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The physical transportation processes of marine
microplastics

Fig. 1

1.1 B E AT

25 B A TV 7K 0 S 0 R 3 A PR S, N TR AE T
KT AT o VLR (el b LA ) R, 33K Ay L
HAT R 3 T A B, RS, AMIAEIE P

IV TE W A 1) A B 4D B0 Y i Tl T Y B LA Y
HEMBRTENEEWEE, TR T ZRECR
R TR SR AR 0 0 i e e it -, @Rt
BB ALY 7 AT AT D488 75 V2 1 T 0 ) 1) s
o HJE, BT ROBRIRST 8N, 218 %%, 9
TSR 3 ao AR 1l R — T AT B R Y TAE

HET, AT S O R % o FE i A 5 2
A v I R RGBSR A R, T K B R R A 3 Tl A
RUY TR0 K J&, Ry 2 40 e W B0 O BRI Ve Y
BRI T OCHEROR o 2 SR I RN KU 1 3 ) 5
S5 DR W I BBHRE A T e BN, LA R BRI
WA K B 2R, n] LS G SR R BT R i
RS, AT, FH T AR T SR A A R AT
R FEEAHE NLOM/NCOM, HYCOM, SODA,
ECCO Hl ECMWF ORA-S3 Z:1%71 | Le Henaff 228}
VIR R ) 10 % 3 5 45 T 7K I R XU S B Y
R, R IR R R ) R T vk R Rl TR
BB o HAT, 7RSS OB 5% v i F %) i
TR 3 GNOME I OSCAREY,

I RE R @iy SN iR SUN N e -l
JOE T B B R 5 T 6T T I S 3R T 7K HE U A R TR
JRUIRE A7 4 5 1 S 0] A28 Rt Le Henaff 2528
HYCOM-CMS FRIAFFT KA L 1~500 pm A
TERL T SR YRR B N 0L, 45 R R, A
IR it 2 5 e fr - E RS L300 ) T 2 S 40 LA, T
BHERSE, JEAR T B2 45 07 T 22 S R, B 1 k4%
AIE M BIRIAE SR 2 A, AT MR A 5B
PR BRI . Tsobe 25 PV FH — 4 ki 138 BE A BRI T 5T
T W U TE N S R R T IR AEAS . SE IR
W, DO RE B R AR R /)N, HG [ YV D ) 4O B RS
M, MR BISERIZE Stokes RS AUME R &2k ek
PEm R B SR, TEXTAFTR T, 1E# Bkt
P14 50 B E — Y P SO ) R e AN AR Y, R 2
TR A i SO R B B 2 F . Critehell
BRI SLIM BERIBFSE T AS [R5 555 P A R 1 R
R Y. R B Al DX 1) 0 B KL, BB L T L U
AL B SRR RS B i BB R L i, 7Edein e
313 B4 MG IR oy (PRI i) T 3 ) P e, 7 e TS ) ke 9 7 XL
D7 7 RV R A A T U5 ) TR 5 T R A 3
DA T] XU i) it ) 4D 7 6 T8 1949 DR 4 Ak 28 AR R
B PR LR, TR AR TR SRR DU BA TR R B [
B, AT e B ) AR T B A 2 i B L AR VD I
F14) 3 fife 0L JEE X ABE 40 235 TR A s i B R 45 b L

156 MEERL /2018 4F / 47 42 % /45 5 0



R gk @
EVIEWS

X TR kA2 e 1) 52 M A4 T BB A rh A A L S 4
HETC A e g frh, R S HER & 24 50
{E S PRI AE o 76 ARG, 075 R AH OC A AR 8L
SR A E OB R Y BLE R A FE S, IR
PR 235 SR Y MER
1.2 HERGRGELE

FEPTA SRR 5, RAH — 2 3R 0 %
KT s P R s e B W ) A VRV R BT v L AR i)
B F o R, DRI % R R e e g
FizgiB s, DU R BRI AR & % B G k)
TE F SRR AT RS T B S S Y A SR TR
FEAR K, 1o %85 B o Mk 2 7 LR T3t R S e T R
WS RE R BEAR /DN, 4% B O R K & Bl IR 75 Bl
PN TORE T 2 B OB R AR 7 SRR
FEEA TR R, T DAAR e B0 M A 5% = %
T BHE A SRR K RS FE . S t, AH OGS Xt
1 S T G SRR A LR S R VR AT T BRI AL RN A2 B AR
T -

1 4 R RS R AR LA Uk AR L AT ek
F A AR, Br LA S 27 38 6 DU W 0k 1 T o 5
N FNE 2 G 28 R DT R B R G T aE . B
Chubarenko %52 FH TR IR 28 234 k1 8 k)
Wk TR RS, AFHAAMET, BN S mm B9
SHRFSUR U0 21 2 v TR IS (R BE A 250 m) () Bsf ]S
it 0.5 h; EHAAK 0.5 mm AR BUR T2 1 RS 1Y)
B[] AS AR A 18 ho (EABATT 48 Y, DU R TR 2>
A HGE H FEOE SRHEURL, I A E T2 4k fn A
PR SRHIURL . F T 50 5 R R R 17 4 P o
(FERIEAR) S5 WV OB AP AE AR K 22 5, 75 EEXHME
G5 Vb 1T R I R B0 AT A A i R T v
TR R S RS AL, DTRAE 5 il R v D e el
It By IR ) S S8, T B R R S
BT A SZIE UL LAl o Kowalski 2805 FH T R#AE 52
I T AN RDE AR B O R TR, IR T —
A, R AXEHFITERKEER S 0.5~5 mm
Y EF AE RSB RN AR YE R 0.15~0.71 mm [ERIE
TSR IR S

H AT >fe 8 Rz 0 % S B A 25 A 5 U R A
FIR ALK, Kowalski %5 035VH] B AR B B 10 R A
Fb22 00 AN 5T T AN () 20 78 ol 98 Rl A i K R K i)
DURE % S5 R, TOBRL A DT A 32
PRRIEAY | 8 BRSO, TR DT 3 1)
SEMAL AR Ko SR, DUREATE R & IF S B A T 7k

SRLTE A SRR PR TR R . B 0, DTRR AR S g Ak
T 1R AR BO FE IR B A S I TR R XSS T 8 T 4 5
Mo HLUR, A AP IC S BN 0k B RS sl st ], 350%
B, DRZERR . KI5 B B T KR 22058,
Al B A 5T OB R BURAE AN TR L AR R
TCPE IR S 2 T I TTRE S [RIE ] AR 58 AS RIS
AP . PRI . BRI, KA SE 56 A 4L
SEIR LT A ARG K S . BT R OR N, Y
K ol B AL A ) B e K R v RS s, AR M e R
TP RE T HM & B Mg, &AL
AR J R EMG R SE A B AR I AE, A EE
2285 B 3h R F0 R G b A 25 4 1 T BOR B Bt
B S A 110, Ballent 2557 F) FHALSR 447 19 5
BATE T RSFZR 5 mm (0 5% 5 58 (o S0 R Bk 7
UUREAE TP - DR R B, RORHR = T IR R 1
TR RCR RN AERR

HAl, B8 EANFE 2 E R R i
9 O RE MR R A RS S AR . 40, Ballent 217
v MOHID Water A58 FU T 4 245 4 40 655 W 73 i
v A R O R T R AL, SRR ERA N
5 mm f14 = %% B SR RHIUR 7E 94 50 75 I 45 T 3R A1 10 A ok
FEAEH /IN<1 km/a), 2 R YI ) BIAEH, Ui
Rk 7E e 2% 1 3 110 B 90 ) 25 R A8 1) e 23 ISR S B
Critchell Z P2 F SLIM B IR Y T 155 25 B (0o BHE
TR ISP R % A DX 3k 1 S A I, 25 SR B R 4y
o R SOV A R B O VA S
1.3 #HEHHESRHEIE

SRR R B RIS, 7R AR T AT AR &
AR IS o LR VS 0 A S 2] 5 Bl I I O
Sl R RN AR Ak, YR/, R SR,
TEWE IR EZ LI Sh SR sh ok F; BEE K,
S al TR SR ] AR B, BRER AT AR A2 F o Ballent 4517
AT SIS T BT VI ) 5 1 B TR RS ST s 2
[IRDEER, 25, 2R 1 055 kg/m+36 kg/m’
) B R R 26 R HE e — B PR TR AT R o 4 BT U
F1°40.014 N/m® B, TR Y =5 45 B (SR R 7 Vg
JEE & AR RS Bl M4BT YIRSk 0.025 N/m? B, KZ)
SO0%AY I RHIR 1R RS Bl M4B5 IR S 0.14 N/m?
WF, 75% 0GR K A TR TR MBS U s 2
0.087 N/m”* if, B iF ARl X & A= TR .

1.4 HBAHIXEAFERTIE
VAV T O R T RE B P A I,

Marine Sciences / Vol. 42, No. 5/2018 157



R gk @
EVIEWS

AT RELE BT ] 0l o 20 M, OF & RS . SR,
VRAEMEME b R OBRL AT RELE KU R OVE T R, &
D, B A R L O Kataoka 45D
BRI —— TSI T AR IR T R it
T, 45 2 W b A K 2 B0 P R U T B O
ICREILAX, SRIGHOE R BN K T . W,
(T H 4 T RHZE T B 1 45 BRI ) R 3 1 e
TR SERL AT LLAE V0 W A Ak, O 200 v A
BRE, T L3 6 4 TR0l RS Y SR —
R PR . Tsobe 4505 it BF A MR A A A1
ESE T B, A A MO T L A PR
1.5 B R it

ERE B N OB R LR XY, w4, TR
SR 38 A S0 S 0L A0 P, R 25 e U - 1
2L R e, PR YD BT LR B R A
INSEDRRRR RO, Uk, fEER RIFE R R, K P
WDR B A% 0V W A T L K S T Y ORI T
TR A2 4h, 36 T AE % AR B REE A2EY, Carson
AUV Ay T 36 [ AR 5 o B M S T IR e
Rl i, Z5HEW, 0~5 cm W00 T 08 R0~
5 mm)BCE R, T 20~25 em RAY I RE D R R
Bt 552 . UG I 25 PR I PR A K G 1 fa e T
B 2 R T ) 4 T A9 301, Costa 255 [ 96 43I0 o 2 14
) i) g v U R BT R Y XA Y i o
B esh, ARFFEIESE T AR AT DLl 7 AN
H 40T S s ek SR T, B FA A 9 T R D A
T VR I L, AU TS A R B A T
Wi R ORI s, O R A B,
2 BHHEREHEIBRNER
21 HBRK

V2 B O FEDG R TR S5 AR I i R
B AL I SR 2 RE AR L SRR, Y T o
BLEH LR AR BRI . WK . 2Rk . R IR
IR FEIU 14 TL AT TS L7 AR el i T bR 2 B i G A 1
o o A L Ter Halle 251248 th, <7 7 PR iom bt
TE 7 3 T 57 KD 5 R0 2 A S 5 1 B S T
i SR 6 SRR e 5 K TR A T ARUAC, I AR 2 A
B o AN, TR o6 2 B OB B TR T WA K
SR, YURESIE T, IRAL T 5 5 R IO 7E T
i B oh 2 R A T AR, TR NGRS R
LRI, 2 AR v R B TR I WY 3 A il i o

Jr 1 R ULPY S AR RITEAR A 8 R LA AN TR B 2 T
L3 T A 0 ) B 2 R 2 Bl R A e,
MR o TR S, RRJEAREF 2R
B i Sl M e Vi K B T T AR R UL A R RS ARG &R
1 63(ERIE )/ 2(4F 4R/ GRS ), B i ASTR 3k 9 et
e UL, HUOR LRGNk, 1 ER T S 88 Ak 9 T R
JE A8 20 A T 5Tt 3 B AR AR iR 2
OB ORI AR LA £F iR g =130 B 41, I
PRAL T B8 XS ok S 1 HL B 0 B R o R A R )
Ban, fie v i 75 PRCIR Sk S R B0k 7E X T s YR AR
T, 85 k48R, X0l g4 e g 2 .
TUA K 9 37 5 AR G 28 Ak FURE A B bR i i 4
RIS, ATRE T 5 kAR Fifiz . SR, HArid
B HAR A 5T 8 7R S B AL T AR o o3k T 77 RN TR 2
AR ) BT 1o AR B
22 R-F

<SR FUEWIBRHE E BN . TR Bk
HE T M8z FRSHEREI(<S mm), I AL,
R, W R IRL R TS R R IS A, HAE
FE 1.5~2.0 mm® R[] R H 4 308 R E  BLAT R TR Y
DURFEER, B RS o] DU m 8 R B DR R . X
SN, SO RST R/INAT DA i TR 1 R EL(R.),
BT 2R B A A5 R B (Co) B, 1 6 B R
B P R DR SR R G S . R R EOE
Bl R B W A T Rl e g 28 48 A P9 6 I, R A ]
MR, BRI SFRROR, o i R BB
JEEATF 0.5~5 mm BRI RHT TR R BN 2.5~625,
Qb T 3 9 AR B PR (224 41 o T () b 2 R B SR e
5, DT R R 3 KPR, Tsobe 20 it
VA KB, SOOERH R AR, S R B G
Besseling 5@ i ARG, RIARZN 5 um AY9E
BHBUREAE K & AR TR AR R AR (18%~25%), A
SEE gty SRR G AN 3 e s | 1] = A NE A = Py N
(SRR 28 5 & A TR o
2.3 AR

A= W VE AT 0SB 08 R I 3 B8 A& A L A
Ko —J7i, WOEBRIT LARK A A R AR, N
AR OB R (AT AR AR . A AR AR Y B B
SR RENT E B YL R A iR A . S — T, A
YR A RT elA  H  RE, DATI  ) f ME R B as
F X FELREHE BT, IR % R
0.008~2.3 g/em’®>, % K T IRF 7K 1 (R 0B bk o T 7

158 MEERL /2018 4F / 47 42 % /45 5 0



R gk @
EVIEWS

FEIRIHT, AE KU R U 0 2 (R4 R & A G B 2 5
B, J-E BB IRIE X LA, bl R R A ZE K,
LSLT GLiY e TR (TR =Rt 7)) A & 0 o N
BRI 2 e i AT L A S MK R, X S
SRR B TR AE  JZ KPR I 28 47 1) SRS TR ™) . 7 b 3
A RAESE T X — i R AETE L a0, i S i A
TRE T Ve Dk 5 & BT A R T o 5 Vg ) IR %
RIS H I, A B R R O R 328
TCAEIX, WEVEERZ M ROER R A S TR IR . SR,
W AT WFFEHE 1, 570 2 1 B 26 0 RS 1 158 7 1 0 et
PR, HE 3 18 B A 114 A ) e 8 P S
FEVE S AE R, ok S 0 e} S BT [l 380 1A 7K 35 1hT
HEAT IR

T AE O T OB R R A PR .
T TP B SR A DR SR U s R 2 T ) AT e v &
W X FERUAE R T, ek T e & itk —
A Bl by M A Bl e JE HE N TR VR VD A AR B DX T
LR, M BRI KOS 1 i8S Bl . Garrity 2500
AR IS —— IS B6 UE 52 T AR AT AR AR HURY
ARG IR A LB, TR LAl v AR A )
e 4 25 R R AR LRI B R K %) A,
Nor Z5PUZE LT BEARITRUY) Al 2 BT 45 22 50 (1 L
YKL, UL LTAR R RE TR R K T RS
2.4 HIRA

S A, 9] A XU X T T LA ) I O i
3y, TR K AR 2 [ 5 48, DA T 52 W) Bl 4 ARk A VAR T B
B T A0 2 . Kukulka 2505215 35 XU 5 7517 (08
BFF B 2 AR U DG OC R, BV JRUE 38 n mT D)4t e
BT IR B Sl B ; Browne SN iR R EK
A HR A SR R B, T DR i K 3 ) VR e
FEAEE T E R X 3K . Yonkos 2503 % 31 5 XU i )5,
2 Y 5% Rz S0 v 3R Z K T i R R B R £
AT GBS FR 2R W 1 ] i 5 e B A 3 R ST A B
S BT TR IS 1) e 25 2 GO R 32 I YR 4 B ke A 7 B
PERTG A o Lattin 2P Ry, o X2 i vig K 2R
1 3g 3, DI T RE S BB R 2 A PRI o 2 R RN 52
Wi, 5N 1.05~1.09 g/em’ (R AT LK 25~30 m
TR K JZ 30 A% 28 1 R Vo) S I R i R St
RE S ) (= 2 B2 T R TR VR P I AR RS T A
2.5 KRREKSHHIE

F1 R K A B K SRR AIE FK 36 7 454t BE 5% i A

SRR IR Oy 2o BN, BE Sl AT & A K 2 45,
i ol 42 T e A 2 R T = o S VB o
TR 5 e (O R R 1 B Bl . BE A AR Ak AT R e K
PRI T3 R/, DT 8] 422 425 1 4 5 2 2 0 L 1) ol 2
B IERS 1T AR o 7K 3t 2 1% 2% Ak AT 5% e i )2 B35 1
JIHY A, DT 9 i B e R R R A RS S
TR o VAL 1) ) SO 5 e FCE R ) 5 3 ), TR
X B T2z AR A s, AR BE | U R ) 4
SO AR A, OREXRT 1K AR Y T R Y A
i B v R, ILAh, Stokes 2% . Langmuir ¥
DR TIE BRI TR B T W S5 52 4 B ¥ T 7K Bl 1 R AE B
FEAE B OB R s .

3 HARE

TR Sy — Ao AL Ge ), B | ]
MRTE . HENTHEABERE S, W, ke
AVE IR G 800, HAT BB+ o0 S A, AR XE
B E AR K RS th B . BT, AT
XoF T T R ORI RS AR 0 A S AT A TR AP B
Bro TEARRRMIIE D, BOZTEE ISR LT JLASJ7 T

(1) 7€ 2 O RHT RS 1 G i 2

TR Py BT o 7R 52 HL B ) M R A
RHREWILFEZm, KT d i o8 4ae, 7
— BN, R R OB R AT B R AR 2 Rl RS i
o TEARSEMBEFE T, 5 X RO RN T 73 25 5T,
i A B S G, IRIT R, RS IR SR
XF SR A R 52 0, TS [ A B S ) A R
TR R TTAR AR,  DAITTAA A2 52 SO R RS Y G

(2) B AR IREE P RO I A%

ENBRE S AR KR 2ES, BTl
FLASTAUN 235 SAR S o 1 P I A0 S A A B S BB v Y o
127750, NI, T B W IT X IT REAH N A BR e -
AR ECH I A R B SE e o ln, A B ] 8
() T RR D 4 A0 g 0 BB Ao W DU B8 i, el B 2 R0
BHE A AR K T B DR R 38 BT A 2B b
T SRR 1Y 5 =X, I 4 B RORUEE Sk e 4% 5k
(Large-scale Particle Image Velocimetry, LSPIV)# K,
TR OB RHE B AR K AR F (9 B T R i
[, fEB) LSPIV HORMFSFE R G RS . T
R R P BT A e R, AR T LS AR T A B
PSR, A B T8 7 R4 R 3R GO R T A% 1 #2 1Y

=
o ur”—,l o

Marine Sciences / Vol. 42, No. 5/2018 159



HRLZIR
F?EWM@

(3) T B BT A i A AR

BEE TH A PLEOR B R R, B0 A B AR BEADUK (R
TR IR R AL DT S TR BEAE . SR, B 1Y
R BB 0 AR 2, 1 G RUAR A6 2 2
o REIR TS QIR 2R o TEARRRIBTIE R, BLI%4,
BB SRR AR, 23T e AR 38 A
BT RS AU HE SR, [R] I  2 7K 2l g R R
PR AR DA R e ol 2R A A AL 4
AR B, T O v B T SR R A iz 4R 1 P RE

(4) VAL ORI A v A A e

TSR FR R A ] 11 DX 8 e S 2 T ) AT R I
HEAL A A A AR AR, A SR R AT 3 R
DUREE R o R, 75— s R ) B
(ERE, TR BT 23A1) g 8l 1 25 AP AR IS AR
7SR RN ¢k SR g TR IE A S

S ik

[1] Heap B. Plastics, the environment and human health[J].
Philosophical Transactions of the Royal Society
B-Biological Sciences, 2009, 364(1526): 1971-1971.

[2] Barnes D K A, Galgani F, Thompson R C, et al. Accu-
mulation and fragmentation of plastic debris in global
environments[J]. Philosophical Transactions of the
Royal Society B-Biological Sciences, 2009, 364(1526):
1985-1998.

[3] Thompson R C, Olsen Y, Mitchell R P, et al. Lost at sea:

Where is all the plastic?[J]. Science, 2004, 304(5672):
838-838.

[4] Cole M, Lindeque P, Halsband C, et al. Microplastics as
contaminants in the marine environment: A review[J].
Marine Pollution Bulletin, 2011, 62(12): 2588-2597.

[5] Zhao S, Zhu L, Wang T, et al. Suspended microplastics
in the surface water of the Yangtze Estuary System,
China: First observations on occurrence, distribution[J].
Marine Pollution Bulletin, 2014, 86(1-2): 562-568.

[6] Fok L, Cheung P K, Tang G, et al. Size distribution of
stranded small plastic debris on the coast of Guangdong,
South China[J]. Environmental Pollution, 2017, 220: 407-
412.

[7] Ivar do Sul J A, Costa M F. The present and future of
microplastic pollution in the marine environment[J].
Environmental Pollution, 2014, 185: 352-364.

[8] Cozar A, Echevarria F, Ignacio Gonzalez-Gordillo J, et
al. Plastic debris in the open ocean[J]. Proceedings of
the National Academy of Sciences of the United States
of America, 2014, 111(28): 10239-10244.

[9] Ng K L, Obbard J P. Prevalence of microplastics in
Singapore's coastal marine environment[J]. Marine Pol-

160

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Cir

lution Bulletin, 2006, 52(7): 761-767.

Doyle M J, Watson W, Bowlin N M, et al. Plastic parti-
cles in coastal pelagic ecosystems of the Northeast Pa-
cific ocean[J]. Marine Environmental Research, 2011,
71(1): 41-52.

Van Cauwenberghe L, Vanreusel A, Mees J, et al. Mi-
croplastic pollution in deep-sea sediments[J]. Envi-
ronmental Pollution, 2013, 182: 495-499.

Claessens M, De Meester S, Van Landuyt L, et al. Oc-
currence and distribution of microplastics in marine
sediments along the Belgian coast[J]. Marine Pollution
Bulletin, 2011, 62(10): 2199-2204.

Carson H S, Colbert S L, Kaylor M J, et al. Small plas-
tic debris changes water movement and heat transfer
through beach sediments[J]. Marine Pollution Bulletin,
2011, 62(8): 1708-1713.

Bouwmeester H, Hollman P C H, Peters R J B. Poten-
tial health impact of environmentally released micro-
and nanoplastics in the human food production chain:
Experiences from nanotoxicology[J]. Environmental Scie-
nce & Technology, 2015, 49(15): 8932-8947.
Bhattacharya P, Lin S, Turner J P, et al. Physical ad-
sorption of charged plastic nanoparticles affects algal
photosynthesis[J]. Journal of Physical Chemistry C,
2010, 114(39): 16556-16561.

Lee K W, Shim W J, Kwon O Y, et al. Size-dependent
effects of micro polystyrene particles in the marine co-
pepod Tigriopus japonicus[J]. Environ Sci Technol,
2013, 47(19): 11278-11283.

Koelmans A A, Besseling E, Foekema E M. Leaching
of plastic additives to marine organisms[J]. Environ-
mental Pollution, 2014, 187: 49-54.

Koelmans A A, Besseling E, Wegner A, et al. Plastic as
a carrier of POPs to aquatic organisms: A model analy-
sis[J]. Environmental Science & Technology, 2013, 47(14):
7812-7820.

Turner A, Holmes L A. Adsorption of trace metals by
microplastic pellets in fresh water[J]. Environmental
Chemistry, 2015, 12(5): 600-610.

Bakir A, Rowland S J, Thompson R C. Enhanced de-
sorption of persistent organic pollutants from micro-
plastics under simulated physiological conditions[J].
Environmental Pollution, 2014, 185: 16-23.

Setala O, Fleming-Lehtinen V, Lehtiniemi M. Ingestion
and transfer of microplastics in the planktonic food
web[J]. Environmental Pollution, 2014, 185: 77-83.
Batel A, Linti F, Scherer M, et al. Transfer of benzo a
pyrene from microplastics to Artemia nauplii and fur-
ther to zebrafish via a trophic food web experiment:
CYPIA induction and visual tracking of persistent or-
ganic pollutants[J]. Environmental Toxicology and Che-

TEPERLF /2018 4F / 45 42 45 / 45 5 1)



(23]

[24]

[25]

[26]

[30]

[31]

[36]

HRLZIR
R EVIEWS

mistry, 2016, 35(7): 1656-1666.

Chubarenko I, Bagaev A, Zobkov M, et al. On some
physical and dynamical properties of microplastic par-
ticles in marine environment[J]. Marine Pollution Bul-
letin, 2016, 108(1-2): 105-112.

Hidalgo-Ruz V, Gutow L, Thompson R C, et al. Micro-
plastics in the marine environment: A review of the methods
used for identification and quantification[J]. Environ-
mental Science & Technology, 2012, 46(6): 3060-3075.
Imhof H K, Ivleva N P, Schmid J, et al. Contamination
of beach sediments of a subalpine lake with microplastic
particles[J]. Current Biology, 2013, 23(19): R867-R868.
Edyvane K S, Dalgetty A, Hone P W, et al. Long-term
marine litter monitoring in the remote great Australian
Bight, South Australia[J]. Marine Pollution Bulletin,
2004, 48(11-12): 1060-1075.

Potemra J T. Numerical modeling with application to
tracking marine debris[J]. Marine Pollution Bulletin,
2012, 65(1-3): 42-50.

Le Henaff M, Kourafalou V H, Paris C B, et al. Surface
evolution of the deepwater horizon oil spill patch:
Combined effects of circulation and wind-induced drift[J].
Environmental Science & Technology, 2012, 46(13):
7267-7273.

Beegle-Krause C J, Mts M T S. GNOME: NOAA's
next-generation spill trajectory model[J]. Oceans '99
Mts/Ieee: Riding the Crest into the 21st Century, 1999,
1-3: 1262-1266.

Reed M, Aamo O M, Daling P S. Quantitative-analysis
of alternate oil-spill response strategies using oscar[J].
Spill Science & Technology Bulletin, 1995, 2(1): 67- 74.
Isobe A, Kubo K, Tamura Y, et al. Selective transport of
microplastics and mesoplastics by drifting in coastal
waters[J]. Marine Pollution Bulletin, 2014, 89(1-2): 324-
330.

Critchell K, Lambrechts J. Modelling accumulation of
marine plastics in the coastal zone; what are the domi-
nant physical processes?[J]. Estuarine, Coastal and
Shelf Science, 2016, 171: 111-122.

Moret-Ferguson S, Law K L, Proskurowski G, et al. The
size, mass, and composition of plastic debris in the
western North Atlantic Ocean[J]. Marine Pollution Bul-
letin, 2010, 60(10): 1873-1878.

Khatmullina L, Isachenko I. Settling velocity of mi-
croplastic particles of regular shapes[J]. Marine pollu-
tion bulletin, 2016, 114(2): 871-880.

Kowalski N, Reichardt A M, Waniek J J. Sinking rates
of microplastics and potential implications of their al-
teration by physical, biological, and chemical factors[J].
Marine Pollution Bulletin, 2016, 109(1): 310-319.
Hettler E N, Gulliver J S, Kayhanian M. An elutriation

Marine Sciences / Vol. 42, No. 5/2018

[37]

[38]

[39]

[41]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Cir

device to measure particle settling velocity in urban
runoff[J]. Science of the Total Environment, 2011, 409(24):
5444-5453.

Ballent A, Pando S, Purser A, et al. Modelled transport
of benthic marine microplastic pollution in the Nazare
Canyon[J]. Biogeosciences, 2013, 10(12): 7957-7970.
Critchell K, Grech A, Schlaefer J, et al. Modelling the
fate of marine debris along a complex shoreline: Les-
sons from the Great Barrier Reef[J]. Estuarine, Coastal
and Shelf Science, 2015, 167: 414-426.

Costa M F, Silva-Cavalcanti J S, Barbosa C C, et al.
Plastics buried in the inter-tidal plain of a tropical es-
tuarine ecosystem[J]. Journal of Coastal Research, 2011,
64(1): 339-343.

Ryan P G, Moore C J, van Franeker J A, et al. Monitor-
ing the abundance of plastic debris in the marine envi-
ronment[J]. Philosophical Transactions of the Royal So-
ciety B-Biological Sciences, 2009, 364(1526): 1999- 2012.
Nizzetto L, Bussi G, Futter M N, et al. A theoretical
assessment of microplastic transport in river catchments
and their retention by soils and river sediments[J]. Envi-
ronmental Science-Processes & Impacts, 2016, 18(8):
1050-1059.

ter Halle A, Ladirat L, Gendre X, et al. Understanding
the fragmentation pattern of marine plastic debris[J].
Environmental Science & Technology, 2016, 50(11):
5668-5675.

Browne M A, Galloway T S, Thompson R C. Spatial
patterns of plastic debris along estuarine shorelines[J].
Environmental Science & Technology, 2010, 44(9):
3404-3409.

Browne M A, Crump P, Niven S J, et al. Accumulation
of microplastic on shorelines woldwide: sources and
sinks[J]. Environmental Science & Technology, 2011,
45(21): 9175-9179.

Woodall L C, Sanchez-Vidal A, Canals M, et al. The
deep sea is a major sink for microplastic debris[J].
Royal Society Open Science, 2014, 1(4) : 1-8.
Besseling E, Quik J T K, Sun M, et al. Fate of nano-
and microplastic in freshwater systems: A modeling
study[J]. Environmental Pollution, 2016, 220: 540-548.
Oberbeckmann S, Loeder M G J, Labrenz M. Marine
microplastic-associated biofilms-a review[J]. Environ-
mental Chemistry, 2015, 12(5): 551-562.

Holmstrom A. Plasticfilms on bottom of skagerck[J].
Nature, 1975, 255(5510): 622-623.

Song Y, Andrady A L. Fouling of floating plastic debris
under Biscayne Bay exposure conditions[J]. Marine
Pollution Bulletin, 1991, 22(12): 608-613.

Garrity S D, Levings S C. Marine debris along the
acribbean coast of Panama[J]. Marine Pollution Bulle-

161



R gk @
EVIEWS

tin, 1993, 26(6): 317-324. [53] Yonkos L T, Friedel E A, Perez-Reyes A C, et al. Mi-

[51] Nor N H M, Obbard J P. Microplastics in Singapore's croplastics in four estuarine rivers in the Chesapeake
coastal mangrove ecosystems[J]. Marine Pollution Bul- Bay, USA[J]. Environmental Science & Technology, 2014,
letin, 2014, 79(1-2): 278-283. 48(24): 14195-14202.

[52] Kukulka T, Proskurowski G, Moret-Ferguson S, et al. [54] Lattin G L, Moore C J, Zellers A F, et al. A comparison
The effect of wind mixing on the vertical distribution of of neustonic plastic and zooplankton at different depths
buoyant plastic debris[J]. Geophysical Research Letters, near the southern California shore[J]. Marine Pollution
2012, 39: 1-6. Bulletin, 2004, 49(4): 291-294.

Progress and prospect on the study of physical transportation
of marine microplastics

LI Jia"?, LI Yan-fang', ZHANG Hua'

(1. Key Laboratory of Coastal Environment Processes and Ecological Remediation, Yantai Institute of Coastal
Zone Research (YIC), Chinese Academy of Sciences (CAS), Yantai 264003, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)

Received: Oct. 26, 2017
Key words: microplastics; transport processes; influencing factors

Abstract: As a class of emerging contaminants, microplastics are ubiquitous and abundant in the ocean. Pollution
caused due to microplastics has been posing a great threat to the entire marine ecosystem. Therefore, there is an
urgent need to understand the fate and transportation behaviors of microplastics in the ocean environment. A better
understanding of the transportation of microplastics helps not only in identifying the location of marine microplas-
tics but also in providing theoretical guidance and basis for the management of pollution caused due to marine mi-
croplastics. In this article, we summarize the research progress in the physical transportation of marine microplas-
tics in the ocean and discuss the effects of different factors on transportation, including environmental factors such
as wind, wave, vegetation, and water dynamics and the size and shape of plastic debris. Finally, we put forward

further research on this topic.
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