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SUMMARY % KEYWORDS

Marine meso- and macroplastic debris is currently one of the global marine
environmental issues. Presence of marine plastic debris including microplastics
has been reported from coast to open ocean, from equatorial seas to polar seas,
from surface water to deep sea floor, and from zooplankton to marine mammals.
Marine plastic debris cause visible adverse ecological effects as well as economic
loss. Most of international and regional multinational bodies recommend or
encourage their member countries to implement marine plastic debris mitigation
measures. The consistent recommendation is to implement the marine plastic
debris management policy on a basis of reducing impacts and damage on marine
environments and ecosystem. Implementation of those policy requires research
and development to fill the knowledge gaps especially in surveillance, tracking
and scaling ecological impacts of marine plastic debris. Thus, in this planning
project, we aim to formulate marine meso- and macroplastic debris problems.
State-of-the-art of research and technology for marine debris is assessed, and
research, monitoring, assessment and technology development needs are
analyzed.

Future research projects are suggested and prioritized. The objective of the
project is to develop technology to watch and track the input and standing stock
of plastic debris and to assess their ecological effects on marine ecosystem.
Three main research fields are 1) Development of remote sensing technology for
monitoring of input and standing stock of marine plastic debris, 2) Development
of transportation model of plastic debris including parameterization of major
missing component, and 3) Ecological effects of marine plastic debris such as
ingestion, entanglement, attached organisms, and habitats destruction. In addition,
total 35 research elements were derived in three main research fields. The
b-year research plan with research budget in detail is proposed with a research
road map. The political, technological and economic rationale of the proposed
new projects were assessed. Especially, benefit/cost ratio of the project plan
estimated by contingent valuation method was 1.61.

(KEYWORDS : sj¢2~8l7], Zek=E 2287], /"R, ol sdSEd, sifAeA 9%,
marine debris, plastic litter, remote sensing, transportation model, ecological effects)
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- Kylili et al. (20192 aF H7 2#=H7]17F &§A9 G2ie] CNN (Convolutional
Neural Network) 7]1W-& % &3}9], plastic, straw, bucket 3FF2 thiEo ojs)
gAE FPsge. AE AIdEE 86%E UEW S Regularizer, Data

S
=

augmentation, test 94 & 243 AT HE Y59 .

Model accuracy Maodel loss Model loss
ﬁ o‘t;; 24 |— Training ks | B o1z [— No Reguarizer
gon -E‘ 038 Testingloss | E‘ i E—-:eq:nr ar f
E on 8 o3 g e s
5 0% E 028 g o.0a L L]
=1 5 o2 = &
oM E- ELY ¥ | | S ST TSN | E o8
g o I Y I —haeen ||| @
‘;‘ff — Tmngacarsey | 3 pos L — Pagudaraer £; L B
iy = Tissting atrumcy o B —— Regutarizer {,_i5 i
5 W0 15 0 FH N B/ 0 S5 N0 5 10 15 W0 X% 3 3H 4 45 50 5 1 15 20 25 3 35 0 45 %0 5 10 % 20 3B W O 4 45 50
Epoch Epoch Epoch Epoch
Mode! accuracy Model loss Model accuracy Model loss
[ T—20% S 5 =] 0 —e
J: f@‘i PR 3o
e =0 2
'l =
E 1 — 3000 § : e
h — 4,000
5 W 15 20 [ 0 5 M0 45 50 5 10 15 W FJ I 35 40 45 S50 5 W 1% W 2B W IS 0 45 W i 5 W0 % 20 25 I 5 40 45 50
Epoch Epoch Epoch Epoch
O 14 A5 B AL 7R HeE B3 2l AT #HrE 23 (Kylili et al
2018)
[e) S [e) = 3 = ~
- Kataoka et al. (2018)> UAV #38¢4S ol &all AT AALGFSZ 3k thd
3T =) = [e] o)
Fe#t2~8 S §A38 95, Projective transformations 143 £9 J4-S A= o)

B A W ol8dl AYmAE ARsT BANLLH, BAE FA3 A

G W g Al gl BEFS F4I,

(a) Number of beaches (b) Mean percent cover

2% 15. Marine debris ©X ¥4 2 Z3} (Kataoka et al. 2018)

Kataoka et al. (2012)> @lQt7te]l A X]$ WebcamO Z2HH FH53 J4S o

CIELUV A FedA &l Fg28S fdEste 71«8 7w

Webcam #3&
X

SF W&

A B € D—E—F—G H

U-L coordinate V-1 coordinate Fu g "
0 T 100 — 0 - i
« . o0 KNS TS 1. @« ¢ |
— af 1 0l - —s0 b

20F 1 0 E

a - 0 . —100
S0 =50 0 S0 100 150 <100 =50 0 S0 100 150 -0 =50 0 S0 100 150
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u Y u MomthyY ear

a9 16. CIELUV MA 712 &-83F Beach litter A% Z 3 (Kataoka et al. 2012)



- Kako et al. (2018)& &jWol] yelvt+ sfuk2da 7o Al e d&4S uotst
71 93] Webcams o]&3] 1d 3o AlAIE B3t folHE &4
AEEH BHGYE ) dEFo] HAA Srisk=d, dAcke] &5, s 227t Ut

o

F 2 A7 (spring tide)d]l BEFo] WEHE Ae TP

Marine debris on the
g teach increases.
Southerly wind

West

Southerly wind

DDW!‘IW&H!HQ =
high SSH and SST

Deeper colder water h
a9 17 22 B Akl ofs] D AekE whE o] Wakel] wE o] (Kako
et al. 2018)

| Upwelling =
low 35H and 35T

Deeper colder watsr Marine debris on the

beach decreases.

- Veenstra and Churnside(2012)«= 94 °=2 s d2d7lE X7 8 €& 715
3 Al ARE AFEYS. RGB  camera, video, Infrared, Multispectral,
Hyperspectral, LIDAR, Radar & 7 €#F9¢ AAE AAsAoH, 7} Ao EHES

7%

¥ 4. Marine debris B4 2 93 Remote sensor® &4 (Veenstra and Churnside, 2012)
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RGEVIdeo |, iz mo) =4 Wslz A9 284 7%
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. ds ¥W 54 SR QA% 99A Jbs

Infrared o 717} Aoz =13 3~5 or 7~14 um IS
camera o JARAS] W]l Hzxdtal, W8 =9 2EAI7F S W F HAFS

« RGB 7lvg}el nls] thfst ~HEH HH AF 7Ms
Multispectral | » TH3 =3 stollA vitte] 2 EGL AFHAAR, 228 7] 3t A
Bb A

* Pushbroom scan %202 Thafdt 2~2HEH A 49 oy HE

o
Fyperspectral |, gyopoj i e AR 473 bgEE FHOE AeiHo] &

b-
o Fo] WAGlol FAADE g T
LiDAR o 32Y F2E =AH I}
. AFEe Z) ol ute} AREst gad

e el @ dol A5 b5
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Aol ofgg g
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-9 AT5F 24 AAAHH Fulo] Y271 E Remote sensingdt A7+E 3 7
o2 Yebd 12}, Remote sensing A7 247 Ay EgetolHege EA I
otoluf, A& Bt g2y A F EEe #S AFE] FIHD S

FANE ol g3 S HHzdr] e (44

T
a

Kim et al. (2017)2 F&dF7] thed
RFD (River Floating Debris) ks

&g o183 S, FANE,

Jeon et al. (2019) Autel]l gAjgk F3hztwel Fiol Held 7IW F skl
CNN, = % Yolo (you only look once) &ig]& 3

PETE A& ©AA 5. LZdolHl ouAdl HolHE &-&3te] 200008 o5
o]F B AT EE 5% YEUAS.
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O 23 dlgFeze] o AzF FEaE 29 7] wlEH (Jambeck et al.,2015)

- Jambeck et al. (2015)°1A] Aotd =7} w#e] Zebxy 229 7] FAF A2 o}
= glo}s] (Liubarseva et al, 2016), A %3] (Liubarseva et al, 2018), Ef® <
(Lebreton et al., 2018; Isobe et al., 2019) 3] <] 2:#7] W& A= A&3.

~ Lebreton et al. (2017)%} Schmidt et al. (2017) X AA ZozZFEH W&+ &
gy 2y 7|gs FAE 7 AFedAAE AA FUbE A £ AT A se
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a coastal population (820,057 Lagrangian particies)

il e o & “
- T 1ES s
B H -

C fishing (883,118 Lagrangian particies)
an . .

R : .s."i i -
: ¥ S

e shipping (844,900 Lagrangian particies)

b inland population (964,997 Lagrangian particles)

. ‘-f‘

-

aquaculture (735,277 Lagrangian particles)
w¥

fSOUfCO contribution (as a % of total modelled particles)

B m—————

.-.._._.-HWMH*
FEE e s et sttt e
" J'-:T;'l"‘ S |! S0 - .li..l _— . -
% 25. Lebreton et al. (2018)9] A& oA 1E 3t a)detEF, b)) (HF), o),
DI, )F2E T3 BEF (T a>c>b>e>d)

—- <t Lebreton et al. (2018)0 A= ElH 9] 28 7] He FRE Fotslr] 98 ¢
A4 BYS T, G AT UAFAH BFAA = QA3 e o 2
d7|E nEel7] & S (A &y )Y (o1, FAH, FR)eA 7]ls)
= 2d7]9 HES 483

O 27| AZEA AT

- Bx gigt dFEoly Jid AddAH dxte] AR uish dAlE= ol AAE. 1
o 2 Maximenko et al. (2018)oA+= E&ELS T BlH S A 2011d % IE 21}
nl 2 71E FA3517] 8] AlZkel w2 s ] 2879 olFS H L.
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(Maximenko et al., 2018)

A EAE E3 2] BEARSTHY AV|F A SekaE 5o A
olFd =g AlZhe] digh AGe dF A Y] AFtelA .

Neumann et al (2015)2 5 HFaldA F8 S 7149, )2 HE o 2287
2 &usky 2y 77 HAEE BEe] Moz RE durd =4S BT 5a3td
e 719 ol xS Wi, M 27 JAE oF 0 F3, 204119 olF HEE
ALEE A olF AR} EEAMS FA FEEES S 4R (50%
percentile) °©]&A|zto 2 ERY

Politikos et al. (2017)2 FAFalfol] X o Aol A =4 571, a4 278 A F el
Ao 2 r]E WEste FAee AEe TR AgS RSkl Ak
LY AEE Hu-dAY ALEE o]&ste] 37HA FhEIAE]RE FEshal(recurrent,
occasional and rare), ZF A H o 2HE ] 27| o]Fo FAHARE L2433 oA
el Fa 2#7] 7|dAH] A5 AAE o 71hA 7k 2879 oo S o

ER,
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18 28 A AE Fo 2HE7] /9AZREY
F o]% 7 Z(Politikos et al., 2017)

ke 93k 59 23 (Neumann et
al., 2015)
O Zgtg 93 AdF (o]F, At As, &3ll, I )

- e oA FHidhe 8 FgaE 297 Ae A9 T, BY = Ax
of wpg} wlgke]l 93-S t= A WS o]+= windage, wind drift, leeway drift 5 U+
sk oz Hoxm, dutdQl AlEHolds Fd 2dH7]9 ole s tFE dAtollA
= 0~5% Atole] wigh &S 3l

- Yoon et al. (2010) 2 Agd] o9& A& #IAAS o] & FolgHe F7/al4 o 7+
71 H&S 1y vyt s 483 S. dE 5o &ds A 4 -(AW=0:1)
& mpgk A 0%, dHE T T =F2H A(AW=1:2)2 vl g3k 15%, &
7] & =&Y A7 AEe] "l go] e HA(AW=1:1)< vtk 9 3%E 4 &3
i, 22 2AY AeeE oE vy s 27 ol &oto] Rde] H83)

TypeT Type I Type I
AW=0:1 ATW=1:2 AW=1:1
15% 75% 10%
= = (‘_'_'__,_,_‘
29 20, Behay sdle G Ul i Geol e g 9

2 2g Wl 74 HE (Yoon et al, 2010)
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AR AF7 aFolA 2FEF Isobe et al. (2009) o] F A&HE Ao A= (Kako et
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F B QoD Feol AW YL BH UEL £ TLaANZe A4 oFL
L3z FoR FANM, o5 2HM

A7 ol i
BAUGAY: B 2] S GoR AGAR (fF, whobAl, AR,
AFERT) A4, 99 9% ATEY 2L 5B,

- &8 DB : Web of science ¥+ Scholar Google =% A dzl

A - A A= 3 F Title/Abstract & H9=E A4

[e] — -1 1 0 Hu
28719 =
[=] mAEetaY, T9, ddEetay, sdz2al7], ofF, ustA, ntuA s, s
TR, A, 99, 8, AEGD

- [9%] marine, ocean, sea, fish, seabird, turtle, seaturtle marine mammal,
cetacean, pinniped, manatee, dugong, mustelidae, whale, dolphin, porpoise, seal,
sea lion, sea otter, marine otter ecosystem, nest, entanglement, ingestion, plastic,

debris, litter, loggerhead, green,
wobd fadely % 9 DB Set 75

- ¥ =% raw datag W oR AFRALS AA F 478%(o]F 6671, HutAl
2034, ¥t A S 1634, vtaEF7 4671)°] DB Sets 175

5 B4 Ay
- Y =5 a g o]
o TUE AFAE(F, v, BlO AR, SGERFF) T v (F 20371), bk
AE(EF 1637)el ik sigg 7ol d& A3t e s Wol P

B, o] 5(667) 5 MITHERF(102)e] t& ATE g on 4.

Aug o A Eetsay ddode] FAH ofE BAROR uTH] A%
320109 o F Agzedlz A% WBIF AT FFHE FAS ek
CoF WA AR OF F ouaA b Ao ATk AEden, vaEes
g A7 BAHOR AFHE 20104 ofF AT F19

Py
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O

A
ax

A7 %

oft
A

AETSFAA G AHET(Secretariat of the Convention on Biological Diversity,
SCBD)E sz d7]E S ETAALS s =83 ~Ef XA g¢loz +F
shal s 2717 A EB =Tl mA= GEFS GRehe VleRaAE 20124

&
I 20168 2Hd 3

AEGIAAFF AT (SCBD)2 20129 7| R iAo A sz 7|7t BETHYA
of WA= e FFS (1) #4337 44 (entanglement and ingestion), (2) €&
o] 53 ZAH(dispersal via rafting), (3) M= A2AH AF(provision of new

habitat), (4) AElAl =52 < &(ecosystem level impacts) 2 319 oW, 2016
d 7l rR A (5) v A=~ E (microplastics) ¥}, (6) Zeb~¥g sz d 7]
3} 8k&E A (persistent, bio—accumulative, toxic substances (PBT) associated with

marine debris)®] F+ %5 F7F(SCBD, 2012, 2016).

AAA B17F 9] A Eo] sFzelre] (A, AF, FHAY, FFS T
A A2 AMAAH ATS 23S B2 Aoz FAEd o, 1997de A 20124
Abolel BauE AEF FE 40% F7HE. o T 15%7F AlAAA A AWIUCN) o]
A3 WEY7F A HtgAELS 100% (75 F 7%), AFEF7F 50%(1155
T 62F), HStAl 40%312F S 174F)°] AAH e dFS B2 Ao=m v
% (SCBD, 2012, 2016).

)

=

5. sl g2xd 7] o3& A4 39 dE&FS w2 I E(SCBD, 2012, 2016)

Species group Number of known species  Number of species with Number of species with Total number of species with either
entanglement records ingestion records entanglement or ingestion records
Laist (1997 Gall & Thompsen(2016) Laist (1997) Gall & Thempson(2016) Laist (1997) Gall & Thompson(2016)

Marine mammals 115 32 (28%) 52 (45%) 26 (23%) 30(26%) 49 (43%) 62 (54%)

Fish 16,734 34 (0.20%) 66 (0.39%) 33 (0.20%) 50 (030%) 60 (0.36%) 114 (0.68%)

Seabirds 312 51 (16%) 79 (25%) 111 (36%) 122 (39%) 138 (44%) 174 (56%)

Sea turtles 7 6 (86%) 7(100%) 6(86%) 6 (86%) 6 (86%) 7 (100%)
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A (Thiel et al., 2018)

3]
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o slgzer) ¢

ol 7}
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5 ©]

(tube, cap, bucket, bag, cable, sheet, rope)

(hard plastic)e] o

%l (15)
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of

Number of individuals

.ﬁ_a__/:

350
I Entangiment/Ingestion
300- Dispersal via rafting
B Provision of new habitat
2501
)
2
= 2004
o
&
=]
& 150+
E
=)
4
1004
50 4
o —ml

Plastic Glass Metal Paper Other  Unknown

Debris category

a9 39, A FyE dld2d 719 A= (SCBD, 2012)

[ Flastic - Rope & Netting E Glass
] Plastic - Other Fishing Materials B vetal
Plastic - Intact ltems & Packaging E Paper
BEE Plastic - Fragments B other
Plastic - Microplastic Bl Unknown
25000
20000+
wn
1)
15000 o
€
g
7 -
T
100004 0
€
=
=
50004

Marine Mammals Fish Birds Sea Turtles
Taxonomic Group
% 40, AE 2wE A% A Aol Had s gz

21 (SCBD, 2012)

Aol AFAR Fall/AbgS s, A4S oA A IS

Aoz A7 AEdS UERHE(Gall and Thompson, 2015).

o] 76.5% old& AFA]

El
Tl o] SA|ste, FepaEe] A= T35



H

oft

30000

[ Ingestion
I Entanglement

25000 -

20000 -

15000 -

10000 -

Number of individuals

5000 -

Harm
% 41, dFz2dr1e |3, A A AE H9Ezke] A0 direct
harm/death, indirect harm/death, survived, unknown/unreported
dEet~g 22d7] 27] (micro, macro)
HEGHA) D v A & SIS EFF oA = macro-E2 Y T4 A7 FREHULS
™, o] 79 A% micro-&Fet~E Ag7F SAF
oF  OE AT 2 micro-ZEh~g ¥ #AHT AFTE giFEolw,

meso—, macro-plastic = XY
S o AAA o2 macro-EEAY S Y A7 FAHJASH, microE

macro¢t A ©E AT E 1 mm olshs UFA Sa. tiFEe] AdAd =
gtago] Arjo] i AR AAEA Fa dew FA(g) BERE AL
Micro-, meso, macro-2] Z7]E FE-& Lindborg et al. (2012)°] 3 A| =3}
HIEA S 0 1 mm Al (sieve) $1o 2% debrisE tldo= g A webA 1-5
mm =719 micro-ZE&t2=8 ¥ 5 mm °4 macro-Z~8HE OIoE 3 AT
b didEdd. 2ekag d4Ake] 271y Al Wek dwel 8l 45 macro-S U
FoE F AR dAdsiion T Hes 4299 micro-EHAEH wHE gl S
2 % 91+ Duncan et al. (2019)0] A<,

3 5 Macro- T49 AF7F FHH A&

=<1
Ho
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—— Micro (8)

Micro (44)

Micro + Macr
(20)

Micro (2)

Macro (42)
Micro+ Macro
(152)

29 42, A FETaY AVl wE Ae 9% £ A

Macro (1) Macro (39)

Micro + Macro
(75)

Micro+ Macro

(8)

Micro (13)

Macro (25)

o0 22705 ool »hd wUbellA Aarh &s] JAH A e dEER
TH@E8A)ANA 7 A7rE ek, dotr 2 7H(127), Hobw e 7H8), oF
oH87), T&(21), LAetHoH2) +o® mEo] v i IUMEEE

"= (103l A 7HE we

oo A %)
A A7 2nem thE Aele) Wa wekd gael. WA Fel AAAeu 4
BA9 WA o tiel ATt Axsow. BE UAE FRY,
ol el A7ke vF Wel Woll A, UF Aol HolA AvE A

GEFF ¢ FHAGD AN B B A7 AEESAAL ofxeote] A T

27, Qlwsl BWel WA 77 118 AT AR,
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2184), gHE&=E (13711)S o]-&3h

X
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B0

60 4
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O‘E% HI.E[-LH

80 A
| 2 % 89
| 60
40
20
! 6 ,
| : 0! N
Gl track Stormach Stomach Gizzard Ejection

(including gizzard)

=1 4. —o
HICIAH S WEERF
76 20 19
15 13
10
15 54 3
H - - ]
. — I . 04 . .
Gl track Stomach  Esophagus Lavage Feces Gl track Stomach scats

9 M AFRI AR Feray AfFsds] 4 24 2

ofF ¢ AA 716754 F) FTolA MF Y 2xev]e #Hse] °F 66F
0.77%)°] & 3del o=, 62F(0.37%)°] Al oa] & v dso] Hiy
(SCBD, 2016). Bray et al. (2019)& 53] sjolo] A Zalxe 4L w7he}7]
3 AN FEZE 555 (Pelagic, Mesopelagic, Benthopelagic, Demseral, Benthic)
(1) AFa FAel AAshe oF F9 #2, 2) AL 2) ZAA 7HA, (3)

aoha Ul Sl FREE JFoR BAse] AT,

Pelagic e

P S 7
Qb= Hl ( Eé' x| J_l—l') Engraulis 'encrasicolus

Mesopelagic
MH| = X[ 35

Benthopelagic
Has(=0]1

Demersal
LYES (ZSD

Mullus barbatus b_grbnfus

Benthic . S
s= g0 (Fgriap) ==~ ~=

=

R

Chelicdonichthys lucerna

a9 45 AT A FEE A gEeey
MBS A% UG AEF AL Bray
et al., 2019)
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HEGEAR - uESEAl = A A 258F 0] BarsE Al 9lom, of T 1905 (T4%)0l M ol ¥
Eoh2g Aol FdEdoen, 151F5(B9%)A el ¥ AL (SCBD,

2016). A 167 o wpaA F gl b wol HA B B HA%

&
ol
o
32
[o
=
O
o
o
fru
k1
fo
fa
i
=
T

(Procellariiformes, (Charadriiformes,

57%), 7hek¢-A] & (Suliformes, 17%) wolls. dgol 74 weol s & A
A 5 (Pelecaniformes, 11§)°lW, thg o2 7hokg-#] 5 (Suliformes, 18%) ©] A
. 22y 2Y71E A4 ARE AR F 5FCA ruddoen, ZhukeA|

5 333 o E/EWAE 2% < (Battisti et al.,, 2019).

4 Al(Ingestion)
HH| 258F & 1905 (74%) H4Al =¢l

S M= Procellariiformes (83%, 99%)
EQ2/EWHAE Charadriiformes (57Z, 74%)
7t0tL X & Suliformes (175, 71%)

218l (Entanglement)
HH 258F = 1515(59%) He =0l

AL 2 Pelecaniformes (11Z, 85%)
7}0tRX| = Suliformes (18%, 75%)

S X|(Nest)
55 H11

7t0F2 X| = Suliformes (3%, 13%)
EQE/EHMSE Charadriiformes 2Z, 3%)

g 46, kY g2 d v A4, A8, A 9] Hiud F8
HhebA] Z (Battisti et al., 2019)

MTAR L AR & 29 (F5AR, AR TEESAR, B
A%, FEUUAR, LUARAANGAR, ALAANGAR, FAEHTOAR )
et AR) o oFold g A AAHoR FENTAR BeuitiA s
B AT Bl A4 Ba, A > R > LBz > AL > g

S U AE =& e # 2 Lynche (2018)9] 2 fr=itel w2 W, w2 njct
g

A% > FeadA% > HewtAR - edugAnnAR > BxzpA
A% > FFAR $08 Foprd H4FS Rolw Jov], BANGYE A
N FEutAS A 71 ge Hehage] WA 9.
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l l = BN
Ei Lo Lk

0 — — —
Cc Cm Dc Nd

B Atlantic M Indian M Mediterranean M Pacific

a9 47 A9 AT i wtaA s F(&E-1). F2(Co),
w=(Cm), &5 (De), "2 uttA 5 (ED), &2 224 (Lo),
A ZZFA1(Nd), = 2Hs (Lk)

9 48, AAA vty AEe ZEkaE 27 44 #A3 (Lynch
et al, 2018)

HUFEFF  AEH T2 3 /5= cetacea ¥ F3o] 37H, pinnipedia T
d Fdlo] 219, sirenia #H T3 o] 4¥, mustelidae ¥ w3 o] 3H W,

7t A IERF a2 AFdE TS v 2. Cetacean (ssperm whale,
baleen whale, beaked whale, humpback whale, fin whale, common dolphin,
porpoise), Pinniped (fur seal, harbour seal, grey seal, sea lion), Sirenia

(Antillean manatee, Florida manatee), Mustaelidae(sea otter, marine otter) %
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Mo. of reference
[ o] =] ) w L =3
(o] U [a=] [¥2] [en ] (9] (o]
1 1 1 1 1 1 1

w
1

37
21

Cetacea Pinnipedia Sirenia Mustelidae

o
|

N

a9 49 AFERTF AREY ATED 5

O 9 22z 9 RyyHy X1

HAdel A= vpstafol s sif2e 7] B=ddes Hrtstr] 9 EUEHE =
2a9S 9ot o, v R 3 A ZRAES Ikl U
- THAEY vsAl RUE Y ZEad
9 kA ey 2w (Marine Strategy Framework Directive, MSFD)oll A= 3l
%ol £2 A (Good Environmental Status : GES)E ¢3] 23 7|&E &
S A . 11719 FeEl o (discriptor) & slg22d 7] E 1004 2]

gow AQste] Gy 24 F7h @ AdeelA azdr] RUHY AAS T

9. Wrhgow Selel As =Wl OSPARGIA e 24 PHe

OSPAR(E-a 2.4 7] )] Ecological Quality Objective(EcoQO) : &4 =1 Zuj
7] (northern fulmar, Fulmarus glacialis)E AXFTO 2 AAGsle], H2Ae S~
g 45 7o g2 gz ] A £33 (EcoQO)E A4 -3 7hskal .
% EcoQO: B Zv] Zvjr]e] &slye] 01 g2 Z¥}she Zetag S d43 MAS7t
AA 9] 10% ol (570 A<, ZF 50-100mFe] o] AL 59 o] iFe] 7|3t Fek &AL A
T UEgd=e} dupIoA FASE Zmo] wpEw, 1980-2004%, 2002-20134 2
v Zduj7] W] 01 g ol ZHtaE 2HVIE et = AAZE AA
9] 40%Z {ol EcoQO &E-¥o] =e3dtx E3 2o 7 H % (van Franeker et al.,

2018, van Franeker and Kuhn, 2018).
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worswn  ECOQO Performance

> 0.1g plastic

il Netherland

80% -
60% -
40% A

20% -

0% +—— ———
1975-79 1980_84 1985_89 1990_94 1995_99 2000_04 2005_09 2010_ 14

5-year period
EcoQO Performance

EcoQO
target

“e birds with >
0.1g plastic

100% -

Denmark

80% -
60% -
40% -

20% -
EcoQO |
target
0% -

E a 2 %
§-year period \;oa\:%!;ao\o:"g;%\,, N:%gr:’\',’{'.,’vclib
a9 50 d@=el dula £ 7] ZF 01 g o]
2Bl S et a e ANA H1E(%) B EcoQO 53X (10%)
H] 3l (Van Franeker et al., 2018)

i
mlo

- INDICIT =24 E(Implementation Of Indicators Of Marine Litter On Sea Turtles And
Biota In Regional Sea Conventions And Marine Strategy Framework Directive

Areas)

o FHAT AW ZRAERZ 1941(2017-019), 29A41(2019-2021) AbP o2 X% 51
gom F8 8/ 127] 7)o Folstar ¢S MSFD Descriptor 1004
& A T2 B SEHGES)E FA-gAsty] et AEARE o]&sto
¥ 2d717F alFA=el WA= S EUHPE}] A xEstd =T
(standardized tools)& 7H¥st= A& Hx=E 3

o 3t FTA ZoF (D) wiuALe] sk 2287] A4, Q) woAS, sY E/5, vt
Aoy ek ¥z 43, (3) vitbAET o] 79 micro-=7]9 s 2 7] A2



e 2018 wmlTAE A2 FA L2 EZF "Monitoring Marine Litter Impacts on
Sea Turtlesy; 2ZHINDICIT, 2018): vlcbAE A AW R 34 %
2471 AR A

APPENDIX 1 - OBSERVATION SHEET 1/2

OBSERVATION SHEET - Litter

COLLECTOR:

ConTACT:
Discovery circumstances:

SPECIES o =] D DiChutoni OOther
INDIVIDUALTAG | Tag rumber- i
INDIVIDUAL CODE: E
= o w
LOCATION: XCORD:
corD:
OBycatorvFobery  Olswandng  OlDcadetresccconte  OFoundataca
CRANEIANES OOther falts
oo ENGECase |Dimaine DT Dibrine D Dower
D8 coter/mmneries DlEmmargioment noeiris _Dlingestonorfieer
W o ox
STRANDING Dote: Chediny Domer
ENTIGLEVENTTVPE | DAcie DiPasee IR
LITTER CAUSING Dmmnmmmn fres OIRopes [IPastibess
ENTANGLEMENT Ow

PICTURES [
Animal body condition:

CONSERVATIONSTATUS | Dl1-Alve [C12-Fresn C1a-Partsl C13-Advarced CI5-Momied LINR

WEAL = OPocr fconceve) DlFarioanel 01 [5

RIS Otoinjuries CIFracture [lAmputation  [lScctionning  [JAbrasion

[F——— | OCarspece  ONeck  OHess  OiPfesron

FATRESERVES Dwin  OFac ONormal  ONR

———————
.01 0,01 = —-—
e
B —
e
e —
e
S e —

WEIGHT [001kg)

e

ro e

‘conditions):

2% 51. INDICTS ®HltbAE a2 7] RUEY 2 EZ(INDICT, 2018)

- ol f YRR AN AW oIFE o183 A ATV} dhpoln, BEaE ¥
4 el glol g WHol ol gH L e

O AF Abel: STl sldady]E AN Hoky A

- HPSA R o] $7b B4 sl y] A AR s
e Savoca et al. (2016)2 519 Dimethyl sulfide(DMS)+= dimethylsulfoniopropionate
(DMSP) A 543 sfjd2ra7] A2 Rk 719 #AE A3 5570 &3, 25
T HA Y A4 datas G 23 DMSe| wH$
A2 HE7F DMSO| whE-3hA e TR fFousAl(eF oul) =55 g9l

zho] wardk AEo] Febay Ao 9L Wol W AOE AFF.

o 1
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Species

Puffinus tenuirostris -
Halobaena caerulea -
Puffinus griseus -
Oceanites oceanicus -
Pachyptila desolata +
Pachyptila salvini + -
Procellaria aequinoctialis - fi s
Pachyptila belcheri 4 —r °
Pachyptila vittata b °
Calonectris diomedea - [ 5 ®
Pachyptila turtur -
Fregetta tropica -
Oceanodroma leucorhoa +

. S Y A

L

sopads ansuodsai-SNa

b

¢

Fulmarus glacialis -

Daption capense -

Thalassarche melanophris -
Macronectes giganteus | |-
Macronectes halli - |
Pelecanoides magellani - =+
Pagodroma nivea - |-
Thalassoica antarctica 1 |-
Diomedea exulans - ||
Pelecanoides georgicus P«—f—i

Pelecanoides urinatrix+ -

Thalassarche chrysostoma+ |- i

000 025 0.50 0.75 1.00
Predicted proportion of birds sampled ingesting plastic debris
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B

19 52. Dimethyl sulfide(DMS)ell ¥&-3l= S ()2 DMS| w8314 &&=
F(3hh) e Zek~d" M4 Wk HW (Savoca et al., 2016)

277149 & & (anthropogenic

A AFEE = A

Jagiello et al(2019) | =

materials)dll ¢t =& 2 FE T3, <A FA5 A4 (Human Footprint Index)

7F =& Al MAsts Ao TAel O B2 o RvId 2ol Ao ¢

= WA gFo] vtutEYg §4 A4 ASedAA o] A4S B =4 ‘)rE]r‘/}
°

=
= 4 Bl

ﬂO pu
l-‘_{

099
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9 53. QbR A4 St wE A X & 2Y7] &4
MAA Z7F (Jagiello et al., 2019)
HhELAl7E A Eehad e 54
* Youngren et al. (2018)2 3}elolo] A 2sl= A wichA|n] Fxo ZaE A4
S ZAE Al Zetage A4 dWE A= (HSB)E Image] color Inspector

3D plugin(v2.3) .=

gol VY B
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1 54, mheA AN A7) A A Eebal 27 A g A=
(HSB) 3 ¥ ¥ % (Youngren et al., 2018)
ol fel T FTehoaw A 7ke] AFE A
e Savoca et al. (2017)= AFH A5 T3 A o F{F7F S WAl W
O =] = S) = 3 =
<ste] EA AeA S R FRA gasE A



-l A S gAsts wole) szl A2

nl_ulq,hldl!;hl_l_:_qlr‘;uh.ﬂ
it (Moesns i

) (L] ir)

chean plavic Diefuked plastic food odour (Moran's /|

e

sandandized ageregstion
imctric (Mborsn " fi
H

M= b
W
0= ¥
L]
W
s i
L

'h‘-_"'f-—'___
v v | ey ey ——

I
FSFPFE FOSFPSS S

g i) relative b beatmenl proseniatson

a9 55, ZEage i Hx 3 o] Fo F7F nkgo
w2 M1 @4 23 (Savoca et al., 2017)

<

A A
Schuyler et al. (2014)+= HlUA &l EF =9} vitpA R0 H2sk ZeE el

5284 QA (flexibility, translucency, wavelength )& X2 #3lo] uwpt}A 5 o]
=) o) o
A FzE e Eeld 5 wet deAdS Hol=A AGe 1 A3 flexibility
7} =31, translucency 7t =om, Tgo] 71 QUAE M3 s Ao o =3
T 6. vt ARe] gy WAl GFL FE B QAo mu gt duy
(Schuyler et al., 2014)
Intercept SE of intercept Turtle effect SD of turtle effect p-value Selectivity ratio®
Flexibility 1755 0.088 0.767 0.133 <0001* 0437
Translucency 1.295 0.069 0375 0.104 0.001* 0.290
SWS 0.268 0.006 —-0.058 0010 <0.001* 0.215
MWS 0.291 0.005 0.028 0.008 0.002* 0.096
LWS 03N 0.008 0.040 0012 0.002* 0.127
uvs 0.130 0.007 -0.010 0010 0.345 0.075
Contrast 25.981 1.551 —1468 2356 0.573 0.057
Luminance (sum of cones) 23927 16.225 —153.144 24569 <0.001* 0.640
Luminance (double cone) 74978 4.930 —43441 747 <0.001* 0.579

a AR #74 F
248 e A

2

1 sl <F

[e}
be o

I

0

Ol

Fukuoka et al. (2016)2 bio-logging= ©|&
d71E AASFE o vEsle ds HE S

S

_40_



Ak &

p—

HIE A E

o))
i

il
uy
mon

o
o
o

A
M

)

o
oF
mj

4qr

CEIES

E
=

AR FEaigrRe) B 4Ues o g vest

238} soft plastic FEj9} F

ol

jpuze]

oF
o)

~
i
<

i

0
E3

T
%
<
xa

—_
file)

s Fexel 717} &l ok of

a3k W

A=)
=1

= M

Fd=Hl, ol

I 7H8 A8

2o Agel) Frje] Hogt

A_llJo

B

s

!

(b)

(a)

Swim speed (mis)

L =
d o
=2
High-frequency companent of High-frequency camponent of
longitudal acceleration (G) langltudal acceleration (G)
Depth (m) w o Depth (m) W o w
onw 8 2 cwNow o g
b=
“ -
5y - -
g d
-
X
W b4 =
M : U
& &
o a
~ o~
g £ <+ ] ] 2
4 E s &
-8 £ T 3
n = & B
i C ¢ 3
4+ ...— g s
o
( £ i
[ =
w 8 i
L = -
b33 [l 8
-} H | &
T T &
rTIT i -1-7-1-1 -
w o gg s S8
3 g
(syu) (‘bap) " (syw) (Bap)
peads wimg  Buipesy O |peads wimg Buipeay

o

Hl =

°] %] g

=
=

a9 56. FEntt & (ab), el (b,d)7t HlEEA

2% (h,d) (Fukuoka et al., 2016)

S|
=

74 et

@)
-

Seen et al. (2016) =X H|t]

2k

g g3

Y e i et

A7) el Al

=
=

gt 2277

3
=

2  »=2}vj (Eleonora’s falcon) ©w]Aj 7}

o)
=

A| s,

mon
_Zﬂ

I
el

_41_



a3 57. ofn] A =2l (Eleonora’s falcon)”} A7)l A

Zalag xys)E Hole By

=
g odEHdY #-ste] offFol 9Ee 27 ®ilg. Rochman et
E A4 mAlEg28S A% o =3AA 2deds F3A
21 % ofFellAl wol ZexEat olFfelA PAHs, PCBs, PBDEsE #AZ%.
Diepens and Koelmans. (2018) o]7{7} WAl Zet~EES 44243 A PAHs¢
PCBs®| el mds Zdiz &g

.

Plastic ingestion Plastic concentration | HOC concentration
in biota in hiota
&

2

["O

% 58 o7 wAlEeaE A wE PCBs9t PAHs
Aol 24 (Diepens and Koelmans., 2018)

ekl 1980 T E wlokl e 9lRA dol ;A F 1079 i=¥o] Wu
A

1980-90d ] L EE4 AF= HAg FA &F ol 93 HEmol HAeH o] e
H Zgtay odEZ Holo] tidk A= Teuten et al. (2007)= A|Zo. &2 H]



% EepaE v A

4
stel ol A A S B Beha

oA S ¢ Clukey et al. (2018)-2

=4
= AHAAE HolA ¥%s

o I FFHF : Fossi et al. (2012, 2014, 2016) e Aol A =2}
2 A9EA(DDTs, PCBs)S #HE3dle] Zof~¥

(phthalate) @} & 2HA

. -
2 *  R*=0.0007, p=0.592
; 12 | 4 * .
_§ 9 - ®
_: s P Il.ll |'l'..- AL L R Y
& . .
[
£ 4 . ®
& .
£ ol_a
0.0 0.2 0.4 0.6 0.8

plastic in gut (g/kg turtie)

Plastic ingestion not correlated to POPs in sea turtles.

a9 50, HebAR HA Bered g AWE F POPs

S5 AAwA 289 = (Clukey et al., 2018)

2 Aol A3

o)

2dg o

3

R

Environmental pollution

S of Cortex

MP concentrations .67 flemjm
MEHP= 13.75 ng/g fw.

|

Mediterrancan Sea

MP concantrations 0.1 itemafm"
MEHP: 518 ng/fg fw.

Low

High

« Guerrini et al. (2109)2 YAF4
-ast FAE VxR 3T 2

a7t sfxdg 7)o =&

9 9

Biclogical responses

Mgt
G AR BN Bl GORND tREOH  ddatod
L P

MEHPs 50.8 ngfE b
. CYP 141= 71.9 nmel{mg prot
- CFP 28 41.5 renalimg peot

Soa of Cortez (n=10)

Fob. OCs = 118974 ngg L b,
AEMP= 20 ngig fw

C¥P 115 614 renalimg peot
VP 2w 513 nmadfmg prot
PG 6T remolimg prot

[ Mediterranesnsen |
Fardioson Sea fnsl 1) Ligeian Soa fos 197
Tot., OCr= FIEA.5 ngfp L.

LPO= 11 nmodfmg prot

Pol ®e AL A=Y
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43°N

Bisiaic T "] B
! Unsuitable
a9 6L Fehage) wE AR W 2ot Fead =
NAA W, B) mAe Besd 44 A @

oG TR 329 274 9% BHA ¥ (FFAYE)

4

L ol

- EAWEEE: Meso-, Macrop-ZFet~g ¥ ddd 2 F dIAE OH
Plastisphere (micro-, meso-, macro-=&}t~g)S Ao =2 S

[oi3
=

AR AN THE e 7]
jol Ajste] stel Ay

- Plastisphere(Plastics + Ecosystem): Z &~ += 3¢
Z o] stUEMN, v A E(vlo] e &, vhE gl o), 7]
Al (Zettler et al., 2013)E o] &

TN
=il O'rr’
olﬂ

. 3% plastisphered] & 1A E

el A R Ropd dolEuels TE

- dlo]E{Hlo] 2~ Web of science, Pubmed ¥+ Scholar Google =% A <zl

- AU AA A &E F Title/Abstract & W= A A

=2 X2

- DB =Wl F 22,000,000 ©]/e] Medline, A 33stAd, &2k A, A3t
2 23 AEelol @ RA Pobel BF 2%, A%, MAARE FEaR U= Web

database.
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I3 64. 9=9 Plastisphere #d AFAY 2% () 2 F7HE AFA3 T H(S) T F(PubMed,
Schloar Google)
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@ \‘\ cb\\ 6‘(@‘-' P & PR &
\)9"\\5@“@\0‘\0“ 'b@qo Q&@e&% @
@) & & .‘0
Year 0@‘ Q}‘Q’Q Q° 'DQ‘ @Ev

a9 65 %" Plastisphere ¥ A543 23 () 2 =7bE A4 3 T R(S) 5F(Web of

Science)
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% 66. A= Plastisphere ¥& A1+Ax} Q18 34(Web of

Science)
AGEE 4
7= A AHAE gl wemey, £33 d AEALS 7HA 2 S o A
2od 9o Aol @+ Ae AF sl RH @ d dY T Fug
HA oldfetal A 7= W 2R3 A2 Ao} A AT sHS FaA
3t (Rech et al., 2016)

- How Important is marine litter in the transport of non-native specles?
- Which litter items are the main carriers of sttached biota?

Which areas are donors of litter and attached biota?
- Which zreas are at specizl risk to receive floating litter and host its attached biota?

Central
guestions

- Glokal estimation of floating litter's Impact on small- and large scale A5 spreading.
Research - Identification of physicachemical charactaristics of high-risk tter materiats and items.
Pliﬂl’itiﬂs - Idestification of source sites of rafting AIS,
L acalization of tter-attractive natural sinks, vulnerable fo AIS,

- Reduce produwction, deployment and disposal of floating litter items.
- Concentrate actions on high-risk items/materials = raising companies' and public awareness,
promotion of alternatives, taxation, banning.

- Reinforee policies for liter reduction, disposal and treatmeant, as well as isolation of AIS in source areas,
- Development of surveillance and protection plans for vulnerable sink :ones,

Management
actions

Fig 1. Schermatic averviay of questions sddressed inthis review, 25 well 5 omndequentisl research needs and manag ement dcliond.

a9 67 hEFAQ] Jhask A AT 8 AR B dE] 24

- B3 FUY ANEE

o g2 7o A F stUd G AE AT FAAA S7HBarnes, 2002,
Aliani and Molcard, 2003, Gregory, 2009)°] 3t A= ofg] AF7F o},
FAEs AR A= A9 floh (Barnhill et al, 2015).

- Ag2EE SR AY PR BRES Sud $8. AF ARE 25 719
b A EeE BAAAN @ 104 wo] sl Hgehs Behsag at o



3 T FHAFE AEFTE e A Yo HiH. ularo
A <t A WS 7k bivalve 653} gastropod 1 &
o] gH-o] syl Aol W EFetxg AR 2g7le] Fz | Aoz w9

(Holmes et al., 2015).

Figure 1 Macro-litter. A plastic spool from Chesil Beach (Steve Trewhella). B “Scotty pots” from Waterville
(photo Declan Quigley). C “Scotty pot” from Chesil Beach (photo Steve Trewhella).

a9 68 5 FARsE 7122 A8 macro-litter

.« FAAE Aol Tepae zxd At GRFE A o= FAA A
A AR A AUV B AR o EEAY HAH beAe nas, F

o OlufuflF FAYe] F-z2 A AAHL g algaest T2 HAFE 7|Hd 44
o2 At ez dyon, Ad@Her PVC Zgkag JAdHS o) &9
olFAel 714 3288 =H 3 (Folino-Rorem et al., 2006).

l

st &
gtxgo] FARE ol QAe. ©o] T P minutus7t A T3 AelA EAlstE F
oo, L. navigator= °©] d|F EA|t= Fol oYU, ol A= A
= waldol gle Fday ZEHE A" AdE 4o 3H°k’>’\3ﬂ7]“5 3 F 2
BolA AdHom BFotes VHAS FUHAA AAAoR QY ks FA
st AdS AJAFeH(Tutman et al., 2017).

e Planus minutus$} Liocarcinus navigator= *%3a|2] ol==g|o}sfo] H

fl

Fl

0%

o =
E"‘I

%H"% 171 3 ﬂlfﬁ %ﬂ}éaoﬂ 1;} AT
T
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AAY, FHs,
A4 APs1E FANGT A L AGBY ZA ) Asekel W@ 1% e
=
A HEHAS 9 A M #F AT 1 -t A AV = g
Ay e
e, AdF
vt dFed B G ERY A A AT e
= O O
Hob-AFEA o] S el A B gH 7 E EARIES!
] AYA, o] FE
Horg B e A E Bx B3 AT N=s Bl
™ O o fua

- Plastisphere =

e Plastisphereol /] plasticse =7]o] w&} A% (micro-), %% (meso-), W
(macro-) Zgtxg o g FRFW Zgt2E U microbiome 419 v AAHA &4
To HRELE 28I AES gie R AG7E o] F X 95 (microplastics
& microbiome hitting A<~ 40571).

o W AT RoFE AHRW R E 9 Plastisphere ATES AFHE S FARE

[e)

. [e]
St = Eo HRIHI Qe FAol o5 5437y dF Fsh4z) 2 s
SH3A) I AH3 AFEo] 1 HE olil 1S (Web of Science ¥4 A})

e Stitzlein(2018)& = & stA A Zet~8 A (Low-density polyethylene
(LDPE), polypropylene(PP), polystyrene(PS) and polyethylene-terephthalate
(PET))el wet mlAE 39 Aol& A7t on, yolrl nAdEe] At s
of & A=A Ff ATE TGS

---------- TEXLEY Ry

N
o
B
A
41
%
2
-3
>
%
o2
i
)
[
i}
of{
Y
o

A& % biodegradation(Stitzlein, 2018)

e Tender et al.(2017)= “Plastisphere” communities®] & w743} ExABESHA H
M2z g dA7da3E Hxsden, AAF2 molecular and visualization
techniquess ©]-&3% Zotxg 2#7]e AA 4 HolHE &ty 9fsto]
Visual Analysis of Microbial Population Structures (VAMPS) website2 41w g}
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All samples North Sea _ Coastal Atlantic . Open Ocean _ Open Ocean
g E 62 a A @17 P ) Ac H18 Aflantic | A ™13 Pagific m
S ve ms7 ve 17 ve M4 e W16 ve W18
2 oo mmmos 5 — 19 Ba 14 Ba 30 5o jmm—26
O cy —3 polg oy p——14 cy —8 oy — 6
br 9% b - S, 014 pr — 9 pr 2
o 20 40 60 o 20 40 60 o 20 40 60 o 20 40 60 o 20 40 60
= = Del W73 b ver mm19 e el 14 h Dl w31 K on mm2 n
Filamentots 1
W oators g » mw sp m19 sp 14 sp jmm 37 s mm26
Ll @ o mmo3 F — 19 -1 P 3 F 2
O G w97 Go S 19 Ga j— 14 ] Ga Wm25
Al % o w19 Al “oow 8 A 2
0 10 22 30 4 s o0 20 0 0 10 20 30 4 50 0 10 20 30 4 SO 0 120 20 30 40 50
Hy m6s C  Ver EM15 f o oph s iy F 2 I pn m2e °
2 At mm8o At .17 Alt ! 14 Alt :37 Fv . 23
E 52 mmgs sa w16 sa pm 14 sa £ sa 22
£ ¥ o ™ "
W Fa 90 Flo — O fl; 14 o 31 Fla W26
R — O3 Rh j— 19 Rh “ 14 Rh B = 9w
0 10 2 E 10 2 0 0 10 20 0 0 10 20 0 0 10 20 0
Average abundance [%]
3t EAuHE(Hu] 7 U BEx}PAESHA v)
T 3}7] sk A E(A 3 X TAE=TS W

29 70. “Plastisphere” communitiesS €1+
(Tender, 2017)

Select Datasets
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frivegg
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| Update
Taxonomic
Selection

T

Evaluate Sequences

T
S G

TRV PP ———
- m——n

LN SRS, 8 SPAMSC A 005 S0 GG A

ﬂsohmgomonas lNyphomtctoblaceae Wsuriholderia [Raistonia [ curvibacter [l undibacterium [l Propionivibrio

13 71. Visual Analysis of Microbial Population Structures (VAMPS) website
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TR FHE etk F2|H
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Potent Bacterial Biofilm
Formers

Natural biofilm

KKNPP
Water Intake Area

Seawater

'nlmm1=
RATH |
= ¥ &5 8 & 8 @ 8 4 B

- mmenm: -
Culture-independent ./ Bacterial Community
B S Comparison

1% 72. “Plastisphere” AW HZ(EAAAE8HA W) (Rajeeve et al., 2019)

e Kirstein et al.(2018)& a2 7] zF A Fz2
MY &< =4S 3Pt & “Plastisphere” ¥

% 2ARR e Aolo] webd MARe $AF] Sl vl e

[]:-% D‘_‘-% Glass PLA PESTUR SAN  PVC

—mea — M . Relative . ", W W W
TRUER TR Vo= A F] ]
=] E o
7 Gela E
Pinlum Class Genus 01U/ £ EEZEE
Acidohacteria AT-s3.28% 13
Acidohacteria = ,
Acidobacteria Holophagao Subgroup 10_CA002* i
Halophagae Holaphagae Subgroup 10 Sywa0725* 37
Actinobocteria | Acidimicrobiia Acidimicrobiales uncoliured* )
. . {Gilvibacter 11
Bacweroidetes  |Flavohacteriia .
Leptobacterinn 240
: Ardenticatenta Ardenticatenales® 35
Chioroflexi = L
) Caldilinear Caldilincaceae uneulred® 3%
Lemtisphaerae  |Oligosphacria Oligasphacria® 563
Nitrospirag Nitrospira Nitrospira 576
Planctancetes |Plancloniveetes OMIROY | Planetomveetes OM]90* 580
Alphaproteohacteria Alphaproteobacteria_OCSH 6 clade® 066
Candidanis Envorheonelin 1038
Deltaprotenhacieria Nitrospina 1039
Proteohacteria Y ' !
Deltaprowobacteria Sh7638-T:T-20% 123

s : Granulasicorcny 1243
Gummaprofeohacieria ) : :
Xanthomonadales JTB2SS marine benthic graup® | 1390
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Primary soruce | I Secondary soruces Plastic component Polymer/ Function Effect on human health

)

: A T Plastic monomer
Textile Plastics
,“Pj‘ v, fbemd Pl:““ i Ethylene High density polyethylene (HDPE) and Low  Not recognised as a significant human
oo, Plstisin . °"; fishing and density polyethylene (LDPE) health threat.
waste cach aquaculture
water  liter olpcmn\m\ Ethylene terephthalate Polyethylene terephthalate (PET) No significant human health threat.
Y v Styrene Expanded polystyrene (EPS) Bind to estrogen receptors and exhibit
N 4 estrogen like activity.
Degradation due to
UV light wave action. heat Vinyl chloride Polyvinyl chloride (PVC) Genotoxic and mutagenic toxicant.
y Plastic additive
- Ml “q“:'li\fq;‘l'l‘;:"““}‘"‘ ) Phthalates Increase flexibility of the plastic and makes it~ Endocrine disruptor
i b Di-(2-ethylhexyl) phthalate, Dibutyl ~  resistant to breakage
poly ethylene terephthalate) phthalate and
! Diethyl phthalate.
Pa”;;f;\ T Bisphenol 4 Functions as plasticiser and used as the Endocrine disrupting compound and
iqges;ion oy i monomeric building block of plastics. it binds to the estrogen receptors.
active foraging ™ !
d " ; Flame retardants: Reduces plastic flammability Endocrine disruptor, teratogenicity
(elagi mm;];gm dhmsl)| Polybrominateddiphenyl ethers and and liver and kidney toxicity
; ‘ hexabromocyclododecane
v Nonylphenols Stabiliser in food packaging and Antioxidant ~ Endocrine disruptor
e, PO, in polymers

19 74. Microplasticsoll W& o F 2 1zt Al 9184 d3k 7 = (Rao, 2019)

Polypropylene Polyethylene Seawater

C230_01 C241.07 |5 C230_02 C241_.08 C241_11 C230.03 C241. 06 C241_10

26
2
26
31 31
==
32 32

o AT Ug A n Azl o
SERE] plastics7+¢] A
Aol o = g

o M rR fob ot 2

T E Fow U
Fol A A WS metagenomic next-generation sequencing W ¥ 3w
(53], FAMAAEN 4)S T3 el T8 WHES,
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= - 9] AFEe B4 Adel o] A = Plastisphere®} microbime?
Aog oz AFAax7E ANEA &S, 1Y, original sources7t &k~

o]

oYX gt thddt sources E MG AEIAAA ATE FHA oW, FAF

HES &3 A7 gdsiA 3= =,

W Eofl lojx B AFHe dwld F AAd grIAE A (NGS,

Next-Generation Sequencing analysis)S &3] $luve} dAotsfey] L FZAQ

5 7199 mAzFe] DBE Rl 9. ol &F plastisphere 70l 3
|

o} 4] microbiome®] 7]¥o] oty 7fel tigt 7| xdHolH=Z &89 & &

125°E 126°E 127°E 128°E

i.|..|\||‘n||.||||\| | &

a8 77, #i}\]o aﬂ% 9 9 Y vAEFe dnFd 2 NGS database

Kim et al. (2016)2 %
greejofe] FE A<
AE 2RE AT F ol dEEel L] ddd B 74] °19*2U1 Bl
glob 52 microbial loopsol A EaiA=4 o] 75 o] FHEAE. T v
of el Zeatds YIS

Zugl @8l A9kl microbiome OﬂﬁLOH/\i 7]2: AL} o}
Sl

_53_



089% 2D stress: 0.03
Genus level oy Similarity: — 85%

000% "

S |

L /I.Jl‘/n 1347%

6% 447% "
2. ass MR 131%

a9 78 felvkel dal dctel wiAlzFe vrelote] #A (Kim et al. 2016)

Phytoplantkon (x 10° cells L")

| N LvLRll
WA NN
“ LYY “ '
JF M A M J J ASON JF M A M J J ASOND
Time (Month) Time (Month)

WewE A drlg % NGS ¥4

Next

Division

Olifantiella onnuria sp. nov. S.W. Jung & J.S. Park

Chifanticlla onnuria sp. nov. 5.W. Jung & 1.5, Ofifantiella muscatine’ (CW. Reimer & ). Lee) LS.
Park {Figs 1-26) Park & 50 Jung comb. now. (Figs 27-58)

R S Bz S—

I 80. Aol A gl particleol A W38 AF vATZ Olifintiella onnuira sp. nov. S.W.
Jung & J.S. Park.



e  Microbiome Hjol&l~, v g o}, WA ZF 5 vk
Rom o5 I HFsge&s T AEHA
plastispherel| 4 ¢] w}o] 2] 2o tf 3}
plastisphere 179 AojA nlolE A&
St issue’l 2 Aoz voky,

o Yt Y wpol ~vF Ak el o] o
sl7] flsted NGS 7S &3l nAdwh AT, Aud gy ol s gntel 2
H3l 2 33 (Hwang et al., 2017).
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uk, Y TUE 29 2874 o3 AEA IF (HHA &)
O &4 WHE
- BAQgAA: ]2 d 7] (marine  macroplastic, marine plastic marine debris,

marine plastic litter)oll €]+ A 2]* 3g]<=(habitat destruction, habitst degradation,
ghost fishing) Ao &2 =& F3FS BA3H
- 19906 ~20194 (22 308) 7)%F Feke] % 22,000,0008 o] 4] Medline, A7 3} 5}
A, 2kl =A, A Ees E3 AEoof B B Foko =& 25, &, A4
AAHARE 533 9= Web databases &-8&.
O AA7IH=
- AA719 = 12 M 24 (marine macroplastic, marine plastic marine debris, marine
plastic litter) ZA3}oll 22 7 A 2] (habitat destruction, habitst degradation, ghost
fishing)< 24 &
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s AMARA FE] Z S AAFINOAA 2013).

g c —
Fishing nets are discarded / \ s Msiiatian X e
abandoned or lost at sea

g ¥ \ can break the cycle

THE DESTRUCTIVE

GHOST FISHING
CYCLE

Free of weight,
nets rise towards
the surface

19 83. Ghost fishing cycle (Stelfox et al. 2016)
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l assemblages altered |

assemblage

| population grows at a slower rate |

populations

I fewer individuals successfully reproducing and rearing young

=S

mortality

g ‘ slower growth of birds h—
&
L5
= o di?atged l ‘I parasites L
i v Toss astric tissue i aitered
s chydration | | feeding | T immunity
2 ] i
Pr— | I /
5
S reduced volume blocked | | perforated pathogens chemicals
. of stomach stomach stomach lransfer to tissue | | transfer to tissue

plastic ingestion

multiple stressors

19 85

- vt A &5 <] 4bgk H] X (nesting beach)ell A W2

fisheries
entanglement B it

Zetagol o3 G EA

y|availability

of habitat

3T
e, 2ghE v)gA) ol W, Bekagel @ v fe/FE 7 Abg
wall//dn] W som mtuAARe AAA o Fad FF 2UdUNelms et
, 2015).

- Pl ZEFY Biscayne Wb odlx A elAfe offt A B fHE iy
(turtlegrass) AEIAIE #AE=A1713 o, Bl 93 %7t S8t s 25, o
Fd Fo 7%7F dEHH, 3} F T 26% % FEo] 713 (Sheridan et al. 2003).
s E A= A7l &y Fol wel B2 YERd (Uhrin et al, 2005).

600 - Thalassia testudinum 2500 Syringodium filiforme
E 01 ¥ 2000 3
B 400 E %
& - } 1500 ? 3
.18: § 1000
o 200 i
100 ® contrésl 500 ke el ol
O treatment
0 — 0
6 weeks 4 months 8 months 6 weeks 4 months 8 months
o ‘sr:ikrtsirnn.'zva‘ survey time, post-trap removal " i‘::krgxival survey time, post-trap removal
a9 86. 2F 9 dlxF Aol A ugk F 3E A7] vl

- "= 19ke] Oyster Reefsoll A9 d|F2rel| 7] o]3tol] A Asts thds AXM&E
(3005 o)l F&FS FiL dw. 53] g veos S48, AL #HA,
Aalell ogh A FAd wE w4 g A, A EAAD QI A F4
H Zgtxgo] Agd 7lsA o] A7l " (van Cauwenberghe and Janssen, 2014)
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A B.

. Moilus edulis - . Mbitus edutis +

50 50
40 4 <0
30 30
20 e- 20 4
£
10
0 0

5- IDum - lSum 16-20um  21-25um  >25um 5-10pm  11-15um 16-20um  21-25pm >25um

Frequency (%)

 Crassostrea gigas- i, Crassosteagigas+

= 30
&
20 § 20
10 ! ! =10 i
0 71 — — 0

5-10pm  1-1Spm  16-20pm  21-25pm  >25um 5. I(Jum - m.m 16-20pm  21-25um  >2

2% 87, AR 9o FAW Tepae A7) wa

ol

-1
£ FQa oTFo|n, Angiolillo et al. (2015)+= A =3 ’E]foH s A
Tyrrhenian Sea)& F&FolA] BEH 7 o] FEo o3 t}dl AtsEo] Z

o [eXiKe) =
S w9 eSS vl

9 88 FF o] F9 o ols B AMAA FEAF(9.5m2) () Aol #3277

NE GFS

- "3+ NOAA Marine Debris Program(MDP)2 2012\ 3¢t
Y Z2EFZS 3592 (Opfer et al, 2012), 20130l & %229
H7ME 93 AL d&E 2 #E V&S FYsid o, A7 2 #Hup Ee o}

25 (NOAA 2013).

>
5
iy
%
:(‘){é

O

¥ 9. 7]= NOAA Marine Debris Program(MDP)ell 2 7)o 93k dgP =

AR =4S 8w

Type of Project Activities Techniques

1. Research and e Quantify ecological impacts Field Research:

Assessments e Quantify socio-economic e Field surveys and monitoring:
impacts - Shoreline including intertidal
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Type of Project Activities Techniques
e Survey - Benthic (Remotely Operated
e |dentify and determine sources | Vehicles -ROVs, autonomous
e Map underwater vehicle -AUVs, sonar)
e Monitor - Water column, both nearshore

e Analyze and assess
(composition, volume, trajectory)
e Study debris movement

e Develop models

e Produce visualizations and
other data display tools

e Investigate technological
advances (to detect, mitigate,
reduce debris and its impacts) e
Produce data

e Synthesize data

e Observe and detect

and offshore (sonar, SCUBA, LiDAR,
radar, nets)

e Aerial surveys

e Satellite surveys

e Debris characterization

e Disposal alternatives (also in lab)
e Gear alternatives, gear marking,
and recovery techniques

e Impact assessments (also by
computer or in lab)

Laboratory Research (could
potentially have field component):

e Experiments to determine chemical
sorption and leaching

e Experiments to determine rates of
degradation of debris material

e Experiments to investigate fouling
of debris

Computer-based Research &
Assessments:

e GIS mapping and GPS

e Computer modeling

e Debris maps

- dgzd ] 7hed, A2717F 30cm ©1/de]
A gk mA = AAAQD 9y dFe] F. 1
= A s AN F U AL e
& g3 25 (Lippiatt et al., 2013)

1em| 102
2.5¢cm 5.0 mm

“meso”

E=

“macro”

“me g 317'

= x4 A
Hug gy 3279 9 AR 7=
g 7] A7 mE ZYUHY 7|&E

1mm | 103 1um [10°

0.33 mm

- A& Jhse EYUEHE: k] EYEY, 5 23 EUHY, AAAQ EUHE,
A% EUEE T Bash AP AA B, 28 4], 4 Vs, 18 AV 55
7 2] gF(Lippiatt et al., 2013).

o) AXREYUEH S A5, A A A 2877 2o dE& (A 39 AvA
A A, o9 A, sl Y F)S aEstelok ahn, A AZI(AAE, 23]/d), AL
He o, A mE A (=T vy et EE ROV 5)= £33 ¢
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FlolA 20-8004 9 gsely] AMRUHYS gER EEste wUHY =
R2EEZS AMEsta et IBTSZREZ(otEdY), BITSZREZ(TE ), MEDITS

2=

r2eFAFsE, 58 (MSFD 2013)

T 90, 2F EFel FAE vt A2"@m FA7AE 29 gl 2AF AheE, 8
8AIZ ZAF 715, 2900m*/day W % 24 & £ 9l2)

- ma NOAAE Fdadordel By ot Bx3l7] 9
Sidecan sonar’} ZZH AUVE o] &3lo] A HIE
BN 74% A%, Az Aol 38-35% HTEIL 9
et al., 2011).

Arthur et al. (2014)= v]= odotox]e] WA o] F Sof <o ANeA 2 AHAA
F&e dotstr] #fste] ol wEk ufd 24 W (AT side scan sonar,
AUV, Tow 5)& A&319 <.
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Method

Method description Key limitations

Methed used
in...

Water depth  Altitude  Frequency
surface to sea- above sea effective
floor floor frequency

Area
coverage
swath width

Speed

Side Scan Sonar -
Towed

Side Scan Sonar -

Side Scan Sonar -

Hull

SCUBA Survey

Diver Tow

Camera

A side-scan transducer or “towfish” is
towed from a vessel at a fixed altitude
above the bottom sending out sonar
beams perpendicular to the track of the
fish. The technique can be used in a wide
range of depths, but is difficult in highly
variable or steep bottom environments,
Reliable identification is dependent on the
equipment quality and setup, and post-
processing which requires specialized
proprietary software

A side-scan sonar transducer is mounted  Cost, equipment
to an AUV (autonomous underwater needs, bottom
vehicle) which can be programmed to variability

map specific areas of the bottom at a pre-

programmed altitude over the bottom

A sonar transducer is hard-mounted to the Water depth, post
vessel, providing fixed angle coverage of  processing detail

the bottom perpendicular to the track of
the vessel, Because the transducer’s depth
is fixed, the coverage area and resolution
decreases with depth, making the
technigue optimally effective at shallower
depths

Divers survey bottom areas visually,
recording presence/absence, condition,
and contents of derelict gear, These
surveys provide excellent data an pots
encountered, but are limited in coverage
and output less accurate GPS positions
based on difficult n underwater
position tracking

SCUBA divers, typically working in pairs, Water depth,
are towed from a surface vessel, and
record positions of derelict traps or other geo reference
marine debris sighted on the bottom,

These surveys improve coverage and work

well in complicated bottom envirenments

such as coral reefs. Key limiting factors are

water temperature and clarity

Cameras are deployed from a vessel on a Water clarity, visual

fixed arm, towed sled or ROV, at times
mated with light equipment to provide
illumination and extend visual range.
Imagery from cameras is typically narrow
coverage based on lighting and rurbidity
effects on visibility, but has high accuracy
in identifying objects that are sighted

range

Bottom variability,
equipment needs

Geo-reference, water
depth, water clarity

temperature, clarity,

2-600m 10% of 300-900 kHz
water
depth

Alaska, Puget
Sound,
Chesapeake Bay

usvi 10% of 300-900 khz
water

depth

5-600 m

1-10m 455 kHz (for

Humminbird

Chesapeake Bay,
North Carolina

N/A (Hull
Mount)

Puget Sound, 3-30m
Florida Keys,

Alaska

Visibility
dependent

N/A

Florida Keys 3-30m Visibility  Visibility

dependent dependent

USVI, Alaska Visibility

dependent

N{A Visibility

dependent

)

20-50 m 4-5 kts

20-50m 4-5 kts

20-25m 4=5 kis

Visibility <1 kt

dependent

4 m (per 1-6 kts

diver)

Visibility 1-3 kt

dependent

- e

43to] H 7} (Bilkovic et al., 2016).

a9 91 WA A ool
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- AAAH eSS FEAT7] S e RE Fug2d vt IFEH U= hotspot
AdE AAS = ol e oAE 5o, AAF AR A M o F7F FHFE o
A hotspot A9l o] F 10%= A AsHH, A=A EF3
°F 14% < 7Fg(Bilkovic et al., 2016). 1702l W &H A o F(FA 4]
BRAe) 2ukE 7pX 2 A,
n = 2] Puget SounddlA] HE X EFA o35 FAS 1d <ol Wo] A 2%
°] 30%7F 3 EEJoH, wx m=aTtEE Y dAgtelA AR o £ 22F AF
wnE Az AAA 7 §d3] 3555 (Arthur et al, 2014).
1= NOAA MDPollA = s g2al 7| (A w ol 7)ol ojg Aejs & 2 AAA
&= Hrlslr] 93 T3 ZR2EZS A A S (Jeffrey et al, 2016). HH I o]
Toll WE AAA #HEH AAA e HUF F AAA IES 9% 2SOy
L

e

N

op ot
o o&_‘,
rlo

et

2

=

e

Model and Assess
‘ Economic Costs

Derelict Gear
Removals

Quantify Fishery
Effort and Harvest

N
S

Characterize Derelict
Gear Abundance
and Distributions

Minimize Spatial
Overlap Among
Competing Uses

Management
Implications

Management
Implementation

Active Gear
Modifications

2% 92, s gz 7lel o d MAA HrE R AEE A% id=

Characterize Habitats;
Model and Assess
Ecological Impacts

AT W MAA G

15744 9] F@zdl og A4 e AT Al wesiel Anx, o
% A9 Bol AFHolgom, Aol olele) 2A olel e o, BEAAA, A

solAe] A 2.

4T EE R dE, T A T FX A9 W
g A

of Ay A RAT M A=

B>
1

Zol A A "oy Xy L F R gz |7t A A v X =
gk A7 =2 (Myers et al, 2013)

Aarel 7l G AAH o ehtbe B Bg ade) e 9F 97 B8

QEze /)7l BAAAY BaHEA dehte 9% A7 B
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HA7E ol Fol A Qg ER AAA 0B Awt AU A% L A
Wee weld A4A 8 /%

A7 AnE @R

2007-2015 Ato] Ayt <dtel afFz2e7|dl o3 AE JFAD)S A A7
vohAl o] 98 7F 909% ol e AFAskal AR ow, FFAdol Ad o, =

=, % o 59 sF2uUrIY el A 5, 2015).

20124 2~E2E ok 7] AAAu Lo 27 L old] WA 759 H oA
Qe AAA FEoL Y 4% FFoR EHAAS. T fgsdld o
ol

[¢)
A GF A, 2ERE A 2ey] BE L 0¥ 54 A7 5o A
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((EH 001:* or 8H}g'>k or ‘ESH?J'* or H]—\jr* or ‘SH Xﬂ* or EH{\}* or 8H—’F—>k or —}F—/I\l—*
or %+ or marine* or ocean* or sea or "sea water" or seawater* or
saltwater* or seafaring* or maritime%*) and (Z&2~8* or plastic* or
macroplastic* or microplastic* or 7} &4 * or plasticity* or "7}AA
EA" or AAFA* or $AFA|* or "natural resin" or "synthetic resin"
or 7] &* or "ZeF2E 22#7]" or "plastic debris" or "plastic litter" or
BH55 or 91FE* or 22¢|7]* or waste* or trash* or garbage* or
litter* or artifact* or rubbish* or flotage* or "floating matter" or

9 9L+ or pollutant* or contaminant* or B}O]Z 2 H]Z* or microbeadss
or 2~E]ZE+ or styrofoam# or "Eg]2~EH A A" or "polystyrene") and
(AAEGAL or EAbx or BA* or F4* or A or a5+ or o+ or
TUEHH* or YA+ or FA&E 7]+ or Held* or CNN or E%F+ or
WhALx or FARMAEx or 3 or FF I or "I FF" or "EFF
EA" or "remote sensing" or '"remote—sensing" or exploration* or
explore* or detection* or detect* or "spy out" or "search out" or
estimation* or estimate* or investigation* or survey* or investigate* or
research* or predict* or forecast* or foresee* or foretell* or expectatx
or anticipat* or predict* or expect* or monitoring* or satellite* or
Airborne* or drone* or "pilotless aircraft" or pacbot* or "robot plane"
or "unmanned aerial vehicle" or UAV or "Remotely Piloted Vehicle" or
"deep learning" or "standing stock" or "standing crop" or reflectancex

or reflectivity* or reflection* or "remote sensing reflectance" or
wavelength* or "wave length" or "wavelength absorption" or
"absorption feature")).KEY.

(& %+ or a4+ or alek+ or HFTh+ or | A* or a4+ or =+ or G4k«
or W%+ or marine* or ocean* or sea or "sea water" or seawater* or
saltwater* or seafaring* or maritime*) and (Z8}2~€* or plastic* or
macroplastic* or microplastic* or 7FAXE & or plasticity* or "7}A2A
EA" or AAFAx or §AFA* or "natural resin”" or "synthetic resin”
or ¥|7]Ex* or "&8}~E ¥ 7]" or "plastic debris" or "plastic litter" or
BHE* or Q&= or 2| 7]* or waste* or trash* or garbage* or
litter* or artifact* or rubbish* or flotage* or "floating matter" or
QA&+ or pollutant* or contaminant* or W}o| I ZH|Z* or microbeads*
or 2~E|2&x* or styrofoam* or "Z# A~E#E 44" or "polystyrene") and
(o] F* or =& % or moving* or movement* or migration* or move* or
travel* or migrate* or E9l* or RAH* or YAFA* or "YA} FA" or
A7+ or i or FAAG* or FH=* or FH=* or W= or gAY o]F"
or 2% or model* or modeling* or "particle tacking" or sinking* or
windage* or "hot spot*" or accumulat* or convergence* or beaching*

or "long distance travel" or Tsunami* or "Fukushima accident")).KEY.

(((3N %= or 3A* or sets or ®}th+ or 3]A* or 3jik or 3] or
Abx or )%+ or marine* or ocean* or sea or "sea water" or

seawater* or saltwater* or seafaring* or maritime*) and (J&E* or &+
or A& or o]F* or ¥fF* or ZF* or bird* or animal* or organism#

or plant* or life* or ecosystem#* or "ecological system" or fish* or
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Mammals#* or crustacean* or insect* or reptile* or human* or A} Ej 7=
or Hal* or Y&F or primates*)) and (Z828* or plastic* or
macroplastic* or microplastic* or 7}AAEZA* or plasticity* or "7}AA
EA4" or AAFA* or A A+ or "natural resin”" or "synthetic resin”
or H7]&Ex* or "Z2}AE 2A¥7]" or "plastic debris" or "plastic litter" or
B« or Q1 3E+* or 22d7]* or waste* or trash* or garbage* or
litter* or artifact* or rubbish# or flotage* or "floating matter" or
L 9E+* or pollutant* or contaminant* or w}o] 3 ZH]Z* or microbeads#
or 2~E|2&x* or styrofoam* or "Z& ~E#E 44" or "polystyrene") and
(%32 % or 3] * or Y8 or entanglement* or entangle* or ingestion* or
intake* or ingest* or take* or feeding*)).KEY.

(B g+ or ad= or 3t or HFtb+ or 3 A* or a|Abx or 3|+ or FAkx
or W%+ or marine* or ocean* or sea or "sea water" or seawater* or
saltwater* or seafaring* or maritime*) and (Z8+2~8* or plastic* or
macroplastic* or microplastic* or 7FA2A & or plasticity* or "7}4AA
EA" or AAFA* or &AGA]* or "natural resin”" or "synthetic resin”
or 7| & or "Z8}~¥ 29 7]" or "plastic debris" or "plastic litter" or
FH5E* or A&E* or 222 7]* or waste* or trash* or garbage* or
litter* or artifact* or rubbish* or flotage* or "floating matter" or
9.9 E+* or pollutant* or contaminant* or B}O]ZL ZH]Z* or microbeads*
or 2~E|2Zx* or styrofoam* or "Z& ~E#E 44" or "polystyrene") and
(-2 or A E« or F&Z2Fx or "F-& AE" or "F-F 2F/F" or
periphyton* or adherence* or adhesion* or cohesion* or adhere* or
stick* or cling* or attach® or fasten* or affixment* or 7] or &A=
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