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Worldwide production of
plastics and future projection

in millions of metric tons:

https://www.darrinqualman.com/global-plastics-production/

Global plastic production...

Million tonnes, 2013 1800/ -

1500 —
Commonwealth of

EU Independent States

B v

Middle East ﬂ China

and Africa -
Asia
{exciuding China
and Japan) 1000 -

800 —
600 —
...and future trends
Millien tonnes
400 -
200 —
) ‘- i llll-..rll.l.l.l.lllulII I ;
1950 1970 1980 2010 2030 2050

Source: Ryan, A Bref History of Marine Litter Research, in M. Besgmann, L
Gutow, M, Klages (Eds.), Marine Anthropogenic Litter, Berlin Springer, 2015;
Plastics Europe



Global Plastic Production by Industrial Sector in 2015

The
world
ihan industrial sector is

400 |
million single-use material

tons designed for
of plastics immediate disposal -
| . Consumer and ?;ﬂﬂhlﬂ‘ﬂ'i’

mstitutional
products
Electncalfelectronmic - i

4%

http://www.no-burn.org/industry-needs-to-step-up-its-game-and-design-plastic-out-of-our-systems/ n



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

d

Agriculture 3.4 %

b

Electrical and
electronic 5.7% =

Mikshal w

PET7%

Others 22.7T %

Automotive 8.6 % Others 19.7 % f,..-:;*‘*"' & PS, PS-ET % H
ﬁ & |
Ll PUR ?.5%1] i
Building and e

construction 20.1 %

) |

‘ PVC 10.3 % l I.
PE-HD, :
PE-MD 12.1%

PE-LD, ﬁ
PE-LLD 17.2 %

Lopez, G., et al., 2017. Thermochemical routes for the valorization of waste polyole Finic plastics to produce fuels and chemicals. A review.

Packaging 39.5% /=

Renewable and Sustainable Energy Reviews 73 (2017) 346-368.
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PET HDPE
Polyethylene High-density
terephthalate polyethylene

-

i
f |
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Cr

[La]

PYC
Polyvinyl
chloride

5%

LDPE

Low-density
polyethylene

Polypropylene

3/

19%

-

PS
Polystyrene

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: u
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In a first, microplastics found in human
poop

As microplastics permeate remote places and species around the globe, people are no
exception.

1.500 BCE -
MesoAmerican 1 Plastic from
cultures Petrolium/fuel
(Olmec, Mayaq,

1. Extraction
Aztecs) use

2. Refinement

to ’ | ' 3. Cracking

4. Polymerization

https://www.nationalgeographic.com/environment/2018/1 O/news-plosﬂcs—microplos’rics—humon—fen/



4. POLYMERIZATION
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Physical processes Chemicals Biota

2N [ Input via wind |

' Input via rivers |

Floating plastics
encounter POP
conta min
surfece rmilc

Interaction ot woter
surface with algae

Food chain trandfes?

Ingestian of plasthe;
lesching of additives
0 organisms

Bipaccumilation
of POPs vaken up
with plastc

& microplastic <5mm

O macroplastic >5mm
e chemical pollutant

Figure 5: Sources of marine microplastics and the various physical, chemical and biological processes affecting microplastics in the marine environment [39].

Ogunola OS, Palanisami T (2016) Microplastics in the Marine Environment: Current Status, Assessment Methodologies, Impacts and .
17
Solutions. J Pollut Eff Cont 4:161. doi:10.4172/2375-4397.1000161




Top 10 Polluters

Meghna,

Brahmaputra,

Ganges
.— Pearl

. Amur
. Niger

Circle area shows Total in ocean =
amount of plastic

Yellow
Indus
100,000 All other
metric tons rivers

® Plastic from
Asian rivers

® Plastic from
African rivers

Yangtze

Q

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 1 ,.'
sorted by size in the lab _;
(photo: Paula Sobral)

o

Veiga, .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/3 13064467 Identifying Sources of Marine Litter -

_TGML Report [accessed Aug 10 2018].



MICROPLASTICS ARE PIECES OF PLASTIC
5 MILLIMETRES OR SMALLER.

Small pieces of a The most common type Pieces of food
larger plastic object. of microplastic. Plastic containers and
strands from clothing. 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 THAN 5 MILLIMET

Examples: plastics bags, bottle lids, bottles, food wrappers, etc.

hitp://www.

Plastic pellets
usually used in
manufacturing.

roplastics n



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

(e-g. scrubs,
toothpastes)

Synthetic

SATIIET S
{fibres released
during washing)

Microplastics

Industrial Industrial plastic
products production
(EG- CIE.!IIEEIS' ':]En'd]hlg Dfpmﬁ:c

paints) pellets and powders)

H

Landfills

Fisheries and

(e.g. fragments of
fishing gear)

Shipping
(e.g. shredded
galley waste)

Shipping Cargo
(spills during transport
of plastic pellets and
powders)

Sources of primary microplastics

""" ¥ Diffuse input
—> Direct input

Sources of secondary microplastics

Veiga, .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/3 13064467 Identifying Sources of Marine Litter - n

_TGML _Report [accessed Aug 10 2018].
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Polyethylene

Polypropylene
Polyethylene Terephthalate
~..ux \
l o y \\‘ N
er 2 N
A\
b

Q) 3k

https://www.nationalgeographic.com/environment/2018/10/news-plastics-microplastics-human-feces/ n




10%m 107%m 10%m 10°m
- L I
1 jm Smm 2.3 am
™ olastic 4 ” | - — -
ano ero Macroplastic
a plastic e {:Iutﬂmphm:
b 5
Small Large
Table 2. Classification of plastics debris in the environment, based on GESAMP (2013).
Size ranges Size ranges (MSFD
Class Visualization Technique
GESAMP GES)*
Macroplastics 100-2.5cm MNaked eye Visual counting »>2.5Cm
2.5cm-0.1cm Naked eye or optical MNeuston nets or
Mesoplastics 0.5 cm-2.5 cm
(1000 pm) microscope sieving
0.1 cm (1000 pm) Microfilters <= 1 pm 0.5 cm (5000 pm) to
S mm-1um Microplastics Optical microscope
to 1 um separation 1um
Manoplastics =1 pm Electron microscope Nanofilters =1 pm

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

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

A review of techniques, occurrence and effects, Marine Environmental Research (2015),
hitp://dx.doi.org/10.1016/j.marenvres.2015.06.007). H



ssss i Fragmentation

o

by UV and/ or . -
w},;,d and waves Revel, M. et al., 2018. Micro (nano) plastics : A
Macroplastic Photodegradebon threat to human health. Current Opinion in
*Smm o — :
Ry Air dispersion Environmental Science & Health. Vol. 1. February

Blodegradabon

Nanoplastics

Pages 17-23

Exposure routes of MPs and NPs

Microplastic Potential toxicity ?
1um-5 mm <0,1 pm
pire — % *  Drinking il - Jili
\ water |(—p
" ' * Dermal exposure
“‘_ > * Food
(- < =
~" =  Personal
care Translocation
product through the skin
and lungs ?
Translocation
through the gut ?

>



A recent study found that if we 2014 2050
continue our current rate of - m] m

tweigh fish g O =
outwelgn Tisf.
O YO = WD M

1:5 Ratio =11 Ratio

. I
plastic use, the waste will soon = mm ﬁ % m

PLASTIC IN THE FOOD CHAIN
A sampling of ocean fish found ane-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. fish. plates.
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Primary and secondary forms of microplastics.

Microplastics
Primary microplastics | Secondary microplastics |
Resin pellets Microbeads Fragments Fibres

https:.//www.cell.com/heliyon/fulltext/S2405-8440(23)07 648-X




Classification of MPs

According to
Microplastics the chemical
composition
Primary Secondary Polyethylene
Microplastics Microplastics
1 1
Produced ok Soga plastic
artificially dishils
I ] J
Mechanical Oxidati Polyvinyl
Grinding Extrusion abrasion u:t r:;h? chloride

https://link.springer.com/article/10.1007/s13530-025-00249-9 ¢fromPaywallRec=false



Common chemicals leached Interactions with environmental pollutants

A B Antimicrobials

Leached plastic
additives

|
!
|
i
I
I
I
I
I
I
I
I
I
I
I

=] A

& " Heavy metals

Polybrominated diphenyl
ethers

. @—@\C

Polychlorinated biphenyls
https://link.springer.com/article/10.1007/s10311-024-01727-12fromPaywallRec=false



Hazards of microplastics on various human systems and the typical

exposure routes of humans to microplastics.

Exposure Routes Hazards
ot (he  Impaired heart i Inflammatory
kﬁi structure and _ responses
_ '{{':l ] functions o
Ingestion By A
Dermal contact Disrupted hepatic {J;‘-ﬂ:—rrl E.::::E:f; E__],I:[d
metabaolic functions | =5 { 2
== barriers
"-l:"'\. { ..n__d_
5

Ly . -\." Lower sperm S - pemee
P‘ - . ﬂ'_t'. count and G:Enran o

attel health it

embryos

Trigger immune
responses

https://link.springer.com/article/10.1007/5s10311-024-01727-12fromPaywallRec=false



Human Microplastics Exposure Routes

Distribution of Microplastics
in Human Body

Hair-.....

..--"'"'"‘

w Placenta

Potential Health Risks of
Microplastics Exposure

Nervous system
function impairment

B

---------------------

atic fibrosis and |
metabolic disorders |

i Significant impairment,

+  of renal function ‘!

N
i

. 1

e e -

Reproductive capacity !
. impaiment |

o

BALF: Broncho Alveolar Lavage Flid  NTTPS://link.springer.com/article/10.1007 /s40726-023-00273-8 E



Cellular uptake and release of M-NPLs.

@) ® o,
T (-
\ :“ﬁ;.l,..?u.d ‘@ | v q;
A =
\ ¥ @ St o
= e () enceeana
e e B ..I + I|'I
wﬂ-ﬁ@ h‘-f”i 9 - TNES )
i
Gz

_ : Microplastics and nanoplastics (M-
! NPLs)

LENIWM mediated
@ ewoCytosis

https://www.sciencedirect.com/science/article/pii/S2582004223001384



Microplastic Exposure to Humans
Sources, Routes of Exposure and Toxic effects

Different = Atmospheric =  Contaminated food E =  Dermal products
e | particulates '
H
- Sas @ N
o
__~ Routes of
Aicrnplastics 3 Exposure = [nhalation ' = Ingestion ®  Dermal contact
.\""‘-\.\_\__:1 y .l‘<—Inhala.tion
Toxic effects on “" '
human health (PRI {\ TR
Ml =) )“:w
= Neurotoxicity . Immunotoxicity = Cytotoxicity | = (Carcinogenicity

|
https://link.springer.com/article/10.1007/s13530-025-00249-9 ¢fromPaywallRec=false



[ ]
Types of Source Via of
MPs interaction

Pathways of human exposure to microplastics and their
types, modes of interactions, and possible associated
health consequences.

gmm -1 Air | » Inhalation

Polycarbonate

Polystyrene —>p |ngestion

Polyester

Polyvinyl

chloride  — I
—» Dermal Contact ———» |
| J
| J
|

h’r’rps://www.n}ld'P

Health
consequences

Brain &
Nervous

System

Accumulation

Inflammation

| |

.Com/2673-8929/3/1/4

A

Fetal growth
restriction

Thrombosis

Toxicity




Potential Human Health Effects of Microplastics

2y
FaY laYe ¥
/\Q/W

\ Neurotoxicity

Neuroinflammation
Cognitive Impairment
Penetrate the Blood-Brain Barrier
Alzheimer’s and Parkinson’s
Diseases ?

Skin

Inflammation Process
Cutaneous Wound Repair
Inhibition

Skin Irritation

Skin Cancer

Heart
Inflammatory Response
Oxidative Stress

RespiratoryTract Complication
Pulmonary Injury

o galr’n?)nary Fibrosis Endothelial Dysfunction
A = Procoagulant Activity
Rsthma Cardiometabolic Implications

Endocrine System

Endocrine-Disrupting Compounds

Hormone-Associated Malignancies
Hormonal Imbalances

m o
T—F
AP —

@ GIT
| st Constipation
i _,@ Inflammation
Leaky gut

Male Reproductive System , |

Cardiometabolic Infertility V4
Disrupt the Blood-Testis Barrier \ &

COPD

Pulmonary Fibrosis , Immune system

Immunosuppression

Autoimmune Disorders

Female Reproductive System

_ o Infertility
Endothelial Dysfunction I kS Challenge Embryos and Progeny —————
Procoagulant Activity growth o

https://www.mdpi.com/2673-8929/4/2/23 Freis P hi bs://WWW.mdpi.com/2673—8929/4/2/23




] Indoor air
(0.16-2.3)x108 MPs/year

Annual intake of microplastics SO\ @
\‘\‘ % . \“v‘
Outdoor air \?f \“»,,‘ Water
by human bOdy through (0.46-2.1)x10° MPs/year | (0.22-1.2)x10° MPs/year
|
different routes
Human
Microplastic
Exposures
Fruits & Aquatic
Vegetables products

(4.78-5.58)x10° MPs/year (0.5-1.2)x10% MPs/year

https://doi.org/10.3389/fcimb.2024.1492759

Table salt
(5.0-7.0)x10° MPs/year



Distribution of Microplastics in® Placents

3.5 (MPs/person/day) The Human Body
‘PP, PET, PS... e —— ‘PP, PET, PS...
. Saliva " [&) Infant

+0.33 (MPs/person) ! 0-12 (pglg)
‘PP, PET, PS... : o ‘PET and PC

+1,875-9.175 (MPs/ml) [ iy :
-AE, NBR, CAS... : k 1 0.093-16.13 (pglg)

9.1842.45 (MPs/100mi) a0, ' e
A e\ \! ]

-0.69+0.84 (MPs/g)
‘PP, PET, PS...

0-1.5 (MPs/g) 2 ' -0-0.3 (MPsi
| k s g’
'Fsl PIchl PE.r"- ' 'P-s.‘. W'c1 PE.T.--

S~ ‘ Blood

:0-2.05 (MPsig) : - % 1.6 (ug/ml)
PE, PVC, PP.. \PET, PS, PE...

https://link.springer.com/article/10.1007/s40726-023-00273-8



HAND A HAIR

<100->500 pum <100->500 pum
PVC,PS,PPPET - @, [{{ = pvcps,PPPET
KN | LIVER

<100->500 pm SEIHI 3 4->30 um

PS,PRPETPVC — . P < pVCPS,PRPET
| LUNGS | | BLOOD | 1706
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Neurological disorders
Oxidative stress

Neuro-inflammation ———=

Hormonal
Thyroid cancer

M

Cardiovascular disorders

W

Cytotoxicity
Induce erythrocyte hemolysis

Urinary disorders
Oxidative stress
Inflammation
Skin diseases 4
Rashes, allergy

Ocular
Disorders
Irritation in eyes,
vision failure

Respiratory
disorders
Asthma, Cytotoxicity

Digestive problems

" Diarrhea,alteration of

intestinal flora

Reproductive disorders
Ovarian inflammation,
Lipid metabolic
abnormalities

Potential health implications of microplastics on human health
https://link.springer.com/article/10.1007/s13530-025-00249-9¢fromPaywallRec=false



A Exposure to microplastics can cause neurological

dysfunction.
B Microplastics exposure to lung inflammatory response

Ay and functional damage.

Changes in

w=ew  (C Microplastics exposure causes liver fibrosis and

metabolic disorders.

D Microplastics lead to ecological imbalance in the
intestinal flora and metabolic disorders.
E Microplastics exposure causes serious damage to the

kidney function.

F Effect of microplastics on the reproductive system

Al docc ol Lo K o https://link.springer.com/article/10.1007/540726-023-00273-8
,’ GSH @ap  'testinal flora - Purkinje Cell 5 Fiber n

-’..:"'} MDA Endoplasmic Reticulum & Pulmonary Epithelial Cells Damage



Sources of microplastic exposure in humans and the resultant health effects.

Gastrointestinal problems
Endocrine disruption
Respiratory problems

Cardiovascular problems

_ Skin irritation

Allergic reaction

https://www.cell.com/heliyon/fulltext/S2405-8440(23)07 648-X



Health Effects of Microplastic Exposure:
Current Issues and Perspectives in the Republic of Korea

5 i ¥
' Plastic boitles ,.-J

Microplastics
Inhalation exposure:;
fiber, aerosol, fertilizer

L]
Microplastics -
Ingestion exposure: -
food, drinking water,®,
beverage 0

https:/jpme.ncbi.nlm.nih.gov/articles PMC10151227/

Health effects

Oxidative stress
MNeurotoxicity
Reproductive toxicity
Carcinogenicity

Altered metabolism

N

>



Pathways of
human
exposure to

microplastics.

'\

Inhalation

S

personal
care
product

J

https://pubs.acs.org/doi/10.1021/envhealth.3c00052



Toxicity
mechanism
of

microplastics.

Environ. Health 2023, 1, 4, 249-257
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{7 s I-1a, IL-1B, IFN-y, ﬁ
TGF-B, TNF-a
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DNA damage immune response

g R
= T gt

= g -t e

gt Iy

- ki T o ;.

9 - \\‘; )
7 i i
L 3 \‘ b,
& & 9 -

= 2

[* n.
Liver  Intestinal \\{9"5
organoid  organoid oz

reproductive and

f T f\ d wy
b evelopmental toxicity
I"-.\-: ;c'_f;f; k.‘"

Brain Alrway
organoid organoid i aEHvity ‘ Q

dysfunction  neurotoxicity



Cancer

C Translocation D
Inflammation |<_—>

C Oxidative stress

PARTICLE TOXICITY

desorptionor |- =
10gens }

crobiome - ae==a ey
/‘i ADDITIVES TOXICITY —'\} “a

*
Hepatotoxicity | { \ Endocrine disruption

Neurotoxicity Developmental toxicity

Cancer

Summary of the human routes of exposure to

MNPLs and their potential effects on health.

https://www.frontiersin.org/journals/toxicology/articles/10.3389/ftox.2021.752140/full



Detrimental
effects of
microplastic
ingestion on
human health and
toxic
mechanisms.

Effects of microplastics in human

Exposure route of microplastics in body I

-
For Pulmonary Cardiovascular
‘~-Q{; diseases diseases

.";..“\ e
e 850
i

Inflammatory ~ Cancer Infectious
diseases diseases

. ™

Q',_

Pregnancy and Immunotoxicity
maternal exposure to
progeny
| |
o @ o I o ® ®
Clathrin-  pPhagocytosis Membrane damage
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Main potential mechanisms of MNP toxicity on the intestinal system.
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Possible impact of microplastics on
gut microbiota

l Microbial diversity
T Pathogenic bacteria
l Mucus secretion

Metabolic changes

Deteriorated intestinal barrier
function

T Inflammation

https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimib.2024.1492759 /full .
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The complex interactions
between microplastics (MPs)
and the human gut,
emphasizing the inflammatory

response, alterations in gut

microbiota, and potential

downstream effects on health
through oxidative stress and
tissue damage.

https://www .frontiersin.org/journals/cellular-and-infection-
microbiology/articles/10.338%/fcimi.2024.14927 59 /full




| ) Oxidative stress

(Tang et al, 2018; Lei et al. 2018; Xu et

% al. 2021; Loret al 2016; Yu et al. j*'r:'ri‘r ." R = "
Reproductive toxicity o Disruption of immune function
. : and carcinogenicity
(Xl et al. 2020; Hou et al, ‘ 3
2021; Wel et al. 2022) ‘.. ‘ ',‘ (Li et al. 2020: Hou er al. 202]; Huang et
. e al. 2020 Xu et al. 2019: Bernatsky of al.
. ¢ 2016; Fermandes of al. 20015; Yan et al.
- 2024 Kim et al, 2022}
d‘ &
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Fish immunefunctionand N L .ooieceieeas | Health Effects Of .........................
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; sail » Neurotoxicity Pl cs
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» Reproductive toxicity, (Dong 1 al. 2020: Xu er al 2019) Sda N (Deng 2017 Raflec 718
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2018 Liw ot ). 2019 Qiao et al. 2019
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<20 pm: vein organism depending on their size (Lusher,
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organs Hollman, and Mendoza-Hill, 2017)
https://link.springer.com/article/10.1007/s10668-023-03565-7 ﬂ
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Hidden Dangers: How Microplastics and Nanoplastics Harm the Human Body!

-

“Harm t Hc:!rt'lan Bo | P 3
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F

https://www.youtube.com/watchev=s_4mrQyCE30 H
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Linear economy model for plastic products and packaging and system leaks.

Linear economy

recyclingd @
0 -
G
' 1 D=
= downcycling,
Prﬂd IJEELI;H use conversion
R @ landfill



Circular economy model for plastic products and packaging.

Circular 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 e 19K & 328 & SHARE = SAVE

https://www.youtube.com/watchev=_éxINyWPpPB8




Initiatives to reduce or recuperate packaging waste.

i rrrrr il ] = B8 (a)="“Unverpackt” store in Germany where customers can buy
UREEL L) Ranpe o AP

h

sadadsnss. R .\ 1EXS food in bulk, bringing their own containers. ©Martin Thiel.
@@ AA0 MM N re e

(b) = Reverse vending machines accepting glass and plastic

bottles and aluminum cans in a supermarket in the United

ssdlilidiess

{-rrr 1l | States. ©Alex Kirsch.

(¢) = 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 n
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P!aftic

Biobased Biodegradable Waste

— k

\ #

-
o

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
oE: Poly Ethy] PLA: Poly Lactic acid
. FOly Elnylene o : : £ PHA: Poly Hydroxy Alkanoates
PP: Poly Propylene ~ Bioplastics Bioplastics Biodegradable Plastics:
PVC: Poly Vinyl Chloride
PET: Poly Ethylene - o2 . ' , These are plastics which
Terephthalate . .
PTT: Poly Timethylene break down/disintegrate
Terephthalate into organic matter and
Non A e i TR a bR ceeasenees- Biodegradable gaseslikeCOz,etc.ina
bicdegradable ) . .
particular time and
' . Bioplastics
G WF"“D”HI _ plasti compost which are stated
plastics

in standard references

. (ISO 17088, EN 13432/
PBAT: Poly Butylene Adipate

Terephthalate 14995 or ASTM 6400 or
PBS: Poly Butylene Succinate
PCL: Poly Capro Lactone 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. E
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Bioplastics Market Share

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

http://pubs.sciepub.com/jpbpc/2/4/5/
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Global production capacity of bioplastics.
Source: European Bioplastics, status as of May 2011.



Petroleum-based
biodegradable polymers

Aliphatic polyesters

Renewable resource-based
polymers

Poly (lactic acid) (PLA)

Polymers from mixed
sources (bio-/petro-)

For example, Polycaprolactone (PCL),
poly(butylene succinate) (PBS)*

For example, Poly(D-lactide)
(PDLA), poly(DL-lactide) (PDLLA)

Polyesters

For example, Poly (trimethylene
terephthalate) (PTT)

Polyhydroxyalkanoates (PHAs)

Aliphatic-aromatic polyesters

For example, Poly(butylene
adipate-co-terephthalate) (PBAT)

For example, Polyhydroxybutyrate
(PHB), Poly(hydroxybutyrate-co-
hydroxyvalerate) (PHBV)

Thermosets

Poly (vinyl alcohol) (PVOH)

Starch plastics

For example, Biobased epoxy,
biobased polyurethane

For example, Wheat/potato/corn-based plastics

Cellulosics

* PBS: can be renewable
resource based with renewable
content > 50%

For example, Cellulose esters

Proteineous plastics

For example,Plant and animal
proteins based plastics

Figure 7.3. Resources of biodegradable polymers. From Reddy et al. (2013).



® Other 9.2%

(bio-based/

non-biodegradable)
@ PET 26.3%
® PA 11.9%

. Total:

PEF 0.0% 5248
" 2.05 million
® PE 9.7% tonnes
® PP* 0.0%
200000
Bio-based/non-biodegradable
57.1%

5.0% PBAT

49% PBS @
10.3% PLA @
24% PHA (]
18.8% Starch blends @

1.5% Other ®
(biodegradable)

Biodegradable
42.9%

Fig. 4 Global production capacities of bioplastics in 2017. Adopted from European Bioplastics, 2017 Bioplastics: Facts and figures. Berlin.

Available at: https://www.european-bioplastics.org/market/.
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Fig. 4. PHA biosynthesis process scheme.
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Figure 7.6. Biopolymer film production from raw of parsley wastes.



Table 1. Raw materials, their origin and their advantages and disadvantages.

Raw material Origin Advantages Disadvantages Reference
Zein Main protein of corn - Good film-forming properties after - Brittle (use of plasticizers Ghanbarzadeh et al.
dissolving in ethanol and acetone can overcome this) (2006),
- Good tensile and moisture barrier Sozer and Kokini (2009)
properties
Chitosan Derivative of chitin - Antimicrobial and antifungal activity - High water sensitivity Darmadji and Izumimoto
- Good mechanical properties (1994),
- Low oxygen and carbon dioxide Jo, Lee, Lee, and Byun
permeability (2001),
Suyatma et al. (2004)
Soy protein Derived from soybean - Poor mechanical properties Rhim et al. (2007)
isolate - High sensitivity to moisture
(SPI)
Whey protein Waste stream of - Good oxygen (comparable to EVOH) - Moderate moisture barrier Galietta et al. (1998),

isolate

(Wheat) Gluten
derived films

cheese industry and aroma barrier

Waste stream of wheat - Low cost

starch industry - Good oxygen barrier

- Good film-forming properties

Plasticizer necessary Lo create
easy to handle films

High sensitivity to moisture
Brittle

Kokoszka, Debeaufort,
Lenart, and Voilley
(2010), Mate & Krochta
(1996), McHugh, Aujard,
and Krochta (1994),
McHugh, Aujard, and
Krochta and Krochta
(1994)

Zhong & Yuan (2013),
Tire, Gallstedt, and
Hedenqvist (2012)
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Current Opinion in Biotechnology

From biomass to renewable chemicals: ‘hybrid’ processing strategies integrate microbiological and chemical processes to convert and upgrade
biomass feedstocks to useful and valuable products of interest.
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Irish Teen Wins 2019 Google Science Fair
For Removing Microplastics From Water

An investigation into the removal of microplastics from water using ferro fluids (V2)

AN INVESTIGATION INTO THE REMOVAL
OF MICROPLASTICS FROM WATER

USING FERRO FLUIDS

FIONN FERREIRA

https://www.youtube.com/watchev=E_SEKSdv2Cl&feature=emb_logo

Il » o) 002/2:31 ~ 8 I

https://www.goodgdlesciencefair.com/projects/2018/2c3f6207b15f46clb4bbé6a56095bdé6d901ccfad2e7e51600c766df7856590c4e




An investigation into the removal of microplastics from water using ferro fluids (V2)

d514 ferrofluid
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A sample containing The desired volume of oil The desired mass of The sample containing The ferro-fluid is Now, the extraction is
micro plastics and is added magnetite is added micro plastics, oil, removed using magnets in complete and the sample
distilled water magnetite and water is a small test tube. This is is ready for testing

shaken vigorously for repeated 3 times

h’r’rps://W\MN.you’rube.com/wo’rch?v=E_SI'E"I’<i'§16Iv2CI&feo’rure=emb_logo
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~/SINGLE-USE SWAPS

AND THE TRASH CAN SAVE IN ONE YEAR

4.4 lbs 324 mil = 700,000 tons

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

ba |boo = P'astlc
JeyKiuov .. e
— brush bmshes
Kaoawahdaan

- - l
™ = - e L
"UUTUFIS\)'QUD“\) _ . glass floss pla5t1c_ﬂoss
yg:wanadinaaledoiu container containers
Kaoawanadin gnivavn:1asua: i : Keion iy m oam = =
500 31uBU * Adadnzafiudniy = WHO MAKE 1 167
THE BIGGEST  [ESRSRIR astc TN N W W
is ldkaaanA 20 unfi FEIEUDION GO R DIFFERENCE water i:\)»\.fen':e-r
ntuma\aﬁulufnswa'laun A Bottlas

ndfsnaldgosaarounuiv

g

ONES WHO

1l *

20010 DO THE LITTLE
kaoawaradnsluiAadunniwsa: - - THINGS Ifyst?c
1dnnazifiven * ll:laﬂ(]0=QU .o CONSISTENT- pbigs

i L]

auagvls?
Tnacmaucuu 5 vovUs:inAn : 500 A A N S
fivug:avnsiauiniiga *+ ﬁ Tusukaaa suonido coffee

Cl rSoudalasasviland cups - - - -

70% yavunn:ia

30% wavian:ia Kaoais1ov dwisdild
Dug:wanadnoglurov * KkasadauddI5TE
ilkidonkanasunuu
dajnuargnniuds:inalng : .
(idnzia 01 Taun) kaoallln Kkaoaaufiad
meInMsfiugg:waladn KaoamuUWNUL
IaAUBINIASDVHDUSUY |Uuuc|snua\mnoaau

inden31 300 AocoU === unndwaiadn

&w@@@@




T »
l[!uﬂr,,f"" teryy ..mlmu-‘r’» ’1

A GREAT BIG STORY £ 41 |

§715mamou 100%!

1enye: 45 Us:mn-aswmuhmuuu
ﬂﬂﬂU"fJﬂUEJ nu*:u U'TU']DOﬂ'lSnaﬂ?UﬂOIIEIﬂ




