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Global production, use and fate of polymers, synthetic fibers and
additives (1950 to 2015; in million tons)
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Production, use, and fate of all plastics ever made

Roland Geyer,'* Jenna R. Jambeck,” Kara Lavender Law®



The PBT conce

P=Persistence
B=Bioaccumulation
T=Toxicity

(M=Mobility)




Plastics degradation rates and size classes

Classification of plastic litter
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Global distribution of plastics

Macro, meso, micro and nanoplastics are omnipresent in marine and freshwater water
bodies

Abundancies increase with decreasing size from macro to nano
Qualitative and quantitative analysis remains an analytical challenge but progress is made
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Plastic Pollution in the World's Oceans:
Maore than 5 Trillion Plastic Pieces
Weighing over 250,000 Tons Afloat at Sea L
o Marcus Erlkscn'®, Laurent C. M. Lebrctan?, Henry 5. Carzon™!, Martin Thiel %7, Figure 2. Model results for global count density in four size classes. Model prediction of global count density (pieces km ™% see colorbar) for each of
e Charlos J. Mogee', Jose €. Borerro’, Francom Galgani™, Peter 6. Ryan”, four size classes (0.33-1.00 mm, 1.01-4.75 mm, 4.76-200 mm, and =200 mm).



The shape and size of environmental
plastics matters

Plastic litter comes in different sizes and
the nature, size and shapes determine
their distribution and fate,

The availability of the plastics to biota
very much depends on their structural
and functional organization, this
determines the actual exposure.

Macro-, meso- and the larger
microplastics mainly cause physical
(mechanical) damage, the effects of the
smaller micro and nanoplastics are
more of a cellular (biochemical) nature.

http://www.grida.no/resources/6924
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Size does matter
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How plastic pellets enter the environment and harm wildlife

Poorly packaged
pellets can leak from
damaged containers
during transport at sea.

Pellets spilled
at industrial
sites enter
ocean via
drains and
waterways.,

Pellets become embedded
in coastal habitats,
destabilising ecosystems.
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Pellets spill from ships during accidents
or when containers fall overboard.

Pellets mistaken for food
fill the stomachs of birds
and other animals and can
cause starvation.

Pellets floating
on the ocean
surface are
mistaken for
food by wildlife.

Toxicity of peliets increases oo
over time in the ocean. o
These toxins transferto | _ @/ ¢
marine life eating them. = 1]

l

Pellets (and their associated

chemicals) can travelup the =

food chain if predators eat p
prey containing pellets.

. 1 : R : . Pellets have been
. 2 < found in the
a5 mouths and
stomachs of
% dead fish.




Citizen monitoring projects help to visualize the global distribution of plastic pellets
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Port of Antwerp-Pellet flux project

Goals of the project: l}

Short term

Mapping of plastic pellet distribution in the harbour public domain.
Identification of critical points of pellet loss along transport routes.

Long term
Dynamics of pellet concentrations following clean-up and other measures.
Distribution and loss of pellets to the docks and Scheldt estuary.

Exposure of wildlife and effects.
Producenten ﬁ EOpslag Verwerkers




In the Port of Antwerp different types of pellets are produced, packed and transported

During the production and handling a small but significant part of the pellets are lost and enter the sewage
system, are lost on the route during transport or shipping and finally end up in the docks and estuary



Producenten Verwerkers
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Methodology
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| Critical points of pellet
loss

(close to a company or
transportation route, in a
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Methodology
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Results

.

Raw data: tc:cal.number of pellets sampled on all subplots (42.75 m?)
eason Day 0 Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Sum
pring 2022 5564 1031 886 720 548 8749
Summer 2022 724 598 459 483 277 2541 )
Autumn 2022 530 267 261 420 182 166
Winter 2023 616 984 501 338 293 27324
Sum 1568 :

@ 15.682 plastic pellets (492 gram)

4 sampling campaigns
each 5 sampling days

total area 42.75 m?

% * Although the road was swept, most pellets were found on

day O in spring, summer and autumn

= » Wintersampling differed; more pellets could accumulate

between day 0 and day 9, resulting in a larger number of

quﬁb

pellets on day 9.
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Results
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Results

Plastic pellet loss

Y=a*X+b
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v=6219"% 41339 & 0.9858 | 5
ummer 2022 Y =3.568*X + 18.98 2.8t04.3 0.9859 | 5
utumn 2022 Y =2.293*X +@ 1.8t0 2.7 0.9887 | 5
inter 2023 Y = 2.808*X + 14.06 2.5t03.2 0.9954 | 5
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Average plastic pellet loss : 3.0 to 4.5 plastic pellets per day and per m?



Results

50 types of plastic

pellets were 5
identified, based on “

physical properties
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density) e

7 polymer types were
identified using

Fourier Transform ¢
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Results

Polymer_Type

M other

M polyamide

B polycarbonate

B polyester

M polyethylene

B polyethylenterephthalate
W polypropylene

M polystyrene

12,81%
palypropylens

palyethy ITJT1IH| ephthalate
Y iRe s Plastic pellets consisted
mainly of polyethylene,
polypropylene and
polyethylene terephthalate



Intermediate Conclusion

Plastic pellet loss is still going on —

il BTl

Average plastic pellet loss of 3 to 4.5 plastic pellets per day and per m?
= 1,095 to 1,643 plastic pellets (34 to 52 gram) per year per m?

|

On the critical points (42.75 m?)
Representing only 0,000037 % of the total area of the port (11,467 ha = 114,670,000 m?)
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Overestimation g o Underestimation

We search on places where there are likely to be . 6 Still 99,99 % of the port area left where we

pellets ' * might have overlooked places where plastic

Old pellets might migrate to the sampling points D 4 pellet loss is also going on
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Research continues

Factors that may affect the distribution:

Key solution:
» Weather (wind speed, wind direction, rainfall)
Prevention of plastic pellet loss

Intensity of (pellet)transport near the sampling sites

» Speed of the transport
Zero loss has not yet been
* Surfaces of the sampling sites .
o achieved
Redistribution of plastic pellets on the road > |
Ry
*_-,'1'.? 8 " Cleaning, sweeping the road
T
Methodologies are evaluated and adjusted w fhorolghly
We continue to communicate, inform, build knowledge B s |

Implementing further
as possible to achieve zero loss of plastic pellets together ’ measures and training

Important to try to address the problem as close to the source .-}‘jA 2‘
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’Opcration

Aparte rones voor
vrachtwagens om
plastic pellets en

inspeche en

schocamask van Megelmmitis

veegbeurten met

Hoe wij streven naar NRE . e, o e speciaie machings
- . v J 'R vrachtwagens
zero pellet loss in de S—

haven van Antwerpen

Rigolroosters met
ingebouwde 2oven
om pellets tegen

Trainng voor arbegers & houden

on vrachtwagen
chauffeurs om te leren
hoe pellet loss 18

Filtennstallaties om
petiets van het
regenwater ta
scheiden voordat het
in het riolerings-
stelssl stroomt

Schoonmasksets
& vullnisbakken
beschikbaar op
elke laad- en
lostocate

Veegzet voor clke
vorkhefruck-

chauftour Betonnen

afrastering om
VOOgaChes 10
vergemakkeligken
en le vermijden
dat pellets busten
het fabricksterren
terechitkomen

Nul-0-Plastic
Fuigmachine om
hastorische vervuiling
in netuurgebeed
Galgeschoor 1

verwiyderen Automastesch

Mbasssystasm
voor bulidtransport

Veegmachines op de
openbare weg in de haven
van Antwerpan

Stnkte procedures voor
schoonmesk van
yrachtwagentralers
voorcat goedoren

(- geladen worden
k« PlasticsEurope

essenscia www.opcleansweep.eu
PolpMations

https://www.essenscia.be/van-opruimacties-tot-mobiele-app-actieplan-in-haven-van-antwerpen-voert-strijd-tegen-kunststofkorrels-in-de-natuur-verder-op/



Pellet presence on the Scheldt riverbank

Done

e 6red places
* Downstream
« Walsoorden (left bank)
« Waarden (right bank)
* Port
* Doel (left bank)
* Galgenschoor (right bank)
* Upstream
* Rupelmonde(left bank)
* Wintam (right bank)

To Do

* 44 blue places? No, perhaps less places,
indicated by model of sediment? => see
Waterbouwkundig labo

* Planned to do in February-March

* Places can still change, depending on the
accessibility of the riverbank. Between
Antwerpen and Steendorp we have to figure
out if the Scheldt riverbank is accessible over
there or not.

(o) UUrS: SintAMm.
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Masterproef

‘Plastic korrels in het milieu: bronnen, verspreiding en
milieueffecten’



Pellet presence on the Scheldt riverbank - Methodology

DOWN-  \walsoorden Waarde PORT Doel Galgenschoor
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UP- Rupelmonde Wintam
STREAM 5 samples 5 samples

Distance depended on the area, l_l—ﬁl
vegetation or rocks am*
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|:| ‘Closer to the river
|:| ‘High tide line’ |:| Further away from the river |_1_E|
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1.3 Pellet presence on the Scheldt riverbank - Methodology

Upstream

Port

Downstream

| Walsoorden 30/05/2023 |

o

Doel 11/05/2023

20

Galgenschoor 11/05/2023

1A

Rupelmonde 09/05/2023
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Number of plastic pellets per m2 on the Scheldt riverbanks

Mumber of pellets per m® on the Scheldt riverbank 2000,00 BANK
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Many more pellets found upstream compared to downstream,
distribution is heterogeneous in terms of sites and location per site.
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Rupelmonde Haven Port Wintam Haven Port
Scheldeoever riverbank Kanaaldok Scheldeoever riverbank Noordelijk insteekdok
Mei May 2023 Oktober Octobre 2022 Mei May 2023 JuniJune 2022
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Plastic pellet found on
the Scheldt riverbank
30/05/2023

Mag: 30x
Hereafter 5 pictures of

the same pellet, on the
indicated places

HANNE DIELS - ECOSPHERE

HV mag 4
1 30.00kv = 30x

HFWW WD det
1 6.92mm 16.4mm ETD




Scanning Electron Microscopy of sediment sample with textile fiber

Electron Image 1

Spestoum’l

>

Spectrum 4

250um ¢




SEM 1000x enlarged
19-04-23

PE pristine

PE 28 days
thumbling in
artificial
seawater and
gravel

PE 28 days
thumbling in
artificial
seawater and
sand

5000x enlarged

15000x enlarged




Plastic pellets in birds of the harbour area

13 pellets were found in the
gizzard of 4 of 12 birds (3
juvenile)

2, 3,4 and 4 pellets per bird
(B0O010, BO0O0O2, BOOO3, PW
bird 11)

lack-hea



Conants |ists available at SdenceDirsct

Environmental Pollution

jourmal homepage: www.elsevier.comilocate/anvpol
Seabirds, gyres and global trends in plastic pollution @Emm .
Jan Ao van Franeker 7, Kara Lavender Law *©

*IMARES, Waygmisgen-LIR, PO Bax 857, 1750 AD Dvs Burg, (Teeel |, Mitherbands
¥ Seo Eduanos Assacain. RO Bax G, Whods Bole, M4 53, U5
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Comparative trends in numerical (left panel) and percentage (right panel) abundance of
industrial plastics in stomachs of North Sea fulmars and surface densities in the North
Atlantic subtropical gyre by running geometric means over 5-year periods.




Take home messages:

Plastic pellets are lost at production sites and every other step
of handling and processing.

Harbours are a major source of pellet loss entering the
estuaries, seas and oceans.

Prevention of pellet loss is the only solution to the problem,
regular clean up helps but does not suffice.

Awareness is building and compagnies are making efforts to
reduce the losses, but further progress needs to be made.

Antwerpen -




Take home messages:

Once in the environment it is difficult or impossible to recover the lost
pellets.

The pellets slowly change structure and eventually fragment but this
may take years, decades or even longer.

One pellet can fragment into thousands or millions of smaller micro or
nanoplastics.

Fish and birds take up plastic pellets, dissection of death animals
shows that a fraction of exposed organisms contain pellets in the gut.

ECOSPHERE <+

Antwerpen
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