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Ecotoxicological effects of exposure to PFOS on embryo and larva of zabrafish

Danio rerio
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Abstract; Perfluorinated compounds ( PFCs) are a family of fluorine-containing chemicals with unique properties to make
materials stain, oil, and water resistant, and are widely used in diverse applications. As one of the most used anthropogenic
PFCs, perfluorooctane sulfonate (PFOS) has been received much attention in recent years. It is a new kind of persistent
organic pollutants (POPs) , which have been found to be accumulated and biomagnified ubiquitously through food chain all
over the world. PFOS poses serious risks to the health of many aquatic organisms and the safety of aquatic ecosystem. The
potential toxicity of PFOS is of increasingly ecological concern. In the present study, the ecotoxicological effects of PFOS

exposure on embryo and larva of zabrafish Danio rerio were examined to evaluate the possible hazard of this pollutant to
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development and behavior of fish and to pursue a potential biomarker of PFOS contamination. Embryos of zebrafish were
exposed to 0, 0.1, 1 and 10 mg/L PFOS in 4 hour-post-fertilization ( hpf). Mortality, deformation rate, heart rate,
locomotor performance and growth of zebrafish larvae, and hatching rate of zebrafish embryos were investigated. Proportion
of motile individual, motion distance, pause frequency, average distance of each movement and maximum distance of
continuous locomotion were used to quantify the locomotor performance of zebrafish larvae. PFOS exposure showed
remarkable effects on hatching rate, mortality and deformation rate of zebrafish ( P < 0.05). Hatching delayed and
cumulative hatching rate decreased significantly after the embryos were exposed to 10 mg/L PFOS (P < 0.05). The
cumulative mortality and deformation rate of zebrafish larvae at 6 day-post-fertilization ( dpf) upon exposure to 10 mg/L
PFOS increased significantly (P < 0.05). Heart rate of zebrafish larvae at 4 dpf and 8 dpf was significantly affected by
PFOS exposure (P < 0.05) and increased with enhanced PFOS concentration. PFOS exposure imposed marked influence
on locomotor performance of zebrafish larvae at 6 dpf and 9 dpf (P < 0.05). Maximum distance of continuous locomotion
and proportion of motile zebrafish larvae at 6 dpf increased significantly after exposed to 10 mg/L PFOS (P < 0.05). PFOS
affected the locomotor performance of zebrafish larvae at 9 dpf in a dose-dependent way. Motion distance, pause frequency,
and average distance of each movement decreased with the increase of PFOS concentration, whereas maximum distance of
continuous locomotion increased with enhanced concentration of PFOS. Additionally, significant decrease or a decreasing
trend in growth (body length) and mouth width at 6 dpf and 9 dpf was observed in PFOS exposure groups. Mouth width .
body length ratio and mouth width; head length ratio of zebrafish larvae were dramatically affected by PFOS exposure (P <
0.05). The overall results indicated that PFOS imposed clearly developmental and behavioral toxicity on zebrafish embryos
and larva. The heart rate, locomotor performance, mouth width: body length ratio and mouth width: head length ratio of

zebrafish larvae might be used as an integrative biomarker or indicator of aquatic environmental PFOS contamination.
Key Words; PFOS;zebrafish ;larva ;locomotor performance ; growth
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1.1 SE5shY)
PERASE SO TA s P KRN S iy, TERERATINFREN 1 DH,mWRETESR
Westerfield ' 137 S S2H6 2 F A0 - 52560 FH /K Ry 3 40 A0 0 S8 0 28 2o 196 1k ek 9 9 1 Rk, 7K IR (24 +
1)°C ,pH {H(7.620.6) , &t H >4 mg/L, MRl 220—250 mg/L, YeREJH 14 L:10 D, fHAFHEHE p < 1 /L,
T H AR 2 YRUK VR 21 (b s S PR 3% (T A w) ), 4800 15 min J5, WS BR A, 78 SC U0 HT— M, o A £
(0.41+0.003) g HE1(0.49+0.004 ) g #MERELL 1:1 FCXT, 7% K HOBRRIT A 2h J5 85 ok fa, WER SZ A5 B, 1
VEBR RBRARY) , OF 288 TR EE 1Y PFOS I
1.2 k5

5 BEERR ( Perfluorooctane sulfonate, PFOS = 98% ) Il H ( Sigma-Aldrich, Germany) , SZ5653L% 4 4>
PFOS M ERSE X /E(0) ,0.1 mg/L,1 mg/L,10 mg/L, ¥ PFOS LI H HEFH ( Dimethyl sulfoxide, DMSO) 2y
i), B R 0.5 o/mL 1Y PFOS B ,4 C ROGIRAE , 17 .

1.3 ZiRIAE

PRBE KB IEH  K/NHIT 3285 U9 T 5256 K32 K5 B0 2285 5 4h N (CBENRI) 28 T ARV EE Y PFOS
YT, IR R EELE 24 FLANMEE AT AT  BEALICA 3 BUZAE IR, FF LA 3 mL AH LR B /) PFOS 25
W, B 120 BT C 1] 4 AH RV B ) PROS ZR #8110 W, X BRZH DMSO {ARFRIR BE R 0.002% , Y3 a7k IR AR 4
TE(24+1)C RS EW 14 L 210 D,

DI BFLANTE N 1 /I\ﬁéﬂ‘(n = 48) ,ﬁj\%Uﬂ:f‘ZﬁEE@% 72 /J\HTJ’(72 hpf, hour post-fertilization) .84 /J\HTJ’(84
hpf) .96 /INEF (96 hpf) (108 /INEF( 108 hpf) (120 /INEF (120 hpf) (144 /INEF (144 hpf) Gei TR i A R
FEFEE RS OB BRI ) AT R TR 5 4 K (4 dpf, day post-fertilization) 55 8 X
(8 dpf) BFBE £ 0.02% MS-222 ( tricaine methanesulfonate ) H1 R, #3555 T W10 S BE 5 £ A1 £ .0
FTRKEIERH 6 K (6 dpf, day-posi-fertilization) |25 9 K (9 dpf) >R FH 4% [T 2 OB AR &R 48 (Carl Zeiss
AxioVision ) XJ BE b a1 £ E AT 4A I8, I F RS AL B F AxioVision Rel. 4.6.3 AR K SkK Sk 58 W98
FIWRFSH.

B e A1 f 47 A I 5 7 L 52 B, 35 97 ML 42 [P
9 em, PUBAT 7K BAH N VR BE () PROS 22 58 W 30 mL,
TR TR WO 5 2 R W ) vk B — 30, KL (242 1) °C . E
BRI T A — 2 5A 6 T8 KIEF BN K 4R
(B 1), BB KL 4.74 mm, K50 H 5D 0
FEfa % P A I Y B A SR I 3535 % 5 min, 2
J& 4B HL(SONY DCR-SR200E, JAPAN) A 4%ic st 5t |
SR ST, B LEAA4E 5 min, sRARGORBE S 7E
HUIG b 3T 00T REEASAT RAE PR R AR . ARG

e N N B

LA 5 min Wiz sh A7t A7 f )iz sh R 2 (i i =
B AR e K FRskis s B R GE shiE T
BRI Az SR, il T RRERESS 6 K 5 9 K H1 FHNREEREE

TFRAT L GRS A a{UH T —IKCK$#:  Figl Diagram of the grid pattern laid on the underside of a
’ﬁf %77)@2 /I ]\ 7’\7 1‘;: % % ,T%{g‘zjiq FH 42:: }\ﬁl %ziafkl_ ﬁ}’*ﬁ standard petri dish used as the behavioral testing arena
14 Hdlasbpe

R HIAT SPSS for Windows 16.0(SPSS Inc., USA) X EURHATLE 4047, B Sexd SCom i #A7 IE A LA
J7 255 VERG S SR FHEA R 22 5 225301 (ANOVA ) FllfR /N 35 2280 (LSD) K 22 7= W 3V 5 B A FT 65 IER
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IATE T ZEANTE  WR A Kruskal-Wallis #6595 22 5 5 38 M, X245 50 % < 32 Zh 5 5 (A7t L) dE 47 5811 0 #r
S HBAE P AR R RN | BE KRN o = 0.05,
2 4#R
2.1 AL

PFOS % #5 4T 5E 5 f0 108 hpf BRI 00 1 2 (X2 = 20.1;P = 0.017),10 mg/L PFOS %58 5 35
i 108 hpf IEARBHLR I FRE(P = 0.002) (1 2) ; PFOS B X1 BE 5 f iR fify 120 hpf (1457 00 = 52 0 fnk 35
(X*= 20.8;P = 0.013) ,10 mg/L PFOS % 7% FHHE 11 120 hpf MRIGIHLR B E FFE(P = 0.04) (K2), 120
hpf ZJ5 , &AL BRZH A PR R BE St AT fa i Zh i Y . 10 mg/L PFOS 88 2H 120 hpf FBEALAR4L 108 hpf 11
EAL 2 B2 T (P = 0.03) , AR5 4H 120 hpf BYRFA02 5 108 hpf YA 240 L T 31 25 5 (P>0.05)
KW 10 mg/L PFOS % 78 BUH 3 o R i 7 AL 2838 |
2.2 fPfumpEE ST

PFOS & 6 dpf XFBEDS (i A7 sET R 5 WL RIS UL 3, PROS 2 #% 5t B {1 (58 T~ 3 5
HBF(X*= 93.6,P<0.001) ,10 mg/L PFOS 252 FEBE & 7 A0 T- % 3% THm (P<0.001) , HAe &40 5 % I
AR LT 0 2 25 5 (P>0.05) . PFOS % 58 X BE 1 £0 41 £ B B 2652 i . 3 (X* = 97.6,P<0.001) , 10 mg/L
PFOS 255 20t &t A1 IR 3 25 TH (P<0.001) , HoR 25 4 S50 BREHAH e JE B 35 1 22 5 (P>0.05)

0108 hpf (32K J5 45108/ if)

51 B 120 hpf (32K )56 120/ i)
o 75 N *
60 * £ DFETI3
© 5 N
S B O WHER
g = 60t
E EEMST
< ‘E L
T 30 o)
3 1 30
< 23
= 2
st = 15F
=
=]
0 1 L 1 J p= 0 & 1 ’_T_&q 1 r_L&‘! 1 J
0 0.1 1 10 0 0.1 1 10
PFOS# & /(mg/L) PFOS.%{E
Exposure concentration of PFOS Exposure concentration of PFOS/(mg/L)

El 3 PFOS #% 6 dpf XB D& T RSHH RN
Fig.3 Mortality and deformation rate of zebrafish larvae at 6 dpf

B2 PFOS ZEMBD &ML EHZIT

Fig.2 Hatching rate of zebrafish embryos at 108 hpf and 120 hpf
upon exposure to different concentrations of PFOS

w . SR A B2 R (P < 0.05) . BUE LS+ bR
RFER(n = 48)

upon exposure to different concentrations of PFOS
s SRR AT S5 (P < 0.05) 5 BUELAF- 3 b7
WEIRF R (n=48) ; hpf: ZHE e /N B

2.3 LR

PFOS 575 %} BE I fo {1 .00 R S0 UL IET 4, PROS %255 4 dpf X BE L)t 140 0 R R B 35 (F = 27.1,
P<0.001) , % i T BORE L £ A7 L0 R IG T, PROS 2258 8 dpf X BE L) £ {7 f0 5GP R B 35 (X7 = 22.8, P<
0.001) ,PFOS %% 8 dpf )i, 10 mg/L PFOS %55 415 5 A7 AL T LIT 100% ,—5E WL F N, B 5 T
0 AR PFOS B3 (9 TH i T4
2.4 frtmshishy
2.4.1 PFOS 2§z 6 dpf I AT iz SR BLAY R 0

PFOS B 5&X}12 o BE It 1 b B2 & 3 (X = 9.05;P = 0.029),10 mg/L PFOS 75 780z shirfa b
BB 2E R (P = 0.026) (1 5) . PFOS 588 6 dpf %of B T o {66 () 15 K482 S B8 M (3 (F=3.40,;, P =
0.025) ,10 mg/L PFOS %55 T B o £ A S I 8] A ) fie KCFr 12 SRS 5 9 (P = 0. 028) (1&15B) .
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100 1 1 1 J 180 I
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B4 PFOS #E 4 dpf 7 8 dpf XI55 fa {F &0 RN
Fig.4 Heart rate of zebrafish larvae at 4 dpf and 8 dpf upon exposure to different concentrations of PFOS
IARFHEERFFOR AU A 2R (P < 0.05) ; KO PHIMLAR R IR ; 4dpf [ 0 1 0.1 me/L PFOS 5841 n = 20,1 mg/L il 10
mg/L PFOS 2§24 n = 10;10dpf [; n = 20; dpf: Z4%)5 KA

- b = 3 ~
100 ab He~ 75 b
o © ﬁ E g
®Z, 8 F REE 60
9% = a -~ 3 2
EE g a s o
N = 60 2 451 a
& 2 g 225
B2E 40 H2sg 30t a
® 28 KT
e N 20 #EE 151
=} s Q
=E:2
1 1 1 ] » 0 1 1 1 ]
0 0 0.1 1 10 = g 0 0.1 1 10
PFOS# & /(mg/L) PFOS{#k fE /(mg/L)
Exposure concentration of PFOS Exposure concentration of PFOS

5 PFOS % 6dpf XTiZzNHED & {7 & b ) Fnfx K 48 IS 30 BE B ) R4 00
Fig.5 Proportion of motile individual and Maximum distance of continuous locomotion in zebrafish larvae at 6 dpf upon exposure to
different concentrations of PFOS
FAR RN RN A A BEEZER (P < 0.05) ; BUELSFHEPRHERFER; 0.0.1 mg/L. 1 mg/L .10 mg/L PFOS 275 41 MR A AR K
Hn=19n=2l.n=17.n =21

2.4.2 PFOS Z&#2 9 dpf X} BEL) faff- iz s LAY 52

PFOS 2% 9 dpf J5,10 mg/L PFOS ZbBRZALE Hh faf 130T %185 100%, PFOS 25 9 dpf XfBE fafffa
BT R ILE 6, PROS 288 9 dpf Xf Bk 41 fhiz ghiiE B2 B 2% (F = 33.3,P<0.001) , B 5 fafy
iz F I B Bl PROS S B T i /b (F = 31.7,P<0.001) . PFOS 258 9 dpf i B S £ 41 £ 45 15 451 R Ay
M (F = 33.3,P<0.001) , {51555 R bl PFOS B Z8 T =1 N %, PFOS 255 9 dpf X BT ff 1105714
FRIE SIFEBS Y 35 (X = 8.55,P = 0.014) ,1 mg/L PFOS R5% S HUH A1 11 Y 45 YIS S IR 55 i 3
WA (P = 0.001), PFOS 2 9 dpf X BE 5 AT o KRFEHE shFE B 52 B & (X = 6.78,P = 0.034) , fix
KFpsiiz shifi Bkl PFOS Z 8 ¥R B T niddim (& 6) .
2.5 frfagEk

PFOS B &%) BE ot A1t A K A2 WLZE 1, PFOS 282 6 dpf XF B & /7 fafk K (F = 18.8,P<0.001) .
K (F = 9.02,P<0.001) WI5i/IKK (F = 4.61,P = 0.006) W55/ kK (F = 7.79,P<0.001) 25400 %, %f
L8 W)Y TC R E R (P>0.05) (2 1), PFOS 282 9 dpf J5,10 mg/L PFOS ¥ & AL PRLBE 5 fa f 1 FET R
iK% 100% , PFOS %68 9 dpf A EBE D AF AR ST RER B, SR A A 2 & 3 KF (P>0.05) ;
PFOS &% 9 dpf X k% (X*= 9.81,P = 0.007) W% (F = 13.5,P<0.001) W%/ K (F = 10.6,P<0.001) .
W) Fe/ kA (F = 4.86,P = 0.012) FFX5m 2 (£ 1) . Hrb BE S AR W) 58/ KK W58/ KBl PFOS 2
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; :,3 200 a E 350 a
£ L T
EE o0l T b = 300 b
w S ER
=z T = E 250 T
g%’ 120 + HE 20
=
RE oL ZE2 1501
w2 ¢ T = c
=3 T £ 100 T
=25 4 S b
e g
O 1 1 ] oy 0 1 1 ]
0 0.1 1 0 0.1 1
0.58 5
ﬁ—s O r § g E 6 r c
£32 a . REE st [
Sz ™ — EsS 4|
gtz b 225 b
= =R 0.54 T R f) z 3r a
JI] S| E lEJ( % 2 L T
X & T35 2
SPE 052 i E £
g2 REZ 17
o < g 0.50 . . ) o éé - 0 . . )
0 0.1 1 0 0.1 1
PFOS# i /(mg/L) PFOSY i/ (mg/L)
Exposure concentration of PFOS Exposure concentration of PFOS

E 6 PFOS #5E 9dpf X} 5 &FEEINT AN
Fig.6 Locomotor behavior of zebrafish larvae at 9 dpf upon exposure to different concentrations of PFOS
BIFTASEIBEIER/S min FKEYS min, FEFUGS IR, BoRIFLBEER,; FARFRARMRRANA BFEER (P <
0.05) ; Bl LI E AR TR 0.0.1.1 mg/L PFOS B FZ4LIMRAEAR KA n=16 .n=20.n=14

FE LR T RS R RS TR R A 40, PFOS 2258 6 dpf,0.1 mg/L PFOS 2% 3 25 5 fl1 41 f111)
Si/ K BE FHE(P = 0.027),1 mg/L 110 mg/L PFOS Z 5520 5 %F AL A0 L JC W 3 1 25 5 ( P>0. 05) ; PFOS
#5% 9 dpf,0.1 mg/L PFOS B FEBE L A7 0 W) 98/ A< .25 FRE(P<0.001) 17 1 mg/L PFOS Fx i 2H 5 %
W AH LTS B 35 25 57 (P>0.05) (3R 1),

*1 PFOSZEMRIEFEERKNEM
Table 1 Growth of zebrafish larvae at 6 dpf and 9 dpf upon exposure to different concentrations of PFOS

PFOS ¥
0 0.1 mg/L 1 mg/L 10 mg/L,

6 dpf FEAL n 15 20 17 9

K/ mm 3.63420.026 ab 3.73720.041 a 3.601x0.033 b 3.261£0.071 ¢

3K/ pm 602.47+8.35 ab 677.67+13.46 ¢ 599.39+10.78 a 609.60+18.45 b

K B8/ m 473.50+10.24 452.38+7.69 462.79+9.55 442.66+20.21

W) 55/ um 133.13+3.56 127.62+2.00 131.79+2.37 125.35+1.80

W) 58/ A/ % 3.67+0.10 ab 3.42+0.06 ¢ 3.66+0.07 a 3.86=0.11 b

W55/ KK/ % 21.4620.50 a 18.98+0.49 b 22.08+0.52 a 20.6920.58 a
9 dpf HEAH n 22 24 9 —

K /mm 4.0460.017 4.0182+0.032 3.949+0.039 —

S K/ pm 750.47£13.22 739.31+10.89 707.0128.36 —

K FE/ pm 519.85+7.60 a 480.32+8.13 b 528.30+35.37 a —

W) 5/ wm 188.89+4.23 a 161.75+3.56 b 169.97+4.34 b —

W) 58/ A % 4.67+0.10 a 4.03+0.10 b 4.31+0.13 ab —

Wyse/ 31K/ % 25.38+0.80 a 22.08+0.73 b 24.35+1.16 ab —

TR ERRF R A A WETE2ER (P < 0.05) ; $UELCFIHLARHERE R

3 Wig
PFOS J ZAFE TR R G, Fs e 4 L 2 o R BRVERG BRI A 20 A RFFER ], PROS X
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TV Bl W B T RN R R K A A W) 1% M (Lemna gibba ) B9 JG AT W W ¥ EE ( No-observed-effect concentration,
NOEC) 43 %14 3 mg/L H1 0.2 mg/L* . Van Gossum %> iyl 5¢ £ W, PFOS 288 1 /> A Al 4 4 A Xt 5.4
(Enallagma cyathigerum) 1 B i% 37K NOEC 43517 0.1 mg/L 5 0.01 mg/L, A58, PFOS % 55 X 5 5
faAF LR GBS R W) e/ R WS/ Sk KA IR B R T LS R ( Lowest-obvious-effective concentration
LOEC) H 0.1 mg/L, R BE S ffF 003 GaZh T8 W58/ A W 9E/ Sk R AE PROS B0 e, 2 b Ak Kk 1
PFOS 15 Y BURTITAT R A WAR G . 0.1 mg/L L HEE HELLH X KA PFOS 975 Y4k P iz PFOS (14
WAtk S A E A R B By B RUE D ¥ PFOS Xt B7 A= 3 Al A S (8 A VR A UM AS 25 200

PFOS HAA R B #itk, PFOS 5 AT USG5 40 MO , 33 fin 40 A B 0 3 2h 1 S5m0 i 8 45 R B vk
£ (>240 mg/L) PFOS % % 3 35 5 £ JIR I 43 24 v (0 40 i i 2B 1 ¥ T DR 45 0 T, 300 1 VS i D s e 1) O
T, Bots FFRYRFST R PFOS 255 FHUT IR AL REAR 4 & BIRGE JET- Tt , IR ) %
Lt PFOS B MU AE# 00v H 1000 %, H NOEC 43 %10 0.01 mg/L 5 10 mg/L"™"  Shi ZEpy#F 5 £ M,
PFOS = il LU 300 5 IR iR 40 i T F & B IR TE S 22 p53 Fil Bax S5 20 MR T2AH SC A Bk R 36 5k 8 18 25 7
28 ARBISE R, PROS B 78 X B 1) £ IR i 7 AL R 52 0 (2 25, 10 mg/L PFOS 2258 5 B0 1 iR i 7 AL TR
BEAL AR TR Xt FRALHY 81% , PFOS %2 6 dpf b T2 B A1 R AR TE RS T2 5T s, WF 9T 45 R 5 Bots
ATV Shi AR B, HEAh 4 dpf R 8 dpf BEThfAF 0B PROS BREEH B T im0, 50
PIFEBFRON . OARAYIEINPTRE S PFOS 228551 K MR AT ¢, ] GEJ2 PFOS e fs S BN BE L {10
KB BER COAERTE O ATEC ™ PROS #8301 Al i e 200 i 2 T 5 RS ma 4 AR | 1) Ca™ 3
S1= I INTITIG RTIN Ttl o

PFOS HATT RBEtE. 172 s 1y 41 5 1 45 722 Ak 1) e AR iy B N7, 2 PR 458 45 e ) B vt s W 7E 53 1
Aefl AR BKE EPE AU SRS KBRS0 R A POPs 13 B 2R 2000 B2 (1 5 B (0 A B3R R 0P 1B sh kB
S Y (RS £ B 2 VIR G, S 1F Al POPs V5 Y A E iR > . £ I35 9F ( phenanthrene ) %
7% B 55 5054 ( Sparus aurata) B35 317K ,0.05 mg/L A1 0.1 mg/L JE 5% 55 0] DUyl 5 2 & 981 A 12 Bl 4>
TR E B IR F] 23.2% 5 38.6% , Correia S IA A B33 0 1 LR MGE gh % RS2 i 2 X SR A7 A2 — AN R B 20 i B 1
U ( trade-off) , Hoif 117K V- A1 X Ry 5 2246 98 BE Z (W R FH T XF S R A% Y . Van Gossum 5058 3%
B, PFOS 2% 5 2540 i AR &) U 18 K7 1 S BOLA FORE B8 7 LA K96 3k i 20 XURS: 1 B g BRI
A, A& B AR S ( dimethoate ) % 78 1] UL 3017 ML ( Prerostichus cupreus ) iz sl [8] 31z sl B iz 8 i 4%
KA FLTE B 7K - A FEARBEAR , [ I3 S8R5 0401 256 A B Tl YR B 18 ), ARBFSE oh  PROS %4 % i 35
SN BE L AT AE SR B, 26 dpf F19 dpf 11 i) e KAz S SE B g N, 4600 /& 10 mg/L PFOS %57
2 BE Ao B AT S 18 Sl AT S R I R R 45T, SRS e IR 98 At Y R 8 BT 1 | TG
(% B 2 45 S i 1B s ATl X AT BB T PFOS 288 TR TP h KB &2 R G KT IR T I AE R 58
DIREIIE s PFOS 285 9 dpf FEUBE 1 o410 () LA TE 21 7K P R AIK , 2230 kg Bz s 8] PN (1432 Bl B S 45 A3
RGBSR AF Y BE PFOS % 5 ik 1 B9 T v i 9 b, 52 5 8 AROME Y B B2 ROW, DF SRR Van
Gossum 252 Fl1 Correia 28B4 #H—3%, H AT, PROS 20 12552 sh AT b B VI ML i AN BB . U0 39 i 58 3%
B, PFOS 5200 A /N BRI A 28 T A= 4 R 5 fish e A AH DG Y B 228 Y 3Rk, S 30 5 CaMKIL, GAP-43 DL K %8
fb KPR I BRI K B T B AR Y 15 543 1 9 RE R 33 (840 NR2B | CaM , CaMKIla LA B2 CREB
85, NI A] BB sh Wiz shihbs 7

PFOS ZEFMfF A+, PFOS 2 &5 7l figif i “ & Frfii-2 (- FH R R 5l (hypothalamus-pituitary-thyroid
axis) " T FARBRHLAE , I fc 2452w B JF R & e AR K B F IGF-T (1945 i, ki g m sh 4 A K% PFOS
T RN LI HDR A 2 T A DG (Y 5 R S T S 2, R4 T2 3 hhex FeIR T TH i, X pax® 145200 52 90 5] U #4” E
BN S L ARBESE T, PFOS B 7R B D A AR R RS T R TR A RS Du A
1 Shi %A 5, PFOS 258 0 F 3 5 £ 41 f0 1) 5 5825 Ul /N B W/ s 1 R 3 AT A0 58/ IR W 5/
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23 4 SRR 45 PFOS X BE 5 IR JIG KA1 £ ) A2 25 BRALN 7415

SR AR i, 6—9 dpf JEBED A1t NN TRE 77 BR A8 3R 0 B YRR AL B B, JR AT M s T U, vy 58
FIM) T/ A< B R /IN AT LA T2 B et B 5 £ 4 £ (0 3 B R 0, PROS 28 5% 5 B0V 58 R 5/ 1A s/ ), 4 7T g
FER S AR T S AR R

25 Lk, PFOS X B 5t i S A1t BAT W 25 0 & B 547 e, PFOS %% 5% 5 308 5 0 IR i 1k 3
TR MACAEIR CFRH N AT MIET R SRR T & JFM S A AP A2 BRI AZ PROS Y
BRI SRR AL TEEIKE T A, PFOS 52558 S 20E b a4 f0. M) 5 Ry 5/ (A K s/ B Tk
FE Y S HAR & e ks m B S AR
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