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Abstract; The pollution of micro- and nano-plastics (MNPs) in water environments has become a global concern.
Because of their large quantity and small particle size, MNPs are prone to be ingested by fish and cause harm. This
article reviews the toxic effects and the mechanisms of MNPs on fish. Firstly, the patterns of MNPs ingestion,
enrichment, and transport in fish are summarized, and the stress caused by MNPs with different particle sizes are
analyzed. Secondly, the toxic effects of MNPs on fish and the mechanisms are emphatically demonstrated, and the
combined toxic effects of MNPs and other pollutants on fish are delineated. Finally, three research prospects of
MNPs on fish are proposed. This review article is conducive to enhancing the understanding of the ecotoxicity of

MNPs, providing scientific basis for the safe production and ecological stability of commercial fish.
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BHEURE , 2K %88} (nanoplastics, NPs)$8 Wikl H4%2 1 ~
100 nm [ ¥ RHEURERT S f 08 Ak I 40 oK 5 R SOR 58
PR R 18 4 ¥8 B} (micro- and nano-plastics, MNPs),
MNPs #i22 R/, KA AR B 5 il GE 25200
Hitg 0, MEESBHESHEYWEA &Y,
A, MINPs ELAT K1 L3R T AR A K ARk | 1 BT
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RSB
IFE IR,
MNPs 4 R #IN 2 A ) B i 98 A fa 28
HLRE R, BN, 78 [ 45k B (500 mg- L)
MR ,05 wm ERIE L4 MNPs FEARBE D £0 IR
BEAEE M 10 wm R IK 4% MNPs BA i 5 5
RIGIEAL e RRIG B B, RGBS Fe 1/ 7K 43 7 il
AR/ AL R A S P T 0 I i B AL
FEAERCIR T 10 wm ) SR L0 MNPs R4 A
KRGS REEBH 1L & A . Yang SF2TBFSE T
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B REHEON , 45 0,70 nm Y MNPs 7] DI i 43
1010 3R K BE A LR ZH Y XL 0565 i 3, IR
FHZLTE, ) £ IEAR B AR R (AChE) I 1 , IF FLXS 4
10 R PE RN 5 T 50 wm MNPs, Kif%E 42 pm A9
MNPs 7] DLW [t £ 75 & (Oryzias latipes) 10 5P i) 28 F

XF S0 MNPs 1 8 P800 22 0C B 22

SERSIZZ g2 T ) Rk 42(0.5 wm A1 5 pum)fY MNPs %}
Jeik( Misgurnus anguillicaudatus) 5% W , 45 & 1,
VBRI IE R I th/VREAR MNPs 19 5 2 5 T Ok
2 MNPs, BELf7ERA L0 MNPs 252 7 d =,
5 wm MNPs 7Efa i JHEF g8 AL R 1T 20 wm
MNPs X FH 75 8 g el
MNPs i TR A, A kR iz s a2

fEfEER(E 1), UHEWR L& it NPs A] i
BRI R BB B ARG, 2E A0 NPs B 5 7
AERRG IR B 98 | i Je i B S 0 S FLA S 28
NPs # 2 Af DISFE IR G, TR ALK RS MPs H RE
WRTERRIG o ghfn] B B 5, 85 B MNPs
IM A TR R (BT 1A), MNPs 75 7 186 PN ) WIS
By K FEBAFE A E A S % | R AR 3R
(1) MPs W 45 5 38 3of £F B 35 B 2k 72 9% HE b 44 4 (]
1B)., MNPs il i ZFpig it AR Ay, an il o %

i FRFER s k42 39.4 nm 1Y MNPs 7E R iR & & i oy A, S8 U8 BEHRE AU 0 B AORIAZ ) MPs, 1 /INVRE
FErh LR 2GR AR E R P 2/ N) MNPs HLAG 55 2R NPs D38 1< 1 3% 4 PR 0E A sl g ik 1) 3k O e
KGR, R E 1325 2 B 4l it w5 42 . Wang A A AR YR (B 1),

(@) MPs & NPs by  MPs&NPs © MPs & NPs
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evelopmg over tlm - R . 5
In; estlon _ Paracellular - ~ ||| N ... T €
: o, penetration ilia clez \sh internal orgar}/
- DRI | . Ry
ting mouthorag | ¥ A RZAN 200

Protruding mouth srage |

Penetration into eye [

.J - e

1 MAKEER(MNPs) N BN EEEHRE
A BFRR G B R H NPs 195 7 750 & 96, MNPs TR FERRAG L, 94 K BB RH(NPs )il i 48 AN 35 K2 B B i ARG
HEA LY NPs B 5 4370 fE R AR BR 35 48 | I J5 3088 3] 0 S A LA N B 4 7 5 NPs e 2 T L2 RIS s 4] AR,
B JF I MNPs 437 TR a4 B B 7R MNPs Gl o 8 WORCH B2 A28 AR VE A 4E 755 5 C 181 7~ MNPs 3 o S8R G A7 5%
Fig. 1 Main transport pathways of micro- and nano-plastics (MNPs) into the fish body™

Note: Fig.A shows nanoplastics (NPs) translocation ways along with embryonic development; firstly, MNPs adhere to embryos

and NPs enter embryos through chorion and epidermis penetration; the penetrated NPs then distributed in the yolk sac of embryos, and

finally migrated to other internal organs of fish; NPs can even penetrate into eyes; after larval protruding mouth stage,

MNPs distribute to whole fish body after ingestion; Fig.B shows MNPs translocation through intestine absorption,

including endocytosis and paracellular penetration; Fig.C shows MNPs translocation through gill and blood circulation.
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effects and mechanisms of MNPs on fish) i L BB BT MNPs fRYEREAR , 3F AR
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NG R AN B8, 5 NS0 £ R 2 B AH
K, MAEHAER Eﬁﬁz*ff\fﬁ )z T KA
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E’Jﬂ@xﬁ(ﬁ‘&/ﬁ\ﬁifﬁmﬁﬂEﬁﬂnxzﬁlfh{ZﬂQEo
3.1 MNPs %S 8
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W& R FEEH, EEAREAEIE T3 i‘ﬁi\%k
AR SRAE B N AL PR S5 38 1k 46 D T s i BT
FIRT, A ¢ MNPs X 828317 RAYAITSY , 24
TE MNPs X £ 25 4 Jfd F1 53 + K F 09 8800, il an,
Usman 255 % ISR ER) 5 wm B LK MNPs %
% NI 75 8 £ (Oryzias javanicus)J5 , Fo kiU - H B
TR AT RE S T AR A R VR S A A 1 i B
Kaloyianni 28 {8 T 5 ~ 12 wm IR K 25 MNPs
Xt B 5 i A1 £ ( Lateolabrax japonicus) 5200 , 45 5
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SEERBA X, B EEF MNPs 51 & T 2 Fh# M
RIS 40 B A T, Wang 25PN H6 A fil 8 Gobio-
cypris rarus)%%#& THEE R 200 pg-L7'AY 1 wm FIE
N MNPs Ji7 il i 5 sk 2 k22 R BN 5
UM A A0 RIBE T A M o3 A A AR W S ok B A
Ko AN, KINEFE T 44 nm BIK LM MNPs 1] L)
e A DNA #1455, B TR
MNPs(FL 80 10 ~ 63 pm) 23 i i 75 490 10 I 6 40
A7 B Ty Ak R0 A8 Ak Rz 38R 15 (11 2)B
YIS (Clarias gariepinus) % #% T MNPs | H:jjif
UKL AR B Al S IR 4k,
ST X MNPs W | 5 48 FAQIEA R T iF —
AT il MINPs X 82887 A4 i H AT 7 T 5E A7)
TrRA

1. increased oxidative

MNPs stress in eyes 2. deterioration
and kidneys of renal function
12 weeks
> a o ) ‘
T T T

B2 MNPs 3 &8 50 FERU
Fig. 2 Toxic effects of MNPs on medaka®™
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