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TR FEPFOSTS Bt 1 S0 Rl Uk S AR
e IR, AR AT BTz A0 A B
AR ) BB %)) 7 (Spinibarbus sinensis) X %, ZE T
ANTE]H EPFOS 2 2 X 1% P Fh i 11 4R34 22 (Resting
metabolic rate, RMR). 1 &K Vi ¥k # £ (Burst swim-
ming speed, Uy,) WA SIZE B 7738 f5 AR 2 R E 1)
SR, N TEAEPFOS B A 75 4 A FLE 72 1) AR 28 X
At =%,

1 MR5ERE

1.1 W5

i A A5 i 62 (Spinibarbus sinensis) %)) T &
IRTT MM T, o050 = A FYIFRE N2 . 5K
B FH 7K A 78 43 B U S 22 v 1 i i DR 1 ok
K, K (18.0£0.5)°C, ¥4 >8 mg/L, YL JH i
15 L:9 D, 177 % £ p<0.5 g/L, @R E<0.02 mg/L;
H BRI UK IR 20 L, $5 Smin &5, W25k H . 78
YIFREE ARG, GEHOR /NI i BEE U ( mh A48)
i ) 1 [(2.88+0.07) g, (5.68+0.04) cm, n=60]JT Ji& S
5

PFOS(2lif%>99%)1E H Tokyo Kasei Kogyo Co.
Ltd(Tokyo, Japan), 2165 5 1 H Sigma-Aldrich
(St. Louis, MO, USA). H#PFOSLL— F 5 LK (Di-
methyl sulfoxide, DMSO) 4 B 57, fic & %0.5 g/mL
[FIPFOSBERR, 4 CREYGIRTE, F5H -
1.2 SEKIEIT

KA EES R, BRAN NI PG
(42 cm %22 cm x42 cm, K x5 <&, LhRAKEN
22 L) T RIS HT A 9B SRR g rp
i th B PFOSIR B (i T 36,57 mg/L) ™, A 52
LW SANPFOSH BEBA B ZH, 43 5l o HRZH.(0)
0.32. 0.8. 2f15 mg/L PFOS% &4, % 41DMSO
FEAEEIE0.001% (v/v), ZREEB K 4R . BNERE
Tofs JEE Ak 3 B ATL TSN A58 7 1) (5 ) 6 &)y £
12)8(n=12). B &R, &5 55 A Nk E
PFOSHI /K 50%, Ffr 58 46 B 8T /K A4 250 75 e 7K T
e, B KR PFOSIK FE 5 5256 15 B K B AR FF —
o BRAKREHPFOSTT S Mo, AR THFRRIL K
KR AE S YA TR AR R o 5 G KA 483 ki
TG HENTS KA B R 5

TE 2 85 45 R, A UK S 56 0 i & 1 AR 15T 2R
(RMR), % R I IK I FE (Upyrs) BA K 13832 51 J HIAR
ﬁi‘@?ﬁﬁﬁ(Excess post-exercise oxygen consump-
tion, EPOC)&F HEAT M 5E, & E S HMFEA =N
n=12,

1.3 BHNE

RMR R K 2 AR 0 5 O] &
RMR™ . 10 5 6 S0 £ 25 £ 24h, 2 J5 4 B0 R S¢
6 £ F8 NIFI 2 (100 mL)FEF HAE N 24h, 1EiE N
SEWE, 13T TR BE(10:00, 14:00F118:00)f#
FH ¥ %A (HQ30, Hach Company, Loveland, CO,
USA; Il &5 FE50.01 mg O,/ LRSI I 5 A #1455
TSP B AR AR CREAS I T8) BN 2 3K, $5e Je K ~F- 32
AT IF5 . RMR LA S [ Py Sk 56 11 8 4
AERR, AR W F:

RMR = AO; x v/m

o, AO,(mg/L) Ay 56 8 B 75 WPl = F0 25 1
I = (G £ %) H 7K AR I KPR 2248 v(L/h) A
IR = ) KRR JEE 5 m(keg) S 96 f HAR E . It
KR A(18.0£0.5)°C o Jy 1 3t G /K A v 8L PR AIG 1T R
g1 R A B R, FEREAS SR FE R, PRI
W E K AME T 7K AR AN 285 %

1R& T ikEEN SR FH #8280 Tk AR A
Upurste 1% B &EBI3.5 L, BAHI119.9 em®, JL45H)
5 AR BV LIS, Wk T L, A
(R 7K UL 4 B2 EH o 55 R 4 i) o 00 I, O B R S
6 A NI VK T RO B Th DA @ B KR B, &
REZKFN6 em/s(Z) A — K /s), MK KR N
(18.0£0.5)°C o TEIE M. 45 W, Kl A3 H B 7K Lk
FELL0.167 erny/s” () N 3 FE S8, B % 5256 0 )
IKIEF) I uIRAS, SLEG 0 77 3 I () 7K e 5 R R
PRI pICH o 7 SBIR A VP b v A S 56 1
TG 73 R e UK A5 BE AR U UK R I AR 208 BA B o
W Ul s CA S G #1 AAKAC SA FH R 38 2 U7 KO B (e
lative Upyrsts PUpurst) ©

B NEEREHRESHE K hE)E
(1) S5 #81 S7 B BN 7K 2 IR A 5 A% I M
IR 2 A I SR A8 A, 5t SR N i) 2 51y S
5 AR ZERT(O) A RN GRS 24 3.
4. 5. 6. 7+ 8. 9. 10. 12, 14, 16, 18. 20,
22, 24, 26+ 28F130min. KT IR = A SRR
ANALAHHE, tHHEAAH U280 (Digsh s A
UEEAFL, R SIS 8 7E 12 B 77 i Jim ik 20 m 0l 21 1)
B KA % (Maximum metabolic rate, MMR)[mg
0,/(kg-h)]; (2)fC i 1 B (MMR-RMR)[mg
O/(kg-h)], BRI Jy 353z sh i 5 AU 2 1 A2 A & Y AR
WG Fl (Metabolic scope, MS); (3 AR b % 2
(MMR/RMR), Bl 773818 5 /i J5 A8 R AR AL 1 5 R
(Factorial metabolic scope, F-MS); (4) /13512 3 J5 it
HHEAE(EPOC)(mg Oy/kg), RIVSEH: fa1E /1 35ia 5l 5
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PSR Hh %A IR TR] S T RMR R Z2 {8 22 I ) |
ARy
14 HiELE

N H # 44-SPSS for Windows 16.0 (SPSS Inc.,
USA)X BHE BT Ge it M. 8 S0 S Bods 2k 47
TEZASPEATT ZE 50 YA g, SR 5 R FH B IR R 7 22 0 i
(ANOVA)FTukey’s HSDVER I 2 S B & M. &
YHHR Y DL AR AE R RN, B3 MK TR
P<0.05.

2 4R

2.1 PFOSXfRMRAIFM

T 7R VR JEE ) S IG5 RMR (1) 52 2 3 (F=5.04,
P=0.002), =B AL S ERMR & 2 T+ Ry (3 1)
2.2 PFOSXIR % fFikEE SRR M

T TR IR 5K S8 81 ) Uy A1 U I R TR S 25
(Upurs, F=4.92, P=0.002; rUp s, F=3.59, P=0.011),
VA AL TR R B U, A Ul 22 5 35 BRAR (B 1); BR
M, £ A EPFOSZ #2 T Upurs M r Upurs /A T BE
(& 1), 0.8410.32 mg/LPFOS & #& 41 M tb,
PUpurs i % FH 1 (P=0.013), 5710.8 mg/LPFOS % & 41
AHEE, rUwe 2 T FE(P=0.002).,
2.3 PFOSXTIEENIEE KSR E FHER 20

AN [F] R FE PFOS Ah B 1) S 56 £ 738 3 1798 ) (1)
AR S HFAE LB 2, B A B 20 () AT 2 A
AR, BE B D T BRI BIE 3 ET
KF¥. PFOSKI L4 M IMMR. MS. F-MS.
EPOCH L . 34 52 (P>0.05)(K 1).

3 iR
3.1 PFOSXTIR & iFikEE SRR

Wi vk BE S N RAE f SIE IR SOE A B ) B 2
FEbR, I FH R TN £ 24 1 A 25 2R B0 A A 2 b
ARG RIS, AR T, EREE(S mg/L)
PFOS%: % 5 B0 A2 31 ) B8 %)) £ 1) Uy o FI 7 Up et 7

AR BT 17.4%5110.8%, $27~PFOST5 42k vl EXT
A — B EE . FRERIFRERE
B A A IR A A R SRR B i U T,
WA 7T 3R B, PFOS AT S Hh A {31 il i 4 £ 1) 1fs 73
kg TR R PR R B ik B 01 1 e A E
B AU, 45 B ASHIE 90 92 56 25 ] DA Y, Z 4 Fh
1) 22 Fob i vk T BE 20 5 K AR PFOSTS YL e A B8RS, 7T
YE NPFOSTS Y B A B En . Moh, A RE
12, TERAKTFIEPFOSE TR Uyt rUpusINE R
B I A (1), R 7R 10 AR 7] & RN
PFOSST 7 Up s IR M B 2R B H — 5 R <A B 77
RN, BIBEE PFOSIKR BE T 1R, rU o I JE R J5
TH R . PFOS T B4 F I JE B 70 &
JSE EL 51 A 9T ok ok i, BRF R KR
B, T ER (Diethylstilboestrol )%} /N B Bl 41 i & &
{14 52 i 52 LER 771 2 348 G o 77 R 0 1) ) fB U B 7
BN % 257 BE T 1 (Danio rerio) T IV 5/
KB EPFOS e ik B 10 7 iy, I 26 T B 5 7+
TS, 0.1 mg/L PFOS%: & 5805t & i {11
AR K 2 T B, 1171 mg/L PFOS%: & 5 5 IR ZH A0
W C 2 v 2= R, PFOSHR B i 7 - 280w o 4 F
ML A5 28, WelshonsZe™ Y FH i 85 52 A B2 100" iR
FEIX P 23 B R FHAURE, I\ i 6 HAG R 5% N 73 b
T A (0375 B e SRR BT 5 AR X L 1) i
B SRR A IRONE, AR A B B2 Rk BRI LU
18 A T Re 5 HoAth 52 440k AR I B B 51 R HoAth 7 T
(A2 BN
3.2 PFOSXRMRAIZENE SR E BI52 00
RMRA KL 10 3 22 IR A T AR %,
E— R bR M T HLARE 17 2 A A BE 1) e 1) 4
FFAE S TH FERN B AR FOR I, 78 f 28 AR H AR S 40T
TR Bz Ky . TEARREFLH, PFOSKT FH 4243
A 2] £ R RMR 2 5 2, =K (5 mg/L)PFOS &
FFHRMREZETHE 125.7%, $E5 81815 43ty
TR A FEAREZNREN T, il

1 PFOSXIhEEEIRISE 4 & RMRANJBIE H /5 R ik & HIFZ00

Tab. 1 The effects of PFOS on RMR and metabolic recovery after exhaustive swimming in juvenile Spinibarbus sinensis
F b ndex PFOSIK & PFOS concentration (mg/L) - »
0 0.32 0.8 2 5

RMR [mg O, /(kg-h)]  107.9+8.77"  104.2+431°  132.5£7.26"  132.3£5.06™  135.6+7.29° 5.04 0.002
MMR [mg Oy/(kg-h)]  590.4+34.6  569.6+29.4  640.5£50.0  603.6+282  599.2+27.2 0.55 0.702
MS [mg O,/(kg-h)] 482.5+£32.3 465.4+29.4 508.1+54.1 471.3+£30.6 463.6+29.7 0.25 0.908
F-MS 5.76+0.50 5.55+0.31 5.09+0.56 4.68+0.34 4.57+0.32 1.53 0.205
EPOC (mg O,/kg) 129.8+10.8 113.9+12.2 119.7+15.9 102.0+£10.8 98.9+11.0 1.07 0.378

E: F— AT BUE M o3 F AR BN B3 1 2 R(P<0.05)

Note: Values in each row without a common superscript letter denote significant difference among groups (P<0.05)
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WAEE UL R R A AR RMRA & T RS 2
L PFOS % & BUE MR FEAR I DI RE R ELA G, WAL
I, PFOSZ &% n] LA [P il (Sebastes schle-

F2{%40.2% FFHF IR A Rl (Citrate synthase) i 14 &
FHETH19.9%, FEszm A R 2R A L R
2k, (EARTE MR, A RMRZPFOS##
M52 2 25, PFOSX SE3 #1 IMMR . MS. FMS,
EPOCHI T B & 50 . MMRAIFE & &AL 7R
JKARPFOS 5 G 3 B2 pi 48 S50 B & AR 7K P 1

B
12.5

12.0 + b
ab
115 I:b
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11.0 I:b
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105 + I:D

c
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The effects of PFOS on the Uy, (A) and rUy (B) in juvenile Spinibarbus sinensis

TeILIR] b7 BERR BUE (80 5 1 22 57 (P<0.05)

Values without a common superscript letter denote significant difference among groups (P<0.05)
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Fig.2 Metabolic recovery after exhaustive swimming in juvenile Spinibarbus sinensis upon exposure to different PFOS concentrations
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EFFECTS OF PFOS ON BURST SWIMMING PERFORMANCE AND
METABOLIC RECOVERY IN JUVENILE SPINIBARBUS SINENSIS

XIA Ji-Gang, L1 Xiu-Ming and FU Shi-Jian

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, Chongqing Normal
University, Chongqing 401331, China)

Abstract: To assess the effects of PFOS pollution on burst swimming performance and metabolic recovery of fish, ju-
venile Spinibarbus sinensis were exposed to different PFOS concentrations (0, 0.32, 0.8, 2 and 5 mg/L) for 28d. There
after, the burst swimming speed (U, relative Uy (FUpyrst), Testing metabolic rate (RMR) and metabolic recovery
after exhaustive swimming of the fish were measured. The results showed that PFOS had a profound effect on the Uy,
and Uy, of fish (P<0.05). The Uy and #Uy, were reduced by 17.4% and 10.8%, respectively, upon exposure to
5 mg/L PFOS. A possible non-monotonic dose response was found in rU,,, to PFOS. Moreover, PFOS significantly
increased RMR (P<0.05), but did not have a marked effect on maximum metabolic rate (MMR), metabolic scope (MS),
factorial metabolic scope (F-MS) and excess post-exercise oxygen consumption (EPOC) (P>0.05). The results indica-
ted that PFOS had more dramatical effect on RMR than MMR of the experimental fish. Presumably, PFOS negatively
impact survival-related activities such as capturing prey, avoiding predators, hunting for suitable habitats without signi-
ficant ecotoxicological effects on metabolic recovery associated with anaerobic metabolism.

Key words: PFOS; Burst swimming; Resting metabolic rate; Metabolic recovery; Spinibarbus sinensis



