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WE: NFERAFKAE (50 nm. 200 nm AT 1000 nm). KE GEKE. RKREH. HIREAMEIRE
H) RNBEOIEHERIETRA AN 37 W BB #EE: (Pelophylax nigromaculatus) BHEF B 44 K /N AR 2%
RYIRE, ELENE T REE TAdR, ZEEKERMETE 7d (14d D f114d 21 d D), HAARESE
SRMHE CEKED. MK LG, FRBEREL. EKEETE 200 nm KR FF T AZERE LM
WERZBEFIERRM (P> 0.05); 50 nm j&/K4 14 d BHEFHABRE A (P <0.05); 1000 nm H1ik S
A7 A 14 d ST 21 d B (P<0.05), 7 d @R AR T HAMKEL (P<0.05), 21 d MIEKA
AR B2 H AT e TRk AL (P < 0.05). /N B RELHAE 200 nm (59K B2 B IN (8] A8 4k, 7 d 2 14 d
BT 25500, 21 d BFBERE (P<0.05), 1000 nm HyKEEZH 7 d BTN 14 d PSR 2 5 T 21 d B (P < 0.05);
7d i, 1000 nm & 2 B E R T AR IE 4 (P<0.05), 50 nm. 200 nm ¥ A Z R (P> 0.05),
Oy R E KRB A (R (P> 0.05); OVEE REATE 50 nm 14 d ISR, EKA
B, F PIRBEAER, RIREHRAR (P<0.05), AHEEZRHHAE 50 nm A1 200 nm 14 d BEKA
T HARMREAH (P<0.05). 50 nm. 200 nm A1 1 000 nm 4bF 3 M EK L, OMHEE RS, b
JAK B R BRI R, DUCERKILAVNG K R AL (A SRARFREEA R R R,
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Abstract: [Objectives] Exploring the effects of different particle sizes (50, 200 and 1 000 nm) and different
concentrations (zero, low, moderate and high) of fluorescent polystyrene microsphere solutions on the body
size and internal organ indices of Pelophylax nigromaculatus at Gosner stage 37 tadpoles. [Methods] The
Gosner stage 37 tadpoles were exposed to any combination of any particle size and any concentration solution
for 7 days, then were transfered into dechlorinated tap water and fed without fluorescent polystyrene
microsphere solution for an additional 7 or 14 days. The variations of ratio of body mass to total body length
(ratio of BM to TBL), the length of small intestine, and the wet masses of heart and liver were continuously
measured. All statistical analyses were performed using SPSS software packages (SPSS 19.0 for windows).
For any particle size (50, 200 or 1 000 nm), two-way ANOVA (concentration X day) and multiple comparisons
were used to compare the differences of ratio of BM to TBL, the length index of small intestine, and the wet
mass indexes of heart and liver. Then, one-way ANOVA and multiple comparisons were further used to
compare the differences of the parameters mentioned above among different concentration groups from the
same day, or among different days from the same concentration group. Results were presented as means +
standard error, and P < 0.05 was considered to be statistically significant. [Results] Ratio of BM to TBL was
not affected by polystyrene microsphere exposure and clearance under the conditions of 200-nm solution
(Table 3, P > 0.05); The BM to TBL ratio was significantly lower in clean water group than that of any other
concentration group on day 14 when exposed to 50-nm solution (Table 2, P > 0.05); When exposed to
1000-nm solution, the ratio was significantly higher on days 7 and 14 than on day 21 for moderate
concentration group, which was lower in high concentration group than that of any other concentration group
on day 7, and was higher in clean water group and low concentration group than that of moderate
concentration group on day 21 (Table 4, P < 0.05). When exposed to 200-nm solution with high concentration,
small intestine length index was significantly changed with days, being greatly increased from day 7 to day 14,
and sharply declined by day 21 (Table 3, P < 0.05); On day 7 or 14, exposure to 1 000-nm solution with
moderate concentration, the index was greatly higher than on day 21, while it was greatly lower in high
concentration group than that of any other concentration group (Table 4, P < 0.05), but not for 50-nm (Table 2,
P < 0.05) or 200-nm solution group (Table 3, P < 0.05). The wet mass indexes of heart and liver did not
greatly change (Table 2 - 4, P > 0.05); The heart wet mass index was only significantly changed under the
conditions of 50-nm solution on day 14, which was highest in clear water group, followed by high and
moderate concentration groups, and lowest in low concentration group (Table 2, P < 0.05); The liver wet mass
index was only significantly lower in clean water group than that of any other concentration group on day 14
from 50-nm or 200-nm solution group (Table 2 and 3, P < 0.05). [Conclusion] Ratio of BM to TBL, indexes
of heart and liver wet masses, small intestine length index combined with liver wet mass index, and ratio of
BM to TBL combined with small intestine length index were affected by 50-nm, 200-nm or 1000-nm
polystyrene microspheres solution, respectively, but polystyrene particle size and concentration are not linear
with their potential hazards.
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(nanoplastics, Koelmans et al. 2015). ¥}
JUTTCAATE,  RiAR BRI SRR RURE R 5 4 )
Yirg, SEMERWEE LS, AMEGEF K
B RG R4, WA PN g R
AfeE CT 8% 2017, Kogel etal. 2020,
Aratjo etal. 2020a). & 7K i AT 19 4= 75 >
PE, TCR PRI REA 9 2 E FL R AR R A
B B AR S 288 (Tussellino et al. 2015,
Hu et al. 2016, Araujo et al. 2020b, ¢). %R,
KT TR sl (i e R 2 e i 7T, 22 WL T4
M5 s (Xenopus tropicalis) AlE# TUE (X
laevis), WFFLE mfEF TMIAAKE (Tussellino
etal. 2015). JEARMAT NFHEN AL (Hu
etal. 2016, De Felice etal. 2018), X}H#f4E T2
PRI SEURHISE (1) 5T 50/ (Aratjo et al. 2020b, ¢,
Boyero et al. 2020). &L, 10 pm KifR 1)
FEEREA LIFHRER T AE 7= 2506 (Alytes obstetricans)

WISk A4 P A7 B 5t mT i 20 4R HE (Boyero et al.

20200 # 37 WE4E/KiEE (Physalaemus
cuvieri) #RHIEHFR R TIREN 60 mg/L [15R 24
W 7d, HES, B, . REULPA R
SR E R R LM BURL (Aratjo
et al. 2020a), Fr] 520 FFAHMIAZ 1K/, AR
FIEAR (Aratjo et al. 2020¢) .

HRE#E 1 (Pelophylax nigromacul atus)
KETLEH (Anura) 18} (Ranidae) fl#H
EJE, Sz TR E R M X (BRI AR
20090, A, AT = A X ) BB #E ek
37 SURHSE, A SR R A Py 2505 O R
B4 (Hu et al. 2018) . Ft A S B 0 5 ks 1Y) B 4
MR B KD (SRR 20142), LRI
AE AN (SRR 2014b), 4
kB 5 5 B BRI A b RS, A E k4
KA LA B E AL Caf DM T J5z Bt et g
fFRAS) W E GKERZE 20200, AHF
FURs BEPEMREE 37 BRI 5 87 T A FRLAR Al
WEHA M RCER IHMERERF 74, 2 )5
FAEEK TR 7 d A 14 d, & A A
BILUE KR AR R, S8 T IR A

B[R] RO B AR RN AN EE VL Sty
AL, K ) 2L IR LA AERAE B AT
PR KT X R 0B e e TR S PR 2
DR NAB 7S TR AR SR R A1 fH S it
Bk

1 #MRETS%

11 SERbE

2021 4F 4 H AL B IR K B 2
26 AR SR BE FE Sk R}, 7E RO KB
ARSI ENE T RBEME (K x %
x 7 =100 cm x 50 cm x 50 cm) WiAFE, KIR
10 cm, ZKNMES 48 h LA BRI H KK, 2=
HI=HEA (24+1) °C, KN 211 C,
FeEWIA 120 ¢ 12D, Bl 12 h Y68, 12 h B,
PL Gosner 73 #F AbritE (Gosner 1960) , &
FEGBAZR % (1990) 8 HH 1ty S B ) 435 ek b 7 441
U I IR ER S A AR AR B JRIAT R
REFREAIRAT, XTL-280) 4 5 WFHEtH)
REM B EEUREZE 37 MR, FETR
Vo (EZFIEFEARAF, +£ 0.1 mg)
FRRE , F 5127 Tesa 202+~ R (Fifi 1 Shopcal,
FBE 150 mm, FEF+0.01 mm) JEESK,
ZJa B THA 500 ml BES 48 h PL EEKKM
1000 ml AR, BB 12 Hipk}, 3L
90 NMEERR, B NBERF HRHIRL P I PR EL L P
HEKBHTLREESR (P>0.05 .
12 sERo 4 R EBUM

37 HAWRHISL R R TAT— R AR LI T
BRI (50 nm. 200 nm A1 1 000 nm) FI{E—
WIS GEKA. RIREA. kA
MR ) Jerbertr, 2EE 7 d NHH,
ZJETER K R FE 7d (14 d B B 14 d
(21 d B, FRXKE . KifgH 50 nm. 200 nm
A1 1000 nm {18256 H %GR IR LM IR G
HEEARW AP RARIE R 1. B—kiiriz i
3 ul\30 pl A1 300 pl BIF5IE 53 AN & 500 ml
%< 48 h DL 2R/K 1 1000 ml Gedf A1, 5]
Jei s A AR BE AL AR B A AN iR AL
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TR VIMESE, 50 nm RKEH . kA AR
P AR P ZHL A FE 43990249 0.031 mg/L+0.312 mg/L
A13.120 mg/L, 200 nm A1 1 000 nm ¥ & 41
HR R 2E R R P 2E A FE 3510 0.060 mg/L
0.600 mg/L A1 6.000 mg/L. HFET, Kk f
FARAE KN, KT LI ICR AR L
ORI B g — A rT RS R . Aot
2 IR 45 418 ( Gobiocypris rarus) {7145 100
nm. 1000 nm 1 10 pm (EEFR#RZE 2020). 36
HAFE U TUE R (De Felice et al. 2018) 48 3 um
() SRR Ik b 3 i SR FH PR K A I FEE A8
[F I 256 R G BRI LR IRER IR REAR DR /NI B
R ek Bk 1 R B A B, LU AR A N T —
AR EEA, (R T AEDEE 36 HHER I} 12.5
mg/L (15 i

fE—RIR IR I W E 3 WCOPATSE
5, R—KFATSEERE—AN 1000 ml Gedf P 58
G, BVGEAR FH B2 3 AR/ (AR P4 2 - BOURA Bk [1])
Mox 3ANEUMIEL S < 3 MIREEA/ KR * 3
MRiAE =814, MR 12 i,
RPsptict &8 12 R/Bept = 81 MM = 972
Ho AF—SREGH 3B DA TR LRk
TS K 2 xR AL, B K AR B ER K E R
0.000 mg/L, SseibdiFDAzE, HEH 9 4
e, dbiskH o 108 Ho PL 50 nm RiARE IR
FEA AL B AR 0], iR T K 12 H 37
IR EEHL BN 9 et R — R, 1ER
IESEIG AR IR . 9 ANBEAR P A RHIsE 25 7F
IR RN TR LRI B 25 7 d
i, BEALEERL 3 ANREAR, MR —etr iy Bkt

1/3 $rm pdpsl (7 d 4L, RIS 2/3 iRk EY
MHARFERR; TR 6 NBf R iR 5 78 52 256
A 500 ml #E<, 48 h LA HR/KHT 1 000 ml 5
M gkslim g%, 1HFEEE 14 K (14 d 14D
U5 21 R (21 d 4D, 2 RIBEHLEE 3 A
Bett, MEE—etr R B 1/3 s ris},
Tl A2 00 2/3 st B HoAh AR bR . T 7 d A,
N7 G5 PRAIE SR} O EG VA B 7 6 SRR 2 ik 1)
BN, 1EKEPEEROKEFRZRE TR, &
H 18:00 KMk ikl (HE & & rmeA R
AFD 1K, WEBLRIEER 1%;: T
14 d BFZHAN 21 d B2, FEH 18:00 M, & 2d
HoK—IK, FHEBREWRE. S0 nm KA H
WREH A S BE AL, LA 200 nm #1111 000 nm
IR EE A L Fh ik B 2H RN v o i 4 P s 3 b P 3o
F25 50 nm REAREIR B 2 A S B A T RE AR A

7 dRF4. 14 d PR 21 d L EUR I
BIFBF RPRRE R sk ks, PR
JF R L, H0R R RO & HAR A KA N KB
HK (gm) = AE (9 /ME2K (m) ; /h
WMKEZRE (%) = MHKE (mm) x 100/44
K (mm) ; O (B MRBE R (%) = O
(B JBHE (@) x 100/KE (g) . SLikd
HER R, A AR FET, B B
RGO BN 2 ~ 4 K, AE— KRGS —IKE
S SEBR A HOM s A 2 b T 8 ~ 12 Rz [l
1.3 HELE S5

F SPSS 19.0 for windows #4744z &b B A1
St M. 4 Kolmogorov-Smirnov %, Frf
ST IES A LAE e B

R 1 TOCRE LIBMERE AN AR

Tablel Basic propertiesand source of fluorescent polystyrene microspheres

hifg TNCIRAR CIHWOIRI E e B A HEA - WOR IR SR .-
: ) ; . it o e AR
Particle Concentration of fluorescent With or without Excitation/emission
. . Colour Manufacturer
size (nm) polystyrene microspheres (g/L) group wave length (A/nm)
50 5.2 J& Without £Ef5 Green 470/525 N )
R R A IR A
200 10.0 J& Without Zk{5 Green 470/525 Shanghai Huge
Biotechnology Co., LTD
1000 10.0 J& Without 24 Green 470/525
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1/3 Hra iRk (R P 5B R AR — AT 250 1Y
iR, DL 3 AN I E AR — R A
FE LA G 1R BRI MR K R A 2 s
HI4E 58 . [F]—Fi42 (50 nm. 200 nm ¥ 1 000 nm)
ST, FBUR 3 77 % 53 H (two-way ANOVA)
FEAL AR KN NG EE RE 0 FHEE R
R GEKA. RKREEA ., kAR
WL RUEHEREL (7d 14d 121D 1A
AL o 5 TR P RN RO BT Z 8 e 28 HAEH
M K 2 5 Z 81 (one-way ANOVA) ELE%
B BRURF IS 7] 5CIRE AN [B]94¢ B2 20 [A) s — ik FE 40
AN [EJBURE IS [a] B R 22 570 SO B 2 LA 35
i + #p#EIR (Mean = SE) K78, P<0.05H4

2 #37
2.1 50 nm FMEREZIGHIREBEFE R
WRhs] B 4k /N 2% R BRI

PWITR O UERIR L B2 2k E (Fs
2 =23311, P<0.05) fifk4K (F; 4 =6.145,
P<0.05, AsgmEK, MHKERE, U
Koty FHEERE (P>0.05); A KEEZ
MR E (Fy 4 = 4.033, P < 0.05). k4K
(Fy o4 = 8611, P < 0.05) FI/NKFER%
(Fy04=4.423, P<0.05), AgmgE KLk, LA
Fotsy FHEEZRE (P>0.05); REFMAHE K
oot e 283 AL AR (P>0.05).

7d i, HKE (F; =4.866, P<0.05) 1k
WEA R E R TIEKA, B, EREHE
FAREE, ek (F; 1 =16.049, P<0.05)
IRt TRIRE R Bk R, B
KAFRM, EKEEHMSEITCHEEN (P>
0.05) (K 2). 14d I, REAKEHEE ST
EKA (Fsq=4.333, P<0.05), H5%, &
WEHERARE, EKI (F;,=5.078, P<
0.05) JHEKHRAL, WFEMCT HA S IREEL,
KRN K EREOCR W B AEL (P >
0.05); LIPE REGE /KA E S, & TIREH
HIWK, ARIREHEAL (F3 ;= 8.748, P<0.05);

JH i R EE KA RAR, BT AR EH
(F3,11=5.429, P<0.05) (£ 2), 21 d i, fr
HZHY) L RE AR ZE R (P>0.05) (X 2),
FEARAN KK 14 d R, BEET 7d
AT 21 d I (Fp g =10.638, P <0.05), Hfh
TR EMAHRZR (P> 0.05); HKE
HEARAK 7 dEAT 14 dEREE ST 21 d i
(Fa 5 =8.396, P<0.05), HAZSEIAkAL
HORHG AL (P>0.05) (%2).
2.2 200 nm RNFRK IR ERE BT FF RS
WS By RN R B8 R B R

RITR I HERIRFEA R A4
K. BERUANGKE RS, DL, HEE
RE (P > 0.05); A3 REE k4K

(Fy 04 = 5.099, P < 0.05) FUNHKER%

(Fy.04 = 12.375, P <0.05), ASFYm{AEAIE
Kb, LR FHEERERE (P>0.05); KIE
AL ERREN B pTE 80 o8 BAEH (P>
0.05).

14 d i, BRFFEE REOEKH S ERTH
ik EELH AN (Fs 00 =8.073, P<0.05), Hihz
IR RERNHEZER (P> 0.05); 7 difEL
21d i, IrESHELRENHEZESR (P>
0.05) (%3,

AR RN KEE RN 7 dIf 2 14 d
2 ThE, 2 21 d IFBERE (Fy 5 =27.143, P <
0.05), HAhSH & A FRE 2 A3 TR #E % 7

(P>0.05); (KRBUHKREHIIFTAE S
A FRR AL (P> 0.05) (£ 3),
23 1 000 nm BRZ ZIRTAER R B ANE R iR
W} B 4k /NI R 2% 2R B R e

e TR L BRI FE R 3 R R
(F3,04 = 6.623, P < 0.05). A%k (F3 =
3.864, P<0.05) FIE KL (F34=5810, P<
0.05), /MK RE, IO HBE R
IR ZERMW (P> 0.05); AbFERH G2
IREE (Fp0=9.189, P<0.05). fA4K (Fy =
30.709, P < 0.05) F/NGKERE (Fy o =
10.605, P < 0.05), XfEKL, DO FHE
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Table2 Effectsof fluorescent polystyrene microspheres exposure and clearance on body size and
internal organ index at 50 nm group in the tadpoles of Pelophylax nigromaculatus
¥ TR LIRS 7Rl 14 41 21 Rl
Parameters Concentrations of fluorescent 7 days grou 14 days grou; 21 days grou
polystyrene microspheres (mg/L) ¥s group s group ys group
0.000 0.5812+0.041 28 0.556 0 +0.011 3°8 0.581 7 +£0.028 8**
x 0.031 0.8652+0.016 3** 0.764 8 +0.034 8** 0.5719+0.131 5*
Body mass (BM, g) 0.312 0.6113 +0.074 7% 0.751 9 +0.067 5**® 0.621 1 +0.074 0**
3.120 0.709 3 + 0.076 9*8 0.725 7+ 0.053 1" 0.570 9 +0.042 3**
0.000 38.43 +0.35° 40.85 £ 0.20** 38.51+0.61°
(LRSS 0.031 45.62 +0.56* 43.45 + 0.79" 39.80 + 2.64"
Total body length sC A A
(TBL, mm) 0312 40.41 £ 1.07*%¢ 42.92 £ 1.42° 40.30 £ 0.76"
3.120 41.92 +0.84°° 41.93£0.19* 38.65+0.73"
0.000 15.12 + 1.06™* 13.61 +0.32*° 15.12 + 0.85*
R e K1 A 0.031 18.97 £ 0.30* 17.6 +0.67 14.08 £2.25
BM/TBL (g/m) 0312 15.05 + 1.43* 17.45 + 0.97* 1536 + 1.56*
3.120 16.87 + 1.51% 17.30 £ 1.19* 14.81 +1.30*
0.000 34323 +16.12"* 313.35£23.79°* 287.25 + 45.84
UNTRSEE S 0.031 331.20 + 35.48* 351.45+2520% 275.58 + 34.05™
Small intestine A A A
length index (%) 0312 322.36 +21.88" 368.22 +21.24* 318.47 +21.43
3.120 376.74 + 15.15** 366.25 + 25.85™ 311.09 + 18.79**
0.000 2.06 +0.24™ 3.51+0.28" 2.99 +0.67*
CVEE R 0.031 1.94 +0.41% 1.34+0.15 2.50 +0.05
Heart went mass A sC A
index (%) 0312 2.08 +0.24" 1.86 + 0.53° 2.69 +0.72"
3.120 2.37+0.54 240 +0.12° 3.03+0.70*
0.000 18.34 + 4.15* 931+ 1.36°8 16.04 + 4.82*
FHE EE R A 0.031 19.24 +3.78% 17.38 + 1.69** 2524 +2.71%
Liver wet mass A A A
index (%) 0312 22.12 £ 0.53 18.84 £ 3.73° 15.95 £5.05"
3.120 19.84 +3.71*4 21.10 +0.85* 18.25 £ 1.36™

F SRR A RR S B FAT R R AR A RN E F iR R E R B3, P<0.05, MATFHFRRERTEE, P>0.05,
In the same column or line, values with different lowercase or capital letters mean significant differences (P < 0.05), with the same letters

mean no significant differences (P > 0.05).

AL B (P>0.05); WKEMAHR
BOHAE (Fg, 24 = 4978, P < 0.05). A4k
(Fg.24 = 4.498, P<0.05) FIEKL (Fgu=
3.892, P < 0.05) #ELOAEH, *MoKE
RE, UKL TR E RIS EAER (P>
0.05)

7dm, fRE (F; =10.763, P <0.05)
IR B = T Rk A, (R KA R

WEHI TR EZR: KK (F; ) =4.888,
P <0.05) IR FEA L& & T HoA S IR EA, &
Kb (Fs = 9.424, P <0.05) FI/NzKE R
B (F3 = 6.503, P<0.05) jfH/KA. RIKE
AN IR B AR 2 v TR AL, Oy T
HARFUY LR EARNL (P>0.05) (R4, 14d
W, AR ENAREZER (P>0.05
(K421 d B, RE(F; 1 =6.491, P <0.05),
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Table3 Effectsof fluorescent polystyrene microspheres exposure and clear ance on body size and

internal organ index at 200 nm group in the tadpoles of Pelophylax nigromaculatus
¥ TR LIRS 7 % 14 41 e
Parameters Concentrations of fluorescent 7 days group 14 days group 21 days group
polystyrene microspheres (mg/L)
0.000 0.5812+0.041 2** 0.556 0+0.011 3* 0.581 7 +£0.028 8**
i 0.060 0.636 6 +0.022 2* 0.707 5+ 0.065 6** 0.597 5 +0.080 0**
Body mass (BM, g) 0.600 0.588 0+ 0.011 2* 0.713 3 +0.095 0** 0.562 2 +0.063 3**
6.000 0.543 9 +0.053 9** 0.674 5 +0.057 7** 0.5340+0.079 5
0.000 38.43 +0.35% 40.85 £ 0.20** 38.51+0.61°
(LS 0.060 42.84+0.71% 42,61 + 139" 39.05 +2.76"
Total body length
(TBL, mm) 0.600 40.33 +0.52* 42,53 +1.75* 38.08 +2.18%
6.000 42.02 £2.50* 41.26 +1.04* 38.31+1.33*
0.000 15.12 + 1.06™* 13.61 +0.32** 15.12 + 0.85*
PR 5 k4 KR 0.060 14.87 +0.59* 16.55 + 1.01** 15.16 + 0.98*
BM/TBL (g/m) 0.600 14.58 £0.10* 16.67 + 1.62** 14.66 + 0.87*
6.000 12.89 + 0.50** 16.30 = 1.02** 13.83 + 1.54*
0.000 34323 +16.12*4 313.35£23.79°* 287.25 + 45.84
UN7ENEE Y 0.060 311.23 + 18.66* 413.38 + 53.46" 269.77 + 28.82%
Small intestine A A A
length index (%) 0.600 349.22 £ 4.91° 358.30 +24.84° 277.63 +24.03°
6.000 29539+ 11.18% 348.79 + 15.9* 227.39 522
0.000 2.06 +0.24™ 3.51+0.28" 2.99 +0.67
QT ER /4 0.060 3.30 +0.80% 273 +0.50% 2,02+ 1.14%
Heart went mass A A A
index (%) 0.600 2.83 £ 0.44° 1.73 +£0.37 1.96 + 0.50°
6.000 2.73+0.15™ 240 +0.36™ 2.41+0.46™
0.000 18.34 + 4.15* 931+ 1.36°8 16.04 + 4.82*
JHE # R %L 0.060 17.41 £2.95% 17.13 £ 0.85* 21.66 + 6.48*4
Liver wet mass
index (%) 0.600 21.39 +1.99* 17.33 +1.39* 14.14 +4.32*
6.000 17.83 + 1.74** 18.09 + 1.28** 16.73 £ 4.17*4

FZVEER R AR A RS F R AT E R A RN G FREROR 2R B2, P<0.05, MRAFERRERNEE, P>0.05,

In the same column or line, values with different lowercase or capital letters mean significant differences (P < 0.05), with the same letters

mean no significant differences (P > 0.05).

4K (F3 = 5210, P < 0.05) fIEKE

(F3.11=4.972, P <0.05) jfH/KHAMKIKEH
o TR A, HMSEe LR ENA
HZR (P>0.05) (&4,

R AE, A, HKEHNG
KERH, DAL, HEE R LR
Atk (P>0.05) (R 4). FIREHMAE
(Fy 5 = 33.690, P <0.05). HEKLL (Fy g =

27.144, P < 0.05) F/NBHKERE (Fy 5 =
10.848, P<0.05) 7d Al 14 d I #0225

21 d i, R4k (Fyg=23.770, P<0.05) M
7TAIFE 14d R E TR, 221 dIEER, O
JH B RS AR A FE R BT A2k (P> 0.05)
(R4, EIRFEHMIAE (Fys=8.150, P<
0.05). k4K (Fpg=15.395, P<0.05) 14d
IR =T 7 d AT 21 d I, HAhS BT
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4 1000 nm B RE ZIHTHERE 55 AN R 5 X 8 BEOURE R I 5 PR R/ AT 28 R B KRS0

Table4 Effectsof fluorescent polystyrene microspheres exposure and clear ance on body size and

internal organ index at 1000 nm group in the tadpoles of Pelophylax nigromaculatus

5H FOCRIR LIGERIRE

: 7 KA 14 R4 21 R4
Parameters Concentrations of fluorescent 7 days grou; 14 days grou 21 days grou
polystyrene microspheres (mg/L) s group ¥s group s group
0.000 0.581 2+ 0.041 28 0.556 0£0.011 3* 0.581 7 +0.028 8**
i 0.060 0.737 6+ 0.042 1** 0.704 2 +0.053 6** 0.671 0+0.093 2**
Body mass (BM, g) 0.600 0.610 9 +0.017 9**® 0.684 5 + 0.048 0** 0.352 6 +0.009 0°
6.000 0.465 7 +0.029 1*8 0.744 7+ 0.076 5 0.509 1+ 0.039 8™
0.000 38.43 +0.35" 40.85 +0.20** 38.51 +£0.61%
(LS 0.060 42.64+131% 43.57 £ 1.67* 40.07 +2.07*
Total body length o8 A s
(TBL, mm) 0.600 39.30 +0.49 44.71 £ 1.53" 3231+ 1.52°
6.000 37.85+ 130 46.44 +1.54* 3631+ 1328
0.000 15.12 + 1.06** 13.61 +0.32* 15.12 +£0.85**
aA aA aA
A k4K 1l 0.060 17.28 £0.57 16.16 £ 1.04 16.67 £1.78
BM/TBL (g/m) 0.600 15.54 + 0.40** 15.28 + 0.66* 10.94 = 0.39"®
6.000 12.29 +0.45%8 16.00 + 1.41* 14.01 + 0.84*8
0.000 34323 +16.12** 313.35+23.79"* 287.25 + 45.84*
UNI7RSEE S8 0.060 363.25 +£25.19" 328.55 +22.22% 280.15 + 6.01%
Small intestine A A bA
length index (%) 0.600 386.24 + 8.34" 349.28 £9.71% 231.65 +40.48
6.000 290.94 + 7.248 336.43 £ 18.43* 286.57 + 28.48%
0.000 2.06 +0.24 3.51+£0.28" 2.99 +0.67**
DR HE R 0.060 2924022 1.89+0.27* 3.24 +1.44™
Heart went mass A A A
index (%) 0.600 2.79+0.13 1.62 +0.30° 2.7240.52°
6.000 3.08 £ 0.62% 271+ 1.19* 3.07 £0.52%
0.000 1834 +4.15* 931+ 136" 16.04 + 4.82%
J it FE R AL 0.060 23.35+0.82% 19.03 + 1.43* 23.84 + 8.26™
Liver wet mass A A A
index (%) 0.600 21.86 £0.57" 21.11 £5.48" 19.27 + 6.06"
6.000 15.35+ 1.96** 20.01 +1.25* 18.33 +5.54**

FZEER R AR A RS F R AT R ARG FRERR 2R B2, P<0.05, MRAFERRERTEE, P>0.05,

In the same column or line, values with different lowercase or capital letters mean significant differences (P < 0.05), with the same letters

mean no significant differences (P > 0.05).

BERHARIZER (P>0.05) (k4.
3 g

AW FOE BREMRE s 37 B R TR
[RDR A2 R B 128 6 TR AR AR i 7 d,
¥ HEBEEKE SRR T7 d 14 d, kI
50 nm~ 200 nm A1 1 000 nm R AL FE AT 43 51 52
K LE O AR B R, MK R BRI

JHEE R, DLREKUANGKE R, H
REESH G RARAIR ) U R 2K R
31 FRIGRE ZMBTABRAR B ANIE BR s} B
PRI
TR IR AAE KA, DA 36 BRI A B
AR RS, NG, SR AT O R
PRI B R ANE BR RN B K B BBl —
(Tussellino et al. 2015, Huetal. 2016, Aratjo
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etal. 2020b, ¢). SEIERFAM T, HKL
AR T 71 S B 0 8 e bbbl e IR A5 ) R AR 2
—, M 37 HIZE 42 ~ 43 WAk, H 44 1]
JaRENEIN GRERSE 20200, KRIEEKRL
75 PR ER A TR S B0 RE EE 37 MRSl 7 d i K
TR 7 d AT 14 d B, 200 nm AR EE2H I &
KIS L 25 A () 22 5, ANl A 3R £
MA24k: 50 nm iE/K4 14 d i B Z KT HAh ik
FEZH, 7 d AT 21 d B AR UL 35 A 2 1) 22 5
1000 nm b3 5, HIREEH 7d PRI 14 d BT &
FErT 21 A, 7 d I EIR A AL KT HoAh
WREEAL, 17 21 d I /K 2RI FE LA 2 2 v
TR, (H 14 d B B3R EH AR TG (7] 2 ¢
XEEE YL, 50 nm G/ INRLAR X i i)
KEA—EREHER, (E A BRI 5] 2K 1
s 1000 nm B4R AR LIR IR T A
SXoF WS P Rt S T AR, AN v AR L
WHRIRE S T ELBE IS KIS BRI (A [F] AR
SR, 5 SRS (1) B A B 2% i A2 K i, AT R
2 GO E K LA BTN, (HAEARE A
REI FRRE, EATRESBARIIFRICERR L
IR TER KRR EE (s fEA 6.000 mg/L) A 5%,
¥ 36 BIAEM TG IR L B 5. TRi/28 3 um, WK
&3 5124 0.125 mg/L. 1.25 mg/L 1 12.5 mg/L
IR LI, BB R E A 46 BN IE,
ROV R B . KAk RE 1A%
RBR IR NI (De Felice et al. 2018).
32 RMTIR ZIHTHIRIR R FIIE BR X sk
BREBBIRMH

HHT, CFEZ MRS B S A AR
WA AR H 2 B R R gy, B RIR L0
RO, RN 1 pm £ 10 pm A%, WKEF
AF g4 K (Hu et al. 2018, Kolenda et al. 2020).
AHIE TR 6 SRR LRk s i v Ak
WA, RN WREEFEAL, &I 1000 nm
R SRR LRk R gm/NAKE, 200 nm
KR AMESZ /NG, W22 E, 50 nm
o 4% R 2 S O A VR R

HEPEMREIETE 25 CAAF T M 37 HHiR il &

BREASTEMM, A5 (570 £ 7.00 d (k&
RS 2021), M 37 I 1R R IR LM ek 2
FAERRACEE, LR 21d, MU TREZEG
pling e AN 7 R Y=g e e N A B ey
(McDiarmid etal. 1999); WFFE kI, feigiE
% (Pseudepidalea raddei) FHELZE M 28 & 46
MRS K G SRR, MK EEFNE EISTE 38
IR feisn GERTHESE 2018). AWFFTKIL, B
BEMUAEEER 22 1 000 nm RS TR A 245
TUERAEI S, 7 d /NS BE R B iR B 2 B 2%
T HABAREEH, HAREEH 7 d B AT 14 d B
#HEEET 21 dBf; 200 nm SR EAK NG
KERHN 7d £ 14d BETHE, £ 21 d B
F, {H 50 nm FiAR 264N, NEKERBARZ
WRPE R FE R B . Xt By, REH
R CIBERRAR KN s MK R R 5L H
ZROMFEEFEA IR A DG, VKA TH
% 1 000 nm F1 200 nm AR FEAL. ik A ¢
IR A IR AR BT g AR K I 8OR
Lt 2 Ak B R BI04 At RS 2 ik — 0 1
FBETRAAEN 1 pm A 10 pm 5% ICRKIK L0
TR 1 h, #m TUE R & . B A
Jig 18+ EB I B AT DL e G R (Hu etal.
20160, K5 36 HAAE DN TCME BFH s 22 55 T-Ride
3 um (AR B SRR LR ks i, 5E
RE E 46 HARRHEL A 1E, I I8 rTER A FIRL R
R K, B B3 I 1S £ (De Felice
etal. 2018); XfJE4E/RIUMERIRE TR, ¥ 37
Wi R 7T 60 mg/L (IR LG RIKIR 7 d
Jea, HE. HipiE. . RS 4LSURN R
SRR E AR LIHBRA (Aratjo
etal. 2020b),
AP B E AT R Y GRELS
2017) 3k (ZFEE 20200 SRR,
(R RHSL OO TEAS RO T RE I TR0 2 i)
RN EENC RS T, HEMTIhRE. AR
KI, % 50 nm. 200 nm 1 1 000 nm %5
KONGRS, FADEMFE LS 1000 nm
Mooy, HHEEREITLH B, 50 nm 4A1
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200 nm HHAE 14 d B RZEZN, 50
HRHOH KA R E & T IHAIKREH, g E
REHNEE TR, FEORERECR WAL,
HIFRE RBUE KA R E T HAIKREH, X
SeZE RULH, RIETRIK LR ER I EEXT O Th RE
PIFEI SRR K/NRR BETE G, (H HIERR AR
SRR /N, 50 nm R/ NRLAR A BT 58
RROIFWIRBANMM, WEFEGPEHER. it
Ab, 50 nm A1 200 nm KiARZELE T, BBEFEEE
RHEL 14 d B EE R BRI AR S AR AL
H, IHTE 21 d B ZE MR, BHPOLERR L
I TOERRLAR /N T RIS s ma FFDh e, (HIXFhe
e EL A B e, T Ak 3 R R A K R
WHICRE, R I i ] U8 J 4 RV A T4
HIAZ IR L ARFURI TR (Aratjo et al. 2020¢)

AW 7 MEEARFIZ B AKCTR T T e R A
IR T S B AN 498 ek i BREIR 25 PR 50
KT RMRK LIRMERS S A3 B R
RN L He A A . BB AE BRI, AR —
20N RN

Z ¥ X W
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