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Abstract: Environmental exposure of metal-based nanoparticles (MNPs) in coastal area may adversely affect
marine organisms. However, the occurrence characteristics and size distributions of MNPs in coastal area
remain to be analyzed, and their bioaccumulation pattern in marine organisms is unclear. In this study, pollution
levels and size distributions of aluminium, titanium, cerium, zinc, copper, and silver-based nanoparticles (Al-
NP, Ti-NP, Ce-NP, Zn-NP, Cu-NP, Ag-NP) in the surface sediments of 29 sampling sites in the Yangtze River
Estuary-Hangzhou Bay were analyzed using single-particle inductively coupled plasma mass spectrometry. The
results showed that the particle concentrations of MNPs in the sediments of the Yangtze River Estuary-
Hangzhou Bay were Al-NP, Ti-NP, Ce-NP, Zn-NP, Cu-NP, Ag-NP in descending order, and the sites with high
concentration of AI-NP and Ce-NP were concentrated in the Yangtze River Estuary, while there was no such a
pattern for other MNPs. In addition, for the Ti-NP with the largest production volume and the Ag-NP with the
widest range of products, this study quantitatively characterized their pollution levels and size distributions in
six species of marine mollusks and three species of marine fishes. The results showed that the particle
concentrations of Ti-NP in mollusks and fishes (1012 particles/kg, dry weight) were higher than that of Ag-NP
(109 - 10" particles/kg), and the mean particle sizes of Ti-NP, Ag-NP in mollusks were (71.6 £+ 4.5) nm and
(37.2 £ 7.4) nm, respectively. By calculating the number-based biota-sediment accumulation factors (NBSAF)
of MNPs in marine mollusks, it was found that the NBSAF of Ag-NP was 19.60 + 8.93, whereas the NBSAF of
Ti-NP was 0.98 £ 0.52, suggesting that Ag-NP with a smaller particle size had stronger bioaccumulation in
mollusks compared to Ti-NP. In this study, the pollution levels and size distributions of MNPs in sediments and
organisms were analyzed. The results provided basic data and theoretical basis for evaluating the marine
ecological risk of MNPs.
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Tab.l Information on the geographical location of surface
sediments sampled in the Yangtze River Estuary-Hangzhou

Bay

R RBECE) HECEN) | s BECE) AEEN)
S1 121°33’ 29°30' S16 121°52 32021
S2 121°36' 29°10" S17 121°37" 32°32'
S3 121°59 29°59' S18 121°12 32°36’
S4 122°03’ 30°24' S19 122°30’ 31°15'
S5 121°38’ 30022’ S20 122°19 31°05'
S6 121°03’ 30°26' S21 122°41’ 31°05'
S7 121°22’ 30°37 S22 123°10 30°55'
S8 121°43’ 30°46’ S23 122°45' 30045
S9 121°32’ 31°30’ S24 121°23’ 30°38’
S10 121°52’ 31°25' S25 121°10 30°10
S11 122°02’ 31°22' S26 121°46’ 29053’
S12 122°14 31°36’ S27 121°31” 29°44'
S13 121°46’ 31°41" S28 121°21” 29°01"
S14 122°02' 31°53’ S29 121°10" 29°31'
S15 121°37 32°09’
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Tab.2 sp-ICP-MS parameter settings for analysing six MNPs

Vix iplve Al Ti Ce Zn Cu Ag
LA 27 48 140 66 63 107

F A E0(%) 53 60 81 79 80 100
I /g-om 27 451 669 7.14 892 10.49

FERL /ML min ' 0393 0414 0.360 0344 0.414 0.409

fEHIBCRTE /(%) 427 526 507 5.09 455 4.56

FAMFHE/mML-min ' 096 096 096 096 096 0.96

o A ]/ ps 50 50 50 50 50 50
AT ) /s 100 100 100 100 100 100
K B /nm 23 25 10 21 22 13
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BOD AN 10 mg 42 8 99 K Uk K A (AL
NP, Ce-NP. Ti-NP, Cu-NP, Ag-NP, Zn-NP) flI
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VW, KB PR OB 75 10 min Jf# 3T 0.45 pum (93
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Fig. 1 Recovery experiment for MNPs in sediments
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Fig. 2 Particle concentrations of MNPs in 29 sediment samples from the Yangtze River Estuary-Hangzhou Bay
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NP PRARIE RN 140.7 ~ 174.5 nm, EIE K TA T 80 nm, KWL Cu-NP A {2 L K IR G4 K i
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Fig. 4 Particle size distribution of MNPs in 29 sediment samples from the Yangtze River Estuary-Hangzhou Bay
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Ti-NP Ag-NP
HAH . B

e BE/x10" particles kg | SEHARIAZ /nm WeRE/x10"" particleskg ' SRR /am
Z&OBA 1T Ruditapes variegata 6.42 £ 1.69 73.9+3.1 1.93 +0.45 292+£22
K5WE Sinonovacula constricta 3.49+0.73 793+5.6 2.26 +£0.40 329+£54
FEHREIA T Ruditapes philippinarum 4.05+2.16 69.8 £13.0 2.23+0.06 30.4+4.0
JEFENG I Mytilus coruscus 2.56+1.19 67.1+72 0.86 + 0.09 412+5.1
K4t W5 Crassostrea gigas 1.20£0.11 68.1+5.2 1.13+0.07 46.9+53
Je42 Bullacta exarata 2.40+0.18 71.3+24 0.74 +0.10 42.8+35
HR8B Pampus argenteus 1.87+0.53 942+38 (3.11+0.57) x 10 29.8+1.0
/N A7 Larimichthys polyactis 0.35+0.21 87.5+5.0 (4.10+1.25) x 107 283+22
LRiE 10 Chelidonichthys kumu 0.59 +0.35 91.8+7.5 (2.61+0.38) x 10 31.4+4.1




%24 Rigag, %

Kizt o BB E R EAMARE: RS T REFIEELEHRE 221

10” particles/kg) « 3 5 7 1% 15 4843 By 19 UL AR
H Ti-NP $i i (CFHI{E: 3.43 x 10" particles/kg)
T T Ag-NP By $ i Wk B (P B {H . 7.78 x
107 particles/kg) AW & . Ti-NP £ ¥ ¥ 5 {4 5
Y. RN RLAR 1835 = T Ag-NP (p < 0.01)
XSRS TR Ti-NP 2 (81.5 ~
109.3 nm) L 5 T Ag-NP [{4i42(19.5 ~ 24.2 nm)
WG . AL, Ti-NP 7E AR N B R AR i 2 v T
HAE G PR AR S ) kA2 (p < 0.05), Ag-NP 7E
1 AR PR R AR D) RV Y 204 Bl 1 R AR 2 3
XATHE S MNPs 7EAE MR IR R AT 55,
2.4 MNPs 7EFAAR P FnfafR i B AR
Wt A (2), TR T ERAE SR N
MNPs () NBSAF. WK 6 fiR, XFix 6 Fhi ik
3%y, Ti-NP ] NBSAF {H{u[Fly 0.35 ~ 1.87, H
W Ti-NP 7E Z% {6 04 17 ( 1.87 + 0.49) | JF At 5=
BE AT (118 + 0.63) . %4i W% (11.02 + 0.73) T 1Y
NBSAF {H KT 1, %8 Ti-NP 7] 28 i PE DT RR Y
FURTEX 3 MRS IR N . ILAh, Ag-NP 1)
NBSAF {75 Bl M 9.5 ~ 29.0, Ag-NP 7F Z& i s
fF, FEFETERA T 45U Y NBSAF %% 5 TR IE
Khtw  JESER 0 (p < 0.01), KB Ag-NP 7£ X
3 PR Sh Y IR N R BB ) SR . Ag-NP 7E
6 FHERIR S N (1) NBSAF 2.7 T Ti-NP(p <
0.01), £ Ag-NP . Ti-NP ¥ 5 F 275 #A 5)
/LN

b Ti-NP
Bullacta | 4
exarata
AR
Crassostrea | <&
gigas
JESEIR I
Mpytilus F—o—
coruscus
AT
Ruditapes | +—@——
philippinarum
G ,
Sinonovacula @ : ——
constricta
ST ‘
Ruditapes —— 3 ——
variegata

i Ag-NP
. )

o1 2 3 10 20 3
NBSAF
6 6 FEFREINMEN Ti-NP, Ag-NP BT HEH
EY-MRYREREF
Fig. 6 Number-based biota-sediment accumulation factors

for Ti-NP, Ag-NP in six species of marine mollusks

H AW 5T 38 AR S 1 g —Fh ik & 3)
Yy, Ho3E o 6 A DR ISR T IR A A R
Frpp e PR ET, PR R AT B 2t S B R 2
15 NRAR S s R R R o AR,
Ag-NP TERAR By - #4ki 4% [(37.2 + 7.4) nm)]
FC/NF Ti-NP[(71.6 £ 4.5) nm], H& #0458/ R
1) Ag-NP 25 5 TR RS ) rh AL R . W]
BE, Dai 255 BOBFE AL K B WE R RS 5N 44
DK ] R 118 W WA T 58 5 T ROK A Bk . e Ah, A=
Wy CINZR B8 ) P N B A RT LA 1 Jok 0 40 i € 2%
(L TR TR /N R ST Ag-NPY L Ag a4
A N B G AL L T B2 Ag-NP 788 3 iR P B
A W 7= NBSAF WYJEIA

E— A (3), A T MWK AR P 5]
WP NTTF, 2532, Ti-NP A )
YIENG RN NTTF 4 0.28, 1M Ag-NP 7E3iX 4
ANEFRGZE B NTTF H9 0.02, W Ti-NP, Ag-
NP EARWFFE R 6 FhFRAR S F 3 Fi a2 2 [i] 1%
AL EHORING . bR L, AR a2
FEAB A FR, X A5 £ 1K N i MNPs £ ik
I (B A AR e . seab, TFE NTTF B,
W EE T AW E S E RN E
TR LTI . SR, AW b a2 54K
RS B OC RS IR, 3 S B Yok
TEALFE AR . TR Y55 2 AR, X T2
T NTTF iR e M. B, RORTETT R
NTTF WYAHCHE TR, A b2 0E 56 2 08 B0 11 15
BREEY S ZAEYEAA FEMECRNINE
TR A YINE AT 52

3 4

(1) AT VAR E —He N B bR 5,
AT TR 29 A RS RIZUIERY AL
NP, Ce-NP, Ti-NP, Zn-NP, Cu-NP, Ag-NP [{Ji5
Yook -5 R 404 o DU MNPs (1) 5505
& H v ER AR UK 2 ALI-NP > Ce-NP > Ti-NP> Zn-
NP> Cu- NP> Ag-NP, AI-NP, Ce-NP 7 K /T A
TR 8 e v B 35 v, AT RE A A B K
HECHE N K B . ARSI Ti-NP 148
T B L T Ag-NP, Ti-NP., Ag-NP 7E 8 (K 50
Wb BRI A 29 A (71.6 £ 4.5) nm F1(37.2 +



222 PSR S S

oM F % 44 %

7.4) nm.

(2) Ti-NP 7E 6 Fl A& 3l Wy 1K N ) NBSAF
{4 0.98 + 0.52, Tfii Ag-NP (%] NBSAF 1} 19.60
+ 8.93, FW/INKIAZHY Ag-NP T2 5y 15 AR 5h ¥y
RNFLE . Ag-NP fil Ti-NP 7E4 (541 JEHEE
WA . 4R A NBSAF 3% =5 T H A 3 ik sh
Yy, FIE B A TR R BE ) i

S k-

[1] YINXIJ,LAIY K, DU Y Q, et al. Metal-based nanoparticles:
a prospective strategy for Helicobacter pylori treatment[J]. In-
ternational Journal of Nanomedicine, 2023, 18: 2413-2429.

[2] SHI H B, MAGAYE R, CASTRANOVA V, et al. Titanium
dioxide nanoparticles: a review of current toxicological data
[J]. Particle and Fibre Toxicology, 2013, 10(1): 15.

[3] CHAVAN S, SARANGDHAR V, NADANATHANGAM V.
Toxicological effects of TiO, nanoparticles on plant growth
promoting soil bacteria[J]. Emerging Contaminants, 2020, 6:
87-92.

[4] REZVANI E, RAFFERTY A, MCGUINNESS C, et al. Ad-
verse effects of nanosilver on human health and the environ-
ment[J]. Acta Biomaterialia, 2019, 94: 145-159.

[5] WANG S S, ZHAO M Y, ZHOU M, et al. Biochar-supported
nZVI (nZVI/BC) for contaminant removal from soil and wa-
ter: a critical review[J]. Journal of Hazardous Materials, 2019,
373: 820-834.

[6] LIMAN R, ACIKBAS Y, CIGERCI I H. Cytotoxicity and
genotoxicity of cerium oxide micro and nanoparticles by Alli-
um and Comet tests[J]. Ecotoxicology and Environmental
Safety, 2019, 168: 408-414.

(7] STEPNIOWSKI W J, DUREJKO T, MICHALSKA-
DOMANSKA M, et al. Characterization of nanoporous anod-
ic aluminum oxide formed on laser pre-treated aluminum[J].
Materials Characterization, 2016, 122: 130-136.

[8] SHAH B R, MRAZ J. Advances in nanotechnology for sus-
tainable aquaculture and fisheries[J]. Reviews in Aquaculture,
2020, 12(2): 925-942.

[9] SHINGALA J, SHAH V, DUDHAT K, et al. Evolution of
nanomaterials in petroleum industries: application and the
challenges[J]. Journal of Petroleum Exploration and Produc-
tion Technology, 2020, 10(8): 3993-4006.

[10] D’AGATA A, FASULO S, DALLAS L J, et al. Enhanced tox-
icity of “bulk” titanium dioxide compared to “fresh” and
“aged” nano-TiO, in marine mussels (Mytilus galloprovin-
cialis)[J]. Nanotoxicology, 2014, 8(5): 549-558.

[11] SAIDANI W, SELLAMI B, KHAZRI A, et al. Metal accumu-

lation, biochemical and behavioral responses on the Mediter-

ranean clams Ruditapes decussatus exposed to two photocata-
lyst nanocomposites (TiO, NPs and AuTiO,NPs)[J]. Aquatic
Toxicology, 2019, 208: 71-79.

[12] SUREDA A, CAPO X, BUSQUETS-CORTES C, et al. Acute
exposure to sunscreen containing titanium induces an adaptive
response and oxidative stress in Mytillus galloprovincialis[J].
Ecotoxicology and Environmental Safety, 2018, 149: 58-63.

[13] RECORDATI C , MAGLIE M D , BIANCHESSI S , et al.
Tissue distribution and acute toxicity of silver after single in-
travenous administration in mice: nano-specific and size-de-
pendent effects[J]. Particle & Fibre Toxicology, 2015, 13(1):
12.

[14] ABDOLAHPUR MONIKH F, CHUPANI L, ARENAS-LA-
GO D, et al. Particle number-based trophic transfer of gold
nanomaterials in an aquatic food chain[J]. Nature Communica-
tions, 2021, 12(1): 899.

[15] NABI M M, WANG J J, ERFANI M, et al. Urban runoff
drives titanium dioxide engineered particle concentrations in
urban watersheds: field measurements[J]. Environmental Sci-
ence: Nano, 2023, 10(3): 718-731.

[16] WU S M, ZHANG S H, GONG Y, et al. Identification and
quantification of titanium nanoparticles in surface water: a
case study in Lake Taihu, China[J]. Journal of Hazardous Ma-
terials, 2020, 382: 121045.

[17] AZIMZADA A, JREIJE 1, HADIOUI M, et al. Quantification
and characterization of Ti-, Ce-, and Ag-nanoparticles in glob-
al surface waters and precipitation[J]. Environmental Science
& Technology, 2021, 55(14): 9836-9844.

[18] CERVANTES-AVILES P, KELLER A A. Incidence of metal-
based nanoparticles in the conventional wastewater treatment
process[J]. Water Research, 2021, 189: 116603.

[19] DATH L, HAN T, CUI J T, et al. Stability, aggregation, and
sedimentation behaviors of typical Nano metal oxide particles
in aqueous environment[J]. Journal of Environmental Manage-
ment, 2022, 316: 115217.

[20] LI G X, LIU X, WANG H, et al. Detection, distribution and
environmental risk of metal-based nanoparticles in a coastal
bay[J]. Water Research, 2023, 242: 120242.

[21] TOU F, WU J Y, FU J Q, et al. Titanium and zinc-containing
nanoparticles in estuarine sediments: occurrence and their en-
vironmental implications[J]. Science of the Total Environ-
ment, 2021, 754: 142388.

[22] SUN Y, YANG Y, TOU F Y, et al. Extraction and quantifica-
tion of metal-containing nanoparticles in marine shellfish
based on single particle inductively coupled plasma-mass spec-
trometry technique[J]. Journal of Hazardous Materials, 2022,
424:127383.

[23] ZHOU Q F, LIU L H, LIU N, et al. Determination and charac-


https://doi.org/10.2147/IJN.S405052
https://doi.org/10.2147/IJN.S405052
https://doi.org/10.1186/1743-8977-10-15
https://doi.org/10.1016/j.emcon.2020.01.003
https://doi.org/10.1016/j.actbio.2019.05.042
https://doi.org/10.1016/j.jhazmat.2019.03.080
https://doi.org/10.1016/j.ecoenv.2018.10.088
https://doi.org/10.1016/j.ecoenv.2018.10.088
https://doi.org/10.1016/j.matchar.2016.10.034
https://doi.org/10.1111/raq.12356
https://doi.org/10.1007/s13202-020-00914-4
https://doi.org/10.1007/s13202-020-00914-4
https://doi.org/10.1007/s13202-020-00914-4
https://doi.org/10.3109/17435390.2013.807446
https://doi.org/10.1016/j.aquatox.2019.01.003
https://doi.org/10.1016/j.aquatox.2019.01.003
https://doi.org/10.1016/j.ecoenv.2017.11.014
https://doi.org/10.1038/s41467-021-21164-w
https://doi.org/10.1038/s41467-021-21164-w
https://doi.org/10.1038/s41467-021-21164-w
https://doi.org/10.1039/D2EN00826B
https://doi.org/10.1039/D2EN00826B
https://doi.org/10.1039/D2EN00826B
https://doi.org/10.1016/j.jhazmat.2019.121045
https://doi.org/10.1016/j.jhazmat.2019.121045
https://doi.org/10.1016/j.jhazmat.2019.121045
https://doi.org/10.1016/j.watres.2020.116603
https://doi.org/10.1016/j.jenvman.2022.115217
https://doi.org/10.1016/j.jenvman.2022.115217
https://doi.org/10.1016/j.jenvman.2022.115217
https://doi.org/10.1016/j.watres.2023.120242
https://doi.org/10.1016/j.scitotenv.2020.142388
https://doi.org/10.1016/j.scitotenv.2020.142388
https://doi.org/10.1016/j.scitotenv.2020.142388
https://doi.org/10.1016/j.jhazmat.2021.127383

Rigag, %

H
)
9

=

Kito-HNEEREEEMETE: RAEMFPREFIESEAHPRE 223

terization of metal nanoparticles in clams and oysters[J]. Eco-
toxicology and Environmental Safety, 2020, 198: 110670.

[24] GRASSO A, FERRANTE M, MOREDA-PINEIRO A, et al.
Dietary exposure of zinc oxide nanoparticles (ZnO-NPs) from
canned seafood by single particle ICP-MS: balancing of risks
and benefits for human health[J]. Ecotoxicology and Environ-
mental Safety, 2022, 231: 113217.

(251 /5 RHE, W5k, FRITHS, 45, UL H B VR A ) oL
B A FI=SUE RV SARRHE [T]. T EIPREE I, 2023, 39(4):
71-78.

(26] HI5HZ, B e, UKE, 55, AR =10 220 ™ i i
HAJR FRURDL [J]. AT, 2024, 19(2): 349-358.

[27] ABDOLAHPUR MONIKH F, CHUPANI L, ZUSKOVA E, et
al. Method for extraction and quantification of metal-based
nanoparticles in biological media: number-based biodistribu-
tion and bioconcentration[J]. Environmental Science & Tech-
nology, 2019, 53(2): 946-953.

[28] YU Q, ZHANG Z Y, MONIKH F A, et al. Trophic transfer of
Cu nanoparticles in a simulated aquatic food chain[J]. Ecotoxi-
cology and Environmental Safety, 2022, 242: 113920.

[29] DE LA CALLE I, MENTA M, KLEIN M, et al. Towards rou-
tine analysis of TiO, (nano-)particle size in consumer prod-
ucts: Evaluation of potential techniques[J]. Spectrochimica
Acta Part B: Atomic Spectroscopy, 2018, 147: 28-42.

[30] LIU L, YANG P F, LI J Y, et al. Temperature-controlled
cross-linking of silver nanoparticles with diels-alder reaction
and its application on antibacterial property[J]. Applied Sur-
face Science, 2017, 403: 435-440.

[31] LAHTINEN K, KAARIAINEN T, JOHANSSON P, et al. UV
protective zinc oxide coating for biaxially oriented polypropy-
lene packaging film by atomic layer deposition[J]. Thin Solid
Films, 2014, 570: 33-37.

[32] DING K B, LIANG S X, XIE C D, et al. Discrimination and
quantification of soil nanoparticles by dual-analyte single par-
ticle ICP-QMSJJ]. Analytical Chemistry, 2022, 94(30): 10745-
10753.

[33] ALAM M, ALSHEHRI T, WANG J J, et al. Identification and
quantification of Cr, Cu, and As incidental nanomaterials de-
rived from CCA-treated wood in wildland-urban interface fire
ashes[J]. Journal of Hazardous Materials, 2023, 445: 130608.

[34] BA74T. KL AR A IR BL 52 TH S A 283 3
BMENE (D). L9 AEZRIMTE R A%, 2020.

(351 Je it BYALHT R AR 0 v L B 4R b BRI B H B AR AL
5L [D]. BtHH: SR, 2020.

[36] LEVY M, LUCIANI N, ALLOYEAU D, et al. Long term in
vivo biotransformation of iron oxide nanoparticles[J]. Bioma-
terials, 2011, 32(16): 3988-3999.

[37] CORAMI F, ROSSO B, ROMAN M, et al. Evidence of small
microplastics (<100 um) ingestion by Pacific oysters (Cras-
sostrea gigas): a novel method of extraction, purification, and
analysis using Micro-FTIR[J]. Marine Pollution Bulletin,
2020, 160: 111606.

[38] DAI L N, SYBERG K, BANTA G T, et al. Effects, uptake,
and depuration kinetics of silver oxide and copper oxide
nanoparticles in a marine deposit feeder, Macoma balthica[J].
ACS Sustainable Chemistry & Engineering, 2013, 1(7): 760-
767.

[39] VASYLEVSKYTI S I, KRACHT S, CORCOSA P, et al. For-
mation of silver nanoparticles by electron transfer in peptides
and c-cytochromes[J]. Angewandte Chemie International Edi-

tion, 2017, 56(21): 5926-5930.

(ALipit: AEE)


https://doi.org/10.1016/j.ecoenv.2020.110670
https://doi.org/10.1016/j.ecoenv.2020.110670
https://doi.org/10.1016/j.ecoenv.2022.113217
https://doi.org/10.1016/j.ecoenv.2022.113217
https://doi.org/10.1016/j.ecoenv.2022.113217
https://doi.org/10.1016/j.ecoenv.2022.113920
https://doi.org/10.1016/j.ecoenv.2022.113920
https://doi.org/10.1016/j.sab.2018.05.012
https://doi.org/10.1016/j.sab.2018.05.012
https://doi.org/10.1016/j.apsusc.2017.01.162
https://doi.org/10.1016/j.apsusc.2017.01.162
https://doi.org/10.1016/j.apsusc.2017.01.162
https://doi.org/10.1016/j.tsf.2014.09.011
https://doi.org/10.1016/j.tsf.2014.09.011
https://doi.org/10.1021/acs.analchem.2c01379
https://doi.org/10.1016/j.jhazmat.2022.130608
https://doi.org/10.1016/j.marpolbul.2020.111606
https://doi.org/10.1002/anie.201702621
https://doi.org/10.1002/anie.201702621
https://doi.org/10.1002/anie.201702621

	1 材料与方法
	1.1 研究地区、样本采集与预处理
	1.2 标准品、化学品和试剂
	1.3 sp-ICP-MS提取MNPs的仪器参数
	1.4 沉积物中MNPs的提取与方法验证
	1.5 生物样本MNPs的提取与方法验证

	2 结果与讨论
	2.1 海洋沉积物中MNPs的污染水平与尺寸分布
	2.2 海洋沉积物中MNPs的分布规律
	2.3 软体动物和鱼体内MNPs的污染水平与尺寸分布
	2.4 MNPs在软体动物和鱼体内的积累规律

	3 结 论
	参考文献

