Chemicals in marine plastics : carrier of toxic
chemicals to marine organisms
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Nonylphenols released from plastic cups, dishes and

food containers
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Nonylphenol : Endocrine disrupting chemicals

OH

CoH1g

Additives to plastic

Antioxidants
Antistatic agents



Nonylphenols released from plastic cups, dishes and

food containers

3000

~—~ 2000
[Q\|
&
©O 1000
(@) Polystyrene Polystyrene
- Y disposable disposable Az
e cup cup
0
© 40
= polypropylene
_GCJ food container
I I cover
Q— glc; Kpropy ene
>
S
Z 20 Polystyrene
disposable
cup

1234567 8 91011121314151617181920212223242526272829303132333435363738394041424344454647484950

Procedural blank: 1 - 2 ng/cm2

Sample ID




© ©
0} WJ 5 @ .% o £ c .m £
8 3 g 3 c ® g 2 X 0 & g & ®
€c E § = 0 <« 8 0 € 6 & % = 3z T £
£ > S D = 8 5 &5 = 2 ® B
o &2 0o g 3 O g O £ 2 £ @ < 2
b o 0O 0O = o DO =5 X O £ =2 Z a - FF >
o
SUIBUIRIA
© © | EYIHOM S Weusin
O e
— Qru | LV3HOM 7 LANVIIVHL
= S
O S |l v
2eNdr
i X L O 6ANVIVEL
) | 9ZNdr (- 8aNVIVHL
7)) geNdr © SANVANVEL
Qv e — PANVANVET
— | EeNdrP g £aNVTIVHL
Q foe | 8 s
Semr - e
— | ZoUl Il
& Comar | { Faticciiu
O e - Ol
(. a ZINdr [~ Leishejepy
f I [ oelssuopu
| OLNdr e mm_mmcomc_
d p SLNdr [~ peissuopu|
B |~ gelsauopu
e a | 7INdP ~ mm_mmcow:_
J €LNdr [~ Leissuopu|
— B eul
h | CINdP uH mmmc&w
O [ LINdP — mmmuﬂw
i
e SNdr — oceuiyd
b B eui
| ZNdf wmmc_uw
(7)) ONdr £2euyd
— B [ zceuyd
(@) | SNdr [ [ceuiyd
yNdr [ 0ceulyd
cC A ™ eNdr © [ 6Leulud
- gleulyd
e S ZNdr n [ Zleulyp
[ INdr . —_— L 2teuils
L ) [ wen i - - mwmu_uw
p [ uspsms A v I ZLeuiyd
~ g cAey [ Lleuo
> U ™ LAy = ks
- [ o o
O E H Zhuewls geulyd
L AuBwion) WMEEW
N H aouelH ceuiyd
(s fes
™1 1 _ =TT _ =TT 7 T 7 T T _ T T T _ L _ T _ T _ T T 7 =TT _

(@) o (@) (@) o o o o o o o o

o o
o Ye} o ¥9] o Ye]
S % § & o © 8 & & ¢ ¢

(;wo/bu) |jousydjAuopN (;wo/bu) jousydjAuopN

ic products

imported plast

Il leached from

Nonylphenols are st



| -
)
e
©
=
©
D
=
@)
o
-
@)
o
®
N ©O
—
=3
N
o
o @
O &
o O
— Y=
O o
< 0
i -
O
®
[
L2
®)
(-
)
i -
=
=
C
®)
C

cn3ada
LN3d

LWVHO

c3avn
Lavn

ZSAN
LSAN

0N

U

AN
xo
[e]e]
XX

L LHOM
0LHOX
60404
8040

N IO
olelalelele)
oo
Q00000
XN NN N X

T _ :
o o o
o o

250
200 -
150 -

~

(6/6u) uonesuaduod jousydjAuopN

H_\Emc:m@

BUBYD
avn

eisAelgN

BISSUOpPU|

BuUIyd

2310

uedep




Sampling locations of user plastic fragments
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Examples of analyzed plastic fragments
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Marine plastics carry two types of chemicals

Sorption from ambient

seawater
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Plastic Resin Pellets
as a Transport Medium
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Adsorption of PCBs onto marine plastics

—e— Polyethylene (PE)
—e— Polypropylene (PP)-1
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Persistent organic pollutants (POPs)
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Plastics accumulate from seawater
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Pellets accumulate POPs from seawater
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Plastic Resin Pellets




Trashes on high-tide line on our beaches

Sakumono Beach, Ghana
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Trashes on high-tide line on our beaches
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Plastic Resin Pellets




Resin pellets, industrial feedstock of user plastics, are spilled during transport

and manufacturing and they are widely distributed in the ocean

Industrial
Plant

Resin Pellets

Final Plastic Products

Resin Pellets Remelting
Molding




2 . s S Gragriand
) o Y/ h {ONKI
> —pcteoil SO .

100 pieces)
per one location

Laboratory of Organic Geochemistry, Dr. Hideshige Takada,
Tokyo University of Agriculture and Technology,

Fuchu, TOKyo 183-8509, Japan .







Laboratory of Organic Geochemistry

Dr. Hideshige Takada,

Tokyo University of Agriculture and Technology,
Fuchu, Tokyo 183-8509, Japan

More than 50 pieces (~100 pieces)
per one location

Sorting
‘ PE, yellowing pellets

Analysis for POPs (PCBs, organochlorines, PAHSs)

By GC-MS/MS, GC-MS, GC-ECD
more than 5 pools of 5 pellets
to exclude sporadic high concentration

Mapping POPs pollution
!

«Sending the data via Internet to the collaborators
«Releasing the results on web



~200 locations from 40 countries
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Polychlorinated biphenyls (PCBs)

m+n=1-10

Commercial PCBs mixtures were used in a
wide variety of applications, including

Dielectric fluids in capacitors and transformers
Heat transfer fluid

Copying paper

Carbonless copy paper

Adhesives

Sealant

PCBs were used from 1950s to early 1970s
In industrialized countries.

Their usage was banned in 1970s 28
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To minimize the effects of piece-to-piece variation and to get
areal representative values, 5 pools of yellowing PE pellets

are analyzed and median concentrations are used.

Sorting

>

Polyethylene (PE)
Yellowing

To exclude sporadic high

Q/MOHS of PCBs

Multiple 10-pellet pools

1 10 100 1000 10000 are analyzed for PCBs
PCB concentration (ng/g-pellet)
(Endo et al., 2005)

| & GO0 ANENNG ® 40NN e ¢ ¢

Median concentrations

30
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Sporadic high concentrations of POPs are often observed in
pellets from remote beaches
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Sporadic high concentrations of POPs are often observed in
pellets from remote beaches
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Slow desorption and fast transport may cause sporadic high

concentration of PCBs in plastic from open ocean

Polluted waters Open ocean

O ~ArO)Aao—~— () | slow

> ' rapid
Japan Hawalii

Different speed/route of transport
Non-equilibrium : slow sorption/desorption

Sporadic high concentrations of PCBs were detected
even in remote beaches and open ocean



Larger diameters and slow diffusive transport cause non-equilibrium

~5mm

CICl Cl
@ CICl
Cl
Diffusive transfer in plastic matrix

Plastic fragment/pellet with 3 mm diameter
Long time (~ 1 year) to reach equilibrium

5 CI Cl Cl
~ m
o\ .

Cl
surface process

Conventional vector : sediment particle with a few ym
Fast (~ hours) to reach equilibrium



Slow desorption and fast transport may cause sporadic high

concentration of PCBs in plastic from open ocean

Polluted waters Open ocean

O ~ArO)Aao—~— () | slow

> ' rapid
Japan Hawalii

Different speed/route of transport
Non-equilibrium : slow sorption/desorption

Sporadic high concentrations of PCBs were detected
even in remote beaches and open ocean



Unique characters of marine plastics as transport media of organic

micropollutants

v Slow sorption/desorption and sporadic high
concentrations of pollutants

v" Additive-derived chemicals

Previous assessment missed these characters.

m Marine plastics carry toxic chemicals
tTo remote ecosystem



Detection of polybrominated diphenyl ethers (PBDES)
in tissue of seabird ingesting plastics

Br Br Br. Br = ——

Short-tailed shearwater
Puffinus

We got the evidence to the transfer,
though it has not yet published



PBDEs : Flame retardants

applied in various electric products and fabrics.

mp

3 technical products (mixtures of congeners)

Penta BDE Octa BDE DecaBDE
(Br4, Br5) (Br7,8) (Br10)

Br Br 40

Br. Br Br Br Br Br Br
SRS N e e
Br Br

Br Br Br Br
e.g., BDE47 e.g., BDE183 e.g., BDE209



Conclusions

Marine plastics contain various toxic chemicals including
additives and POPs sorbed from surrounding seawater.

Marine plastics carry toxic chemicals
To remote ecosystem

Transfer of the chemicals from plastics to internal
tissue of seabirds which ingest marine plastics was
strongly suggested.



