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Worldwide production of
plastics and future projection

IN Millions of metric tons:

https://www.darrinqualman.com/global-plastics-production/
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Source: Ryan, A Brief History of Marine Litter Research, in M. Bergmann, L.
Gutow, M. Klages (Eds.), Marine Anthropogenic Litter, Berlin Springer, 2015;
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Who makes the most plastic?
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https://www.ocregister.com/2018/04/21/earth-day-2018-how-plastic-pollution-occurs-and-what-we-can-do-to-lessen-it/



Global Plastic Production by Industrial Sector in 2015

more than

400
million
tons
of plastics
EVEry year

The largest
industrial sector i1

single-use material
designed for
immediate disposal

Consumer and
mstitutional
products

4%

http://www.no-burn.org/industry-needs-to-ste p-up-its-game-and-design-plastic-out-of-our-systems/
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Agriculture 3.4 %

& Electrical and
electronic 5.7 % = ) PETT% = E
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Building and

construction 20.1 % ‘

{
5 = PP19.2%
P -'

PE-LD,
PE-LLD 17.2 %

PE-HD,
PE-MD 12.1 %

Packaging 39.5% /=

Current plastic distribution demand in Europe depending on their application (a) and type of polymer (b)

Lopez, G., et al., 2017. Thermochemical routes for the valorization of waste polyole Finic plastics to produce fuels and chemicals. A review. Renewable
and Sustainable Energy Reviews 73 (2017) 346-368.
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PET HDPE PVC LDPE
Polyethylene High-density Polyvinyl Low-density Polypropylene Polystyrene
terephthalate polyethylene chloride polyethylene I
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11% 19% 6%

Ease of recycling by type : 1-2 EASY // 4-5 MANAGEABLE // 6 DIFFICULT // 3-7 VERY DIFFICULT (3)
Figure Sources : ASTM International; Association of Plastic Recyclers; Roland Geyer, University of California, Santa Barbara ¢ © Jason Treat and Ryan Williams, NGM Staff. Art: n
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Phuysical processes Chemicals Biota
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Figure 5: Sources of marine microplastics and the various physical, chemical and biclogical processes affecting microplastics in the marnne environment [39].

Ogunola OS, Palanisami T (2016) Microplastics in the Marine Environment: Current Status, Assessment Methodologies, Impacts and .
18
Solutions. J Pollut Eff Cont 4:161. do1:10.4172/2375-4397.1000161




Top 10 Polluters

Circle area shows Total in ocean N
amount of plastic

Yellow
Hai
Indus
100,000 All other Nile
metric tons rivers

@ Plastic from Meghna,
Asian rivers Brahmaputra,
Ganges
. Pearl

Amur

Q. Niger

® Plastic from
African rivers

Yangtze

Mekong

Amanda Montafiez; Source: “Export of Plastic Debris by Rivers into the Sea,” by Christian Schmidt et al.,
in Environmental Science & Technology, Vol. 51, No. 21; November 7, 2017



Marine plastic fragments
sorted by size in the lab
(photo: Paula Sobral)

Veiga, J.M., et al., 2016. Identifying Sources of Marine Litter. MSFD GESTG Marine Litter Thematic Report; JRC Technical Report; EUR 28309; doi:10.2788/018068
(11) Identifying Sources of Marine Litter - TGML Report. Available from: https://www.researchgate.net/publication/313064467 Identifying Sources of Marine Litter -

_TGML_Report [accessed Aug 10 2018].



KNOW Y R MICROP

MICROPLASTICS ARE PIECES OF PLASTIC
5 MILLIMETRES OR SMALLER

FRAGMENTS

Small pieces of a The most common type
larger plastic object. of microplastic. Plastic
strands from clothing.

Pieces of food
containers and
coffee cups.

Beads used in soaps and cosmetics. Now labelled
“toxic” in Canada, soon to be banned in personal
care products. Look for “poly” on the label.

MACROPLASTICS ARE ANY PLASTICS LARGER
Examples: plastics bags, bottle lids, bottles, food wrappers, etc.

http://www.

Plastic pellets
usually used in

manufacturing.

roplastics



Key sources and pathways of
microplastics found in the sea, indicating
sources of plastic particles that have been

produced as such (" primary microplastics
" -yellow boxes) and those resulting from
the fragmentation of larger items/pieces,
either on land or in the sea ( " secondary

microplastics " — grey boxes).

Cosmetic Synthetic

garments
(e.g. scrubs, (fibres released

L

L, H

ha o R —— sesrzappRAIRRERRRREES Landfills
? L ..’ ---------- ...."Il

e

Fisheries and

(e.g. fragments of
fishing gear)

Shipping
(e.g. shredded
galley waste)

- Shipping Cargo

Microplastics (spills during transport

of plastic pellets and
powders)

..... P Diffuse input Sources of primary microplastics
=2 Direct input Sources of seeendary microplostics

Veiga, J.M., et al., 2016. Identifying Sources of Marine Litter. MSFD GESTG Marine Litter Thematic Report; JRC Technical Report; EUR 28309; doi:10.2788/018068
(11) Identifying Sources of Marine Litter - TGML Report. Available from: https://www.researchgate.net/publication/313064467 Identifying Sources of Marine Litter -

_TGML _Report [accessed Aug 10 2018].
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Nanoplastic

R e e ]
1 um S5 mm 2.5om
= i - -
. Microplastic Mesoplastic Macroplastic
" o S,mm
Small Large

5 mm-1lpym

Table 2. Classification of plastics debris in the environment, based on GESAMP (2015).

Size ranges Size ranges (M5FD
Class Visualization Technique
GESAMP GES)"
Macroplastics 100-2.5cm Maked eye Yisual counting =2.5Cm
25cm-0.1cm Maked eye or optical Meuston nets or
Mesoplastics 0.5 cm—2.5cm
(1000 pm) microscope sieving
0.1 cm (1000 pm) Microfilters < 1 pm 0.5 cm (5000 pym) to
Microplastics Oiptical microscope
to 1 pm separation 1pum
Nanoplastics <1 pm Electron microscope Nanofilters <1 Jgm

* MSFD GES Technical Subgroup on Marine Litter (2013) Monitoring Guidance for Marine Litter in European

Seas. Draft Report of European Commission. Brussels. (WVan Cauwenberghe, L., et al., Microplastics in sediments:

A review of techniques, occurrence and effects, Marine Environmental Research (2015),

http://dx doi.org/10.1016/.marenvres. 2015.06.007).



‘\J ««ss @ Fragmentation

by UV and/ or

wind and waves Revel, M. et al., 2018. Micro (nano) plastics : A

Macroplastic Photodegradabon threat to human health. Current Opinion in
>5mm

Hydrolysis

Air dispersion Environmental Science & Health. Vol. 1. February

Pages 17-23

Biodegradabon
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i Exposure routes of MPs and NPs
Microplastic Nanoplastics

Potential toxicity ?

E% *  Drinking — Air
\ water jf—

; B * Dermal exposure

- < *  [Food
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it *  Personal
care Translocation
product through the skin
and lungs ?

Translocation

through the gut ?
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A recent study found that if we 2014 2050
continue our current rate of -
plastic use, the waste will soon = mm ﬁ % % 0o
outweigh fish. ﬁ H % % % ) (]
O 'O T el
1:5 Ratio >1:1 Ratio

PLASTIC IN THE FOOD CHAIN
A sampling of ocean fish found one-third had plastic fragments in their digestive tract.

Phytoplankton Larger zooplank- Small fish Larger Large fish are
are mixed up ton eat plastic eat the zoo- _ fish eat caught and end
with tiny plastic | particles with plankton and | the small up on our dinner
particles. phytoplankton. plastic. |7 fish. plates.
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https://www.youtube.com/watch?v=siyDHIplvpM
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Linear economy model for plastic products and packaging and system leaks.

Linear economy
recyclingd
E @) '__.4
=_f_-:::5_._:;::_ downcycling,
~ EEE use waste conversion
production
.I"'I ) landfill

littering

OJI. . 4 8 6:_ ‘:
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Circular economy model for plastic products and packaging.

Clrcular economy
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View full lesson on ed.ted.com

What really happens to the plastic you throw away - Emma Bryce

1,858,555 views i 19k @1 328 & SHARE

https://www.youtube.com/watch?v= 6xINyWPpBS8

=, SAVE



Initiatives to reduce or recuperate packaging waste.

] i da (a) = “Unverpackt” store in Germany where customers can buy
R FUEEEE L R R : | A NEME : : :
E ‘l j ".'.“..ﬁ — M 1 B food in bulk, bringing their own containers. ©Martin Thiel.

- PEETRRCIEITITTIT L. e
i "

(b) = Reverse vending machines accepting glass and plastic
(Hag J ] I‘ F J bottles and aluminum cans in a supermarket in the United
i ldsESwane e =l
Il Ot 0 1 ] R States. ©Alex Kirsch.
(c) = Advertisement of the “Pfand gehort daneben”-campaign
in Germany, advocating to leave deposit return bottles in

Germany next to the garbage bin in order for easy pick up

©Pfand gehort daneben 2016.

(d) = “Feria libre” in Chile, allowing customers to buy

vegetables and fruits in bulk (public domain, Jorge Valdés R.

Joval)

Eriksen, M., et al., 2017. Microplastic: What Are the Solutions? Freshwater Microplastics pp 273-298 .
35



Biodegradation

[

Plastic
. Biobased Biodegradable

Waste

. N
p— L1

#
A #

Microbial biotechnology
chemistry

Fig. 1. An overview of possibilities created by implementation of
biodegradable plastic. Biobased resources and/or waste are used
as a feeding stock for the production of plastic, which can be bio-
based, biodegradable or both. The products made from plastic can
be reused, recycled and in the case of biodegradable plastic, that is
polyhydroxyalkanoate (PHA), polylactic acid (PLA), thermoplastic
starch (TPS) biodegraded to provide new feed stocks for the micro-
bial and/or chemical conversion into plastic, therefore closing the
cycle. For applications that would inevitably lead to plastic products
reaching the environment, implementation of biodegradable plastic
could be used to reduce and prevent the accumulation of plastic
waste.

Microbial Biotechnology published by
John Wiley & Sons Ltd and Society for
Applied Microbiology., Microbial
Biotechnology. 2017. 10, 12321235



Biobased
Bioplastics ; Bioplastics
Biodegradable Plastics: These
are plastics which break
MNen : down/disintegrate into organic
biodegradable matter and gases like CO,, etc.
Conventional : Bioplastics in a particular time and

plastics compost which are stated in

standard references (ISO
17088, EN 13432 / 14995 or
ASTM 6400 or 6868) [10].

Bio based Plastics: the material or product has (partly) resulted from biomass (plants). Biomass utilized for bio plastics

stems from plants like corn, sugarcane, or cellulose.



/ Energy (elecricity) Water, sunlight, CO,
Oxygen Ho
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thermal polyaspartate (TPA), Polyhydroxyalkanoates or PHAs




Bioplastics Market Share

m Cellulose acetate m Polylactic Acid (PLA)
M Extruded Starch W Thermoplastic Starch/ Blends
W Polyhydroxyalkanoates (PHAs) and others

http://pubs.sciepub.com/jpbpc/2/4/5/
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® Biodegradable @ Bio-based/non-biodegradable ®® Forecast @ Total capacity
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Al : Europenan Bioplastics, nova-Institute (2016)
voualwuiAy: www.bio-based ed/markets and www.european-bioplastics.org/market
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“/SINGLE-USE SWAPS

AND THE TRASH CAN SAVE IN ONE YEAR

4.4 Ibs y 324 mil = 700;000 tons

of trash per day people in the US of trash made every day in the US

plastlc
bmshes

plastlc floss
containers

“THE PEOPLE
WHO MAKE

THE BIGGEST plastic
DIFFERENCE water
ARE THE bottles
ONES WHO

DO THE LITTLE

THINGS 170

CONSISTENT- plastic

Lv.” bags
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fee Wl Yl '

“cups
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