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Accumulation of Microplastic on Shorelines Woldwide:
Sources and Sinks

Mark Anthony Browne,*"* S Phillip Crump,ﬂ Stewart J. vaen,§ T Emma Teuten, Andrew Tonkin, \
Tamara Gallow1y,L and Richard Thompson

*School of Biology & Environmental Sciences, University College Dublin, Science Centre West, Belfield, Dublin 4, Ireland

*Centre for Research on the Ecological Impacts of Coastal Cities, A11 School of Biological Sciences, University of Sydney,
NSW 2006, Australia

SMarine Biology & Ecology Research Group, School of Marine Science & Engineering, University of Plymouth, Plymouth PL4 8AA,
United Kingdom

School of Geography, Earth & Enwronmental Sciences, University of Plymouth, Plymouth PL4 8AA, United Kingdom
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ABSTRACT: Plastic debris <1 mm (defined here as microplastic) is accumulating in marine habitats.
Ingestion of microplastic provides a potential pathway for the transfer of pollutants, monomers, and
plastic-additives to organisms with uncertain consequences for their health. Here, we show that
microplastic contaminates the shorelines at 18 sites worldwide representing six continents from the
poles to the equator, with more material in densely populated areas, but no dear relationship between
the abundance of miocroplastics and the mean size-distribution of natural particulates. An important
source of microplastic appears to be through sewage contaminated by fibers from washing clothes.
Forensic evaluation of microplastic from sediments showed that the proportions of polyester and
acrylic fibers used in clothing resembled those found in habitats that receive sewage-discharges and
sewage-effluent itself. Experiments sampling wastewater from domestic washing machines demon-
strated that a single garment can produce >1900 fibers per wash. This suggests that alarge proportion
of microplastic fibers found in the marine environment may be derived from sewage as a consequence
of washing of clothes. As the human population grows and people use more synthetic textiles,
contamination of habitats and animals by microplastic is likely to increase.




23
iﬁ/ y

ASN=<1







HINTERARY I T B3HEMHBREINT (CIRIBICKRBI D

(&S]

<#38>

—“‘\

)(7: ./7 %4 —1‘_'\

<EK@EHL >
$¥)(75xX32X120H)mm




PTODTSRFYVIILGEIDINEBEIMYAOOTSIRFYVOICIRD

=MELTORERZRRE
EROCHIREIFELGLFRHM
TAIEBE AN+ FELTH LIS

[ sponge artificial

resin pellets [
. . n wear
microbeads fiber wear lawn wea

Single-use
plastics

Microplastics



S50JKELL LD TSR F I HY H 75 O’CL\é

1,000,000

100,000

: NQ,rth’ \ N 0 rt- , ‘ o
Pacificy Atlanfl
Gyre® | Gyre '

Plastic Pollution Accumulation Zones (Lebreton et al., Mar. Pol. Bul., 2012)




3m 4

Tom  2em

Polyethylene

Fragment

A

ADTSRAFYY




EX) o vDBEICITBbEITONTI=7I5345EDEEN B H D
TS5RAFvIonREIhf-. LYRIAFRLE I 1=,

Contents lists available at ScienceDirect

Marine Pollution Bulletin

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

Ingestion of macroplastics by odontocetes of the Greek Seas, Eastern M)
Mediterranean: Often deadly! SR

. . Paraskevi Alexiadou’, Ilias Foskolos™', Alexandros Frantzis
Pelagos Cetacean Research Institute, Terpsichoris 21, 16671 Vouliagmeni, Greece
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Fig. 3. Aerial photograph showing the total amount of debris found in the :
stomach content of the young sperm whale (Pm4, Table 1) laid on a tennis i-g_ N IUZ o) %7 .

court. The first and last authors of the paper (1.71 m tall each) are used as an
approximate scale at the right of the photo.
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Figure 3. Types of plastics recovered from digestive
(a) Percentage by shape. (b) Percentage by polymer.
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Environ. Sci. Technol (2019) 53, 9224-9231

Clinical Pathology of Plastic Ingestion in Marine Birds and
Relationships with Blood Chemistry

Jennifer L. Lavers,*" @ Ian Hutton,” and Alexander L. Bond

"Institute for Marine and Antarctic Studies, University of Tasmania, Battery Point, Tasmania 7004, Australia
*Lord Howe Island Museum, Lord Howe Island, New South Wales 2898, Australia
Bird Group, Department of Life Sciences, The Natural History Museum, Tring, Hertfordshire HP23 6AP, United Kingdom

ABSTRACT: Pollution of the environment with plastic debris
is a significant and rapidly expanding threat to biodiversity due
to its abundance, durability, and persistence. Current knowl-
edge of the negative effects of debris on wildlife is largely based
on consequences that are readily observed, such as
entanglement or starvation. Many interactions with debris,
however, result in less visible and poorly documented sublethal
effects, and as a consequence, the true impact of plastic is
underestimated. We investigated the sublethal effects of
ingested plastic in Flesh-footed Shearwaters (Ardenna
carneipes) using blood chemistry parameters as a measure of
bird health. The presence of plastic had a significant negative
effect on bird morphometrics and blood calcium levels and a
positive relationship with the concentration of uric add,
cholesterol, and amylase. That we found blood chemistry parameters being related to plastic pollution is one of the few
examples to date of the sublethal effects of marine debris and highlights that superficially healthy individuals may still experience
the negative consequences of ingesting plastic debris. Moving beyond crude measures, such as reduced body mass, to
physiological parameters will provide much needed insight into the nuanced and less visible effects of plastic.
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¢ both SC and TSC in samples collected between 1973 and 2011.

" Declines were significant only in studies from North America,
Europe, Australia (and New Zealand), where they were most pro-
nounced among men unselected by fertility. In this latter group, SC
declined 52.4% (—1.4% per year) and TSC 59.3% (—1.6% per year)
over the study period. These slopes remained substantially
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Environment International
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Plasticenta: First evidence of microplastics in human placenta wpdies

. < A . b . b
Antonio Ragusa®, Alessandro Svelato™ , Criselda Santacroce °, Piera Catalano °,

2 2 g S 3 oo : . z S
Valentina Notarstefano ¢, Oliana Carnevali ©, Fabrizio Papa ”, Mauro Ciro Antonio Rongioletti °,
Federico Baiocco “, Simonetta Draghi“, Elisabetta D’ Amore “, Denise Rinaldo “, Maria Matta °,
Elisabetta Giorgini “
 Department of Obstetrics and Gynecology, San Giovanni Calibita Fatebenefratelli Hospital, Isola Tiberina, Via di Ponte Quattro Capi, 39, 00186 Rome, Italy
® Department of Pathological Anatomy, San Giovanni Calibita Fatebenefratelli Hospital, Isola Tiberina, Via di Ponte Quattro Capi, 39, 00186 Roma, Italy
€ Department of Life and Environmental Sciences, Universita Politecnica delle Marche, via Brecce Bianche, 60131 Ancona, Italy

d Department of Obstetrics and Gynecology, ASST Bergamo Est, Bolognini Hospital, Seriate, Via Paderno, 21, 24068 Bergamo, Italy
€ Harvey Medical and Surgery Course, University of Pavia, Corso Strada Nuova 65, 27100 Pavia, Italy

ARTICLEINFO ABSTRACT

Handling Editor: Adrian Covaci Microplastics are particles smaller than five millimeters deriving from the degradation of plastic objects present

in the environment. Microplastics can move from the environment to living organisms, including mammals. In

Keywords: this study, six human placentas, collected from consenting women with physiological pregnancies, were analyzed

Human pla.cema by Raman Microspectroscopy to evaluate the presence of microplastics. In total, 12 microplastic fragments

Mlcmplas,“cs (ranging from 5 to 10 pm in size), with spheric or irregular shape were found in 4 placentas (5 in the fetal side, 4

Raman microspectroscopy X g " . ' i i g 3 . ! o iy .
in the maternal side and 3 in the chorioamniotic membranes); all microplastics particles were characterized in
terms of morphology and chemical composition. All of them were pigmented; three were identified as stained
polypropylene a thermoplastic polymer, while for the other nine it was possible to identify only the pigments,
which were all used for man-made coatings, paints, adhesives, plasters, finger paints, polymers and cosmetics
and personal care products.
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Plastic waste available
to enter the ocean in 2010

(million MT)
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