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Chris Jordan, 2009. Image depicts 2.4 million pieces of plastic, equal to the estimated number of pounds of plastic pollution that enter the world's oceans every hour. All the plastics in this image were collected from the Pacific Ocean.
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CONCEPTS
MICROPLASTICS

nanoplastics

microplastics mesoplastics  macroplastics

Gregory & Andrady+ 2003 67-500 uym el 1-15cm
Browneetals2 2007 <1 ym | 1-1000 ym
Mooress 2008 gl 2 <5000 pm
Ryan et al.ss+ 2009 <2000 pm [ 2-20 mm >2 om N
Costaetalss 2010 <1000 pym
Desforges et al.ss 2014 1-5000 pm
Wagner et al.57 2014 B <20 ym | 20-5000 pm P
Koelmans etal.” 2015 q pm-scale-5000 pm S5 mm . .
Andradyss 2015 <1 ym | 1-1000 pm
Koelmans etal.ss 2017 B <335 um KELSC I 5 mm o
NOOA® 2009 : <5000 pm
EU Commissionzz 2011
EU MSFD WG-GES# 2013 20-5000 ym 2 -
GESAMPzs 2015 <1 ym | 1-1000 pm
EFSA (CONTAM)s 2016 0.1-5000 pm
10 10 107 10¢ 105 104 10 102 particle size [m]
1nm 1 um 1 mm 1cm

Hartmann et al., 2019

https://doi.org/10.1021/acs.est.8b05297
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CONCEPTS
MICROPLASTICS

FIRST COINED BY PROF. RICHARD
THOMPSON IN A 2004 PUBLICATION
ADDRESSING THE PLASTIC BALANCE IN
THE OCEAN, DESCRIBING

MICROSCOPIC PIECES OF PLASTIC IN
IN THE WATER

MARINE SEDIMENTS AND
COLUMN.

Thompson et al., 2004
https://doi.org/10.1126/science.1094559

BREVIA

Lost at Sea: Where Is All
the Plastic?
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CONCEPTS
MICROPLASTICS

THE CONCEPT WAS FURTHER
EXPANDED | N 2009, WITH A : ;
PUBLICATION OF A REPORT FROM THE R o
> .
NOAA MARINE DEBRIS PROGRAMME, 2t ¥ 4 ¢ P g
WHERE AN UPPER LIMIT TO THE TERM Proceedings of the International Research Workshop on the
Occurrence, Effects, and Fate of Microplastic Marine Debris
WAS USED, AND MICROPLASTICS WERE T —

KNOWN AS “PLASTIC PARTICLES
SMALLER THAN 5§ MM”.

Arthur et al., 2009
https://marinedebris.noaa.gov/microplastics/proceedings-second-research-workshop-microplastic-marine-debris
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Marine Pollution Bullctin 62 (2011) 2588-2597

ELSEVIER

Contents lists available at SciVerse ScienceDirect

Marine Pollution Bulletin

journal homepage: www.slsevier.com/locate/marpolbul

Review

Microplastics as contaminants in the marine environment: A review

Matthew Cole®*, Pennie Lindeque®, Claudia Halsband ", Tamara S, Galloway ©

4Plymouth Marine Laboratory, Praspect

Place, The Hoe, Plymouth PLI 3DH. UK

*Akvaplon-niva AS, FRAM - High North Research Centre for Climate and the Environment, N-0296 Tromsa, Norway
“Callege of Life and Environmental Sciences: Biosciences, Hatherly Laboratories, University of Excter. Prince of Wales Road, Exeter EXA 4PS, UK

ARTICLE INFO ABSTRACT
Keywords: Since ion of i in the 1940s, mi i ination of the
Microplastics ronment has been Here, a review of the i -
Alaiio fter ing objectives: (1 i and sources of mi ics: (2) to discuss
Plastic debris the routes by which ics enter the i 3) luate the methods by which
Priority pollutant in i ) I and temporal rends of micro-
plastic abundance; and (5) to discuss th impact of mi ics are both
ahlmdanl and wldespx!aﬂ within the mamle emnmnmem_ !nund in their highest concentrations along
2 arange ofmar-
dditi
We conclude by h

R
© 2011 Elsevier Ltd. All rights reserved.

Contents
1. Introduction 2588
2. Microplasti 2589

P

2.1, Primary microplastic
22 Secondary microplastics .
Sources and transfer of microplastics into the marine environment .
Assessing microplastic abundance
‘Spatial and temporal trends of microplastics in the marine environment
5.1.  Accumulation of microplastics .
5.2.  Microplastics in the water colu
53. Temporal changes in microplastic ahundalltr within the marine environment
Impact of microplastics on the marine environment . .

6.1 Microplastic ingestion. ..
62, Microplastics and plasticiser leachates

Coleetal 2011
https://doi.org/10.1016/j.marpolbul.2011.09.025
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Are We Speaking the Same Language? Recommendations for a
Definition and Categorization Framework for Plastic Debris

Nanna B. Hartmann,*' Thorsten Huffer, " Richard . Thompson,’ Martin Hassellow,!
Aanenr.qun Ansknl‘_lh\gaxd. Sinja Rist, I'lmkm' u.ukllmmhuh
Matthew Cole,” Maria I". II:rrﬁng,UMirm( Hess® Natalia P. Ivleva,®® Amy L. Lusher, &
and Martin Wagnes* V'

'lkp_ﬂdwwﬁnh-dlm;dm—.LWmllliKplmmw
"Dep | CGenmcicnce, Fi d Scicnue Remearch Nectweh, and Rescarch Platfonn Platio in the
Environmesd -l Seuicty (PLENTY), Univerity of Vienma, Alharsdnnse 14, Vicnns 1090, Asisia
Fschool of Biskagical sl Marine Scaoncs, Usivenity of Plymouth, Plymouth LS BAA, Usized Kinglom
H),.n_‘du._mmu.m,u(d..h..xmuwmus_h
“Natioral lnstisic for Pablin Heabih sl the E rm— 9, Bilthuwen 3721 MA, The Netherlands
th—ddllmd-lhh—d!wﬁ-’.l‘h—h”m(mn.TMU--w—tr-lhw-l.!ﬂ&ﬂﬁ
m?x,u,.‘\.,mn—.i

Bacac b anad s . Foderal lnstitute of Hydrology, Am Maweer Tor |, Koblons S6064, Gomany
‘Il-:!u-lq,ib-br.n-y n,—-hu-—u—--y Prosgect Place, The Hoe, Plymouth PLI 3DH, Usited Kingom
vivr Switserband AG, Wasptsirmes 192, Acch 4147, Switscrkand
P Dcpuriment of Wlcr Mansgement and Water Procosion, North Rhine Wostpbalia State Apency ko Nature, Environment snd
Comsamer Protexison, Pustisch 101052, Rechlmghausen 45610, Gormany
Olrmtituste of Hysrochensintry, Chaie of Anslytical Chomstry snd Water Chomistry, Tochnical Usivensty of Manich, Marchiosinistz.
7, Mk 81377, Gormary

Intitute for Water Rescarch (NTVA), Ol 0349, Nowway
VDepartment of Biokogy, Narwogian Usivenity of Science snd Technology (NTNU), Trndhcin 7491, Norway

ABSTRACT: The sccsmulstion of platic litter i nstuel
environments s & gobal e, Concems over

mogative imspacts o the cxmnommy, willlic, snd bumsn hoslih
proviale strig murntives ki spuoving the sestamndide we of
plmtian. Dapite the mamy voes mwd on the oo, we bk 2
omormen on luw o defane and catepene pots dob This
i cvident fow mmicroplotio, whore inussistont sine s s
wnend and whore U matcruabs to be mababod arc under debete.
e L

macesP st
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Hartmann et al., 2019
https://doi.org/10.1021/acs.est.8b05297

Cantents lists available at Sccnceliec

Marine Pollution Bulletin ‘ ‘

SEVIER journal hamepage: wew.olsavier com/locate marpolbul

Focus

Microplastics: Finding a consensus on the definition

J.P.G.L. Frias’, Roisin Nash

)
£

Marine snd Frofveseer esasrsh Comir (MPRC), Cabeay Meyw busatuey of Technabogy (GMIT), Dvbéin Al Galwgy, 491 TANW, frfand

ARTICLE INFO ABSTRACT

Kiyswanke of the last cemtury, instigated by the discovery of
Marse wthiropsguai i Bakelite, the first synthetic plastic. Plastic, once & revolutionary material, has gradually bocome a global en-
Marase sirasepy framewseh drsciive vircemental threat with ublquisoss disuibution.

el The term ‘micraplasrics’ coimed In 2008, s used (o0 Gescribe the smaller plastic purticles reconted, however
iy there i still no all dnclusive definision that sccurately encompasses all criterta that could patentialfy describe

Peliey what & microplastic is.

Hese, the aurhoes focus oa the curvently reported mechods for Seseribing aad Identfying microplistics and
propose & new deflaition that incorporates all the impartant descriptive propertses of mucroplistics. This defs
hilon: not caly focuses oa size sad origin, but slso coadders physical aad chemicl deflning properties. While

. it alms 5 reach a detnition for which cun b

wetulfo research, oportiag and eghlative purpases.

o od

The discovery of Bakelite, the first synthetic plastic, in 1907, re-
volutionised polymer sience and modem life, by sevesal
polymers and plastic formulations to our dail Hves, many of which are
still available in the market nowadays (Sh 08). Plastic ma-
terials are extremely versatile due to their low deasity, low thermal and
electric conductivity, resistance to cocrasian, which allow these mate-
rials to serve 25 2 water and axygen barrier, while their law price also
contributes for their easy and widespread manafacture, where they are
wsed in a wide range of applications from food packaging to medical
and technological applications.
Hawever, what was and is still described

s slowly beceome a iabal environmental threat with ubiquitous dis
lmmwmummmwmhr pman et al, 201

W Zeng e al, 2018). The nstural on:mmlﬂb
vwvwnmul ‘rmdlllvm whtin them ecosystems, particularly ocean

procestes in the n-emmavauru
Mmmemul&mp«udmmmmmxw
(GESAMP), defines microplastics as ‘plastic particles < 5 mm in digmeter,
mmumunmmuwunw SAMP, 2015,
16) andl i Belped further spreading the defintion woddwide.
Over the . decade, the focus on the micplasic ke a5 & novel
poliutart has scen  large incremse i invezments a 3 global scale, in this
nenvel reseasch fiekd. Praects range from exploring surces and pathways
b e oL, 2017) ctablihing baseines in avcss potentially impacied

deoefying wedide. haspos e microphic
mulation (¢ 2014; Jambeck e breton e al., 2014),
20 cxploracon of ccowystem e poscatia knpaces an bech habitats and
(Rochiman, 2018). mmdmwhmﬂdwn

cursent dynamics, solar radiation, abeasion and with ves-
sels ard arganisms, cause plastic items to slowly degrade and fragment
into smalier particles commonly known as
ly coimed the term microplastics 18
describe the accumulation of mictoscopic pieces of plastic in marine
sedimants and in the water column of Exsropesn watcrs. In 2009, Asthur
et al., propased an upper size limit t the initial term and microplasties
e than 5 mem”, Thi was
further refined in 2011, when Cole ot 21, (2011) distinguished micro-
plastics, according to their origin, into primary (produced to be of

eial, 3 u.um-mdmm.ammm
fsmues o the phstics pallution problem. Microplastic bans in the form of
‘microbends or athers have been introduced in several countries (e.3. USA.
(Califoenia), UK, Canada, New Zealand). In addition, several othee coun.
tries are following suit nd are in the proccss of deafting bills on micro.
plastics (e g Iredand, ltaly, Indis, Taivan, South Korea). Its global dimension
has resalied i microplastics being reviewed in relstion to temational
policy and the global envircamental poliution problem (hesyman ot al.,
2015)

Frias and Nash., 2019

https://doi.org/10.1016/j.marpolbul.2018.11.022




MICROPLASTICS

ANY SYNTHETIC, SOLID PARTICLE

OR POLYMERIC MATRIX WITH:
-REGULAR OR IRREGULAR SHAPE;

-A SIZE RANGING FROM 1 uM TO 5 MM;
-OF EITHER PRIMARY OR SECONDARY
ORIGIN;

-WHICH IS INSOLUBLE IN WATER

10 mm

0 1 2
Centimeters (cm)

[TFITEY
1 mm 2 mm 5 mm
1 mm=1000 pm Millimeters (mm)

Frias and Nash, 2019 Photos by Jo&o Frias and Teresa Winslow
https://doi.org/10.1016/j.marpolbul.2018.11.022
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Criterion |
Chemical

composition X .
Q

x Slightly modified
natural polymers

v" Synthetic and semi-synthetic
polymers

v Disregard additive content

v" Copolymers

v" Composites with synthetic
polymer as essential ingredient
¥ Tire wear (and road) particles

Criterion 1l
Solid state

X
Feljerge v" Solid polymers

(T or T, >20 °C)

Criterion Ill
Solubility

v Insoluble polymers

x Soluble polymers .
(<1 mg L at 20 °C)

o

R

Criterion IV
Size

Criterion V
Shape and
structure

Criterion VI
Color

Criterion VI
Origin
(optional)

nanoplastics: 1 to <1000 nm
microplastics: 1 to <1000 ym
mesoplastics: 1 to <10 mm
macroplastics: 1 cm and larger

é@gezaﬁ

spheres

irregular  fibers films
particles

secondary

primary

G =
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CONCEPTS
MICROPLASTICS

3.1 microplastic MP

ISO 4484-2:2023

Textiles and textile products —
Microplastics from textile sources

Part 2: Qualitative and quantitative
analysis of microplastics

Published (Edition 1, 2023)

material consisting of a solid polymer containing particles, to which additives or other substances may have been added, and where a weight

fraction of 21% particles have: a) all sizes 100 nm < x <5 mm,
b) for fibres, a length of 300 nm < x < 15 mm and a length/diameter ratio >3

Note 1 to entry: Polymers that occur in nature that have not been chemically modified (other than by hydrolysis) are excluded, as are polymers that are (bio) degradable.
[SOURCE:ECHA, ANNEX XV Restriction Report - Microplastics, 22 August 2019, par 1.2.2.1, modified on lower size recommended dimensions, by Commission Recommendation C/2022/3689 of 10
June 2022 on the definition of nanomaterial (OJ C 229, 14.6.2022, p. 1), modified — "21% w/w" was changed to "a weight fraction of 21 %"; additional information has been given as a note to entry.]

3.1 large microplastic
any solid plastic particle insoluble in water with any dimension between 1 mm and 5 mm

Note 1 to entry: Microplastics may show various shapes.
Note 2 to entry: Typically, a large microplastics object represents an item consisting of plastics or a part of an end-user product or a fragment of the respective item.
[SOURCE:ISO/TR 21960:2020, 3.10, modified — term number in Note 1 to entry was removed.]

3.2 microplastic
any solid plastic particle insoluble in water with dimension between 1 ym and 1 000 pm (=1 mm)

=2

1ISO 24187:2023

Principles for the analysis of microplastics
present in the environment

Published (Edition 1, 2023)

Note 1 to entry: Primary microplastics object represents a particle intentionally added to end-user products for example cosmetic means, coatings, paints etc. Secondary microplastics object can also result as a fragment of the respective

item.

Note 2 to entry: Microplastics have regular and irregular shapes (see ISO 9276-6:2008).

Note 3 to entry: The defined dimension is related to the longest length of the particle.

[SOURCE:ISO/TR 21960:2020, 3.9, modified — Note 1 to entry was removed, all other Notes to entry were changed.]
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N Yo Programme Original: English

Intergovernmental negotiating committee to develop
an international legally binding instrument on plastic

UNEP/PP/INC.1/6 pollution, including in the marine environment
First session
Annex Punta del Este, Uruguay, 28 November-2 December 2022

Item 4 of the provisional agenda*

Preparation of an international legally binding instrument on
Glossary of key terms plastic pollution, including in the marine environment
I.  Terms used in Environment Assembly resolution 5/14 that have
definitions adopted or endorsed by an intergovernmental process Glossary of key terms
Environmentally sound waste management means taking all practicable steps to ensure that

hazardous wastes or other wastes are managed in a manner which will protect human health and the
environment against the adverse effects which may result from such wastes.'

Impact means any effect caused by a proposed activity on the environment, including on human
health and safety, flora, fauna, soil, air, water, climate, landscape and historical monuments or other
physical structures or the interaction among those factors. It also includes effects on cultural heritage
or socioeconomic conditions resulting from alterations to those factors.?

Microplastics refers to plastic particles less than 5 millimetres in diameter, including nano-sized
particles.®

Microplastics refers to plastic particles less than 5 millimetres in diameter, including nano-sized
particles.®
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PLASTISPHERE . —

THE MICROBIAL COMMUNITY
ATTACHED TO PLASTIC THAT
IS DISTINCT FROM THE
COMMUNITIES IN THE
SURROUNDING
ENVIRONMENT

Zettler, Mincer and Amaral-Zettler, 2013
https://doi.org/10.1021/es401288x

Image part of the Navigating the Future series from the
EMB NFVI 2024
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PLASTICS AND POLLUTANTS

International
Pellet Watch

http://pelletwatch.org/

Photos by International Pellet Watch
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Journal of Environmental Science and Health, Part B
Pesticides, Food Contaminants, and Agricultural Wastes

ISSN: 0360-1234 (Print) 1532-4109 (Online) Journal homepage: http://www.tandfonline.com/loi/lesb20

( : ) Taylor & Francis

Occurrence of persistent organic pollutants
in sediments and biota from Portugal versus
European incidence: A critical overview

Claudia Ribeiro, Ana Rita Ribeiro & Maria Elizabeth Tiritan

Location Matrix Substance  Concentration
Minho River  Sediment tPAHs 3.71 ng g’

Douro River ~ Sediment tPAHs 58.98-156.45 ng g
Aveiro delta Sediment tPAHs 16.13-347.13ng g
Aveiro delta  Sediment >15PCBs ~4.0-62.0ng g’
Tejo River Mussels PCBs 0.192 -4.233 ng g
Tejo River Sediment PCBs 0.326 -52.3ng g
Sado River Sediment tDDT 5.0-60.0 ng g’
Sado River Sediment PCBs 1.0-25.0ng g™
South Coast  Mussels PAHs 220.1 ng g™

Table compiled from Ribeiro, Ribeiro and Tiritan, 2015
http://dx.doi.org/10.1080/03601234.2015.1108793




FACT:
PERSISTENT ORGANIC POLLUTANTS
ACCUMULATE IN ENVIRONMENTAL
PELLETS

(AND IN ENVIRONMENTAL PLASTICS)
AT HIGHER CONCENTRATIONS THAN
THE SURROUNDING ENVIRONMENT

(SEDIMENT AND ORGANISMS)



WHAT ELSE IS THERE WITH BIOFILM?




WHAT ELSE IS THERE WITH BIOFILM?

CASE STUDY



AIMS OCEB™ME

TO OVERCOME KNOWLEDGE GAPS ON
WEATHERING AND BIOFOULING AND HOW THESE
PROCESSES INFLUENCE FRAGMENTATION,
DISTRIBUTION AND DISPERSAL OF

MICROPLASTICS IN THE MARINE ENVIRONMENT

WP 1
Coordination, Integration and Synthesis

L e

wez 4 wp 3 - |,

Identification and Case studies in different Interactions of MPs with
characterisation of MPs environmental marine organisms
compartments
Multispecies l' l l
biofilm WP 5
Microplastic fragment surface Multi-scale modelling of MPs dynamics

Trands in Microblology
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“Integrated approach on the fate of microplastics towards
healthy marine ecosystems”
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Volume: 500 ml
Material:
Polymethylpentene

PP
LDPE  HDPE PP (Post
T Consumer)
PET
PS s PLIA PET (Post
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Duration: 4 seasons
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Above: time affecting plastics in the Mediterranean (SZN, Naples, Italy. Cassotti et al.)
Below: spectral database over time from IPF, Germany; biofouling of organisms in Galway, Ireland
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MARINE AND
. FRESHWATER
. BESEARCH CENTRE

Distribution of holes
Influences accumulation
of species and sand
particles, leading to
density changes that can
potentially contribute to
the dispersion of plastics
to deeper marine layers,
either through natural
deposition or as part of
marine snhnow

Zheng et al, 2023
https://doi.org/10.1016/j.marpolbul.2023.115180




WHAT HAVE WE FOUND? S 2255006

Oliscail L,A 0%Ca 4 .
Over 550 biofilm samples (,RNA A & #F z%””z %g%ﬁlggqga
16S and 18S) were processed for A= %ﬁg%g (%_%g?ﬁﬁﬁmmn
viruses, bacteria, fungi and H
other planktonic organisms Q- o3

Villefranche & Toulon, France V € 55¢yy 3
Naples, Italy V4

Galway, Ireland V ¢

A wide diversity of organisms

were identified with differences
between North and South
Atlantic, and the Mediterranean

Sea

10°E

Chlorophyll-a (mg/m°)

0.0 0.2 0.4 0.6 0.8 1.0

Toulon and Galway had more

prokaryotes and Naples had more
Lacerdaetal., Inprep
eukaryotes

Details available soon!
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plastisphere in five 2
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Echiniscoides sigismundi JX114929
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coastal area of Ireland TN Pots MIEGTSR0
Eremobiotus sp. MKE75928
( G a l W a y ) 100 Eremobiotus alicatai HQB04953
Lacerda, Pedrotti and Frias, 2024

https://doi.org/10.1016/j.marpolbul,2023.115180 Hsloblols StACSIDNUE AYBRS T2t *
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NEXT STEPS

PUBLISH PENDING PAPERS

SEEK PARTNERSHIPS AND ADDITIONAL Money, Money,

Money

FUNDING FOR ECOTOXICOLOGY STUDIES

RAISE AWARENESS WITHIN THE
SCIENTIFIC COMMUNITY AS WELL AS WITH [
THE RELEVANT STAKEHOLDERS




THE SCIENCE WE NEED FOR THE OCEAN WE WANT

MESSAGE IN A BOTTLE?
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Around 0.5% of plastic waste ends up in the ocean

The pathway of global plastic waste to the ocean. Each stage of the chain is measured in million tonnes of plastic per year.

Plastic waste

generated 353 million

/
82 million *—/

23% of plastic waste is mismanaged.
The rest is landfilled, recycled or incinerated.

Mismanaged and littered
plastic waste

~
(D

(N
ot

th

at ot
environmen

Leaked to rivers I 6 million
and coasts L
Transported | 1 7 million
to the ocean Around 0.5% of global

plastic waste ends up in the ocean

Data source: OECD Global Plastic Outlook (2022).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.



Plastic waste

353 million tonnes
produced in 2019

recycled

regulated

incinerated landfills

50%

dumped”*

*in unregulated landfills, burned in open pits
or leaked into the environment

Source; OECD AFP.




THE SCIENCE WE NEED FOR THE OCEAN WE WANT
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Image part of the Navigating the Future series from the EMB NFVI 2024
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Galway Harbour Master ATU for diving for this projects East China Normal University
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From Farm To Plate: Assessing Plastics And Microplastics

Across The Value Chain Of Food Systems

» Microplastic sources in food systems from agriculture and aquaculture @ frontlers

» Effects of plastic usage in agricultural production on soil and on crops

» Plastic usage in aquaculture and its effects on cultivated species and the surrounding
environment

e Alternatives to agricultural plastics and their potential effects on soill, crops, and human health
» Contribution of wastewater sludge to the dispersion and increase of microplastic loadings in
agricultural production and marine pollution

» Contamination of foods with microplastics and migration of plastic additives into food via
plastic packaging

» Microplastics in processed and unprocessed foods and their potential impacts on human
health

» Socioeconomic dimensions of exposure to microplastics through the food supply chain.

https://www.frontiersin.org/research-topics/63183/from-farm-to-plate-assessing-plastics-and-microplastics-across-the-value-chain-of-food-systems




