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30 id =

A5, 2o icBRLTCEEAIZEIAR
0B, BOLIARBEL LS OMWIET I RAF v
HREHT 72, ZNHRFEOMRRITICD 2 b6, O
AR T L3 h ol TDRURZIH B HARGHEE
SEHEEHL, AR LALLM EZKECESEOE
MEIETE a2 ELI LR, EHOENTH B,
ST, &Y - ERRADY X 7 EHMIICELE B BRE
BUEFPREBEMFE EERLRY, b OWET I XFy
IHFRICRIET 2 7 — <13, HERBIEOBREED 5 g
(sEfs) 2T sZicdsr, —HT, YR
i IFE SN EEIEEL, ZRICBR 5 T LIk
YOEBERFGTLH D, TOXRICB LT, BEEHE
MR TEENIRKE W, ¥R 5, EBRETDIn vivo
(A:fk) HFMABRIC & > TREN BN — FOFER T
TRV RAZFHi L LAt ThD, BB iets
% in situ (BUBEGH) = in silico (BfEEF V) 1o
CBRETROBAFR, OLTRBEEOTCEENAARE D
5Thb, BERICHEISCEMITEZROZEETE, W
W BN FPHFHNCHED N — R R — 2 D FHlR
flicfEE iy, TI92AFy 7 OREEZICELE
Rita7s, BREAWRILICZ LG22 A5 2 ik
HLWEAS,
TRARTE, VA ZFHEiCIEAR L, HEREEE LT
DUFHET T AF v 7HRICTREE S, WERLHIIRE
CHoTHIOT, BEDMRETHKE D MEO/NS Y
EXRRCESERICREL w3, NESTHS T
S AFy 7 BEFEYE, ERRZETHIRS AT L, £
ZIGEY, WML CE DD, H250WIFNE LY
Nizwvor, TabbEEME LIE, HEEECRFE
BhcpE S BBEYICRT 2, HERS 25 2 0IVEMETH
%, MEOREED N AR i, K58 - KE
OB ReARH BT —2 LD ER D, 27201,
3T =BT IAFy 2 TH BRI, EYTRERH
KRR &, Sk THlBER: LiE D o 7o 298 &
OEIERTT 5, F7z, BN FIEO R T —
< ThHb, LHL, Lo ZDHELIN, AfEzEL
TaH B TIEECICE S, &E, b ER >
ZHRE, TTCRIROMRIICELEDLNTVD
(B4 5, 2012 &, 2023), & % \WwiF, —MiEid
T BREL 2R 0EEE (B, 2020) #BIHL TIEL WL,

AfETlE, ThoboBEEE2RLZRETFSD, A
D 7N —T PN & B BE LR, MR O R
HAEHD AND &S00 T, TR, BET 5 X5
7 DENRGICE S W7D R Z RRIITIB S . ARRICE
b2 T=Aou7 925y, L, 79RAFv 7 TA
DBH E W R Z I CEU MM Z2IEL, Hic 775
AFv 2 TH) EEFIRE, litiEvA TSI y
RGOV, i, BT IAF v 7 &, #BIH
Hlle=A 207 S52Fy 2T 5 2AF v 7 ZHRDBHR
WCHW Tz,

2. 2010 FLLET

913 2010 FARMABTICFR S 0 - B 2, Rl
DN > THEBLT 5, ¥ —7 — FRRER L 725X
e (Fig. 1) icdbseBbh, LT —~< BT 258
1%, 2010 AR H iR DURE CHEBEIBRICIEIN L 72, £ o
T, TCRMBENT DD, YRS FEEEDZ 5 DL
BIDJBRIIIIZE CH %, HIET I A F v 7 Lo THilk
ST =< RBHIEICh 5, TR, FiceAfru s
FAF v 7T AEED BT, AHICDERT
W7 I RFy 7 TAHATHNIE, RITH W 2000 FDHTC
HoTd, PRABVEOwWIDH 5 (it DR
Coe and Rogers, 1997 2D L), ZDAH»T
Carpenter and Smith (1972) &, WBVEICFET 5~ A
ruTIAFy I DFEERE L., %5 (HHRTH
DTOWMILES D, FNA YV —#FTORMHEIC &>
T, ¥EEIC 3,000 i km * BETEHEET 2w 20T 5
AF v o B E N, TOWMID—DODEEIT 57z
ERBbh ah3, KRE ORI CIE 1980 F£ALIRE D
WM 2 2 Lkt S (Law et al., 2010, 2014),
WETHRAEELEZ, <A1 7u7 925y 7R
F—o~x—2 (#3843 Atlas of Ocean Mlcroplastics;
AOMI 7 —% X — 2 Isobe et al., 2021) IZEWT,
& ISR D% Wil T H B, Moore et al. (2001) 1%,
KEOWE RN TREUMEFAEZT R oT, WEIALE
bhba~vA4 2707 I32Fy 7 DEZETH 5EE (LK
X, Y4 R) 5mm U TD 7T 2F v 78R % B L
oo HBEVIHTERRORBICRIHCOFETH 270, it
BE B km ™ EE L, T CICBEDINATEIC



LIRBIBIC BT 2179 2 F v 7 OBRRICEI S 2 ifF5%

6000

5000

4000

3000

2000

1000

w
o
w
S
~
—
()N
[\
w
o
()N

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

o]

2011

31

4,143
3,101
2,180
L559|
O O — N M <f
— AN AN AN AN AN
O O O O O O
AN AN AN N NN

25 17 44 71 112177

I . | I
NN N < 6 O I~ 0
5 o o o &5 o o
AN AN AN AN AN NN

Fig. 1 Annual trends in the number of papers indexed in Scopus, retrieved using the keywords “microplastic,”

”

“ocean plastic,” “marine plastics,”

B 5 FHEE (]9 10 738 km ™% Isobe et al., 2015)
% klF %, HEALRPETE T, 1960 R 2 5 HFBEIh
T 75 v o b ORAGR BTS2 2 LT, %
w4 rn 75 ZFy 7D 1980 FERLIE T ORFH HyH
N7 (Thompson et al., 2004), %5 D#HI,
TIRF v VMR ID T2 A a7 5 AF v 7O
e 527zt cbH6ND (7272 LHEGwH T,
microscopic fragment % microscopic plastic debris &
HIEATWS), TOEHIZRD LBFTHIIEL 2 ~<4
a7 I AFy 7 BEICOERO T, WHREREET
RIS % 17> 72 Ivar do Sul et al. (2009) D%
A4 FJvix, Here, there, and everywhere TH %, Z D
X FER SN 2009 Fiz, fAzb b HEIEOEIL
BB Cc YW ~A 7u 75 RFy 7 0 RWEFHE %
iTofce COFIFIE TR - STk 2R L 72D B,
FASEEIRAR DI R BRI RHEDT A %/ﬁ—E%¢T77%
AD &Ko WFNIBICNREZEZ T, B 201025
Filt~ A a5 AFy s @ﬁ%%ﬂa}ﬂﬁ%ﬁﬁ&) 7z (Isobe
etal., 2014),

or “plastic litter.”

3. 2010 F£%

3.1. BEMREOHTH

WEETIAF Yy 7 DOFRER, FEAEDPEETDT S
AFy 7HFOAREREFEICK 5, FEEBE D AR
728, BT 20% R I®E E 22\ (Morales-Caselles
et al., 2021), HEINLT52Fv 7 THIZ, T
PEECCHER B OEERRICB VT, k%%
b & TR & 22 R CA 20 T I RF v 2
& 72 % (Andrady, 2011), —fR&w e L ¢, REAMZ
NEYERER, BRE>» SN IZEEDL D, Ld >
T, BHEOFRE~A 7075 A5y 21, BRIZEWIEE
ﬁﬁﬁk&ék%méM%o%%k,E&ﬂDHL®@
FEIcBT5~4 7079 2Fy 7 O ERE (LI
FRCERD 2 VIR D, B/ AR 1%, RILA O
PHERIZLT 10 Ui TR L 72 (Zhao et al.,
2014), BET 52 F v 2 ICRRT 2WHET S A F v 2
TG, MU R BREERE R O 72 5 5 2,

LAY, (2014) & Eriksen et al.
(2014) &, HWFET S A F v 27753, Mk Tl <,
TCIAIKICO 2EREMETH 5 Z L 2FHIAEL 72, &
TS DL O 2 K C N L 7o R AT E o ff T

Cozar et al.
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b, WOPHLPICLIFEYA 70T S5 AFy 79
ik, BEEAATIE R, ©ULARERIRIZEERET
bHotz (Fig. 25 7272 L, RRIZ AOMI 77— R— 2 X
DIERR) . 79 AF vy 7 BEDFESICHIEID 70 DL E
DB LT, TIRFy IV HBAREE CERNRT 572
DIk, BHEA2ET 5 L &N 5 (Barnes
2009), 2 » 70 FEETERERNWE D 75 2 F v
7 TRIL, REBIWHRENTeA 20T IRFy 2 L7k
b, FAEBOREREED O IEICE XN, A/

et al.,

HEROPCRIBICEE L T o7zD2 5 5,

2014 123 FA 7= B b WHF N PaEL € o BAFHE D 5K
B2 NF L7 (Isobe et al., 2014), Z oWfklx, BE
HRICB I 2R~ A 70T 52 F v 7 BEOHREGIC &
EE57, BETIRAFy 2 OBEERRLLERE K>
7o MBEED O E TOMREE T, Y1 X2t
L7eFERE O =Xt 7 v v Mk, ZR9micsd 3
P4 XA TH 5 (Fig. 3a), #HFITL (KDK)
WS A AD~A4 7075 AFy 7 PFET 5
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Fig. 2 Grid maps of surface-floating microplastic concentrations in (a) February and (b) August, constructed
from the AOMI database. The distributions represent long-term averages. See Isobe et al. (2021) for details.

White areas indicate data gaps.
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B, WL O (F) I Lz > T A4 X0
LTWw3,

BHFER L D REINIMBET 7 AF v 70 HERDW
figk (selective transport) ;) #ix, ROBO TH 5,
TIRF Y 2 AR A XDKE LB (>5mm ;
AV T IAFy 7 EBPEND) X, KRERFNEET

0.00 0.02
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MEREEED . BRI KA CHH A =2 R
FU 7 ME, RETHNEIEN ZICEDE RIS D
5, MHTHRAREEZHESOZ F—2ZAF Y7 FMckoT,
KEZES T RFy 7 CABZBRCFELNLT O,
ZOF FWRICEE TN, BEREIMNR DI
BUZ X o> CTHLEBIRDSER, = A 7a T I RF v I

bouyancy Stokes drift
- - g At
fr10t10n> ..
vertical mixing  horizontal dispersion

(c)

wn—r"

Fig. 3 Selective transport of floating microplastics by size (Isobe et al., 2014). Concentrations of small micro-
plastics are shown from observations (a) and model results (b) as functions of particle size (ordinate) and dis-
tance from the nearest coastline (abscissa). Values in panel (b) are normalized by the maximum value. Panel
(c) provides a schematic illustration of the selective onshore transport of ocean plastics.
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EHEhs, vt 27075 2Fy 2ICRNETFENHIE
S, SRERAIIIL ENTES TS DM E AT T
WA, ZORER, AF—2AFIU 7 Mk B
TN DEED 54T, WIS TAHIRH > T L,
Isobe et al. (2014) 12, A +—27ZAF VU7 2RI
ATBMEET VT, Y4 X (FH) D3R 20RO
REFTEL, BHlI N &5 RiFERENMHE2 TR

(Fig. 3b), T &5 2B RWEEAEMIC L >, 77
AF v 7 THIFMBRICIURES N, A EWiRz # 0 iR
LT, KL~ A o0 7I2Fy 2IicEb->Tw < (Fig.
3c), BEIRMERIC X 2 KELOWHET 5 A F v 7 OBER
CAOHHRIE, RO ZREE (<100 km) 721
TiE7 <, B (<1,000 km;
2017) o KEEHIBEL (<10,000 km; Morales-Caselles et
al., 2021) TH LT B,

v A ru 75 RAFy 7IFEE O, ST, K
DT EINT T, 79 RF v 7 TAFEEEDHR
RATH B IS, (Jambeck er al., 2015) T
W, vArmTIRFy 7 OFERE (P T 3.7
m~>;, Isobe et al., 2015) »HFEFEE (0.3 m ™
Isobe et al., 2021) ITHART—H1IE ERKE v, Isobe et
al. (2017) 1%, F L —2¥BEAMAOREARE, B
SVIBEHTOHOC, w4 70T I AF v 7 O

(0.03flm™>) W& L, 7I9RAF v 7 TAHANEL
L Ak o 5423 3 (Jambeck et al., 2015)
Kb 5§, §CIAEREDY S REDMAIEICE T
WET 5 AF v 2 3EGELDRE S S (2L, Ml
HIFEHL ST AETR & OffED H 5 5 Zhang et al., 2022),
Cozar et al. (2017) &, KERBIFES 2~4 70
T AF v 7E, WITNBEIERIC & o TRISICER T
% & o dead end REEEZIREL TV 5,

Iwasaki et al.,

32. 3y T TISRAFYIDINS KR

F3Ro Cozar et al. (2014) & Eriksen et al. (2014)
&, BUHIEZ D LI B REICTFET 2HE TSR F v 2
OMERZHEE LTz, L TAH, ZOHEH RO
g2 PR LickhoT, RER (30 b
V), ERICHEERIE L 2R TSI RF Y 7 T A
HELODLTELOTHE (Svvvr - TIRFy
2 D85 K7 A), Geyeretal (2017) 12 kg, 1950

FERUFICEHRTAE N 0T I RAF v 7B D FE
B ENhiz, D55, BELHOKEKICEES T, -
MAEREECREICRAMZEEZ 2% L L LS5, 0
fiEilx, Jambeck et al. (2015) »MRZE L 7zIgH=E (mis-
managed plastic waste/plastic waste generation; Sup-
plementary Materials ic & % Data S1 &R0 &) @
S bEEICHV bz b o, RS E LTkl
b L7z, 72, &b Jambeck et al. (2015)
- T, BRENCIRH L7279 A F v 7 T B HMFEN
DR E 15-40% LRET 5, Zh o 0ElE% 49
iz gEL N, 1950 FEDIRE TR L, 2L T
EMLETOWETIAF Y 713, 1500 5 v h 5
4000 5 F v TH B, Tbb, HEICFEL TV
30 by DWHET T ATy 7 EEIL, FESEICHEER
HML7ETI9RFy 7 ZARD1I%REICTER L, &Y
V%D v T TIAFy 7D, BETIA
F v 7 OEREFFIRIC BT 2 RKEREED T Ero T,
772, LEOMEICEIAETCERISL T E B, R
HEOEEICE, BTAHRCERESNLTIZXFy s
CAHROWEDNGIRE > T, LSRN ES T
OB EET 5, HiEWE T -2 2585 FREHETD
LTy (77 RAF v 7 CAOREEKEETOmE
RV E— kv 2E, Kako et al.,, 2024 %
Kako et al., 2025 #ZBo L), k-T, kLilolE
ROWFPEMHROMEEITIE, WE DL AMANEES %
o E#RMES (Jambeck et al., 2015; Lebreton et
al., 2017; Schmidt et al., 2017), —J7C, WETS &
Fv 7 EROAHEEZERCTH S, £73, Cozar et al.
(2014) & Eriksen et al. (2014) OB EEIC IZHEF
FEEENEEN TR, LA THEE T ORI P X R
ENTH 2, RiLE TCORMPEMREZENLTH, Bl
M T O 10% LM i@ E 72w (Fig. 2), &
512 2010 FERETHICIE, =4 2079 2F v 7 O
HAF 74 vHBREHCT, HUFIcARI N Cozar
et al. (2014 ; EE/HNmEEE) &, Eriksen et al. (2014;
E%/ BLTAIRE), # LT Isobe et al. (2014 ; {@%/ 37k
B55) CRIFEREORMD BT, ThTRT—%
O R E A AR T H - 72,
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3.3. ##ll - AAFEOEER

2010 ERIC B 2 IN#ED—21, WHETIAF v
BT 28 - DT A F o4 v Tcdh b, 2010
ERPEOMINEE 2 (Galgani et al., 2013) KEK
LiEvERy (Lippiat et al., 2013; Masura et al., 2015)
Wk C, 2019 i iZEE O The Joint Group of Ex-
perts on the Scientific Aspects of Marine Environ-
mental Protection (GESAMP, 2019) HADERES

(Michida et al., 2019) 258 - A A K54~
BAFREIN, MEFEOEENEZHEL 2, B TDH
Michida et al. (2019) &, ¥FEICEEST 2~ 2707
TAF Y ZIRULL A FI94 0 ThHB, ZOWMD &
EDICAATLC, FHEOZYMERELT 20980 Tbh
2o BIZIE, ~A4 27075 2Fy 7 ONWKEZR, Hix
BREETHELZI Yy FoE v 3EETdH 3 (Isobe
et al., 2019a), ZOWFETIX, ANTLMNCIERL L 72 1
~AraTI5 2Ty 7 LMY EEARRENORE, Ch
HEREALZZR PVEMED 12 2RI L7z, Hit
WTHIFRED, ZhZ IR L 2FIHTH b rho
<A uTIRFy AR ERD -, % L CIEBOMEE
AT LT, B s pTFIHOBES HIKE N,
Bz, 79 RF v 7 EMOHEIC 7 — V) ZEHIRNS
HFEEEER (Fourier transform infrared spectroscopy;
FT-IR) # v, HEcEM %2 HE T niE (Hidalgo-Ruz
et al., 2012), “EVREY = EMFEME T I AF v 7 L
BHELTLE S, FT-IR 2 H W WIFRETIX, Kl
2mm PUT o ¥ 4 X CEEUIC LT 50 % it 0t KEFAfi
Ll o7z, Ml d Tokai er al. (2021) 1%, HfMERELC
Az mEe Tt s~ 2707525y 7 08EE%
HA XpNcRD Tz, 2 LT, A XTLICHMD A v > a
MEIR U e fiifeE 2w M L7z, Thick->T, #B%
HWELz~A 27075 RAFy 7 ORENY A RFNCHEE
T&5,

BARWAREIS O FIRE, LiosA P4 0%
ZIMLTIELY, THETDIEE A L OBHIAEE R
kB0 NN~ A 70T 5 RFy 7 DEMIT,
WRE L TR D HILEDO/NE 2K ZFL PR Y
TurLy (REREIETIRF v 7 OPESRE) K
%55 (Isobe et al., 2014), %72, HiEME CH

HENDE=Za2—A P32y b2 I 2y bPDAY T
1% 0.3 mm fRET, NN DY A ZIFERIT SR T
HD,IHIINS T Ay ¥ 2 lETOHRMEERELD AIE7Z 23,
Z DBOGHT CTIREV O oL v, EoT, <
NETHELRBMLTELb DI, BETICHEET S
ATV T IRAF v I D—EFHTH D EICHEHEPBET
b5,

3.4. BETSAF VI DEE

20159 iz SV IO 2 3+ A a RKEChlfE S iz
GESAMP &I L, fAz & Tifitiffsid 9 40 e
Sh, WET 5 ATy 7 BREIIE O RETENN &S5RI
7R EDHELD £ L sl (Hardesty et al., 2017),
F 7z, 20184ED LR % - I IERIY-Z B4 (Science
Committee on Oceanic Research; SCOR) &7 —*
727" v—"7" (Floating Litter and its Oceanic Transport
Analysis and Modeling; FLOTSAM) Ti%, #7540 £&®
BIEIHIC X o C, WIET I A F v 7 OfikicB5§
2 YA P A YEE DS, IBED 5 RIEREICRE S £ T
SR Em S iz (van Sebille et al., 2020), Z®d
£ 912 2010 FARDHNFICE, MR, LR (EIc
SNIEREEL), A P—27AFVU 7, NEBE,
V72 2 TER, hERA, WKANOMD AR, R
A EHFEM, 2L TEYBEEN L - EREM L
(k) Lvote, WHET I AF v 7 BRED KGRI
FEICHR#HS o 7o (Fig. 4),

WHET S ATy 7 OFEDS B, TTRFAEICET 2
WREBALE S, TIAF v 7 AR, E#thicL T
#80% ppEEIICEIRZ b B, NI & CTFICIE
4% (Morales-Caselles et al., 2021), Jambeck et al.
(2015) 1F, PHEICKRESNEEDICRH LTS
AF v 2 THE, EFCHEHRICK 3000 5 v EHEE
L7z, AT, D95 % 15-40% Ot % R
E L7, COEEE—HHEOHEMEEBIT LD D
T, tHROEE L TcZ Y EIEFvEv, Lebreton et
al. (2017) % Schmidt et al. (2017) %, W25
HEVETR R 2 S CAERTIC 200 07 b R EHEEL T
Bb, CoBEEFEHATHIE 30005 v 5 OfH
RiZ 7% TH 5, HERE LTI XF v 7 THIE,
T DEEIMRIC & 2 0 WBRIERRIC & 2% &
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Sources:
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rivers, shipping
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atmospheric outfall

Swimming,
bioaccumulation

Coastlines
Sink & Source
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to microplastics <0.3 mm

__ 0O

In marine life

S .

Marine snow

Fig. 4 Schematic diagram of the dynamics of ocean plastics and the associated processes. This figure is par-
tially adopted from Fig. 2 of Hardesty et al. (2017), with additional sources and sinks included.

ht, <4207 5RFv 2 Ebb, KT L HE
IRDBBEED L VIR THILIZET LT v (An-
drady, 2011), %G L 2D b %Al & B I3EST
4 5% (ter Halle et al., 2016), =¥, FUZFL v F
L7295 — bRV E =LY, kK DEBEOEM
DT ITAF Y 7 TABRA 70T I RAFy 2T
X, ZOETHEEZTILATLEIZS S, WEOXRE
WA Cl, REROERVESEHO L, Th60E
WHEPET 9 A F v 2 DITHIZIEA B,

WET I AF v 71%, BREE EHEREREDIKL D
OWFEEBEIT S, 22T, WELRBETIRAF Y
75, THERICET 2 £ CORMBBE 2 HEE L B4 759
BEHENLE D, 7T RAF v 7 THIZDOWTO Kataoka
etal. (2013) &, =4 270795 XF v 7iconTD Hi-
nata et al. (2017) T&% %, Kataoka et al. (2013) 13,
HBREEROTbhZY (Thbb NN T, 0%
V) BEEOWREEEAT, REXBENICEE LT 5/0
(7o —toeTic®srHEE AN, ZLT,
1-37 Rlic—E oML T, BERETE- 77— M
ZEER L7, COEEE 207 Aichbko THRDIET
LT, RONICESR L 70— P SEER L T THAT
% CoORAIF GRREE) %Kk®, %o efolding
Wi CEEEmR) 2209 H L EE L2, ZhiZ,
N CHEK AR %2 HEE 3 2 Tk TH % (Takeoka,

1984), Hinata et al. (2017) 1%, BRCHERZEL -
KK 175,000 %2 <4 7075 AF v 7T QAT TiE
FICEm L, FAROEBREZTo7, T OHEBIC NI,

~A a7 I 25y 7 OVEHERRE I 8-51 HTH -
Teo i A 70T IAF Y 7 RBELET VT O
fEEIREFILTH 5 Isobe et al. (2019b) TlE, T DF
B (8-51 HAZ P L 72 30 H) % MiEiiss
WAL CWw 5, MBEEE LR T25, MR ofHE
LIRICHBICR2RETH %,

WHHERBZ2IESI A 7075 RF vy 71X, REPET
WEREPOEEZHET LOICHZ D, H50IEFHERICE
2T, —HE LT, Sk BicifinERT A X
2 0.3 mm BLTIiC&4uE, A v ¥ ali 0.3 mm O HiEHE
BTN TE R WO TH S, £z, EYBERRIES T
HEAEMTE b EREONS R, 7r T TR
Fv I THoTH, HRICHIET LD B, T
CTORYBB LR, NAF T4V LOREEBRE

(Kaiser et al., 2017) =, EEEEHERE (Long et al.,
2015; Zhao et al., 2018; Porter et al., 2018; Michels
et al., 2018) L HEEERE (Katija et al., 2017) ~®
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Fig. 5 Floating microplastic concentrations in 2016 (left) and projected concentrations 50 years later (right),
calculated using the numerical model of Isobe et al. (2019b). Results are shown for August.
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Fig. 6 Fate of ocean plastics simulated by Isobe and Iwasaki (2022). Areal mass concentrations averaged over
the final computation year (2017) are shown for (a) floating plastic debris (macroplastics), (b) microplastics in
the ocean, (c) macroplastics stranded on beaches, (d) microplastics on beaches, (e) heavy plastics that settle
immediately after fragmentation, and (f) locations of microplastics removed from the model domain.
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Fig. 7 Ages of floating microplastics collected at the 17 stations shown in the left panel (bar charts in the
right panels). The upper right panel shows stations near the Japanese Islands, while the lower right panel
shows offshore stations. See Okubo et al. (2023) for details.

TP TEE S 2 HINEOKRE T, #EEHIED

LR CcOEMEI S RIMEE NS, ZhIC k5T,
Y DTELEN D Z LR R L FLicEE2 ER D, 20
7o, MR S L 7B a2 7 20 6, BUEDIN E v o
EfRIET, =420 T RFy 2T Iy 2 AD
RERFIDBHEETE S, TDOHZRICE > T, 1950 05
2010 FE DB RSN Ic & £ 05 10 EERBO LB &, [H L
a7 cEENEZuu 7 4 vaBROEH L O
MR I N, Thbt, Dkl & B ERERRIE
HALT NI, P~ 707525y 2R L T
BE2HEOTOTH S, %8B, Kuwae et al. (2024) 13,
1952 % AFt~OBATR ERIBL, ZOBRMlo—>
ELTHIME TS MY a 7 ho~ A 7u 75
AF v 7 HvTw» s,

Fili~A 079525y 7 OWREPETLT, 14X
7230.3mm & FEhiE (B, #fl~( 27e 752
Fv 7)), BEHNA RS54 (3.36) ITHEHLL 728
BHEEETH B, 29, FUL SREGREA~D T I A F
JEDEAN (avy I 2= ay) 2B 0ERH 5,
WIRTIZRAZ D5 v, EHEREOZELHLHImO i
DIES WM 75 A F v 7 ORADS, BLUAEEL D E KA
L7630 ThD, £, I - SHrEfE T oRch
ZIZC, BIEDR EICEd 206803 H 5, MZT,

BRERTHL LM~ A 7 a7 o RF vy 7 iR
s g, FRAUEEDSEAGFHG L 75, RERD R v
7" (/K E2Y 1,000 LIRE) 2 HH L ik 2 Bl
THRAUE, P Ldbarvyir—varickspilE
RIS 2 E&N e REU7ETH 5 (Pabortsava et al.,
2020; Tekman et al., 2020; Zhao et al., 2022; Zhao
et al., 2023), L L, ship time O#lf5 &% EEH|
PRS0, WBERYEO T —4 L L Tikvo 5 WEEED
H5,

Kuroda et al. (2025) 1%, A6AS-#EHBGE BRI IC
B2 3 (Fig. 875) T, ZERKEZE HW TKE
1,000m & o 12§20 5K 2 HRINL, #il~A 7 n
TIAFy R L, TTTHRELEYA RE
10-300 um TH %, TDH A XDORE DA%, [FIRHE
U 7o KBRS & e U 72, 72720, 3D O & EERK
FELQGLETH, —EUD TEAK4I8L LT
Y, HFETOERKELZED ZUNENH T, I T,
DHBEEZBLEZTS 27 - FTAFTDAVY I 52—
vavaESEREICINA, F/, UKL IR
80-90% L £ T /o, SMEHE FEHEEFEIC LTS
vy b URER, SREICR- TSN LEZ
5N B LR SRhE AR 2 R T (Fig. 8 /). i~
A7aFI5RFyIDHE, EYLERE N L CTEENNE



AEBBIC BT 2HE TS ATy 7 OEREICE T 2 HTSE 41

34.5 35 O
L L 1 1 1 1 L 1 | 1 1 21

120 130 140 150°E

- 22

- 23

- 24

- 25

- 26

- 27

(®)
12060

r 28

% 103 pieces m—3

Fig. 8 Concentrations of small microplastics and salinity at the three stations shown in the left panel. In the
right panel, distributions are shown in isopycnal coordinates, with circles indicating microplastic concentra-
tions and curves representing salinity in the corresponding isopycnal layer. Colors denote different stations
in both panels. The gray curve in the left panel schematically represents the subtropical gyre. See Kuroda et

al. (2025) for details.
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Abstract

This study reviews the literature on the dynamics of ocean plastics and outlines the historical
development, current status, and future prospects of this research field. Prior to the 2010s, most
studies focused on reporting the abundance of ocean plastics. Since the mid-2010s, however,
research has increasingly emphasized the dynamics of ocean plastics, particularly their trans-
port processes. A major driver of this shift has been the so-called “missing plastics paradox,”
which highlights the striking discrepancy between the total mass of plastic waste historically en-
tering the ocean and the small amount of ocean plastics observed globally. As observational and
analytical methods have become standardized and guidelines established, the accumulation of
data has enabled an increasingly clear understanding of the overall dynamics of ocean plastics,
including their emission to the ocean, stranding on coastlines, and subsequent redrifting, degra-
dation, and fragmentation processes, as well as mass increase and sinking mediated by biologi-
cal activity. In the 2020s, an international database of floating microplastics, the Atlas of Ocean
Microplastics (AOMI), was developed, accompanied by significant advances in numerical studies
using particle-tracking models. Through numerical simulations, age analyses of floating micro-
plastics, and the quantification of microplastics in sediment cores, the fate of missing plastics
has been examined from multiple perspectives. Recently, observations of microplastics frag-
mented to sizes below several hundred micrometers, together with numerical studies coupled
with ecosystem models, have further advanced the field. Consequently, research on the dynam-
ics of ocean plastics has expanded beyond the surface ocean to encompass subsurface layers
and the vertical structure of ocean plastics within the water column.
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