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W R E K FE 9256 7 A AR #0 ) A0 1 4 22 2 R ) 2 F A e R R (perfluorooctae  sulfonate, PFOS)X} & [ HF
(Macrobrachium rosenbergii) 2} i} () 20 R BOE NG A 52, (] A 3 18 4k 5314 S0 56 4 A AS [R) B 89 B (0.1 ng/mL
I ng/mL. 5ng/mL) PFOS [}l N 4UREE . JF B A B W 8 rh P AL BEE P AEfk . 45 5L R W, PFOS X% [GIR IR 4h
HFAY 96 hLCso }(0.68+0.22) mg/L, %24 R B % N 0.068 mg/L, % 20 ng/mL i) PFOS i}l 24 h J&, 4hUFEE % E
P HA BE2ZFOREME A 30 R HFEIRTF 19F . BIE T 24 F, XA 22T 220 R ARG
B I R A R e B 2 A A5 AR T B 18 M PR S B0 P, AN R EE A A T ORRIR B2 1Y PFOS Jiikif % 4l ik 5 20 2L
ZE(MDA) ., ALY B ALEE(SOD) | i AL S Bl (CAT) FER PE W B2 W (ACP)IE E 152 A AE 25 57 BEE 2 ER T ] 1Y)
SR, SOD. CAT Hl ACP G P32 B4, MDA 5 i ffi 5 %% 558 I [A] i RT3 0K . PFOS A 3 U4 RS . JH T A AN
B Wi AL R AL, FEXF R B A B = A e AR ST B FE MR ST PFOS X 7K A A iy 1) 3 M sl vy B At 5

il B A A 4

KR PIRALR, SREbeiig; FEUkE, 2R, lds, sians

RESES: S941 SMHRFRAERD: A

25 e R (perfluorooctae sulfonate, PFOS)
R R AR WIS Y, AT HA
fn R Tl B c—F SR S WL, 3
ek e, BT DIMEAZE IR EE b A SR B A, DT
fili PFOS 5 4 Jii o — K 1 A9 2R 855 1) £ ) Ololade
2EDIE gy % BUE H R AYTT G T PFOS BH TS
Fl b 3.9~10.1 ng/L, PN 6.8 ng/L; Kley-
wegt ZERFgT F B fin g K F K LK % T PFOS
(RS- 249 B o0 15 ng/L, H. 285 A FRUS (9 AR K H
{BEER I Y PFOS (1.6 ng/L); Lu Z:PHE5E &k 9
PFOS 754 4% b X114 5% 5 18 7K A v i) o B 51 1Ly
19.1~120.89 ng/L, #F58&M, ARKIEPERMA
9 #fE(Monopterus albus)” . BRI 11240

K BH: 2021-03-09, f&ITHHEA: 2021-04-16.

E£WHE: BilgmRHRORIHE ARl (2019] 55 3-55).

XE4HS: 1005-8737—(2022)04—0562—12

SESRIN HE PFOS, ZKFREE 11 PFOS 2Bl &)
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Ma, EAEREMNXT PFOS WF5 247 E )
e HTG Ye oK S5 TmE, X R 20 3 PR RON A 5T 4
Ao I, B B RS IR AR ST HAEH
BLER S Ay B o
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(1995 Yy ST 0] % FRTR AR 9 2R K 2 — 2 i i i),
FERZ LU, XA A )5 iU, PFOS J2&
IR IR B BR R R i 1 — R S R A, A
ZARGE PR K PFOS FE/KAR shgit i1, Rt
L IF A 32 8] PFOS 15 3 X . 1l PFOS HAT
SRACHE, TEAARPIE R 3~21 'Y, BFSE
PFOS X} % [ 78 MR 411 At 285 P 3800 %o A 2kt e L
HEEE L,

WFoE 20 PFOS BYHEMER N 5 A Ak 1 3 % 1)
R P Al xR R rh SR LA Y 8
T SRR AN P B V- 35 AR Y, AR
KK R SR 9E PROS X 2 [ IR R4 oF
(2 ETENE, TP PROS X % [ T MR 4l 1 22 4>
P, I A A AT A A T R A S, R
T PFOS X4 MR s 2k, LA R SE PFOS 1)
FCRE AL BE S A R T A B AR AN
Fh B T 114 f o 7 R A Bl 5

1 #RE5FE

1.1 EWEY5IRF

S T A TR TR MR 4 MR R T W TR oK
PR E], BIERE ] S  E JE R IR A SR K AR
(1.2 mx1.2 mx0.6 m)*r, BRI FFE S, &
H 9:00, 14:00 LI} 19:00 $MEIE & A2 HF )k},
It BB i BRER A ANBEAF, B IR EISE T RTE 10%
IR o BEECH RS AH T | il R TIC A8 A S R A
R LIRS, S EE M L R M B S i
YR P SR (1.9340.23) cm, K (0.11£0.09) g,
AR 2 27 5250 BT ) R 7 ¥ KK (2.88+0.09) em,
R (0.2940.03) g S PEBEMESIONIZEE 24 h, 5
TSR 1 L BB, (R4 2% S Fie
PEREME LI BT A %8 A 30 cmx 18 cmx20 cm [ B
BEAOET, OGP CE A% PRSI ST AR 2s [a], JFAERR
PRI BT | 5 7 5 7 S A, R SR S g AR Bk H
SCE TR T AT, HFUKCHERSR 3 d DR
H k7K, pH 8.0~8.5, & fi#% =7.0 mg/L,

SZERF: PFOS (CAS: 1763-23-1, AR, 98.7%)
DL H LA (DMSO)(CAS: 67-68-5, AR, 99.0%)
KT, BCEA 10 g/L AUREE, SCO0 IR B T
T LR . HPLC W (Sigma, 32 [F); HPLC /K

(Sigma-Aldrich 72y ), 3 [EH);, 2-& KN & R
(Sigma-Aldrich A w], ), N EE(MDA)
& ALY EALEF(SOD) . i3 AL A lF(CAT),
iR 1 1l 1R Tl (ACP) I3 & LA B 3 1 (TP) 2 i T
&Y R A Y TR .
1.2 2USUXE

K 96 h /K BEPE Lk . IR NS 2 iy i
TPSEE, HiE PFOS R4l iy 2 sk B Y .
RGPS g 45 2R, #S5 X AR FE 12 0.15 mg/L
0.3 mg/L.0.6 mg/L 1.2 mg/L.2.4 mg/L F14.8 mg/L
6 > PFOS MJE4H, LAK 1 2 AXFIRA . 1 N4
FI%F HR2H(0.04% DMSO), B 3 4N FA7, B
SEATHCE QTR AR AU 10 2, L 301 im) 42 e <
i AR, DGR TC AR TE s VR S FI W AT
MM, B 12 hids % R ERZ IR ) FE T 1% i JF:
PUNE TR I
1.3 PFOS 2B 3T 40 $R A [ 48 23 4K 161 B9 34 i

FEWSE g He il b, 255 ISR PFOS 19
B S, & 1 DXFIRAL & 20 ng/mL )
PFOS S 4H, A4 12 JBEF, XF4huFiEfT 24 h 1)
AN SER o M g TR 2 4 S W~ BN N U
o T 6 hFl24 h BOFE, B0 sc e 20 A6 R4 4%
6 AR, BURE G i B FCTR ML AR & TR A
HR TR, T UK b DA O 40 25 L B AR RN
B AL, AEREFAEE R A E i 2
G A SEERAEAS, N ZUREAS 20~30 mg.
BHRAFALE T 1.5 mL BEEEOED, A
20 uL WAREE#1(0.3 mg/mL ) 2-E AR A R) L
S 1 mL A HBOK SR OR (B < 7K=4: 1, KFLL),
254 [H SRR S AL (i35 B, Tissuelyser-
24)5)H AN IS B F-20 CUKAR#EE 20 min, K
BE RSB TR B U (2150T, ik
SR A FR S FDH, 100 Hz #75 $2 5 5 min J5
IR ET-20 CUKAFFHE 20 min, FEHAIHE
12000 r/min (4 °C)#.L>(Centrifuge 5810R) 15 min,
VW ZE 0.22 pm BER RS R ARSI . W
AH 33 - DU AT £ 156 B0 3E BIF 5 3% 156 A (X (Thermo,
Q-Exactive) #F 17 JE ¥ (] A 41 2% 40 B, 35 4%
Waters HSS Cg (2.1 mmx100 mm, 0.17 um); #EFE
AR 2 L, Wi 0.35 ml/L, WA A K7K(0.1%
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HR), sl B N MEO0.1%MIR), BB 4
fF: 0~2 min 5%B, 2~4 min 30%B, 4~8 min 50%B,
8~10 min 80%B, 10~14 min 100%B, 14~15 min
100% B, 15~18 min 5%B. >k DDA Jr=Ci#f71E
B ol 4, HHERE 100~1000 miz, W%
BLE 3.2 kV, B TUREE 320 C, #5< 40 mL/min,
1.4 PFOS BB IR AFEAEAL M ALEN
A

PV IR I B A H X RAH LA M 0.1 ng/mL |
1 ng/mL . 5 ng/mL 3 > PFOS L84, B4 3 4>
AT, BEASEATHCY IR IR AN AF 30 BB . SLm e Bl
G T, AT RCE 8 L AN MR B S
B, 24 h RPZE Mg SCIR I A]IE R R AR,
1 30 min J&5 {5 AT WG 78 BRARAH, FFAR S /K AL 1%
0SB A FE L IR W, X R R A URFE TS R AR T
10%. SE56JEWA 58 d, T PFOS #8245 30 KA
55 58 KEURE, M FAT4l P REHLEL 5 B4R
BURA N | DA, AR 3 417,
IR R R G T UK s g5 o0, o ik %)
HRSERL R . FFIRAR AN B I 412105 8 T 1.5 mL
BB, 19 [AHETE(g) AR KA
H(mL)] 1) 85 B0 TP I 0.86%1 4 BEER K, 4
4 H B S DOHU I B (U BS )=, 6000 t/min (4 °C)
B0 10 min, 208 RIS WO ML, AR
B T80 CUkAf R VR, MDA, SOD.
CAT. ACP il TP &M F B o ik ok
FH AT WG E .
1.5 HESZITHHF

o Tl 52 FG 3P R PROS it 2 R IR AR 4N
R Y 2P T 2 BUE R JE (LCso), %AW )E (SC)
i3 96 hLCso 2R, AR

SC=96 hLCs¢x0.1

PR S50 Sl QUAR AT BUAL BE, SRS
13209 — 1k )5 B AC b A R B ) R RS, T
XA AL & a8 o 208 2 (HMDB | LIPID
Metlin)iffF7# 2R R . ] SIMCA #E47 44
BT (PCA) Fl 1E 22 i £ /> — 3¢ 125 1 il 43 Hr (OPLS-
DA), Metabo Analyet 7EZ#E17 & 4 70t Fl1 22 554k
B W AR B AT

WG PE SRS ] SPSS SE T3 B s k4T

PR 2 )5 243 M (one-way ANOVA), i FH f5c /M

ZE(LSD)E AT 2 i He g

2 HR59H

2.1 PFOSXF KB4 HRAT 96 h 2 F ML
Z#R

5%f FZH AR G, ik (4.8 mg/L) PFOS filif
TAERRAT R BT B B SR A, g ERAE KRR
IR Z I G A A RE DL ) . PFOS 28R,
B LUF 24 h NI HEFET, 96 h B 0.15 mg/L |
0.3 mg/L .0.6 mg/L 1.2 mg/L.2.4 mg/L il 4.8 mg/L
SR AR IESET R 5 7%, 38% . 50%. 65%.
84%F1 92%, FfiZE PFOS & (148 il A5 56 i [1]
MIIEAS, HIURBET S AH R 3 n, 52 0B 04 39 o
RN BT RN SC R o Bl B ER AT A, 4))
HR PR, T AR IR AR I S, M FiR AR
FRJECHR, FH B 38 1 A i J5 RO Wi By, I AE T4
W SR RS, BHSCGRMAE S, Tehilesh, HEAET

H 2 1 A] A1, PFOS Xf % [QTH R A IR Y 24 h,
48 h. 72 h 1 96 h PEUEFCH & (LCso) 7051 (3. 74+
0.52) mg/L. (2.43+0.83) mg/L. (1.31+0.33) mg/L
F1(0.68+0.22) mg/L, 96 h [ 4V &~ 0.068 mg/L.
#1 2 AR A2 S 2 A M v Ly ik
(GB/T 21281-2007)*3, PFOS FtE/rg vl & Rz
PET, X2 TR IR A R R o

&1 PFOS M T KB EHIERENRERE
Tab.1 Semi-lethal concentration and safe concentration
of PFOS to Macrobrachium rosenbergii juveniles

n=3; X+SE
A e [ 0 21X [
R e e L N e D)
. semi-lethal 95% confidence .
time . . safe concentration
concentration interval
24 3.74+0.52 3.42—-4.06
48 2.43+0.83 1.91-2.95
0.068
72 1.31+0.33 1.11-1.51
96 0.68+0.22 0.54-0.82

2.2 PFOS 31 % [K i R 4h HF 4 32 X 151 9 82 1

A B ) AT A 2= A D & R 28 3 8 B
(PCA)YRT A, 2R B HLU I RHE 6 h JG ke
Z RN FZm, 5%5 A AE LA 3 R o 2 B
225, 24 h 5 22 7 W B (8 1), FHIE A i
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JN TSR - ) 4 Mk (OPLS-DA)XT 24 h IFS286
ZH RO R L S MR JFE B AR N B 3 A A i
AT HT (K 2), Mg R0 8 E XS, K
OPLS-DA BRI 4 4551, Tl VIPE KT 119
e U AR 22 R AT Je 22 o Br, L i T
YOE T 44225 Re G, FEW REERE
FR B35 (3R 2).

22 B, SXTEAME, Glu Fl Arg e8]
Urp 335 [ R; Thr Al Pro W& & R, 76 H lmid
{41 Glu, Try Al Met 195 &= FE; FFBEARZHZ
H, Try B & F I LT AEER Al 20 /9 F i LA,
T AE AR A S Rl gl 20 R o A5 T,
ARA Fil EPA 7& JIT 7 A1 8 il rh 2 R, o- 30 Bk
FRfe 3 ANHLUT YT, DHA FERTFBR T E A,

vCO0 ¢PFOS-6 h e PFOS-24 h

+CO0 #PFOS-6 h oPFOS-24 h

7 76 608 FN 65 J 3 b 0 R R, BeAbh, BRZEZUd, 10
FBEARSE B, Ol T I, PR, 3 FhEEAR R |
P, 9 R, EEALh, 9 RIS LM, S
PR, R KEGG B0 FEXT O 2 588 h 1 22 5+
AR P EA T XTI 0 4 QI B o3 A, 235 2R s
JH T B R g v 9 22 S AR ) 2 00 S R
PR RERS AR L B 1 R A GO At A £ O 5 1
2.3 PFOS X F [KiBUR4h 4T 3 FA R ENWERE
"4 B4 54 i)

PFOS 12 VEin B [ AR 4h iR s, 4hiras | AT
JE AR A Pl b AR AR TR MR DL 3. B R R
B A IE G, ZIUF&-4124iH SOD., CAT #l ACP
TEPESSZ 2, T MDA 2 & BE % 5 5% i a1y
FER TG K

vCO ¢PFOS-6h ¢PFOS-24 h

Ce¥

7@

®
¢% o

B 1 P IRIBEFSIERZ: 20 ng/mL 9 PFOS [l 24 h JEH3(A) . JIFBEAR(B) IS 118 (O ML &9 PCA 135318
CO: XfHEZ, PFOS-6 h: [Pl 6 h SCH4H, PFOS-24 h: Jipifl 24 h SC4e 4.
Fig. 1 PCA score plots of metabolites in Macrobrachium rosenbergii juvenile gill (A), hepatopancreas (B) and gastrointestinal
tract (C) in control groups and experimental groups exposed to PFOS (20 ng/mL) for 24 h
CO0: control group, PFOS-6 h: experimental group exposed to PFOS (20 ng/mL) for 6 h, PFOS-24 h:
experimental group exposed to PFOS (20 ng/mL) for 24 h.

vC0 ¢ PFOS
A B

vC0O o PFOS

*C0 ¢PFOS

4

R
>
>

@

K2 P ICIHEFYIMRZ: 20 ng/mL 19 PFOS 38 24 h J5, 68(A). FFEERR(B)FIE I (C) L5020 5
Xt B2 AR 5 9 9 OPLS-DA 1573141
CO: XfM84l, PFOS: 44,
Fig. 2 OPLS-DA score plots of metabolites in Macrobrachium rosenbergii juvenile gill (A), hepatopancreas (B) and

gastrointestinal tract (C) in control groups and experimental groups exposed to PFOS (20 ng/mL) for 24 h
CO0: control group, PFOS: experimental group.
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% 2 PFOS (20 ng/mL)iE T K BIR404R 24 h BER RGP EWH D TR
Tab. 2 Differential metabolites in Macrobrachium rosenbergii juvenile between 20 ng/mL PFOS
(24 h) exposure group and control group
KA R AR 245 group
m eﬁlf l{iclpiﬁivlays R 22 524 metabolic difference W gill T I . g %
hepatopancreas gastrointestinal tract

AR A LAEM The ’ - -
amino acid metabolism L-B& R Glu 1 _ 1
L2 Pro 1 - _
LG AR Arg 1 _ _
L-B% R Try — ! 1
L-H 2 Met _ _ 1
LT Al W EEEIS hypoxanthine 1 - !
purine metabolism 54 adenosine 1 _
WL inosine 1 ! !
JiERAME) o-TLJFRER alpha-linolenic acid (C18:3) 1 ! !
fat metabolism ZFZANHER docosahexaenoic acid, DHA (C22:6) ! 1 1
16418 arachidic acid (C20:0) ! - _
JFFHR erucic acid (C22:1) ! _ 1
1EE VUM% R arachidonic acid, ARA (C20:4) - 1 !
Rk HIFER eicosapentaenoic acid, EPA (C20:5) - ! !

AR lauric acid (C12:0) _ 1
#il5 1R phosphatidic acid PA (18:1/18:0) ! _ _
PA (16:0/18:2) ! _
WRRRE 2 Il PE (20:5/18:1) 1 1 -
phosphatidyl ethanolamine PE (22:6/16:0) 1 T -
PE (20:5/18:0) 1 - 1
PE (16:0/18:1) 1 _
PE (22:6/18:0) 1 - 1
PE (18:2/22:6) 1 - _

Wi MR MWEIH A phosphatidylcholine PC (16:0/20:5) 1 -

PC (18:3/18:1) 1 -
PC (18:1/18:2) 1 - 1
PC (20:4/18:0) 1 - 1
PC (18:0/18:2) l - 1
PC (18:1/20:4) l - 1
PC (20:5/18:0) 1 - 1
PC (20:0/16:1) 1
PC(18:2/18:3) - 1
Wi AS®E H i phosphatidylglycerol ~ PG (16:0/16:1) - ! _
PG (16:1/20:4) - ! _
Hah — 5 diglyceride DG (20:3n9/0:0/20:5n3) ! —
DG (16:0/20:5/0:0) l _
W IBENEER lysophosphatidic acid  LysoPA (18:4/0:0) - ! —
BRI LysoPC (22:1) ) . .

lysophosphatidylcholines

VA% I i I A 2 LysoPE (20:5/0:0) ! ! !
lysophosphatidylcholines LysoPE (22:6/0:0) ! ! !
LysoPE(18:2/0:0) ! ! !
LysoPE(20:4/0:0) ! !
LysoPE(18:1/0:0) - 1 !
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& 3 a w4, 1 ng/mL 15 ng/mL Y PFOS
52 30 d, ZhIFEE R SOD JiF R4 2w T R4
(P<0.05), 435 X ALK 132.58%F1 124.22%;
1 ng/mL S22 SOD & 1E7E PFOS 2 #24
58 d 323 . F15E 5(P<0.05), JXTHRZHEY 143.95%.,
PFOS #:# 30 d, 1 ng/mL 325041 i AR SOD {if
P32 3 5 T (P<0.05), IXHIRAAY 136.10%;
5 ng/mL SEE 4 E Wi SOD i o4 I 2K F X I/
ZH(P<0.05), JXIHRALIY) 67% o HAx & 5250 2 5 %)
HE 2 ] G Wl 2 25 52

PFOS X4 HF CAT 3 PE R M 25 5 LI 3 b,
Sy 8 R B IR R CAT 196 4 5 ) HR 4 Y5 T i 3 2%
5, PFOS %7 30 d #1158 d, 5 ng/mL 525641 1 iz
H CAT 1M i BT X BRZL(P<0.05), 43l Xk

a —
35 PFOS/(ng/mL) n=3; x+SD
3oL [0

0.1 I

[Se]
wn

[\]
o

—_
o

SOD# #:/(U/mg prot) SOD activity
9 o

G-30 G-58 H-30 H-58 GI-30 GI-58

(¢ n=3;%+SD
PFOS/(ng/mL)  sx
C_Jo

o *f H

1.0

400 [

W

(=4

S
T

ACPTEM:/(U/g ropt) ACP activity

G-30 G- H-58 GI-30 GI-58

Kl 3 PFOS Mt Xt % [RIR R4 IR SOD(a) .

HEZL1) 59.07%F1 34.00%

& 3 ¢ i1, PFOS #%% 30 d, 0.1 ng/mL Fll
S5ng/mL SCKGHLHE ACP 352 3 B &5 S (P<
0.05), 433 9 %} FRZH £ 150%7F1 166.31%; 1 ng/mL
SEHGZH B ACP 1% PE7E PFOS 285 58 d B m T4
M2 (P<0.05), AXTHRZHA 145.18%, PFOS fiHiH
30 d, &SI AT IR ACP IS MEY 23 W 55 S
(P<0.05), 435l A 5T AL 177.24% . 185.31%F
151.85%, MfiA 58 d, &Sgn2H AR ACP
5 X IR T e 35 25 5 . AR E B T ACP WS
X HRAL I O 22 5

Kl 3 d RAIFE 48 MDA FaErEk. 4
PFOS %% 30 d B, &4 (5 ng/mL)f T MDA
i I (P<0.05) i TXTHRAL, AXTHRALY 162%,

—
N
T

n=3; x+SD

PFOS/(ng/mL)

=
T
7

S
F

—_
(=]
I

CATIEH:/(U/mg prot) CAT activity

(=] [ 8] > N o
I

G-30

[d #=3;7+SD

7+ PFOS/(ng/mL)
L [C_]o w1
6 0.1
s 1o

w
T

(8]
T

—
T
*

MDA &/(nmol/mL) MDA concentration
N
T

GI-30 1-58

3

G-30 H-58

CAT(b). ACP(c)F1 MDA (d)Ji 11 ) 5 i

G-30 (58): PFOS %5 30 d (58 d)XF 4 iF T A AL BEAY 52 1, H-30 (58): PFOS 5% 30 d (58 d)Xt 4k T gt Ji bt 48 1 1t 14 S i,
GI-30(58): PFOS #:#& 30 d (58 d)XF 4 &F 5 118 B AL B RYSE M. <*7: SCEG2H 5 0 FRAAFTE B35 22 7 (P<0.05),
Rk SO 50 B2 AFTEAR B 25 5 (P<0.01).
Fig. 3 Effects of PFOS stress on SOD(a), CAT(b), ACP(c) and MDA(d) activities in Macrobrachium rosenbergii juvenile
G-30 (58) : effect of PFOS exposure for 30 d (58 d) on antioxidant enzymes in the gills of juvenile shrimp. H-30 (58) : effect of PFOS
exposure for 30 d (58 d) on antioxidant enzymes in the hepatopancreas of juvenile shrimp. GI-30 (58): effect of PFOS exposure for

30 d (58 d) on antioxidant enzymes in the gastrointestinal tract of juvenile shrimp, “*”: significant difference between experimental
group and control (P<0.05); “**”: extremly significant difference between experimental group and control (P<0.01).
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IV B 4l s (o R OJE B E 22 5 BhaE 58 d,
FUE A B MDA 5 i L 3 A2 395 S (P<
0.01), 435Ik XF BEZH (%) 283.14% . 386.97% Al
372.1%, PFOS %% 30 d, %% S280H AT MDA
A 3 37 )1 5 (P<0.05), 43 ) Rk BR 20 1
119.45% .128.52%7F1 127.56%, [ 58 d, 1 ng/mL
15 ng/mL SZHZH T AR MDA &4 1 2 T IR 2H
(P<0.05), 435l X% BELLRY) 146.78%F1 185.52%
PFOS %5 T, R EE4H(0.1 ng/mL)4NHTF B 718
MDA e 5X AT E F 2R, 1| ng/mL Fl
5 ng/mL SZH0 4 B 718 MDA & & B 35 5 T X Rl
(P<0.05), MHf 30 d, 1 ng/mL #15 ng/mL 5256 243
BRI R 139.47%H1 168.19%, il 58 d,
1 ng/mL fil 5 ng/mL SZH&2H 4351 A% BRZH 119 139.47%
F11168.19%.,

3 it

WS UER PFOS Al i & WsE e /K A= A= W iAo
B, TR AR I B 2 R 5 s
Lu ZPY8F 58 £ W PFOS £ # 1 /K & (Daphnia
magna) #1 28 RGP, K & S sl s, 89
AR, Chen PR B PFOS 1] 5 ik 75 i &
FF£k Hi (Caenorhabditis elegans)iz 31170 T [, %F
75 W B A2 d = AE M 2 B . AR SEER T, PFOS &
PRI R, B TR AN AU b 2 S R A A) A SE KT
IV, FB AT 4 AR ENEE B AR SR, T 1l B,
YRR Glu &8 & Try BYFHXNT 2 & 5 %5 B 2H A
FOA T 225 o IR Glu & —Fh 2%y P 28 120,
ATIESE T PFOS X 4y MR 28 22 45 1 R Wil A
fEME; Try & S-FC iR BRI R A RTIR, J5 &l
P R AT NPT, M, BT PFOS Alfigs:
XFGUR IR 22 RGBT R 24520, X 5 Jantzen
2 PSUR B gk W 45 22V % B PFOS W 5% Wi B T £
(Danio rerio)f7 5 RAHL

PFOS X 41 F B £ 34 41 2% 52 56 25 SR 7w,
20 ng/mL ) PFOS B IHF 24 h J5, ZiF68.
JERR NS i e Arg, WLF . EEIES | DHA.
WRRER . EPA. ARA FUHIMBEAGIARHI M, X
S22 SR B R A SRR . R AR A
JIg W T A1 2 Al % . WIFTT R BH, Arg 2 A AR

. SRS TR, B4 2 A = R
AR . GRSy . R A RE AR R R T
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Effects of PFOS on the metabolism and antioxidant enzymes of juvenile
Macrobrachium rosenbergii
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Abstract: This article preliminarily discusses the effects of perfluorooctane sulfonate (PFOS) on the acute
lethality and metabolism of Macrobrachium rosenbergii juveniles using a hydrostatic toxicity experiment and
non-targeted metabonomics. Additionally, a chronic toxicity experiment was used to analyze changes to an-
tioxidant enzyme activities in the gills, hepatopancreas, and gastrointestinal tract of juvenile shrimp under
PFOS stress (0.1, 1, 5 ng/mL). The results showed that the 96 h half-lethal concentration of PFOS stress on
Macrobrachium rosenbergii was (0.68+0.22) mg/L, and the safe concentration was 0.068 mg/L. Following
24 h of PFOS stress (20 ng/mL), 30 metabolic compounds with significant differences were identified in the
gills of juvenile shrimps, 19 significantly differential metabolic compounds were identified in the hepato-
pancreas, and 24 metabolic compounds with significant differences were identified in the gastrointestinal
tract. These metabolic compounds with significant differences were involved amino acid metabolism, fatty
acid metabolism, and phospholipid metabolism. Under chronic PFOS stress, different exposure times and
concentrations of PFOS may affect the activities of malondialdehyde (MDA), superoxide dismutase (SOD),
catalase (CAT), and acid phosphatase (ACP) of Macrobrachium rosenbergii. There were also differences in
the effects of phosphatase (ACP) activity, the activities of SOD, CAT, and ACP were inhibited, and the MDA
content increased with prolonged exposure time. In summary, it is speculated that PFOS can cause oxidative
damage to the gills, hepatopancreas, and gastrointestinal tissues of juvenile shrimp, it also affects the physi-
ological metabolism of Macrobrachium rosenbergii. The results provide basic data and a reference to explore
the toxic effects of PFOS on aquatic organisms.

Key words: Macrobrachium rosenbergii, perfluorooctane sulfonic acid, half-lethal concentration, differential me-
tabolites, metabolomics, antioxidant enzymes
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