PHAs, " :

considered to be highly biodegradable in various marine

Weight loss (%)

;
Ll ¢
\
\
\
\

Burial time (days) b 100 200
Burial Time (days)

environments, was well documented. |
Ecotoxicity of BPs in the marine environment: (i) no adverse 00 jum
effects of BPs; (ii) similar responses between conventional

and BPs ; (iii) benefit to the organism at low BPs

concentrations. e
Biodegradable polymers: A real opportunity to solve marine Heseuuch P __: )

plastic pollution? Comparison of biodegradable polyesters degradation behavior in sand

’ X x . Francesca De l-l . Roberto \ olio, Maris Emanueda Errico, Emilia Di Pace , Maurizio Avells,
Loredana Manfra ™", Vincenzo Marengo ™', Giovanni Libralato ™", Maria C 2 cca’, Gennaro Gentile
Francesca De Falco ', Marlacristina Cocca




MITIGATION STRATEGIES: Biodegradable and compostable polymers

PLA, PCL, PHB, PBS and PBSA were aged at dlfferent depth level of sea water column in mesocosms

__ 1000 _ 1000
g 500 |PLA € g0 {PCL
S 60,0 A é 60,0 A
£ 40,0 1 £ 400 ! |
- 7]
s | 2 200 - i
Water surface = 20 0,0 - . . | = " |pBSA
o0 0 160 200 300 400 o 1 200 00 3 -y
| Time (days) 2
Deep Water Time (days)
100,0 M
Marine 3 PBS _ 1000 PHB T T ) |
sediments g o0 £ 80,0 - 100 200 300 400
_‘:: 600 7 S 60,0 - Time (days)
-
.%D 40,0 4 % 40,0 -
= 200 A 2 200 1
0,0 4 —— - | 0,0 . . .
% e |ee 0 100 200 300 400 0 100 200 300 400
70 3 — \'//,,v""'_.”""'. *PHB Time (days)
=* 60 \""/./ PBSA Step 1 : Degradation of the polymer main chain
5 Abiotic hyd i
50 = oty miys(lstQ W@ Biotic hydrolysis OQ
40 5 H)\::‘ysi: : \
30 ! T T T Step 2 ! Mineralization of decomposed producis n
0 100 200 300 63 ~PA 0 . - \d
Time (days) 62 e
ol ,:g:A \‘&_\' -10 : \-/‘ PI_AST
— 60 - 20 —
el oy o e | 4SAFE
Fogg 30 ¥ i : Microbial biofilm composition is under evaluation to
57 . . . .
% i P ) identify and isolate bacteria and enzyme able to
55 S ——— 50 Fil & improve degradation of biodegradable polymers to
0 100 200 300 400 2 = . . . . .
Time (days) : find a biotechnological solution to mitigate

microplastic and plastic pollution



MITIGATION STRATEGIES: Degradation techniques

Advanced Oxidation Processes (AOPs)

AOPs are a set of chemical processes characterized by the generation
of highly oxidative radicals at room temperature(most of time OH°®
radical). A variety of AOPs exists according to the methods to
generate Hydroxyl Radicals.

There is an increasing attention towards the
development of innovative strategies to treat plastic
wastes and to design innovative degradation processes

A
\Re"“",‘f“ 1. Conversion of photons into charge carriers
- - Absorption of light

- Generation of free photoelectrons and holes

2. Their transfer within the solid to the surface
(bulk & surface recombination)

3. Their reaction with chemicals (redox species)
at the solid-liquid or solid-gas interface

Photocatalysis

(semi-conductor
catalyst)

Oxidation

gJ3

as c Criteria for selecting the semi-conductors:

;. (A Band gap vs. activation light (wavelength)
(Photo)chemical stability

Anatase TiO,

Band gap of 3.2 eV (UV <388 nm)

Adequate position of BV and BC

Good (photo)chemical stability - Abundant (Ti'  2se 300 350 w0 4s0 so0

-8.0:- Longueur d'onde (nm)

TiO Speclre
solaire

Energy (eV)

34e\

Zone de photocatalyse
- de 5%

32 ¢\
32 eV
28 e\

Unité arbitraire




MITIGATION STRATEGIES: photodegradation using bioinspired hybrid nano-photo-catalysts

Novel nano-photo-catalysts synthesized @DICMAPI using an eco-friendly green wet-chemical route to produce hybrid
nanocatalysts based on semiconductor oxide (ZnO) combined with organic molecules from biowaste (humic acids) with
enhanced ability to generate Reactive Oxygen Species (ROS)

50 nm

A

Zn0O ZnO/HACOMM ZnO/HASS

—,

V70 faa Photocatalytic process:
: UVA-vis irradiation for 225
hr in water-bath.

T

Nanostructured surfaces
of nano-catalysts
prepared by drop-casting
method coated with
polymers

=

Phoegradation under
UV-irradiation

Cootents Bsts available at 5+

Journal of 1 Chemical Engi

" P, 1

Dotormial M GEae: ool b L0 sk e

Normalized Absorbance /a.u.

)
Eco-sustainable design of humic acids-doped ZnO nanoparticles for UVA/ 8
light photocatalytic degradation of LLDPE and PLA plastics

T T T T T T T >l- — T T T
3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750

Paola Amato , Marica Muscetta ', Virginia Venezia ‘, Mariacristina Cocca ', Gennaro Gentile ", 4
Rachele Castaldo ", Raffacle Marotta | Giuseppe Vitiello " Wavenamber /em



REIMIEDIES: Co-creating strong uptake of' REIMIEDIES for the future of our oceans through

nlastic litter valorisation and prevention pathways

REMEDIES, an innovation action project funded in the framework of Horizon Europe program (HORIZON-
CL6- HORIZON-MISS-2021-OCEAN-03), aims to co-create solutions for the future of seas and oceans,
through deploying innovative approaches to monitor and to mitigate plastic and microplastic pollutants REME[]lES .,,eEf,‘,’;’;':;’nbl‘,’mo,,

Innovative monitoring approach for MPs

Developing, testing and applying innovative membranes, filtration
systems and drone technology, an innovative sampling and
monitoring approach for microplastics in sea will be set up

New biodegradable formulations

Development of new formulations using biodegradable polymers
and natural fillers for the realization of new biodegradable
generation fishing gear

Plastic waste transformation
Plastic litter collection through clean up events and marine plastic
waste valorization.

REMEDIES involves 23 Partners from 12
different countries bringing together a
multidisciplinary team with expertise in
chemistry, biology, ecology, materials science,
water and waste management, innovative

water technology, etc.. https://remedies-for-ocean.eu/
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