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Abstract: Nanoplastics are able of causing adverse effects to marine organisms owing to their small size and
large surface area to mass ratio. However, the presence of suspension additives in commercial nanoplastics
widely employed in toxicological studies may introduce artifacts into nanoplastics toxicity assessments. In this
study, the marine copepod Tigriopus japonicus was used as the test organism, and long-term exposure (24 d)
was used to investigate the toxic effects of 50 nm amino-modified polystyrene nanospheres (PS-NH,) and their
filtrates (containing additive components) at environmentally relevant concentrations (5.5 pg/L, 55 pg/L and
550 pg/L) on the survival, growth, development and reproduction of 7. japonicus. Our results revealed that both
PS-NH, and their filtrates decreased the survival rate and body length of 7. japonicus. At 550 pug/L PS-NH,
exposure, the average molting interval and the development time to adult were delayed, while PS-NH, filtrates
did not causethese toxicity effects. PS-NH, and their filtrates extended the hatching time, reduced number of
nauplii. Compared to PS-NH,, PS-NH, filtrates caused a higher rate of deciduous oocysts in female T.
Jjaponicus. In general, PS-NH, had a more adverse effect on survival and development than PS-NH, filtrates,
and a less adverse effect on reproduction than PS-NH, filtrates, indicating a complex interaction pattern
between PS-NH, nanospheres and additive components. Our findings contributed to the ecological risk

assessment of nanoplastics in the marine environment.
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RFRBALIK), FEBLEE T 4 °C BOLIRAT . B—E
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7, i 2 S HOK BRSO 2 1o 38 A T K
R pH Al DO %5 /K iR 24, 5 48 h B H — Ik
TFRVRWE, IR E N 13107 cells/mL A9/ R
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() 2.5% 13 T [ 2 WAE 4 °C R [ E 24 h, it
3] 2 O W R 45 A0 I T 00 A K S S AR A A
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Fig. 1 Characteristics of adult male (left) and female (right)

of Tigriopus japonicus and determination of body

length
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Fig. 2

(A) and their filtrates (B) at various concentrations
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Al
22.1 K F AT
5%t BELH AR L, 5 46 B (550 pg/L) PS-NH, 4k
PR U K & N-C (A B IR ER T (1.6 +
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(¥ 3B) . WUH R I 20 s A oR, XF Tk
R BT ], ZR R vk B 55 e A 2 (Rl AEALE
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222 KK
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Effects on the survival rate of Tigriopus japonicus during the 14 d exposed to amino-modified polystyrene nanospheres
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Fig. 3 Effects on the growth and development of Tigriopus japonicus exposed to amino-modified polystyrene nanospheres

(PS-NH,) and their filtrates at various concentrations

1 PS-NH, &b 3520 i K o5 A i K 20 24 T4 1
RS 3 BB 4 BrBe(C3-C4) (K] 3E) .

T R W T R NPs I P AR W) 7 T 0N
WREHARZ — —BORIE, BEE MW T &,
NPs X 15 VA2 4 1) 35 PR 800 3 0 . FE A BF
i, BEET 5.5 pg/L 1Y PS-NH, *F 14 d, 5 /K &

RERZBNEEZW, Mk EFmE 550 pg/L
B, K 7K 28 0 & 7 I ] A0 3 R s ] ] bR
IR (& 3) . ZEflHb, 50 nm PS Bk &
0.1 mg/L FF i & 1 mg/L i, #8458 B 4 &t
( Brachionus plicatilis) it Z 51 G877 B 3 B {I% [32];
50 nm PS ¥ J& M 0.125 mg/L J} & & 1.25 mg/L
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Tab.2 Results of two-way analysis of variance on the effects of different pollutant types (P) and exposure concentrations (C) on survival,

growth, development and reproduction of Tigriopus japonicus

2GS E MSE F P 2GS E MSE F P
frinck FY =
P 42.667 6.024 0.026° P 0.807 3.293 0.088
C 123.389 17.420 <0.001" C 2.166 8.839 0.001"
pP*C 5.889 0.831 0.496 P*C 0.983 4014 0.026"
AL R RN AN IR ]
P 0.844 202.500 <0.001" P 0.602 0.307 0.587
c 1.115 267.567 <0.001" C 14.440 7.377 0.003"
P*C 0.658 157.967 <0.001" P*C 4717 2.410 0.105
KT B[R] (TC 5 4k 28 i d4c) el
P 0.960 288.000 <0.001" P 0.735 2.075 0.169
C 0.834 250.167 <0.001" C 1.383 3.904 0.029"
P*C 0.761 228333 <0.001" P*C 1.245 3.515 0.040"
S48 K7 b 8] e EEXA RN
P 0.010 3.125 0.096 P 69.700 4324 0.054
C 0.027 8.125 0.002" C 306.148 18.993 <0.001"
pP*C 0.012 3.458 0.0417 P*C 55.940 3.471 0.0417
(A3 S I IRAUIINEY
P 0.295 0.466 0.505 P 6970.042 1.614 0.222
c 33.355 52.754 <0.001" C 39209.153 9.082 0.001"
P*C 5.221 8.258 0.002" p*C 12152.819 2.815 0.073
T
P 2394 7.183 0.016"
C 0.139 0.417 0.743
P*C 0.377 1.130 0.366

TE: VYK PS-NH, HIPS-NH,IE; B FRW R0 pg/L. 5.5 ng/L. 55 pg/LFIS50 pg/L; MSERI Jista%; " Fomip < 0.05

it 4 7K % A % ) 3 E KUY 50 nm PS-
NH, ¥ £ M 5.5 pg/L T+ & & 55 pg/L B, & H
(Artemia parthenogenetica) A7 1% FAMA K i 2
TR
2.3 GUORIERE R 8 O K 2 B 1 5
23.1 MR

XoF HECZE 0 A S Bl 1.1 0 1, R R
AH L, PS-NH, S H: I8 W 25 Ak 3 28 %o 4 7K =5 1)
I L TG 2 R (p > 0.05) (8] 4A) o T ¥R JEE (550
ng/L)PS-NH, 5 X} )i 1) PS-NH, J1& & &b 2 25 7] 5
JK 2% M ) LA AE 3 25 5, PS-NH, 8 i Ak 38
20 (P ) He B 25 0 T PS-NH, 4b R4 (p < 0.05),
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