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Abstract: Nanoscience is an emerging subject since the end of 1980s, which is one of the three most promising
fields of science and technology together with information science and life science in the 21st Century. Due to its
special size and physical structure, nanomaterials has special catalytic, photoelectric and antibacterial properties,
which is widely used in medicine, industry, construction, cosmetics, energy, environmental protection and other
fields. The large-scale production and application of nanomaterials inevitably lead to the introduction of engineered
nanoparticles (ENPs) into the marine environment, which poses a potential threat to marine fishery organisms. Chi-
na is a big country in the production, trade and consumption of aquatic products. Seafood are important guarantee
for the food supply and high-quality protein supply of Chinese residents. Therefore, the toxic effects of ENPs on
marine fisheries and the quality and safety of aquatic products have attracted growing attention. This study re-
viewed the sources of ENPs and their environmental behaviors in the ocean, analyzed their toxic effects and mecha-
nisms on marine fishery organisms, and elucidated their trophic transfer, biomagnification and potential impact on

the quality and safety of seafood. This study can provide scientific basis for evaluating the impact of ENPs on ma-

rine fishery environment by summarizing the current issues and proposing prospects for the future studies.

Keywords: engineered nanoparticles; marine fishery organisms; toxic effects; quality and safety of seafood

YR EHEA FER AL O AT R AR RE
BTz I T K AR B At b R TR R S A [ 4
B, ARYEDIRBARIY 28287 it PEAF-(Nanotechnology
Consumer Products Inventory)4tiT, H 2005 4F DIk,
UK BPEH RSB BN K TE 2015 AF L £
ik 1 800 AP AR MBI B BOE T, I
2020 AFHEHE N 3 400 FHE, F) 2024 AFE L ERYK
RiTHMERTIER] 1 250 1235 N T 40K kL
(engineered nanoparticles, ENPs) /& $§ 7F = 4 %5 [i]
B/ AT YK REZJERI ~ 100 nm) B9 A T
A, HRHEZ AR 4, ENPs 1] 43 Ay - Btk 49 K Sk )
(FLEE N KT AE (SWCNTS) | 22 BE G K Bk A5 (MWCNTSs)
FIE IR (Coo ) 550) | BT 4 T 409 K UKL (A1 K Ag
Fe fil Au 55) & J& E AL 90 90 K JOks 490 (49 K CuO |
ZnO TiO, Fl Si0, %), & ¥ si(quantum dots, QDs)
POKRREW(RAR I R OIHE) T FEAAKT 5
A P it AR P B B AN 3 I ENPs 34 1) R Tl 3
IREE RS AR AR AL TR , 3T 5 TR 4 ENPs 5 i £ 3K
£ mg- L™ M0, I HHR B 25 Bl 2 HE R 9 35 n
BIEE LAY teAh, ENPs S XTI AE Y P A B
PERSON , PTG 5 0 3 A S R e M (g R AN A
I, ENPs £ B A ¥ 7 PR35 v (8 A s e ™)

e 2N A/ PPN e ik eSSy Wpiks 4 = Pt
ARTRN AR AR N B AT Al AR il
O B el B T % A 19 (2020 R [ 3l 48 AR X

2019 IR EHE K™ fm 5ok 3 282.5 J7 t, K77
INT S K 4 464.6 1278" . ENPs 2% VR,
YRR — R BN E A B ) A3 AR R AL
R BRI | BRI iR & E R ) A
REDIRE" S IS B BE & A AL R A YR
YER, 51 T AATXE T 57K 7= i 28 4 i 2 7
AR, 7S S b X P AIMIF 5 8 R 1 U5 4
4 TIEVEIRES T ENPs 1 R JR I EREE 4T A
XU ol A= MR FE RN, IR R T ENPs FE 24
5 R PR £ 2o RIOGE 7K 7= i J 28 A RV PR I, IR AR
P T T B IR, X AR BRI T AR R

1 ENPs BJ3RE ( Sources of ENPs)
1.1 DA

AN SRR WLRY ENPs RS Ag
ENPs . ZnO ENP F1 TiO, ENPs 45, Ag ENPs i T H
PR B TR 1 R B v N R AR AR B
FRlsl - ZnO ENPs" il TiO, ENPs!" A [ If-A 24 4F
P, TT DA ISCRITER S 8 Ak DRGSO 7 o) i 2%
ot fit v ol B 4 55 A2, DT 38 1 AR 4 1 Bk 1 H
20 B A 2 R R AN AT AR T K T Y
1o, A NS i A 7 T B AN T T, 3
XTI VE PR B RN W5 g, Hie il Wt R AR A
4000 ~6 000 t 575 7 5Bl HF sy 280 e 1 oA Al DXk, X
BUR I AR Y TiO, ENPs 27 /KA 5t rh & A2 2 R
VR SR AT oAU X A6 2 7 i A A 05 v ) S 91 A o R
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THT ) TCAIL TR S22 Ry S AR X AR AR
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1.2 Tl ARG K

ENPs i/t ASREE 1 3 B 22 5 FoE B R fb ik
FEA O, X F R A AT 5 KA B
%% ENPs #CHERCENEERREE  B IR S5 A9
AT Y ENPs 23 BE NS4 TE V57K #E A 275K
AEFRTEY AR A BTN B AR ST AR I RN TS K Ak
BRI v G DU B TR B 8 I A EE IR OB By THO,
ENPs® 7 Ag ENPs® 7 1 ZnO ENPs® JFHH T 7
FUAME TR ARSI E (A7 BRI A0 & A0 7%, B R
IKEHEA TG KRB WFoR R & B, 7615 K b Bt
FRrh Xk H T H R A 77 AR TG 1Y ENPs 23 5 HAh
T YA B R R AT 3R AR B sk S A SR R 43
W BARAETE MRS e Y /N A3 £ Bl s 7K Ak 2R 7K
HEA B RREE
1.3 Biisiek

TSI A I G 23 1 R VE S (AN B RRD
o) I A e A 2 T el SRR A i A AR AN A
A HIAR R, 8 hm B B 4 2 . b TR IR AR
R O = S5t R S R S TE LB v S5 S 2
W B RN o HEPER TS TR UL R AR
RHL$E Si0, ENPs TiO, ENPs,ZnO ENPs Fllf# 44 K
A AR DR RS I E B 15 Uk vh & 4%
HI SRt ARAA A, ZnO ENPs ELAG B84 10 25 (b |
B JE 0 2 e PERY  CuO ENPs U B R BB
P, TiO, ENPs  Al,O, ENPs #ll SiO, ENPs A 4 & 14
L8 Pt & fk |, TiO, ENPs, Cr,0, ENPs Fl Fe,O,
ENPs %5 ELA R4 09 i SRl v g , AT i v IR SR A
Wi AT S R RE . B TS TR RS BE A I
(] () 184 M0 B AN R R B A ok XA R e A, e 4y
AR
1.4 RAVIFE

KA ENPs 1Y 32 BRI 53 SR HE R 55
JEHER® . ENPs 1 s VR — B2 V5 K A R i3 4%
W) R AR R SRR IR S AR
I PR S5 P o A B i R v A B A RS LA
FORZERAEEDS X TR IREE A HEA Bk UL,
HE AR A 9ok OB B 30, i e AT 20 m] DL
AHAMIREE P I 55N Bk A EAEN, H
A ERTIATE PRI T+ Hg Fe Pb Al Zn Y

ZORABORE P T B8 I H Y 0 R R, 3 B
IKIEATKIRIZE Y R AL R AR PR T

2 ENPs 78 7¥ IR E 4T 4 ( Environmental be-
havior of ENPs in ocean)

ENPs #F ATFPEIREE 5 25 & A — RIS I 34
BATR O AT RE e A i 755 R = AR
TARERAL, HETC AW HIA T ENPs 7EIR /K H
PREEAT Y F R PR AR TR K BN 2% .
1o B O A HL B | S5 0 K BT DA S
Y RIRZE N & fdi 15 ENPs 181 VRIS T 917
ANFETFIRAKIREE (B 1), 15177 T 20 ENPs X7 )
()R 1 A0 N S BCEE ML & AR el AT R T 5T
ENPs 7EWFVE AR A8 B85 v i SR B A7 S 3k 45 0
HE,

2.1 Vit

— S84 ) I 4 JE ALY ENPs 1T LLFE KA R
B4 B B 2 T A AR BN S AR A,
I, CeO, ENPs £ K 4t J5t o LT 2 AN H9™, Cu
ENPs fERS BRI Cu® ™ Ag ENPs fEAS FEIL Ag™ ),
ENPs 1% fife 1 32 22 52 B HR AR /N T B 2 A
IR RGERE pH %) 5 m, 7Eig/KH, RoF i
/N ENPs i VEREBRGLS  in98 K 9% ZnO ¥ ik
ORI ZnO 1) 2 459 ENPs B Rt 23 5 i L
VAR X 25 R A KN G, LR T R
K1Y ENPs 75l VERE B, ok, W /K B8 28 Ay
2x 5200 ENPs OV R TE , ik BB n 22 ik Cuo An
ZnO NPs A5, W REAIHA RS . pH 2 %)
ENPs (¥ i P 7= AE 52, 78 pH i 4 ~ 9 (9 H]
LB pH HIFEAR, Ag ENPs Bl Ag' 1 fig /1 4%
5%™*1 . CuO Ml Cu ENPs 195 T Bl . pH 4 = pH
7 >pH 115, Ag,0 ENPs 7E M IR 4140 F &t
— R Ag”, I FLIURDR AR /N 25 T B g
gt
2.2 M

ENPs 7£7KA T 5 T A5 L R PR 55 5 i
W B T 9 8 pH MK SR A HL ST (NOM) 25 1)
IR ELA e B o R R T AR T RSO Y FR
TKITF 3 R 3 T ENPs (9 5 pH 123 5% 1
ENPs (A1 P, pH #:3L AL O, ENPs & 77 1Y 45
P, A S AOR BPR MR 5  A2 0 A P S A R PR T R
X A] BESE ENPs Z [HIEf L AE I 1A R B RS, 7
pH Hy 5 ~8 JulE N, BE% pH H#44il, Fe,0, ENPs [ 4]
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Fig. 1

Environmental geochemistry process of engineered nanoparticles (ENPs) in marine environment™’

Note: NOM means natural organic matter.
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235 W ENPs B9 1 R PE, 41 NOM 23 35 Jin CeO,
ENPs ()22 [fil Hfaf , DA T 344 568 UKL 1] 1) i L HE SR, 5
i ENPs BB R EFEAREY . AR 43+ 5 1) NOM Xt
ENPs F 3052 A AHF, Wi F 2 E B
PR 23 I AR R 3 Sl e T v 4k ) B R 4
TSRS ENPs i IR R W4 % A0, 5 A 5
VR R 1A P 7 55 TR 38 O, i MR B 1% ENPs 23 R
kAR SR A PHES T (A Ca®) AT LBk AR
NOM 11 2 () ENPs Jir #f (% 3% 180 H far, A 15 i i
ENPs [ ™

3 ENPs Xt 4 M rY & 1% ( Toxicity of ENPs
to marine fisheries)
3.1 fa%k

WFFERB], ENPs 23X 2R i IR iR & & 7 A A )
S2M(#£ 1), 7 ZnO ENPs Zx#% |, /K 5 8 Oryzias
melastigma) it " F1 i [C 6§ XF 52 f4 (Mugilogobius

chulae) IR JIG ™ IBET- 3T, ORI pR S0 A it i) 228
1, AL AR AR, W T 838G i, R 2 f4  JE ARP AiE 22 3%
IAEAS M, ENPs % 58 23 5 3500 28 4 BHYE 20 Al
TRt Z B, i, TiO, ENPs 2 B 2% i i
#(Oncorhyn chusmykiss)fiz 2147 K, WAL =5 3 Ui
VKRB ] B 33 AT i -5 A58 4 RTVE I e ) A O
b ] B2 RS20 0 i AR D ek i AR AR
MG Cu® A1 Zn® K Ates SFRESE T
AN R BE 25 F CuO ENPs Xt 4% {4 ( Cyprinodon
variegatus):: BRI B ()52, 25 5 e IRAN TS 36 B 45
nf 284k, CuO ENPs %% % 3 25 U2 (0 AT, 38 AR
R 53 VAN T B e ool FF- A PR A2 25 4 HARAIR
AT MRS Cu (W E £ &, CuO
ENPs % 55 5 20y 2 AL 51 45 B 58, ZnO NPs 1l ]
T 3& [ 41t (Sciaenops ocellatus) FiA% 5 Vg 40 g A4 7%
£, HBE%E ZnO NPs % &5 I 8] (1) SE 4 1k 2 1Y
B A L P 2D AR, S AR I T B R 1 K
AR YA T FE RS ENPs £ 7E 2 (1 AN TR
wrE T EE . AR TiO, ENPs F 8 5 A 7r 81
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Table 1 Toxic effect of ENPs on marine organisms
e Yt T4 YR REVERON 27 3k
Classification Species Pollutant Pollutant concentrations Effects References
FET-AE LA LN KR A 40 1 A I S5 i, e 3R
KT B TIRIRIEAL AR T AL R
Oryzias ZnO ENPs 0.1.1.10 mg-L™! Mortality, heart rate and malformations of newly [12]
melastigma hatched larvae was increased; embryo hatching delay
and the success rate of hatching was reduced
FET ARG, 05 A0 5 FR A, S AL I R4 I
WAHTE 344 I, W T 22 S A 251
TR 1 1 Co , _
. ) Mortality and heart rate was increased; hatching rate
Mugilogobius ZnO ENPs 1.10.25 .50 mg-L" . . X [60]
was reduced and hatching time was increased; the
chulae o .
% rate of deformity increased and most of them are spi-
Fish nal curvature
. TR ETENTHE A, D sk AL
. o . TiO, ENPs 1530 pg-g! They were mainly concentrated in the liver, kidneys [65]
Trachinotus carolinus .
and gills, and a small number entered the muscles
Iy il H BRI AR JEE T2 A S i i i AR TR
Oncorhyn TiO, ENPs 0.1.05.1.0 mg-L™! Fish gills edema and thickening; fat was excess in [62]
chusmykiss hepatocytes and lipid deposition
S PYLAZ I 200 O 1) 200 B T T AR AL
) T ZnO ENPs 0,125 .25 50 mg-L™!  Cellular activity of mononuclear macrophages was [64]
Sciaenops ocellatus
reduced
THAL IR A AR i B A, SRy D REREAIR
TiO, ENPs 1.10,100 mg-L™! Lipid peroxidation occurred in digestive glands and [70]
immune function was decreased
by v i DL L2008 P A T35 e T 9 A R R MR
Mytilus TiO, ENPs 005 .02.1.5 mg-L™'  Lipid content of blood cells was increased and lyso- [71]
galloprovincialis somal stability was decreased
#5515 d MATESATH AL PR R
Ag ENPs 10 wg-L™! Over 15 dexposure, they were accumulated in the [67]
gills and digestive glands
JES s EE AR T NS A S LR S
=
Shellfish ) ; ) CuO ENPs 04.07.1 png-g! They were mainly enriched in the gills and a small [68]
Mytilus edulis N
part entered the digestive system
A AR, 2o S S I S A ) I T
IR PR, A EH K S R BEEIE 1 I
Ruditapes ZnO ENPs 1.10 pg-L! During oxidative stress, catalase and superoxide dis- [72]
philippinarum mutase activity was increased, glutathione S-transfer-
ase activity was decreased
- 24 h JEAESEP AL 48 h S e AL B
KA : ! - -
ZnO ENPs 4 mg-L7! They began to accumulate in gills 24 h later and in [69]

Crassostrea gigas

digestive glands 48 h later
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Classification Species Pollutant Pollutant concentrations Effects References
[ Sen WNEEI RV RS N 1R N IR N
Ji O ERD
20 .40 mg-L™! The contents of enrichment from high to low were: [74]
gill, hemolymph, muscle, hepatopancreas, heart and
=Pt T stomach
Portumus CuO ENPs CuO ENPs ISR  JE 15 5 ; A A PETEE
trituberculatus 96 h H2EEIE R FE S 49 mg-L !
0,200,299, The higher of CuO ENPs concentration, the higher
448 670,100 mg-L™"  mortality; 73]
they have acute toxicity and the half lethal concentra-
tion of 96 h is 49 mg-L™!
T R BRI LD AR A TR
EIEN . Q1% )R T4 B F41(54%)
Crustacea et They were mainly enriched in the gills, hepatopan-
Carcinus Cu ENPs 02.1 mg-L! ) [78]
creas and chelates; the mortality of copper nano
e group (21%) was lower than copper ion group
(54%)
IRGEROE 20.40.60. AR ST 9 K A £ R 1
Penaeus ZnO ENPs Immune activity of Penaeus semisulcatus were en- [62]
semisulcatus 80,100 mg-L~ hanced
JERYY FUBEER ARG B ROXT IR, 1 4 Ag ENPs J5 77
[EESERSLN T AB0% )i T AR (10% )
Litopenaeus Ag ENPs 0.5.5.20 pg-L™! Shrimp infected with leukoplakia virus, the survival [63]

vannamei

rate after injection of Ag ENPs (80% ) was higher
than that of the un-injected group (10%)

fi%( Trachinotus carolinus)™ () JIF- JIE | B Ik i 58 56, /D>
waEABIWIA . 520 SR 45 R A %, Wang
L KW 7T ZnO ENPs(80 mg-kg ) EA
S MAAE K 75 8 (Oryzias melastigma)ff) A1 | S 14 5%
T KE U AL BE

3.2 D%

ENPs 1E#E ATKIAZ 525 R A= M R IF TR, e 2
HEABNGURRY v, bk DL 24 R A A= 4 o8 &) 32
| ENPs UMK 1), ENPs #F A D RAEWR IS 25
EHALUPE L MG DL (Mytilus galloprovin-
cialis)7E 10 wg-L™" Ag ENP 25 15 d J7, K ¥
ENPs 76 88 AL IR R AE B RS 1 mg- L7 Y
CuO ENPs #t A B L5 U1 (Mytilus edulis)K N, K2
A 63% I Cu 23 & AL 28% & AR AETHAL IR
9% & EAEIE R R Trevisan 5505 AT i 4

Wi ( Crassostrea gigas)# %5 1F 4 mg-L™" ZnO ENPs &
FFHH,24 h A48 h A3 T ZnO ENPs 7EiH 1L
BRI FLZR . ENPs 5255 2 FHOL =4 i Fiad 4k,
JEXT H A e iU, A R B, fE R
W (1 wg-L™"), TiO, ENPs(15 ~ 60 nm)2s i i 42
T ULV A JI P — 18 (MDA & & [ T, %0 93 T fiE [
&1 mg-L™" TiO, ENPs(22 nm)#& 755 , 4805 U1 1fiL
20 B P 1 M R T S v AR MR RRAR T
AE 52 M4 17 (Ruditapes philippinarum) £ ZnO ENPs
£ A Bk =R C AR A A U= el =
I ARG P 380, A8 e HRK S % A% i % M R R
PRI MR TiO, ENPs(1 mg- L™ )2 % Hi£L ki 11
(Chlamys farreri)i™= £ B AL i Fpp 22 F 0T

3.3 H5ek

ENPs 123 75 SR 8 1R 4 kA2 8 4R (R 1), CuO
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ENPs 1£ =ML T (Portunus trituberculatus) 45 4 41
HP R A DA e B Oy 8> i g L > JUL Y > T
AR > OERTE . —PEHR TEE X CuO ENPs (5
EAEMT m T HAMA L, Rtk sh, BEE CuO
ENPs #2238 5, AR 41218) CuO ENPs 5% B i A7
—ERRE RN, CuO ENPs Xf =gt T8 B A
ATERENE, 96 h 1YL BAEHE Ty 49 mg-L'lmo i
##(Carcinus maenas) % #%1F Cu ENPs /KA H &

B e 1A B O YR IR R L R
AT, AR SE &I, ENPs 2158 A4 ) i i
PEFIBURFERE ST, BN, AW L ZnO ENPs 3 iif
KA BT 2 5% AN B W) 7 R 4] Ui 5 J {8 XT HF
(Penaeus semisulcatus)(P) 5o G M YL 1 BEZ5
& IEJ% B (white spot syndrome virus, WSSV kg 38
F X ¥R (Litopenaeus vannamei) , 7£1E 5} Ag ENPs 96
ha, 5 ARES H A, 771 3 10% #2703 1
80% , UER Ag ENPs A 1 Jy 40 75 25 ¥ i 7 7K 7™
IR AP R T

4 ENPs B FRYHEFRREE

of ENPs in the marine food chain)

1SRG E Y i i R B AR R AR TS e

( Trophic transfer

KA

Atmosphere

(AR TR W s e = A & SRR, Kt
G, ENPs AT DX i 7 40 B8 AT 40 A0 o0 ) 25 R )
BEIRYAY A BRI RN, TR A Wik v R A AR
YEHT, X vk & ENPs Al LLE o 4l £ 56 5 76 1 1
BYBE R AR X R AR AR AR R G
A*ﬁ%)ﬂéfﬁiﬁkfﬁ % . ENPs 7E i 7 A58 (1) 30
TR it i, e 2 s, HEr,&T
ENPs 77K A Bt | R 2 1 o vl S s v i) 38
FAL BT AL H AR, Ferry Z V7 Tl K
DURY) R WG4 RESEHA HR A0 R A 9 B ZH R
T A ARG, 9T Au ENPs WISV VE R W)
MR AT R, Sk 12 d 5, 5y 3 By
JEC AR A K E 1R 84 4% A9 Au ENPs, H:
rh B BT A S G AR 1Y ENPs e e, 3R W
Au ENPs 7] DL MOKIRITE R 2 &P M H, Conw-
ay EPURESGE T CeO, ENPs 751 7 W4 (BR A5 #E 4>
¥ (Isochrysis galbana)—*% I Ul (Mytilus edulis)) "' #Y
BIEE, IR IUE T BB CeO, ENPs 2 88 J5 11
B X ENPs 7 48 5 AR, (HJ2 K29 99% 1Y
CeO, ENPs X #2806 D AZEE e CHE AR AL, A
WF9E 2B, ENPs il o S (L b i 25 & AR AR Wik
OV, Wang ZE®ESE TiO, NPs ] i & 4% MO

Vo KU ERR KA AR
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Fig. 2 The marine environment behavior of engineered nanoparticles (ENPs) and its transmission in the food webs of marine fisheries

Note: Black arrows indicate the fate of ENPs in the marine environment; the red arrows indicate the direct uptake of ENPs; green dotted arrows

indicate indirect uptake of ENPs (potential trophic transfer); the yellow arrows indicate that human consume the ENPs through eating seafood.
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