R &5
EVIEWS

B MERRIR. 7% RESYMN R
FiLE, BB EWA, EOR, ke, MLt

(1. PEVEFE RS e 5 TREARUFTHELLEE, IR F5 266100; 2. FEFFERBIE MG
B, AR H 8 266071 3. iEFFERERSE, dEET 100049)

FE: WMBH 2R THIEE N X F AL iR, 1EAF %67 54, BMBHTEFELSKS
BE K. BABFT L AR A B D WIEN, FREA KRS S . TR H . F IR,
HRFEAK, HASTURBmERKR., MBMEEEFHEMMEIER T EAR. AR, Atk
JFL AN AR, Ad, MBS EEFHEDORENE SR TANY, £F L5 MM R
AR R MBI, ARYPEFRF s, EAFEEMBAIT P, A ik 86948
KR, BIORIR— 2 I A 7 6 BORE AL R W8 B A BB A 4912

FBIR: A TR A A, RENS
HhESES: X55 SCRAFRINAD: A X EHE: 1000-3096(2020)07-0079-07

DOI: 10.11759/hykx20200310003

SRR LR . WA . e PR L T i AR S
HERE A S AT DA R Z —, FERDL . Tl
e 2547 A3 203 3 by N R IE, AEREERLE A
THFERHE T 3 {2, BARIERL A SR R IR
TT 1, A 1 2Rk s 14 JC Y e A ELEOR M
il (%) AN 0 57 B0 0OREE 550 28 i 45 Ao =E A
PEW A TR 80%~85%0), I 7 HEVE R
BHARKLR, WD ERE S A SIS
9K, MHEAE—RIVHL | Ak VE AN B GAE S  A=4
20 AR | 9 RN R v R S SR, BRAR AR
Yi/NEERNE B, 4R R RSTE/NF S mm B, FRATTER
ZORIERNCS SR 40 A T B Y AR
PERN T TR, VB AR 2405 ey, X AR A
PR 04 SRS e A B A7 B AT AR O o

RS T B9 B 8 R BE R IR 9 22 5 0T L4y A T
Re—— A= TR R IR A T i k) . R AR TR, il
Sy 5 v VR ORI RE DI B SRR, B
VTHE Tl A 7 sk A o fe g ) B B LA SR ROK 1 2
PHBURES, 3T AR T 5 K R T I A SR A R R
1y EEORIE . AR UL R TE Y B v SO A AR
EFTE, R IBRE AL B ) B8ROk O Vg vh Y R
RO IRE 2%, WhAT B TR SE R B IR A, AR
[ERRES DY S eV NI TN (1) b 12 TE I =733

Uie S RO AUAE 5 30 SRR e L s ik AT
T SR 3 28— R B B AR B 2908 ik
AR

IR 2 43 A A tH R R P B A A v e
W B, BN 2 R 5 4 (PE)
RN (PP), BE LK (PVC), BE M PS)HIE X}
KR L B (PET) A, 20 i H 5 50RL ™ Fif
1 90%!H, IR F ) B R A, 32 B X LR AL
™

M AE L, RV i O Rk = A 7
WX . 20 tH2t 70 4-4X, Carpenter FIA 1) A BAH]
WAEPEAL K PEPE R B T K E SR ER(1~2 mm)!'®),
TERPEFE 229N 2 38°N Z (0], 88%IHHLiE A /NT
10 mm, 99% 8 8} b % B2 /N T K i) PE A1 PP
W RR SRR AL, B RV PE (11°—44°N, 55°—
71°W), 60%IH ¥R i R 7E 2~6 mm Z [], HEK
AR Z U YR ALK VUTE, 89% B i SRR AR /)N

Wik H 39 2020-03-10; &1l H #1: 2020-04-01

FEWH: FEE AL RI2019YFC1407802); [HK MR BI2E R4
(41876078); 111744 %£4:(ZR2018MDO16)

[Foundation: National Key Research and Development Project of China,
No. 2019YFC1407802; National Natural Science Foundation of China, No.
41876078; Shandong Provincial Natural Science Foundation of China, No.
ZR2018MDO016]

EEF A EVLE(1967—), 55, WAL RS A, 242, M LES
Ui, BN FE A E A A 2EESY, E-mail: jtwang@ouc.edu.cn;
T, dmfEEH, PoEh, 44 R, E-mail: whzhao@qdio.ac.cn

Marine Sciences / Vol. 44, No. 7 / 2020 79



R gk @
EVIEWS

T 5 mm, WEH 2.46 /m’, 20 4 80 EARAE
KV RZRIEFEE R T KEA QR A,
JEH RO B O My, BRI T R kL
B/NTF 5 mm A SRR PO 7 56 B M e AR, R
Bidin, KRBT KEMEEY. BETHEADBFER
(A A b b DX, R BT A AE TR A L AR AR ST
FR) 3R 855 o (10 Bl 0 21220 GRS o RSB R Y
J 38~234 A4~ /m?*

R OC IR Tk &6 . AN H 3L I IX
B, ORGSR S . A WA HECT
VA K K v i SRR} 4T 4 02 0 1 DU b GO R Y
FETTERE . AT TR otk i ok — g
Rk R 3 1 25 W R 2 SO R S e i i Rk
PR fEdEE . HAE . . AL, wE. H
A HOIMSERRR R R B A DU, BRI T
R, KR Z/NT 1 mm, WEALECR, A 021~
77 000 A~ /m’', g K E IR R IRVE % N TG shEE
Wi, ARCOBRLAR BE IR F] 7 630 + 1 410 4~/m’P ) i E R
BV AR A e BE 2GR E T 211 000 + 117 000
AP SN JE B 1 mm K2R T K E
50~60 pm ) PE, PP 1 PS % A0

o ERFE AT R TR R O RN A T AE,
P2 XA R P R AR | R R
ABUVL. | REVL R VL), it Y, 7 5k
B, U, AR X AECO ) g R, 4%
A AR TR SO A O R T, P A ARG B TR
KGRI BRI, OB R MR EERT IS 4 137.3 +
2461.5 ~/m’BY,

2 WERNAESEN

Tl R S — BT X475 Ye W B 5 A 5T N LY
T, /IR S B AR R A I R
AR X YA P A 00 0 B W 2 R VA T A ke
HR BT i e 5| & 5 — R 51 1 AR CS
2.1 WMBHTBEE SR

TEAETHEPERREE P (OB AR A WL 1 1,
TR R B R T K s TR IR e, RV
IFB1 5 2 15 1 B A 55 2 X Y 30 00 14 A A7 s G
B0 TR X T A W A A A D7 T R e £
JEM I T A S R G R S R O R
REXHEEFESh B B 5 E B R PR R Y B
— 5 T W] Be - B0 Sh Y I AR B B A e B B

%, WH, HEARNPBIBE SRR E
T AU 7, I H L B W A AR R R,
T3 —J7 SRR A B s BT 1 R A R A H YR
(14 88 i s 2 X6 ¥ Bl ) s R A R
2.2 PRIEBAATEEF B R R

TP R R E LR E, BAL
KR | (T . XA B U SEE , ER
B S F A P Tz R W, R A B IR
Al g A R AR S RS . B RME N —26
BT Y, BA 5l vE iR Y A T AR T E
KW o AN 6] T8 5 v 3 00 Al SR 1) 5 B Bl A e
1720, VPR LR OB ) TL-F- A AR WA T N o i R 1Y
— S oY B, REBRL AT BE SR R R AR K,
Casado!*¥ | Besseling!*, Bergamil*®4§: A Ay #iF 5% iIE B
a5, SRmW A TFR#FAEKAIRE, W
Yokota!*”! | Canniff** V4 (2536 . H i il 28 X e
Y B I AEE — 0 43 B, AT W 55 TA A GO R X
B A KA PR A AT A S i

3 BCEAL R At SR X

i 4
3.0 MBHHFHHM O R ENEF R R

Chan ZFPORZET 59 5 SCHlk o 56 T RO R UL
SHEEPEA HLAE IR ) FE B SY . R B H AT OC T
I X VA A ) 1 A S RN F Y T A P A X VR B
YRR ROV o TOERBLES B Bk v PR 58 v A T Ui B
Y. RWEAEY) . s AL S A B M A
EEAIE, S HIRASURMAM N, faF Bkt
Koo H R W EE N A2 UK S W R N 3
&R IR A, 1T PR EE v 0 T Rl v v
SRS, B A 0 R RN ML R B 1T M AL
IANIRAEE 4= S VANV &5 S VAN s BB 2 G |
A RN A J LR,

A AR B AT R T i DR Sk ) 8 AT R A AR
b WFFE R R, TR IR B S (AR 2 S5 AE W i vk A T
by Z B Pt 2 ol B £ K MELBE | TS B BE 0 R K
AE TR B R £ 5 N I T AR W 1 7 B e
FhEEE 13 2 pm 16 pm A EEIE M X 4
B TS EEIEFECRE . AR I g0 R A
AT Re#h A B B ny 2 e, I 5 8 B AS 4 W5 0 2F 58
S A TN AW B o= AN % |y o o 2 T N
DX, TRk S B G Sy i R B AL T 22 A 7 B 2k

80 HEPERLA 12020 4 /56 44 % /5 7 1)



R gk @
EVIEWS

PR, 7= I RN -5 Bl 22 B 2 e B IE AT G R &R,

117 BF ALAT- 96 B 04 3 mT AN s AN 5] A 90 1 K 22 1]
() RE A s, AT 5% M) 810 328 Y 24 00 1R & 1) 25 # Fn 4
P SORA 2 T BOREE S 1 S N . Ak
IR SE0E FLW . Von Moos 250550 w5 85 i 58 24 2
T NI Mytilus edulis LB TRIEbRUNEE T | ¥
fiff R B RS e M . BRI . TR R AL SLi2 Wik AT
R &, 78 96 h WRBIRE T, WMIBR &N
S, XoF AR i R BRI AT, 4K G TR R
2338 o DU i BE E N BRI D, 51 R AL A g
I P R SR N o 5 0V T Sl R AT R 2 3 8L
BRI FRIR AR, BB REYE L 2 pm F 6 um 1Y
BRI LS (e 4 0 %) A L 40 S R O 40 i 0 B TR R
KA SR, XS SRR R LA G, BB
ok R 0 A B A A B R 3 DR B R AR Y g
TRV TP O ) 3R T ) B M T LR ) S e
ANFEZERIN A WL Y M E L B S S, WM EHE R
HOLY) S G R W AR, 5 H - TE A A YR
WPE A B A RN S 2 RIS R E T AR
RIS RL(PVC W . JE B R FIl PVC k)7 4 i)
] P9(20~25 h)ROHR B OL, & 300 B 7 f 9 ek e Tl
(1) 22 IR XS AR KA RIEA, JF BHon] DL i
PR,

3.2 PRBALaTIE A 6 R EAEA TR

BT, (A BB 58 3 W G008 R i 55 23 o AN
A ) 5 2C0F PR AR B 7 R FE e, B e S g =
R FR G MBI T AR R ORE R I 3 I T R 0 A S
BEHLAARON . AR IE S AERIBESR, JTAS A E NS
FHOCEE L, R Bl 20 R X6 A 1 5 7 AL 3T g A
PRAEVOAS D7 BRIV AR5 . A RO A
A .

T T SR %) S R ASS I T2 S SRy % IR BH 16 114 3
P45 RBER, AN BHAS S BHOG A M . 284 5
5 2 FH S 5 UE B FO0B Ak B 52 W] LA BFF 25 A fose 5 T,
B ol 8 10 5 A A TR (4 6 A/ RN £ R B8
Besseling! ™! Maol> V45 {IF B i ¥ B & S BT £
AR AL G T M B AT T BE R B E AR I
AN RSN, A0 49 K G Tl 58 Rk A R 1) sl s (/N 3ok
M) L, XA R AR, Mato
G LOVRIE 5T S B 20 K 2% Bl 8 R4 JB0RE T LA I {1 38 40
MER R o W b, OBRL AT REE 5 L 4
RALE L OB RGO O (11 57 g 5 5% 4 ) il

FL 15 B 4 ok B G A F Y. X 3 e 141 3R 3
IR B, 1~5 pm B9 8 RE/NER X A IG U A B
(Tetraselmis chuii) Pk A K ASBE P Az i 35 5 (02
M/NT 100 nm BRI RHE 2250 56 IR 38 w] DL
WERAEE KT 100 nm AYHEEERIS, OB R R
B2t B T B 5 At s A PR SR B 0507 Al e v
L W RIUNE 0 PR 5% 2 38 AR /D 104031 (H 3 3 F AT %k 3
9 Kb - B IR 25 SR R B, TR X A K R 4 1)
5 W A DXl 95 4 5 ) 2 B 5 105071, i3 S g 5 ]
A Ry R R A5 A AE X IR A A R BRI S5

B 2 Xt fol 8 s B SR AL 47 o Mato! VAR IE B
Y K G IR R 7 B AR B 20 PR 2% 3R o (Y [
P I T g A PN O PR AR A9 = 2R 191 Bhattacharya
SOy S G 2K LW 1.8 ~ 6.5 mg/L 1Y 20 nm Y5
AR FIORE A W ST T A A N 7 AR AR AR
Mao %P1 % B2 55 F 1w e B IR 07 (PS) M b
() 2 R /N Bk B 2 77 A R B /N B g o o) S A R
JERIN —E(MDA), EH LT E LT LN, N
RLAR B R 0 TS ) 34 AT X6 i TR R COK IR EILAE
WO A AR s, HB R B O R R AR A DR
ZANE: AN

4 FEWEERFREE

TR HS e B 28 B0 T FR i 1R PN A B3 75 e ]
R, PR/ N RS FMER B BE L JRE™ T e FG e LA
R o BOBRL P A I PR i) R v T
MoPRIVEZ . HAT, KTX B {s 5Ly,
FAAE— IR [ R o5 R S, FRAT AT b BN
S8 FH AT 5T - [R] IR B — ZR 9 A T 1 it

ARG WK G BRRORE AT il SR K % 114
kL, BRI AR R BB 2K . RORS
PRI A 25 XU SR, A BT 5 777 1] £ G A
KGR AL L, BN 3% R T 9N R RO R
PR TROERL A S BORLAR RN, AR B BT 64 2 4k
A, VABAE FRBE 2% 1F T e B 64 JCHL A A BILTS Sy B
R E &1k, WA nl e SRR iy A2 25 2 2
BN o

— RO B T B T S A0 e T S
ESERUAY, AT S T ERUBURL R A L TR L B
T L R T PR TP L S A B OB IR B A
ZEBLIT, A JE BIBESETT 0] B 22 75 18 B 47 PR 1Y) L5
(ERLS

SRR 2R R BTG B R, B R TG o i

Marine Sciences / Vol. 44, No. 7 / 2020 81



e

HRLZIR
F?EWM@

TR 5T SR i P A B L R A )

FEAS R SR B RO ) (8 FH A A B G, A DSk
b BRI T PR

S Z ik

(1]

[10]

82

Liu Z, Yu P, Cai M, et al. Polystyrene nanoplastic ex-
posure induces immobilization, reproduction, and stress
defense in the freshwater cladoceran Daphnia pulex[J].
Chemosphere, 2019, 215: 74-81.

Browne M A, Crum P, Niven S J, et al. Accumulation of
Microplastic on Shorelines Woldwide: Sources and
Sinks[J]. Environmental Science & Technology, 2011,
45(21): 9175-9179.

Plastics Europe. Plastics-the Facts 2014/2015/2016
[EB/OL]. [2016-08-28]. http://www.plasticseurope.org/
Document/plastics-the-facts-2014.aspx.

Rezania S, Junboum P, Mohd Fadhil M D, et al. Mi-
croplastics pollution in different aquatic environments
and biota: A review of recent studies[J]. Marine Pollu-
tion Bulletin, 2018, 133: 191-208.

Auta H S, Emenike C U, Fauziah S H. Distribution and
importance of microplastics in the marine environment:
A review of the sources, fate, effects, and potential solu-
tions[J]. Environment International, 2017, 102: 165-176.
Moore C J. Synthetic polymers in the marine environ-
ment: A rapidly increasing, long-term threat[J]. Envi-
ronmental Research, 2008, 108(2): 131-139.

Browne M A, Dissanayake A, Galloway T S, et al. In-
gested microscopic plastic translocates to the circula-
tory system of the mussel, Mytilus edulis (L)[J]. Envi-
ronmental Science & Technology, 2008, 42(13): 5026.
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.
SRHEEE, ZRBREG. AN TS ARt S T SRR
fEF SR MEORI]. AL MFRE, 2015, 38(10):
1-4.

Zou Yangqin, Li Zhongrui. Hazardous properties of mi-
crobeads and regulatory requirements in personal care
and cosmetic products[J]. Detergent & Cosmetics, 2015,
38(10): 1-4.

Cooper D A, Corcoran P L. Effects of mechanical and
chemical processes on the degradation of plastic beach
debris on the island of Kauai, Hawaii[J]. Marine Pollu-
tion Bulletin, 2010, 60(5): 650-654.

INERH, R, BRE, & D RO R Ok
WL A S A S S R RE )], e Rk e,
2016, 34(4): 449-461.

Sun Chengjun, Jiang Fenghua, Li Jingxi, et al. The re-
search progress in source, distribution, ecological and

[12]

[16]

[17]

[18]

[19]

[22]

(23]

[24]

[25]

Cir

environmental effects of marine microplastics[J]. Ad-
vances in Marine Science, 2016, 34(4): 449-461.

Pt B, T, . RIS RO R
HotE BN BF o BE R[], B R, 2015, 60(33):
3210-3220.

Zhou Qian, Zhang Haibo, Li Yuan, et al. Progress on
microplastics pollution and its ecological effects in the
coastal environment[J]. Chinese Science Bulletin, 2015,
60(33): 3210-3220.

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.

Andrady A L, Neal M A. Applications and societal bene-
fits of plastics[J]. Philosophical Transactions of the Royal
Society of London, 2009, 364(1526): 1977-1984.
Andrady A L. Microplastics in the marine environment[J].
Marine Pollution Bulletin, 2011, 62(8): 1596-1605.
Carpenter E J, Jr S K. Plastics on the Sargasso sea sur-
face[J]. Science, 1972, 175(4027): 1240-1241.

Law K L, Morétferguson S, Maximenko N A, et al. Plastic
accumulation in the North Atlantic subtropical gyre[J].
Science, 2010, 329(5996): 1185-1188.

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

Lusher A L, Burke A, O’Connor I, et al. Microplastic
pollution in the Northeast Atlantic Ocean: validated and
opportunistic sampling[J]. Marine Pollution Bulletin,
2014, 88(1-2): 325-333.

Moore C J, Moore S L, Leecaster M K, et al. A compari-
son of plastic and plankton in the North Pacific central
gyre[J]. Marine Pollution Bulletin, 2001, 42(12): 1297-
1300.

Waller C L, Griffiths H J, Waluda C M, et al. Microplas-
tics in the Antarctic marine system: An emerging area of
research[J]. Science of The Total Environment, 2017,
598:220-227.

Lusher A L, Tirelli V, O’Connor I, et al. Microplastics
in Arctic polar waters: the first reported values of par-
ticles in surface and sub-surface samples[J]. Scientific
Reports, 2015, 5: 14947.

Obbard R W, Sadri S, Wong Y Q, et al. Global warming
releases microplastic legacy frozen in Arctic Sea ice[J].
Earths Future, 2014, 2(6): 315-320.

Fendall L S, Sewel M A. Contributing to marine pollu-
tion by washing your face: Microplastics in facial clea-
nsers[J]. Marine Pollution Bulletin, 2009, 58(8): 1225-
1228.

Patel M M, Goyal B R, Bhadada S V, et al. Getting into

TEPERLF 12020 4F /5 44 35 1 45 7 1)



[26]

[27]

(28]

[29]

[32]

[36]

[37]

[38]

HRLZIR
F?Ewmﬁ

the brain: Approaches to enhance brain drug delivery[J].

CNS Drugs, 2009, 23(1): 35-58.

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.
Auta H S, Emenike C U, Fauziah S H. Distribution and
importance of microplastics in the marine environment:
A review of the sources, fate, effects, and potential solu-
tions[J]. Environment International, 2017, 102: 165-176.
Desforges J P, Galbraith M, Dangerfield N, et al. Wide-
spread distribution of microplastics in subsurface sea-
water in the NE Pacific Ocean[J]. Marine Pollution
Bulletin, 2014, 79(1-2): 94-99.

Song Y K, Hong S H, Jang M, et al. Large accumulation
of micro-sized synthetic polymer particles in the sea sur-
face microlayer[J]. Environmental Science & Technology,
2014, 48(16): 9014-9021.

Ng K L, Obbard J P. Prevalence of microplastics in Sin-
gapore’s coastal marine environment[J]. Marine Pollu-
tion Bulletin, 2006, 52(7): 761-767.

Zhao S, Zhu L, Wang T, et al. Suspended microplas-
tics in the surface water of the Yangtze Estuary Sys-
tem, China: First observations on occurrence, distri-
bution[J]. Marine Pollution Bulletin, 2014, 86(1-2):
562-568.

Cai M, He H, Liu M, et al. Lost but cann’t be neglected:

Huge quantities of small microplastics hide in the
South China Sea[J]. Science of the Total Environment,
2018, 633: 1206-1216.

Zhao S, Zhu L, Li D. Microplastic in three urban estu-
aries, China[J]. Environmental Pollution, 2015, 206:
597-604.

Zhao J, Ran W, Teng J, et al. Microplastic pollution in
sediments from the Bohai Sea and the Yellow Sea,
China[J]. The Science of the Total Environment, 2018,
641(1): 637-645.

BHEPE, ARTH, S5, . FH 4 MK
B ST RRIE[T]. FRERLEE, 2019, 40(6): 141-148.
Luo Yadan, Lin Qianhui, Jia Fangli, et al. Distribution
Characteristics of Microplastics in Qingdao Coastal Bea-
ches[J]. Environmental Science, 2019, 40(6): 141-148.
Fang C, Zheng R, Zhang Y, et al. Microplastic contamina-
tion in benthic organisms from the Arctic and sub-Arctic
regions[J]. Chemosphere, 2018, 209: 298-306.

Wright S L, Thompson R C, Galloway T S. The physical
impacts of microplastics on marine organisms: a review[J].
Environmental Pollution, 2013, 178(1): 483-492.

Besseling E, Wegner A, Foekema E M, et al. Effects of
microplastic on fitness and PCB bioaccumulation by
the lugworm Arenicola marina (L.)[J]. Environmental
Science & Technology, 2013, 47(1): 593-600.

[39]

[40]

[41]

[42]

[46]

[47]

[48]

[51]

Cir

Law K L, Thompson R C. Microplostics in the seas[J].
Science, 2014, 345(6193): 144-145.

X5, BB, AR, SF. MRS gL AR AL
BT JRE[)]. ZEZS 4R, 2017, 37(22): 7397-7409.
Liu Qiang, Xu Xudan, Huang Wei, et al. Research ad-
vances on the ecological effects of microplastic pollution
in the marine encironment[J]. Acta Ecologica sinica,
2017, 37(22): 7397-7409.

Gall S C, Thompson R C. The impact of debris on ma-
rine life[J]. Marine Pollution Bulletin, 2015, 92(1-2):
170-179.

MR EE . VR RO R A S KU B AT R S R ER (D).
HEREFAHEE, 2016, 31(6): 560-566.

Sun Xiaoxia. Progress and prospect on the study of the
ecological risk of microplastics in the ocean[J]. Advan-
ces in Earth Science, 2016, 31(6): 560-566.

Clement L, Hurel C, Marmier N. Toxicity of TiO, nano-
particles to cladocerans, algae, rotifers and plants - ef-
fects of size and crystalline structure[J]. Chemosphere,
2013, 90(3): 1083-1090.

Casado M P, Macken A, Byme H J. Ecotoxicological
assessment of silica and polystyrene nanoparticles as-
sessed by a multitrophic test battery[J]. Environment In-
ternational, 2013, 51: 97-105.

Besseling E, Wang B, Liirling M, et al. Nanoplastic affects
growth of S. obliqguus and reproduction of D. magnalJ].
Environment Science and Technology, 2014, 48: 12336-
12343.

Bergami E, Pugnalini S, Vannuccini M L, et al. Long-
term toxicity of surface-charged polystyrene nanoplastics
to marine planktonic species Dunaliella tertiolecta and
Artemia franciscana[J]. Aquatic Toxicology, 2017, 189:
159-169.

Yokota K, Waterfield H, Hastings C, et al. Finding the
missing piece of the aquatic plastic pollution puzzle:
Interaction between primary producers and microplas-
tics[J]. Limnology and Oceanography Letters, 2017, 2:
91-104.

Canniff P M, Hoang T C. Microplastic ingestion by
Daphnia magna and its enhancement on algal
growth[J]. Science of The Total Environment, 2018,
633: 500-507.

Yufeng M, Hainan A, Yi C, et al. Phytoplankton response
to polystyrene microplastics: Perspective from an entire
growth period[J]. Chemosphere, 2018, 208: 59-68.

Chae Y, An Y J. Effects of micro- and nanoplastics on
aquatic ecosystems: Current research trends and per-
spectives[J]. Marine Pollution Bulletin, 2017, 124(2):
624-632.

Hansen B, Hansen P J, Nielsen T G. Effects of large

nongrazable particles on clearance and swimming be-

Marine Sciences / Vol. 44, No. 7 / 2020 83



[52]

[53]

[54]

[55]

[58]

[59]

[60]

84

HRLZIR
R EVIEWS

haviour of zooplankton[J]. Journal of Experimental
Marine Biology and Ecology, 1991, 152(2): 257-269.
Lonnstedt O M, Eklov P. Environmentally relevant con-
centrations of microplastic particles influence larval fish
ecology[J]. Science, 2016, 352(6290): 1213-1216.
Goldstein M C, Rosenberg M, Cheng L. Increased oceanic
microplastic debris enhances oviposition in an endemic pe-
lagic insect[J]. Biology Letters, 2012, 8(5): 817-820.
Sussarellu R, Suquet M, Thomas Y, et al. Oyster reproduc-
tion is affected by exposure to polystyrene microplas-
tics[J]. Proceedings of the National Academy of Sciences,
2016, 113 (9): 2430-2435.

Moos NV, Burkhardtholm P, Kéhler A. Uptake and effects
of microplastics on cells and tissue of the blue mussel
Mpytilus edulis L. after an experimental exposure[J]. Envi-
ronmental Science & Technology, 2012, 46(20): 11327-
11335.

Graham E R, Thompson J T. Deposit- and suspension- fee-
ding sea cucumbers (Echinodermata) ingest plastic frag-
ments[J]. Journal of Experimental Marine Biology and
Ecology, 2009, 368 (1): 22-29.

Zhang C, Chen X, Wang J, et al. Toxic effects of micro-
plastic on marine microalgae Skeletonema costatum: Inter-
actions between microplastic and algae[J]. Environmental
Pollution, 2016, 220(Pt B): 1282-1288.

Zhao T, Tan L J, Huang W Q, et al. The interactions be-
tween micro polyvinyl chloride (mPVC) and marine dino-
flagellate Karenia mikimotoi: The inhibition of growth,
chlorophyll and photosynthetic efficiency[J]. Environmental
Pollution, 2019, 247: 883-889.

Mao Y, Ai H, Chen Y, et al. Phytoplankton response to
polystyrene microplastics: Perspective from an entire
growth period[J]. Chemosphere, 2018, 208: 59-68.
Rochman C M, Kurobe T, Flores I, et al. Early warning

[62]

[63]

[64]

[67]

[68]

Cir

signs of endocrine disruption in adult fish from the inges-
tion of polyethylene with and without sorbed chemical
pollutants from the marine environment[J]. Science of the
Total Environment, 2014, 493(1): 656-661.

Mato Y, Isobe T, Takada H, et al. Plastic resin pellets as a
transport medium for toxic chemicals in the marine envi-
ronment[J]. Environmental Science & Technology, 2001,
35(2): 318-324.

Davarpanah E, Guilhermino L. Single and combined ef-
fects of microplastics and copper on the population growth
of the marine microalgae Tetraselmis chuii[J]. Estuarine
Coastal & Shelf Science, 2015, 167: 269-275.

Gigault J, Pedrono B, Maxit B, et al. Marine plastic litter:
The unanalyzed nano-fraction[J]. Environmental Science
Nano, 2016, 3(2): 346-350.

Long M, Paulpont I, Hégaret H, et al. Interactions between
polystyrene microplastics and marine phytoplankton lead
to species-specific hetero-aggregation[J]. Environmental
Pollution, 2017, 228: 454-463.

Bhattacharya P, Lin S, Turner J P, et al. Physical adsorp-
tion of charged plastic nanoparticles affects algal photo-
synthesis[J]. Journal of Physical Chemistry C, 2010,
114(39): 16556-16561.

Cai Z, Wang J, Tan L, et al. Toxic effects of nano-ZnO on
marine microalgae Skeletonema costatum: Attention to the
accumulation of intracellular Zn[J]. Aquatic Toxicology,
2016, 178: 158-164.

Chen X, Zhang C, Tan L, et al. Toxicity of Co nanoparti-
cles on three species of marine microalgae[J]. Environ-
mental pollution, 2018, 236: 454-461.

Zhao T, Tan L, Zhu X, et al. Size-dependent oxidative
stress effect of nano/micro-scaled polystyrene on Karenia
mikimotoi[J]. Marine Pollution Bulletin, 2020, 154:
111074.

TEPERLF 12020 4F /5 44 35 1 45 7 1)



R HREER @
EVIEWS

Research progress in sources, distributions, and ecological
effects of marine microplastics

WANG Jiang-tao', ZHAO Ting', TAN Li-ju’, HUANG Wen-qiu', ZHU Xiao-lin',
ZHAO Wei-hong?*

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of
China, Qingdao 266100, China; 2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Received: Mar. 10, 2020
Key words: microplastics; pollution; ecological effects; toxicity mechanisms

Abstract: Microplastics have been detected in both ocean waters including the coastal areas and are widely distrib-
uted in the oceans around the world. As new pollutants, microplastics are a grave threat to the marine ecological
environment. They can be directly or indirectly ingested by marine animals, resulting in growth inhibition, feeding
decrease, reduced lifespan, and survival and fecundity reduction. They also influence the growth, chlorophyll con-
tent, photosynthetic efficiency, and oxidative stress of marine phytoplankton. However, their impacts on phyto-
plankton are not totally clear, and thus, more relevant studies are needed to explore their toxic mechanisms. To pro-
tect the marine environment and control the pollution of microplastics, it is necessary to strengthen the relevant

research on microplastics and adopt strong policy and regulatory measures to prohibit plastic discharge.
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