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Abstract: Polystyrene nanoplastics (PSNPs) and bromate (BrOy;) exist widely in aquatic environment, which can
adversely affect aquatic organisms. In order to explore the combined toxic effects of PSNPs and sodium bromate
(NaBrO,) on rotifers, the effects of PSNPs (0.001, 0.1 mg-L™"), NaBrO,(0.001, 0.1 mg-L™") and their combined

actions on life-table parameters, population growth, body and egg size of rotifers Brachionus calycitlorus were in-
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vestigated in this study. The results showed that the single and combined exposure of PSNPs and NaBrO, signifi-
cantly affected the life-table parameters of Brachionus calyciflorus, in which intrinsic rate of population increase
was the most sensitive parameter. The combined exposure of 0.1 mg-L™" PSNPs and 0.001, 0.1 mg-L"~"' NaBrO,
significantly reduced the size of the rotifer body, and the combined exposure of 0.001 mg-L™" PSNPs and 0.001,
0.1 mg-L™" NaBrO, significantly increased the egg size of the rotifers. PSNPs and NaBrO, had a synergistic effect
on the inhibition of the population growth of rotifers. 0.001, 0.1 mg-L™" PSNPs and 0.001 mg-L™"' NaBrO, showed
an antagonistic effect on the inhibition of the body size of rotifers. 0.001, 0.1 mg-L™' NaBrO, could reduce the in-
hibitory effect of 0.1 mg-L™" PSNPs on the net reproductive rate of rotifers. The results showed that the combina-
tion of PSNPs and NaBrO, produced complex toxic effects on rotifers, and the combined toxic effects depend on
the concentration ratio of PSNPs and NaBrO,.

Keywords: polystyrene nanoplastics; bromate; Brachionus calyciflorus, combined toxic effect; life-table parame-

ters; population growth; body and egg size
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Fig. 1 Morphology of polystyrene nanoplastics (PSNPs)

F®1 LMK PSNPs-NaBrO, KRk AR

Table 1 The concentration composition of the experimental test solution PSNPs-NaBrO,
0-0 L-0 H-0 0-L 0-H L-L L-H H-L H-H
PSNPs/(mg-L™") 0 0.001 0.1 0 0 0.001 0.001 0.1 0.1
NaBrO, (mg-L™") 0 0 0 0.001 0.1 0.001 0.1 0.001 0.1
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Fig. 2 Age-specific survivorship and age-specific fecundity of B. calyciflorus exposed to PSNPs-NaBrO,

&2 PSNPs-NaBrO, ZRWNEXLERER R EGRSHNZM
Table 2  Effects of PSNPs-NaBrO, exposure on life-table parameters of B. calyciflorus

0

PSNPs-NaBrO, 4hFiZH

€/h Ry Th Iy LS/
PSNPs-NaBrO; treatment

0-0 181.56+1591% 16.87+2.00°¢ 83334 .83¢ 0.0414+0.0012° 173.56+15.90"
L-0 18044 +3.67% 15780 46% 8749+1.77¢ 0.0383+0.001% 17244 +3.67%
H-0 17533+8.51° 14.17+122°¢ 86.28+541¢ 0.036220.001% 167.33+851°¢
0-L 190.67+11.51%¢ 16.00£1.16% 89.59+229¢4 0.0371+0.002% 182.67+11.51%%
0-H 19422+1167% 18.90+1 .64 99 67+027% 0.0358+0.002% 186.22+11.67%
L-L 198.67+1732% 17.92+1 29 98.92+6.06% 0.0360+0.002° 18526+7.96%
L-H 196 48+9.09* 19.17£0.58% 94.60+4 08" 0.0388+0.001 188.48+9.09%
H-L 203.18+4 .62 1641+1.11¢ 97524478 0.0347+0.003°¢ 195.18+4 62°
H-H 20521+526° 18.48+1.19%% 103.06+3 41° 0.035+0.002° 19721+526*

TE:ey Ry T, I LS RIS ATl 2 HHEAQRTa] | 3 BEMG SAP- 3 F4  R b W) — 0B A7 b i & M R F i 3R0R 2 5 A8 B 35(P>0.05),
ANIRIFRR 25 57 1 3 (P<0.05),

Note: ¢, Ry, T, r,,, and LS represent life expectancy at hatching, net reproductive rate, generation time, intrinsic rate of population increase and aver-
age lifespan; the same superscript letters in the same rank represent no significant difference (P>0.05), while the different letters represent significant

difference (P<0.05).
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Fig. 3  Effects of PSNPs-NaBrO, exposure on the developmental stages of B. calyciflorus

Note: (a), (b), (c) and (d) represent embryonic development, juvenile period, reproductive period and post-reproductive period respectively; a, b, ¢

and d represent significant difference between each group (P<0.05); show mean value, show median, error bars indicate +SD (n=3).
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Fig. 4 Effects of PSNPs-NaBrO, exposure on population growth rate of B. calyciflorus

Note: (a) Population growth rate of B. calyciflorus after 3 d exposure to PSNPs-NaBrO;; (b) Ratio of the number of carrying females

to the number of non-carrying females in the population after 3 d exposure of PSNPs-NaBrO;(OF/NOF); a, b, ¢ and d represent

significant difference between each group (P<0.05).
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Fig. 5 Effects of PSNPs-NaBrO, exposure on body and egg size of B. calyciflorus

Note: (a) Body size of B. calyciflorus after exposure to PSNPs-NaBrOs; (b) Egg size of B. calyciflorus after exposure to PSNPs-NaBrO;;

a, b, ¢ and d represent significant difference between each group (P<0.05).
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