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Our Stolen Future

Chapter 8. Here, there, and everywhere

Dr. Ana Soto RS
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Carpenter and Smith (1972)

Fig. 1. Typical plastic particles from tow 2. White pellets are on the Jefy
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FIGURE 1. Objects found in the stomachs of two
Leach’s Petrels. The two pieces of plastic in the
upper left cormer were found in the gizzard of a
petrel collected on Gull Island, Newfoundland. The
three pieces of plastic as well as the two claw-like
structures in the right half of the figure were all
found in the gizzard of a petrel collected on Kent
Island, New Brunswick. The claw-like structures
have been tentatively identified as the pharyngeal
teeth of a large polychaete.
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Lost at Sea: Where | s All
the Plastic? ses:
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Fig. 1. (A) One of numerous fragments found among marine
sediments and identified as plastic by FT-IR spectroscopy. (B)
Sampling locations in the northeast Atlantic. Six sites near
Ptymouth () were used to compare the abundance of mi-
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New Directions
in Plastic Debris Science, 2005
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Plastic Debris in the Ocean

Every year large amounts of plasfic debris enter the ocean, where it slowly fragments and accumulates
in convergence zones. Scientists are concerned about the possible impacis of small plastic fragments—
microplastics—in the environment. The role of plastics as a vector for transporting chemicals and species
in the ocean is as yet poorly understood, but it is a potential threat to ecosystems and human health.
Improved waste management is the key to preventing plastic and other types of litter from entering the

ocean.
Box 3: Plastic pellets

Plastic resin pellets are small granules, generally in the shape of a
oylinder or disc, with a diameter of a few millimetres. These particles
are an industrial raw material that is remelted and moulded into final
products. They enter the ocean as a result of spills or accidental releases.
Like other plastic particles, they have been shown to accumulate PBTs.
In the case of thin plastic films, for example those 50 micrometres or
less, it may take only a few days for this process of accumulation or
release to occur (Adams et al. 2007). In the case of pellets, equilibrium
between the concentration of a given compound in a pellet and in
the surrounding water or sediment may take many weeks or months.
Older pellets consequently tend to have higher concentrations of
‘contaminants and have been used to map the distribution of pollution
in coastal waters around the world (Ogata et al. 2009, International
Pellet Watch 2011) (Figure 5). Their consistent size makes them a useful
monitoring tool.
Transport by plastic particles does not represent a significant additional
flux of PBTs on a global scale compared with atmospheric or water
transport (Zarfl and Matthies 2010). However, the concentration of
‘contaminants by microplastic particles presents the possibility of
increasing exposure to organisms through ingestion and entrance into
the food chain—with the prospect of biomagnification in top-end
pre(htnlsimhefood chain such as swordfish and seals. Ingestion of

small particles by a wide variety of organisms has been well reported.
Howeva, the basic information needed on the biochemical and

al response of organisms to ingested plastics contaminated

with PBTs in order to quantify the scale of the problem is currently
unavailable (Arthur et al. 2009, GESAMP 2010). It is conceivable that
PBTs in plastic particles will be less bioavailable than those from the
surrounding water or food sources (Gouin et al. 2011).

Figure 5: Concentration of PCBs
\ll beached plastic resin pellets,
l:’ms per gram c:ieI pellet.
have been cx:leded at 56 beaches e
in 29 counfries and analyzed for
concentrations of organochlorine
compounds. PCB concentrations
were highest in pellets collected in
the United States, Westem Europe
cl!d]opun Theywere lowest in
those collected in iropical Asia and
Africa. This spatial pattern reflects
regional differences in the use of
PCBs. Scurce: Ogata et ol. (2009]
with additional data provided by
International Pellet Watch in 2010

Collected from beaches around the world, plastic pellets like these

have been found to accumulate persistent, bioaccumulating and toxic
substances. The pellets are used in the manufacture of plastic products and
have been introduced into the ocean through accidental releases. They
may also be released as a result of poor handling or waste management.
While there is evidence that quantities entering the marine environment
have been reduced as a result of improved industrial practices, pellets
already released will persist for many years. Credit: Inlemationd Peflet
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Accumulation of Microplastic on Shorelines Woldwide:
Sources and Sinks

Mark Anthony Brome wit4S Phillip Crump ,! Stewart J. Niven, 51 Emma Teuten Andrew Tonkin, T
Tamara G’ll]ﬂl"ﬂy; and Richard Thmnpa.mn§

*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
ISchool of Geugraph}f, Earth & Environmental 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-eﬂluent itself. Experiments sampling wastewater from domestic washing machines demon-
strated that a single garment can produce >1900 fibers per wash. This suggests that a large 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.




¢ Microplastics in commercial bivalves from China
Jiana Li %, Donggi Yang ° Lan Li °, Khalida Jabeen ¢ Huahong Shi **

# State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China
b Research Center for Analysis and Measurement, Donghua University, Shanghai 201620, China

Environmental Pollution 207 (2015) 190-195

Fig. 2. Photographs of different types of microplastics in bivalves from a fishery market of China. The photographs were taken directly on the filter paper (A—H), and some special
microplastics were transferred to a hollow glass slide for photographs (I). The arrows indicate fibers (A—C), fragments (D—F) and pellets (G—I). Scale bar = 100 pm.
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Wastewater Treatment Works (WwTW) as a Source of Microplastics in
the Aquatic Environment
Fionn Murphy,* " Ciaran Ewins,” Frederic Cal‘l:n:m.ﬂien35 and Brian Q,u.in.nT

"Institute of Biomedical and Enviranmental Health Research (IBEHR), University of the West of Scothind, Paisley PAT 2BE, Scotland
*University of the West of Scothnd, Paisley PA1 2BE, Scotland
#Saur Glasgow, Beardmore Street, Dalmuir, Glasgow GBI 454, Scotland

O Supporting Information

ABSTRACT: Municpal effluent discharged from wastewater
treatment works (WwTW) i suspected to be a significant
contributor of microplastics (MP) to the environment as many Microplastic L1

pesonal care products contain phstic microbeads. A secondary W57 487 A34 @025
WwTW (population equivalent 650000) was sampled for
microplastics at different stages of the treatment process to
ascertain at what stage in the treatment process the MF are
being removed. The inflient contained on average 1570
(£523) MP-L"". This was reduced to 025 (+0.04) MP-L™" in
the final efflnent, a decrease of 98.41%. Despite this lrge
reduction we calculate that this WwTW is releasing 65 million
microplastics into the receiving water every day. A significant
proportion of the microphstic accumubited in and was
removed during the grease remowal stage (19.67 (2451)
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Transport and fate of microplastic particles in wastewater treatment
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Removal of microplastics:
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East Asian seas: A hot spot of pelagic microplastics

Atsuhiko Isobe **, Keiichi Uchida ®, Tadashi Tokai °, Shinsuke Iwasaki 2

[
45°N g pa=
7 =18
o
' = E a—
g ~
[}
= - )
40°N - - ]
Ty]
o ]
35°N - . LI ‘ : : . pieces'm3d -
=)
— 1.0 ' % = =
30°N - m.all I s & S
_ . - 2 z =
< 5 E
[1+]
Ll

T v I R R L R
125°E 130°E 135°E 140°E 145°E 150°E



Large amounts of plastics are introduced to the ocean in tropical Asia and
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could be transported to north Pacific by sea current

Kuroshio current
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Inputs of plastic wastes to the ocean (After Jambeck et al, 2015

Plastic waste available
to enter the ocean in 2010
(million MT)
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Large amounts of plastics are introduced to the ocean in tropical Asia and
could be transported to north Pacific by sea current

Kuroshio current

Plastic waste available
to enter the ocean in 2010|
(million MT)
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|1 0.25-1.00
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Inputs of plastic wastes to the ocean (After Jambeck et al, 2015) <0.01
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Plastics are persistent synthetic polymers that accumulate as waste
in the marine environment Microplastic (MP) particles are derived
from the breakdown of larger debris or can enter the environment
as microscopic fragments. Because filter-feeder organisms ingest
MP while feeding, they are likely to be impacted by MP pollution.
To assess the impact of polystyrene microspheres {(micro-P5) on the
physiology of the Pacific oyster, adult oysters were experimentally
exposed to virgin micro-P$ (2 and 6 pm in diameter; 0.023 mg-L™")
for 2 mo during a reproductive cyde. Effects were investigated on
ecophysiological parameters; cellular, transcriptomic, and proteomic
responses; fecundity; and offspring development. Oysters preferen-
tially ingested the 6um micro-PS over the 2um-diameter particles.
Consumption of microalgae and absorption effidency were signifi-
cantly higher in exposed oysters, suggesting compensatory and
physical effects on both digestive parameters. After 2 mo, exposed
oysters had significant decreases in oocyte number (—38%), diame-
ter (—5%), and sperm velocity (—23%). The D-larval yield and larval
development of offspring derived from exposed parents decreased
by 41% and 18%, respectively, compared with control offspring.
Dynamic energy budget modeling, supported by transcriptomic pro-
files, suggested a significant shift of energy allocation from repro-
duction to structural growth, and elevated maintenance costs in
exposed oysters, which is thought to be caused by interference with
energy uptake. Molecular signatures of endodaine disruption were
also revealed, but no endocrine disruptors were found in the bio-
logical samples. This study provides evidence that micro-PS cause
feeding modifications and reproductive disruption in oysters, with

significant impacts on offspring.

and fecu productive disruption
in Daphn *ﬁ ? == ll‘i ) levek, alterations of
immunol ﬂ " «cts, and the onset of

genotoxiaty have been observed m mussels exposed to polycyclic
aromatic hydrocarbon-contaminated polystyrene particles (17).
Additional impacts may arise from harmful plastic additives and
persistent organic pollutants adsorbed on MP, which are known to

AFLIBZAR— AFLUE/IR—?
EInEl 2

AUCHON, ECONOMIC IMPOTIANCE as SEal00d, and 1mporant role m
estuarine and coastal habitats (24). A 2-mo exposure of adult
oysiers o nucmslzed polystyrene spheres (micro-PS, 2 and 6 pm,
0.023 mg L") was perfarmad under controlled conditions suitable
for germ-cell maturation. Polystyrene is one of the most com-
monly used plastic polymers worldwide, often found in mlcmplastr:s
sampled at sea (25, 26). In our study, toxic endpoints were in-
vestigated through an integrative approach, covering data from
molecular and cellular parameters to ecophysiological behavior and
energy budget modeling. Our results show that experimental

Significance

Plastics are a contaminant of emerging concern accumulating
in marine ecosystems. Plastics tend to break down into small
particles, called microplastics, which also enter the marine envi-
mnmerrt directly as fragmems fmm a varmtyuf sources, lndudlng
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Accumulation of plastic-derived chemicals in tissues of seabirds ingesting
marine plastics

Kosuke Tanaka?, Hideshige Takada ** Rei Yamashita?, Kaoruko Mizukawa * Masa-aki Fukuwaka®,
Yutaka Watanuki ©

2013; Faculty of 1000

short-tailed shearwaters
(B) oo -

i

Facilitated Leaching of Additive-Derived PBI
Seabirds’ Stomach Qil and Accumulation in
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© Supporting Information

ABSTRACT: Qur previous study suggested the transfer of
polybrominated diphenyl ether (PEDE) flame retardants from
ingested plastics to seabirds’ tissues. T'o understand how the
PBDEs are transferred, we studied leaching from plastics into
digestive fluids. We hypothesized that stomach oil, which is
present in the digestive tract of birds in the order
Procellariiformes, acts as an organic solvent, facilitating the
leaching of hydrophobic chemicals. Pieces of plastic com-
pounded with deca-BDE were soaked in several leaching
solutions. Trace amounts were leached into distilled water,
seawater, and acidic pepsin solution. In contrast, over 20 times
as much material was leached into stomach oil, and over 50
times as much into fish oil (2 major component of stomach oil).
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Figure 4 | Liver Histopathology in medaka sampled after 2 months. Micrographs show livers that are glycogen-rich from the control treatment
(a) and glycogen-depleted from the virgin-plastic (b) and the marine-plastic treatment (c). An eosinophilic focus of cellular alteration, a precursor
to a tumor, was observed in one fish from the virgin-plastic treatment (b). The circle highlights eosinophilic (pinkish coloration) hepatocytes,
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Negligible Impact of Ingested Microplastics on Tissue
Concentrations of Persistent Organic Pollutants in Northern Fulmars
off Coastal Norway
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A Thermodynamic Approach for Assessing the Environmental
Exposure of Chemicals Absorbed to Microplastic

Todd Gouin,*" Nicola Roche," Rainer Lohmann,” and Geoff HDdgEST
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vironmental Sciences, Wageningen University, P.O. Box
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© supporting Information

ABSTRACT: The environmental distribution and fate of micro-
plastic in the marine environment represents a potential cause of
concern, One aspect is the influence that microplastic may have on

enhancing the transport and bicavailability of persistent, bioaccu-
mulative, and toxic substances (PBT). In this study we assess these
potential risks using a thermodynamic approach, aiming to
prioritize the physicochemical properties of chemicals that are
most likely absorbed by micoplastic and therefore ingested by
biota. Using a multimedia modeling approach, we define a Banthic invertebrates 18.4%
chemical space aimed at improving our understanding of how

chemicals partition in the marine environment with varying SRt ”
volume ratios of air/water/organic carbon/ polyethylene, where =
polyethylene represents amain group of microplastic. Results suggest that chemicals with log Koy > 5 have the potential to partition >1%
to polyethylene, Food-web model results suggest that reductions in body burden concentrations for nonpolar organic chemicals are likely
to occur for chemicals with log Ky between 5.5 and 6.5. Thus the relative importance of microplastic as a vector of PBT substances to
biological organisms is likely of limited importance, relative to other exposure pathways. Nevertheless, a number of data-gaps are
identified, largely associated with improving our understanding of the physical fate of microplastic in the environment.
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Lattin et al., {2004 A comparison of neustonic plastic and zooplankton
at different depths near the southern Calitorma shore, Marine

Microplastic: plankton ratio

Location All debris < 4.73mm
Santa Monica Bay 1.4 0.3
San Gabriel River 2. 0.6
Morth Pacific Gyre f.1 0.3

Collignon et al., (2012} Neustonic microplastic and zooplankton in the MNorth
Western Mediterranean Sea, Marine Pollution Bulletin, Vol. 64, pp 861-864

Location: Marth Western Mediterranean Sea

Microplastic:plankton ratio

Mean 0.46
Minimal value 0.00
Maximal Value 1.26
East part (mean) 0.75

*Western part (mean) 0.13




7475775(7' VI EBERDNL VR



HIEYITERAL TS

% AT -
\ |

‘_"_:,: 2
RA1T1H

.
HR g ATHm 7 Eam
~ ; - "y
o o 18 :
RATH i 14 qa%ﬂ’h )‘:‘ff
HAEX @ =
7 &
. HE T D
/
/ 3 @
\C ) 357 4
L1 4
) 9 he
v
/g
° V@
._{
/ W /AR /
A
&
&*
M @‘
L P .
Etﬂf/c‘{mfﬁ
o AE 2T
©

4
o ‘::j

}%_@HU
22



i @/ kA

el



RAYATSRAF YT EREDEITHSR

EOHDIAIVATIRAFIIDE

Microplastics (pieces/kg-dry sediment)
0 1000 2000 3000 4000 5000
PR R S S N TR SO SN SRR N SR SN SR NN T ST SR N AN N SO M

_
S

S s [ 5t Wree @ Pvc
Q

g I PP W PEP
C 42545 - .

i | B PS [] Other
o

)

A

80-82.5 ]: B -




BTé : ofﬁl /1997 )
RERE EEFIE
20014E#£H PCBsIZ&Y
1997 F £ HY

a
L

Nl
—
. L .
e DN ~
g s
‘&] - A - =
y Sl o . *
’ b b 4
I S ! ) P

S
o
- 7
‘4
&

v .




EREDEBEZETKEDIEZR—)2T L TR




RAVBTSRAFIIE8RES P E =

=R
NAU7A7ZAF v (kg b DIEE)
0 2000 4000 6000 8000
2000s .]
19808 I g RVIFLY PA
1 RUZAELY g PcL
1800s | RURFLY B PEP
i 7 I~ (PET) 7] EVA
| e I Others
77

KEIZAITTRAYBTSRAFvIDEHRAEMER



ToT - TI2)NTIERLERIKHERREYE T
| 2005-2013

Osta
- =
= FSTONY 5} e
LABVIA Moscow L
Ot =D LIN‘L,'H-'L»‘ -«1-». * Ekatambug Omsk: Novositirgh
outin KINGDOM .
[ ] NETH ! Berdin Vieeaa RUS o It
IRELAND Lt E gqo MD N AN farszang RFIM U3 Sapar: e
BELGIUN POLAND Kile o
Pais e CZECH = Yelzograd
e AUSTA a3 A UKRAINE KAZAKHSTAN
SHTZERLAND » b (HUNGARY MCRORVIA
FRANCE slovisy - AOMANIA
ATIA
o e V‘T.‘ SOGLAY Lo =
a BULGARIA AR
.y, JoNA f :“/i}H' AFMEN l Tolist
T2 \ "y MEN|A
PORT UuAL c;,; l“ ITADY AL\»‘\NIA ¥ hra Vorcvan ~*|?"\ e
A bREEgLJE TURKEY RBALJAN
,.’ECJ1 2 e
& & agens
B Argers Tuns L OYPAUS "SYRIA Tehrane
Ratat g o "
rq‘a"o-‘(:-é TUNI‘_.I;\‘ R E. mu: IRAN
MORO(
MIOROCC Tripol AEL®®fmman IRAO I k
Caifos - JORDAN O y O
KUWAIT
ALGERIA LIBYA EGYPT s
VESTERN Ryde  EAL
SAHARA SAUDI = ,[ ’\1RE3 M:sx‘
-) CMiRA &
MAURITANIA ARABIA OMAN
& Nouakzhott MAL| NIGER
SENEGAL _ CHAD Kipioun e BREA LelYEMEN
= ar_U(lMl Bamako aNlame',‘ Sana
ABIA e i

N 7
Bangkok
ot WAASKD , Sgmmy  SUDAN G Gulf of Thallnad P =
UINEA SENIF %

NIN Pty P l I—IT
GHANA NIG [Qlﬂ\ oo Pogh W 1ERTS

ERRA LESNE 4 i COTE ©

-IE nk in, J.%ay, V| etnam
Straits of o

= PAPUA
GUINEA

®
Port Manst

Johor, Malaysia

L ]
sw.:zr, AND

soutt ‘@'Durban, South Africa

Cape Toan

Canberma
®

Neftoume



IAOATSRAFYIEFELOETIIHIRNGTHER

ﬁq-Tj U jJ Microplastics (pieces/10g-dry sediment) B PE
'g (.) 5 1|o 1|5 2.0 B PS
£ 255 I B B
2 . O PET
20225 [T T m PP
7[/_:/7 ,\‘Fj__L\ . . , ; W Others
- O 1 2 3 4 E | 1 | J
E I I I J
S 2 E— R
g | 8 L
S 450 [ =
94 (G-I;):LS) 1 2 3 4
E oc T o & l
2 6-12 [ . —
- 1 HEMIZTELENEITLTLNS
44-46 19604




RIEFEITBIINE BISRATEITIRAFVIDEIE

20 & IZIF10fZ 1189 5

300

et T m
- T -
- [ i)

BARATETIRAFVIE
(FBE=AAN)

Jamebeck et al. (2015), Science






EmzIZ TR B z& IR EAESLNTLNS

IAOATSAFIID) RIIZDWNTRENNZZEH S
M. BERRIZIEZFHREIOIIENS, SFRITEDHLNT
LVET,

S.FEEYOABIZBICRZASEZENEHTLVGECTE,
thé*‘fﬁ\b\%hli XtRaELD

<—1_FE——’£'?TT*7Q~(T*H35
/:ﬂlij FJRAFVEEILEZIE

—BEDRAOOATSRAFYIIEIRETELL




/ﬁ/ij SRAFVIFLERBD =8 D BRIt 5k

BELAE, # OFFEATER. RS TA4T)

AV ILDIRE (HEWGEORATLORFEERE
BER- AN EZITEDLIGEMOEE

(

%)
BHAELSE

C)ZEEFCORBFREN YT LIITIEE., R

- BUDMETT ATV RIS LOR) OERMR

HROKRGEDNAATADEEF FDRE
cINAFRAR—ZADTSRAFvIDF ARE

HE DRI SRAFVIDURREELETOUNIBEE TOHEE{EE

T ROEFDIR(HIFE —) DEHZFH

NIBE CRBIET AOEEMBHE0) Ot DIREMEX REDES



EFRBIC TP AR BIBICEN LNT NS

20155121

7)“)73('\74%3 E—XEBEEZItD

201448 A
20145114

HARTIEE

KD ITAIL=T N TLUEEIEDEZERIL

EUNIMBENLU O REIBEREREZTEF DT
2025 FTICLORDBES
1 AT FE40E THIBAEUD B2
EEB00EMLLEDL UM FEHN TS,

1 AHT=Y TIFERI008

20164 :

HAR200ELLLT
AFXJATLORIZER |ma1n5bhcns




HR201E L ETLORIRFNTHN TS

RIVIFLY  BEYEZREFELOT O

Bl > BFLTEETERNS

B > A0TSR FYVITIEY T LY
Table 1. tH REZETOL R MAH

&I BHHE R
France Sweden Denmark
Italy Finland Belgium
Eritrea The Netherlands Luxembourg
Rwanda Germany Iceland
Bhutan Australia Ireland
Bangladesh Spain
Cameroon Botswana
Kenya South Africa
Korea
China

UK



EFRBIC TP AR BIBICEN LNT NS

20144F 3 : KY 2750 Rai TRYMRMNLTO
ek DHRFEEELE

201698 : D ATI IS RAFvIREVETE S
PEIRTEZEILT HEFEIAIL(2020F &
L)

FELMETTSAFYIDEIBILRBIE X RIZEDLEMN D,
ANRT1uk

BARTIXTZIIMEANBENITHNTLNSA,
TNIENIBEIZRT D,

N E TIE
[EEMLTZRBIEREOREZETOIZTSHICEEXBIBELTLS,



BHN—ZADTIRAFIIIEFERE TLEL—

INFRAR—ADEMIIRRETHS,
—H BT BIEIEMED

AHA—X Szl . »
TSRF Yy ety — EEAL R TR

SUEEER \
* WYL RILENT I KT PIZTEE
ERY) SR EAED

A8 HEh CORMDERK TR E R E~MTHE
IMBOTEEMIZIZFEEATINS

fEIR e + DFREP YD
RO DRN e—]p — F2AL KR

\ HEH) /



B DREBEIC L B
*94##7 DR

JEKE (330°CTDERHEKR)
Vi E =
SEZDFE




4075/\0)%|3Fﬁd> a3 %iﬁfﬂ@“ H7cHITIE, BEAIF DEER

21 00HEMNY.

CIEFEE 2 EHU LD Y i

? BEEN IR D 5 ap i%i&ff?@f £ 7-30F %1

0 0EHOEZREZHARLAITNIEWITEEA, ﬁf@
RiTAZH > TINIL, BEYPBEZEL L THHLAGWL
BEENF DEER I AIEETT, LA L. BEALVEKXRICHDY
F9, BATIE. NI T 4ILRORIBENILZTIC. 1=
IELTWBOIIRAFEHDE VWD Z ETT,

12, AWEBEEIFDRAESNET, HEEDX A FF
SUREEEBASEINEENFOBEKICIEII HICERE
SR’ HOY ET L. BEEDHWET, FEalgeis
ETLEOD?TERLBELBEYE RO ANFEITIHL

DIFTEVDTL LEOIDN?



BHN—ZADTIRAFIIIEFERE TLEL—

INFRAR—ADEMIIRRETHS,
—H BT BIEIEMED

AHA—X Szl . »
TSRF Yy ety — EEAL R TR

SUEEER \
* WYL RILENT I KT PIZTEE
ERY) SR EAED

A8 HEh CORMDERK TR E R E~MTHE
IMBOTEEMIZIZFEEATINS

fEIR e + DFREP YD
RO DRN e—]p — F2AL KR

\ HEH) /



TITZFNH AL, fRPORIFAVRRE,

T3ROS T ML THERR,

Combustion - Compost

- E;—: ..:-.--' | 3 ’.’__’;;————'@‘_’/ ’

?
. .
2
“

¢ 3 | (;01'1"5 1¢=
GOTT'S

kS
- :
. COMPOS]
(6

RECYCLE




JGAOIELEFHE?

REHE. KEVTAVILIEFmn ?

()5 AD)LDOARMI) S ADILLTTELRAIZEK
HFEEYEHKRELN]

F17EINEFEF RV EFEICET 5E
ERESIEAKIFZEIOEX(CP) |
201668130 ~17H



AA22A ANDHFTRYMRML, 5332 NE-ERTH2ERELT,

TNENEMFIEM. 2B NS

(6) IS E (e - )

e —— [— .
\_\\_\_ e lt}_ .
29 0 D)= g
ly& 5 — X 24 25 26

Al o AU ERER TR 491, 646, 860 491, 646, 860 491, 646, 858 491, 646, HR2 505, 693, 730

Bl S P& . S4T AT .- =47 anr Sa am Ame - o
M — l ~ J"l"f) *} L-‘;. ;‘.“I' 470 ;'1_ 31" 41 ':,41. b4 i, l.h ”‘: ;1' 438 |T-‘7. '..IUU, "_I“'l

1 48

- - 2 1 - . . —— -~
e ST E SR Y 189, 094, 944 189, 044, 944 189, 094, 952 189, 094, 878 194, 497, 588

- ——
b AR R ?-'if."h 94, 547, 324 94
- a—— . —

P11 8T E v e B 189, 094, 944 184, 094, 944 189, 094, 952 189, (04, 878 194. 497 588

1 2 T, 2 A A S 2 S0 ACA S
| 77 RRBREIELY |89, 094, 944 189, 094, 944 189, 094, 952 189, 094, 878 ‘ 194, 497, 588

LR 2SRRI e 35, 872, 794 35, 872, 794 35, 872, 804 35, 87:

40,324 94, 547, 476 94, 547, 138 97, 248, 600

) |
-3

778 44, 818, 920

RAVE & ¢ E e 2= N[ % Qa5 9 RIS DN 5 QA5 AN :
GRS ReH , 835, 000 2. 835, 000 2. 835 00 2 835, 000 2. 916, 000

FN wu, L &y

=l NQL T4 NOJ BON . Ay o "
o 1,286, 734, 280 L, , 280 1,286, 34, 4701 1, 286, 733, 970] 1, 331, 370,014




N—

F17hRIEERVEFEEICET S
EERSIEARBEZEITOELR
(ICP) |

20166 H13H~17H

vl 0

T,

i Y

Z—a—3— E EZIK%B



By 3™

UNES

TS AFvIEBEERN Iz L TtERm, LTS

Marlne thter Advusory Group Meetmg

9" . 11" May 2017, Windsor Golf Hotel & Country Club Nairobi-Kenya




THE

"‘ OCEAN

W CONFERENCEM

UNITED NATIONS, NEW YORK, 5-9 JUNE 2017}

\_
s’

e

Side event

Somn

3 R as the Basis for Moving Towards
Zero Plastic Waste In Coastal and
Marine Environment E =

“Issue of microplastics in the coastal
and marine environment and 3R
solutions” Hideshige Takada (Japan)
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No single-use plastic!
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