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Abstract : Though an experiment of exposing Daphnia magna and recovering its offspring for both 21 days, the chronic toxici-
ty of perfluorooctane sulfonate (PFOS) to Daphnia magna and its first and third broods F, (1st) and F; (3rd) were investiga-
ted. Results show that when the mass concentration of PFOS is higher than 20 mg/L, the number of offspring, length and in-
nate increase rate are significantly inhibited. Compared with the control group, the reduction of the three indicators under the
highest exposure concentration are 62. 2%, 40. 6%, 34. 0% (p<C0. 01), respectively. The toxic effect becomes more serious
with gradually increasing of exposure concentration, which shows an obvious dose-response relationship between PFOS concen-
tration of exposure and the toxicity to Daphnia magna. The number of offspring and length of the F, (1st) generation are sig-

nificantly inhibited when PFOS mass concentration is higher than 30 mg/L. The F; (3rd) generation’s recovery extent is better
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than that of the F; (3rd) generation, and all the indicators recover closely to those of the control group except that the number
of offspring, length and innate rate of increase are significantly inhibited when the Daphnia magna is exposed to the PFOS of
50 mg/L. As the most sensitive indicator, the number of offspring, length and innate rate of increase of Daphnia magna are

suggested for evaluation of PFOS chronic toxicity.

Key words: perfluorooctane sulfonate; Daphnia magna ; recovery experiments; chronic toxicity

2R F L BR (perfluorooctane sulfonate, PFOS) J& — F B &Y 1 3R T 1& M 5], & 7 B £ EH 3M 2 /] )Y
HHT . PFOS R EA A MM MRERMERWRTEEN A THREEES MR ILEREER,
B RS T ARME K AR DGR AR W R AR, VT R T R AR SR R R L R B Ak A PR, B T AE R R R
B AR R R R R GRS R ER B BEESE T AR M. A, KEENERASRT
SEREENM T Z A MRE . FAUEH T PFOS # & M/ KBS K, A& 7= BKE T REEAILEK,
HeUSE 5 B B A KB S e AW % B YRR S S AR E R, Mkt
% @R X 2 mg/kg 9 PFOS $ A BRI SBOC T, B I 02 OMTH A8 A LIS B9 h it 7 4% B SRR A
ST T, PFOS & FUR ZEBERS K W™, FEsh ¥ (R P9 55 B 35 78 i R FRE R O B 3 R B . B 3220
FLFEH,PFOS BA A E M AT LR FOREMTIRERY . MREHELS B LEETEK
ARG R EERE HREE —MEP R R P EEAN KRR 0T FEE PFOS 53", FH LR
PFOS %t 7K A= 4 9% P35 M 38000 , 7T LA A KU PR S (Rl 2= AR 38 PR B L E K

AR B AN EL R AV KRB ZAE N Z R AEY) . R A 21 RBESER Y, 58 PFOS X K&
FEREEFRE ILBRAEIRK .- FLAsOMF G rd7E 21 dREHWEHEZTHERN . LHRIERE S EKM
FEEN (BN EEBLE LRI RE BN EE N RED 2 AREN AN SH AR
KRG ZEFREEFEENSE . 25 UM RE R PFOS XK A4 A ¥ 1) 35 55 3 P f 32 P16 R AL R 2
AR T F# A TR 46 bp B BURFR BE L 4 J5 B8 M A FE A LI PFOS Xif 7K 2 B A 22 el 32 L 308 7 .
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1.1 Ee##

DEEHEY)

KEWZREY KRB E MEBEFRFE., £ 1~2 L WAFH,FEA 500~1 000 mL BES, 3 d LK
FERK B 10~20 MREUKE  EZANREMH T HITHER. HFIREHR 15~25 C,pHERH 7.5+
0.5, BMMEREWE RN 2 mg/L LI E,BEE (L CaCO,it) A (250 £25)mg/L, K FSL 5 % 1 37 59 2 A6 Al %
R WRFEARIER 1 1EREHBAERE, TRDE 1 2 #f. BRSREHRT 1~2 K,

e T GBI E S KRR35 R TR ER, LKA 24 h HALENRN 1 mm 5
I FHRE K J U TESL AT 6~12 h #4750 2 oS I, [ Bl 4 6~24 h B94K &, K 4K | BRI
2 d,BPR A 72 h (ERKE ., MNP IfEER . TRE A IE I RAZGN Y HITESR.

2) LB 2

PFOS(CAS:1763-23-1) , XK »

DLEIRAE

)8 B4, 100 mL £24F, BBC-226STV &l Haier % FH B8 vk 46 (35 &% ¥ /R B & FR A 1) ; JPBJ-608 %l
FEHRERANEMN (LB ERF SIS ARAFD ;FE20 B pH i 48 A 2 LB ERAFD;
TR IR B T K A8 B (WAD-THD %%,

1.2 XWAHZE

DABIF 21 RPFLR

ARSLH 2 B OECD i is™ R A 21 RELBRBEAT. AUHFHLELE R B/R PFOS X AR &
FFER 24 h LCy R 150. 34 mg/LURRIREE, TR ;95% &5 XA A 132. 21~179.03),72 h LCs K 70. 65
mg/L95 % BF X [E] K 65.32~77.21), ALBEE 6 MR EWKEHER PFOS, KKK 0,10,20,30,40,
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50 mg/L. BMREARF I 50 mL SLEHEW M 1 R4 6~24 h g%, W& 1 M=04M 10 M FF4A
(RBE4D . TERMWERAFHELERSE,24 h FH 1 RELBERRIE 24 h A GEEANEREERN
8020 LAk o ST [a] FiIBT e A M BE MR SR R AU B . SC P S 0 S BT AR B/ B JE R T A DR B 2 R Bk
k. i m A R B R A @R A K . I RRBIFRN ML . LRIREEGITECOL2) C, 5 R\ 7
FPLIRFFTE SONBAEL A . JERFEA 14 h+ 10 h,pH (A 7.810. 2,

DTN 21 RIRE LK

AR EREAN LR APRERTENSE L RHE F AsOME 3 lRgh®E FGrd) 10 H,AEAT4H (B
B 10 4>, A BAE 50 mL B PFOS S5 SR (REZ WD , #4721 REGRE 3557, KA & AF 5 L L 918

LA A 24 h WLEE 1 O BU BT AR gl &%, 0 SR AR R W B SETIE OL L 25 1 AR B AN 7= B A 1] L5 1 5™
G BIE 2 LA R B A S AR R A R BRI B B IR & . KSR 1 REK E B, 72 BB T B H A K
MR ZEZZRTORED . HERLAARR ABEHFEHRR) AREERKRERC,HE T E LD —K
3,

Ro - ZLme, (]-)
T = >)XLymyx/ > Lymx, ©)
r=InR,/T, 3
KLy AFER s my HRBEZBRHELGT AR X HRE

1.3 #HiEaE

12 B PRSI 5048 R A Origing. 0 T BB A B AER At KEZE B FITHEBRE 5584
ZEIKEEEZER, 2 t<tooswmw Bl p>>0.05 B, Al AN T BB ZRF 2 to.0sen <2, Bl p<<0. 05 B, AT IA K
EREBE,

2 HR5HE

ARELE P F RAKBREERMEFRZIZ M, BEHEEZHBEMHER. 8 1K FAsOME 3
fE FiBrd iy 21 RIKE L , KRR T H EEZMLIWALR .
2.1 AEAREPFOSHRETF RABENTFR 21 XGEZHHERKNEAEER

FEAFWE PFOSHRET F, RXBEEKMEHEERHEMAR L. NR1FADES, KEEH
B A ZBARBRERN M. 4 PFOS &K ETE 40~50 mg/L B, & £ K EFH 88 % 2 B F 1
il . PFOS & ¥ E X% 50 mg/L B, B SR ESL , HA & TR ¥ Z 2R B E M H . ZMH &0 2 AseE
B EMASEK 2 MR, BORBEAN LN EEZ D B EMWH,PFOS RE WK E S T 20 mg/L A,
KpAERKEZE T BEME R LIEME SRR R BURRIE IR X T H AL AR & A T
& PFOS fy18 a1k .

21 EXRRAREREPFOSHEAETF RABZAKFEHIEF

Tab.1 Growth and reproduction of the F, generation exposed to different concentration of PFOS

o(PFOS)/ %1 KB #5155 % 1K™ B e/ PR KElkk/

(mg+ L1 B ] /d B 6] /d bR /4L 758 mm
=H 6.0 7.6 16.9 133.7 7.1 3.40
10 6.8 8.1 14.2 121.1* 6.1 3. 30
20 7.1 8.9 12.0 102. 1~ 5.9 3.11%
30 7.5 9.1 10.2* 89.0** 5.9 2.71% %
40 8.2~ 9.9*% 9.1~ 62.3** 5.0% 2.54%*
50 9.0** 10.2** 7.3**% 50.5%* 4.5* 2.02%*

EREBBANZAA BB ERBE,0.01<p<<0.05; * * RELFHEFE, p<<0.01,
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B PFOS ZEEWE M, KRB X ERKMEEZMHWFELBZME, 28 T 10 mg/L # PFOS K#
RIS 1 AOPETE A 6.8 d,BEE BREEWK BRI NS 1 RIFERET R B Wiig K, 5= B4R 6.0 d AH g i
T 0.8~3.0d, &FET PFOS KAEIFS 1 = IPAF A b X A M T 0.5~2.6 d,55 1 IR EREMRT
2.7~9.6f., BBEHAN BT INELZS HAMREIRT 12. 6~83. 2 L, LS EAKBEM T 0. 10~1. 38 mm, X #i.H
PFOS Xf F, AR F R E K MEHEA LB ERF W, I BHEE PFOS 2 5 Wk B B30, %3 R &
TIoE,JEBH BRI R &R R XIBRE B A ALK I, VR 88 X5 R 2 & 5 31 1 3500 5 Hovk B 2 9
BIEMXKRN,

22 FAsORXBZERRAREREPFOS RE WK A FTHPA KR LTAIIFH T
Tab. 2 Growth and reproduction of the F; (1st) generation in the recovery test

after the F; generation’s exposure to different concentration of PFOS

p(PFOS) / % 1 WA BE 55 1 7B 51 R/ HEEE/ SBEA KK/
(mg+ L™ i} 1) /d B 1] /d # #% mm
=H 6.2 7.5 17.0 132. 6 7.0 3.44
10 6.4 7.8 15.9 125.1 6.4 3.35
20 6.5 8.2 15.0 120. 8 6.5 3.32
30 6.8 8.4 13.1 99.4* 6.3 3.01*
40 7.1 8.4 12.8 90.5** 5.7* 3.00*
50 7.5% 9.1~ 12.3* 88.7** 5.5* 3.03*

E: RERBANZ AL (BB ER B 3,0, 01<p<<0.05; * * NFE R EH, p<<0.01,

K2 A FAsORNAKBEZEAFFREKE PFOS REE KA LR T A RMBEHERHZAFTL. N
P RE B AT A AN T Fo KRB &, 7 FIAsO £ BA PFOS WM T, K& WA KM A F 1§
AR . HEEAAMLE. ARSI ERERZIEEMH ., 4 PFOS HEWKER T 30 mg/L
B, BN EMAGERRZEBEME . FREKE/NT 40 mg/L o, KbBTIER S=AHABAFBEER .
FEHAFY O ARG E, M HLFEM R, BB TREHEN SRR EH ™ F (IsORTERK
EEEWF SHEE 1RO RRERE 1 KF RS AARABEAEZR MARKRKRMNEZNENZEE
FEmHn,

RE T PFOS [ Fi (s QKT & A9 57 U1 B B & o BE 1O 38 AR UK AR JE L O 88, 7~125. 1 M, T Fo
RET=INEN 50. 5~121 1 ML, FEME FLAsOREZEMEEHAHAE A KR . BE5EHH BN E 132.6
KA AT ERARESR . WK 2 TTUFEHERETHER A ZHRKENES . XEHREEN PFOS @it
KRB ELELS TN,

%23 FIGrdRRAZERAREREPFOSEEEN KA TR PARFAEAIFOTL
Tab.3 Growth and reproduction of the F1(3rd) generation in the recovery test

after the F; generations exposure to different concentration of PFOS

p(PFOS)/ 55 1 AR R 5 1R 55 1 0GR =l kv [N RN
(mg+L™H i 16 /d Bf 1] /d H/#K # mm
ZH 6.1 7.2 16.4 131.7 7.1 3.43
10 6.3 7.4 16.0 127.9 7.0 3.41
20 6.4 7.5 15.8 122. 8 6.8 3.36
30 6.6 7.9 15.2 110.4 6.8 3.31
40 6.6 7.9 14.8 106.5* 6.6 3.12
50 6.8 8.2 14.7 106.7* 6.1 3.15*

HREBRBAATSAHA : BB ER B ,0.01<<p<<0. 05,
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£ 3N FGrdRAEBAERFREWRE PFOS RFEEMIKE LK P A KMEEBERHBLEL. N
RHPATLUES FGrd)RAEZFEERA PFOS M FER T, KEKMBHIERS Fo R Fdso K
FAHHEMBSEER KT, WHBRBRAMEZZ PFOS BRGEEKEMPE ZHEEEM, HEFRE
A PFOS M5l iEd B SRS E LB AT MEFERRS. FLGrdD R Fdso K E AR5
FRI BN FREBE = FRIKE R FR, XTREREE AR KB BZHHEN T PFOS 2
B ERBEHES AR A S PFOS F 3B R BER /S, BHESFWHARY, KAXES
VIR BV Z S REAK, FE R R 48~96 h FZ#IR A . HEARLEHREFHH THRHEGL KE
TP EFRFIIEM, AREEZWHEREE., AT EFEOHRRE, =W F5 2 R X8
FLORFBEHEMEE LARMEMER" ., XASYEARIHRPNEEZN SEYAEHRE XK.

B2 PFOS R & 43 314 40,50 mg/L B, B7= P EMA LA K 2 M ERZ B B EMH 0. 01<
£<<0.05), MM Fi(IsORFE PFOS BT E¥WRE A 30~50 mg/L B, BB EMA S K 2 MERZMH 23,
XYL R PFOS 5 Y@ B M T FR L F BB WEML S AR 2 MERZEMENHE  KE
BFEIEE A
2.2 PFOSEBETHAREF REREF, (1st) K. F, (3rd) KEMEHH W R KX

P BB R R —Fh A SRR, T DA e — AN b B E T BR i B9 PR 8% v AR K R B R AR W AR AR N BB B
REAMSE B R, WEMKRERN EERERMAFEHEE TR,

:@ ~~~~~~~ Fos
0.450 - FZZ)Fi(1st) 5
V27 ¥F:(3rd)
0400 - -
b b gy 1
4 7 i?’ : %%
0.350 |- _ J
A 7§ . 237717 2 1
T %7 % 7%
0.300 72 ~ 7
%%
# 0.250] 7 +
W 7
1
Ek 0200+
z
0.150
e
0.100
0.050
oL %%
ZH4A 10 20 30 40 50

p(PFOS)/(mg-L)
*REBBAMNT AL BB EFBF,0.01<p<0.05;** REXEZFMBF ,p<0.01

Al ARAREREPFOSEZETHARAZF, Kf FL(Is K,
FLGrdREKRIHHG AT KE
Fig.1 Innate rates of increase of F, generation exposed to different concentration of

PFOS and F, (1st), F;(3rd) generations after recovery

Bl 1 AARRIERE PFOS 2% TR RAEEZ F, RAH FIAsOfR . F GrdDRAEKE BN EEKE,
MWE R LIESL, %% T 20 mg/L i PFOS 19 F, R R B R A KE R 0.326, BFR/RTEAH p<
0.01), HF#IEH 13.5% . BT 40 mg/L F150 mg/L ) PFOS i F, AR KRB F P B KR53 54 0. 270 F1
0.249(p<<0.01), F; (AsOR KB F A B KA ik E , 7 PFOS T E WK A 30 mg/L B, A B K
0.351, BEM T2 H 4. 01<p<<0.05), PFOS FEEWE S T 30 mg/L B, N EHKEEEH 0. 319~
0.340(p<<0.01), F, BGrd R NEHKE F, X1 F, AsO R E BT MBES A4, A4 PFOS F 8wk E
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A 50 mg/L BAHBFZER, WA Z PFOS SR FBRARBEI = FR—BEHBRERYH T, B4 RKEHE
RE IR BTIR R » B Fi Grd) A Fr AsORK R E R, 3 F GrdDRERE LR @ A J 8RR E 2
THERRAE K HPRZS , PFOS X 8ACHT ™ Fi Grd) R TR AT . X5R 1—R 3 PERBEHERIKE
& LA — 3.

5T PFOS i Fo KB & A9 N B B H 2 58 vk B2 O 38 AR U R A1 » 10 PR 48 v Wk BE ) PFOS X R
EFHAERKEAOEME R, MRFEFEVIFRY, BEEH 555 Y W L A0 5 R B 3y B KRR R FE
KU . XA R PTER B

B PFOS 28 B 20 mg/L 5h, Fy (1s) AR B 2 A B3 < FR Bl 2 58 Wk L B9 38 Ak ok eIk, JE
4 0.320~0. 360(FEIEA 3. 70 ~15. 450) , ULBI B ¥k PFOS Wl Bt BFU B RAER N FF B E T Fu (1st)
Rfkrp, AR R LR 18  HET IR T K Z MR AR .

21 REWSR AL TRIKEBRNTIFRER, WA B R R H A7 BOILWK E B PFOS X AR 2 F i 59
K J R ARG LB -

PFOS %} Fo AR ZHERKRMEBA LB HAZME ., 3 PFOS REKRER T 20 mg/L &, F, &
PR A SRR MARERREZB B EME ,IF BFEE PFOS BB E I, ZEEME T H,
PFOS BB W E S AR EXHFEZ A A& W R E-RMMXR . XM T Fo AARE X, F AsOfUHM F, Grd) R
VA PFOS WM T, FWMARKRME TR AERIKE. % PFOS BEREWE & T 30 mg/L B,
FAsORBFIREMAGARRZ IR EMS . BEREWRE/DT 40 mg/L o, KBTI 5 A HEAR
BEER. FL QD FiAsOACR Y F KRR B4, B i BE AL 9 8™ B0 & L 2 U R Bl R R
Vi3 B, KA ZE = a4,

RIEYE SO E A R RPN B K R AR e RO 18 45 76 DUR B 52 P, 8 30K KR TR i
PFOS g8 k&t . ®WE PFOS /] i R E R AR A FEB 2 TAUP  E Mok M0 LR, Hit,
HA R P HFTELBIEE E R PFOS X KB E A 28K A B RGE M KRR U BB » 3 — 2B BF 5
PFOS 17K 1 (28 P AL ML, I il 8 P 48 9 R e HE O BE, M 4 ROK R R B K A R B A EER
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