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Growth and development toxicity based ecological risk
assessment of PFOS in freshwater of domestic and abroad
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Abstract; Perfluorooctane sulfonate ( PFOS), as a new persistent organic pollutant, has attracted
public attention, and it was detected in major water environment in domestic and abroad in recent
years. The pollution status of PFOS in the part of freshwater bodies was reviewed, the Species
Sensitivity Distributions ( SSD) were generated based on the endpoints of survival, biochemistry,
reproduction and growth and development. The HC; derived from growth and development toxicity
was 0.085 wg-L™", which was significantly less than those derived from other endpoints. Further, an
assessment of ecological risks posed by PFOS to aquatic organisms in surface waters of different
countries was conducted based on the growth and development fitness by the method of joint
probability curves (JPC). The results show that PFOS posed negligible ecological risk to freshwater
investigated.
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LAY (perfluorinated compounds , PFCs ) J&—ZJ8A Lo 10 SR 235015 SR 1 BU 0 51 3
APALED) A 2 AL E YRR — N T Ay, A R s K P A b B~ P B R
3z FAVE R IR Tl = i, An e P BELATR R ORI SO R R B A UL A B A AR
2 TR E S Z R E  BMELUERE KRS e MR AR SRR A REAME R LTS e, 2 Ak
BUAEIREE M N () 22 5 o, AR R il B A A8 XURS D1 45 52 31 [ N AP RMIIE TR B B2 KR,
Hip 25 BEifi PR ER ( perfluorooctanesulfonate , PFOS ) iR T A58 U4 5.

PEARAE , PFOS RESEAM I A K X EYIRIG & B A — 2 8, — 2 W T ol LS8R iR st T

FAK BoR PFOS EAT MEBLR 1GNP i T bE . E AT, B 78 BRI B P A9 45 R Bs (Ui KA,
KR 8RS RRGTIE] T PROS AYAFAE" MK JE: PFOS i A HAth A 5 1) F2 22 3 44, IRtk
R PFOS 1) 28 55 £ ¢ 3 SR Az A= 58 28 AUt B i T 76 ). 25 T otk , W PEFOS e K 1R T i 5
YIS PR PROS A9 A= 25 XU XA Bk A AR 0, i A A5 Pl LA BB

F AT PROS 14 A 25 XU AN 12k F2 2 KU A 502, PR 45 SR A R B 7 I A M R il 4 12
KR T V5 Y PR B B R RN T PR AN M A ] AR T kA 2 USRI T A B, PR 4
B S O A A S KU PO i A v, G 43 B P SO0 PEA D ik 3 KR A W S P M i
SSD HiZE, (AXTFRE AT Y PFOS, SR AN R B 2 55 A8 R 7 PR R VA J Rl s, T o ¢ LA
I, A RENE Rk A= A= B B 7 A P

ARFGAE T E NS EZIRIK KA T PFOS 114 2 8 W BE B0 B IR /KK A A 1 ) 1 v 7 M i, o0
B T PFOS 75 FE PN AR AR K o BTG Y B FRRAE | 3136 TR R R PR 2T A EE T PROS A9 R EURRE 43
A . AE B BERE b DU USRI A K & B B M2 s P M 48 A , 32 FHIBC A AE 238 il 286 72 ) [ P MR 7K K
R ) PFOS #E47 A2 28 KU PFAf

1 #ES5 1 (Materials and methods)

L1 Bk

r ] B A FE SRR KR PFOS 14 2% B8 £ 8 >R U8 T 2 & 22 00 SCR , 508 e VR SCHik i 287 18 40 41 R
WA B ) SR S 1 AR 1) S LRI B i (QA/QC) BRI, I L BRHETS 1 A5 ek
FE 1Y 22 8 B0 . 223 0 18 | BRAS B [ N AN B0 KR TP PROS BRI B 2 446 2%

KAA Y PE MR R TR T EPA ECOTOX #4ii %E (http://www. epa.gov/ecotox/ ) M CLAFF & 3%
By SCHER. e P TR RO PR R A W OR T AT 14 d RS JE AT DL AN R BE {H (No observed effect
concentration, NOEG) , 2 7%# NOEC H % BU &K 7T DL ¢ B ( Lowest observed effect concentration,
LOEC) B# 10% %0 JE (EC,,) . 24 [F]— Y AR [R TR E L AT 2Kl i, UL 25 {A.

1.2 WA U 3 A ith 2 (SSD) #

Yy Fh SRR 43 A 2 — B Log-normal BY Log-logistic 25 # AIRY ") Wheeler 25X} Log-logistic
1 Log-normal BLRIHEFT T HL#E, AR Log-logistic #6R#E— M1 0 R #8145 BE #5450, Wu 5" FI ] Log-
logistic A5 F H 9 4 JB FEAY SSD I HE T T 4EAY H R KK T 36 UE | Zheng %5 ) 47 Log-logistic 45
R R i SSD M2k HES: 1 5L T BAE #1955 ZS I K A A W UE. A BIFSEIE T Log-logistic
PRI SSD £k,

7 IR SRR A RS B AR PR MR 00 A KO B8, SO, A by
BRI A AE BB, IF 5L T Log-logistic 844545 7Y 44 4 ) P 450 8% BE 43 A 1 26 ( Species sensitivity
distribution , SSD ) .5% ¥ Fi 3% 5145 % ¥ i ( Hazardous concentration for 5% species affected, HC,) H SSD fi
X
1.3 A KBS 7k

iz FHEC AR [t 2672 (Joint probability curves,JPCs) SRTFEHT PFOS XIR K K A A Wy ) A= A5 XU B
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AR ML LR G I8 115 YW B2 v B2 R Wy PR (B ] S MRS 5 1, ) R M50 2 8 i
i Matlab $U453RF5 424052 295 QMG H HE01-5 F AR AR 9 XU HEA91 2 18] AR 5C A%, B ke H AN [R] 934
HOK T 25 eSS o e S T MR I M R i LK R R KU PP W B 05 3%, B T 24
W22 A MER IR D — AR TR R R 43 LE K 2R A 52 B0 B 7E b 11 SRR R rh & A 1Y
LA IS A 2T AL ARl R WK AR AR 132 B F AR5 G W2 mapB/ N 3 F AR K (A 9 2 25 K
I ).

2 ZEHL 53798 (Results and discussion)

2.1 EWNSNEZKET PFOS BT5 4K

PFOS 7£ H [ 45 B 3K PR o i vk BE a3 1 . w8 45 i UK R B PROS A R B 31 TR R R A6 1
(nd)—394 ng-L™",PFOS HYHI{H A 8.68 ng- L™ G 1 AT LI i, & [E FBIR KK M Heg L o] BRI 3
PFOS ¥ BERI{E 737 4 8.95 ng- L7 A1 14.13 ng- L™, & FHREAKACE Wi KIS 17.52 ng - L7 15 YL TR
™ JERERIKT Y 2.02 £ KT T 3TV T S 2R R KO R Y AR T R AR R B TTE
W BE B AR, H: PFOS MR BESAME U 0.89 ng- L™ KIS PFOS 285 /K V-4 , Pl RBR& TR 1.
L W A AT A Fe g, i HON CV 4 | 33t AR b T K S 3 i .

F 1 FEFEIRKKET PFOS 255 55

Table 1 Summary of PFOS concentrations in surface waters of China

Rk PFOS/(ng-L™") E =P UN
Basin [l Range (A Mean Reference
B nd—39.2 TA7 [25-26]
At 0.1—17.5 4.14 [25,27-29]
IRC) nd—44.6 8.95 [25,30]

EZ/matin 0.1—37.8 4.92 [30-31]
PRIT. 0.3—99 14.13 [31-32]
KL 0.71—2.06 1.1 [33-34]
KiH 0.5—394 17.52 [35-37]
eI 1.4—25 4.66 [35]

ERIET nd—2.48 0.89 [38]

S H A 5 A% E S A FE R OKERES R Y PFOS e 4T T AT 58,36 2 o PFOS SR 551k
JE S KA AE ] VUV (450 ng - L71) |, HRO 28 B RGN ZR N (368 ng-L71) , INEE K5 2270
(247.8 ng- L") FLH ABGTE N H (123 ng- L") . )\ PFOS % 85 ¥ 55 iy Sk & , 36 [ 5 B AT 2 ki
F R KA T H AT PROS 288 /KT 5 v [ 09 58 88 KT AHE , A T3ROS 75 YL 1 2 i Wk i R 2
55T AE M3 Y Tl & K- | 2838 e B G R UAR G | IR B i ih , Talb Ak ey, ot =K
PFOS 75 YLy FE Bk &7, e mE K.
2.2 PFOS BYIRIKIK A A W B R0

SKH PROS 7Kk A A e v i B A T R TR TR B R iy SSD fhZk, M8 T HCME, 45
J L2 3. PFOS 7Kk Az AR 8 M pE vk 5 5 1L A 267.6—206000 wg- L', “FH4(E K 31066 ng-L", fudk o
e IS I SE2s R AE S DAY A N NOEC {EYEF R 22.36—10000 pg- L™, F3
B0 2422 pg- L' 4602 He 5 T AERK AT #HMER NOEC (HVE 4 0.734—2900 pg L™,
SEYE R 552 pg- L R AG IS RS S WOE R MR B Wk B YE L 100—10000 pg - L7, SFHA{E
H 2074 pe- L7 AUgEf 5K R A G EIE AT L 4 B L T PR HE AR A Bk A
AR R A S

PFOS J: T AR FEEL S SSD thk & 1 FR AN 1 AT RVE I 3T A K LT Y SSD #iZ i T
4 %% SSD IR 52, 3R W] PROS XK A AW A & B FE M2 4 Rt 4 s P e Uy, L HC
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0.085 pg- L™ KT H T HABREMEL S T HC AR FEEZ S HC M NEIRARUO A K & B < Z0E
<YM < A7 B R E PRan e 2 A, g M i o 325 . A PROS X BE 5 A [R) B 4 2 05
PR S S , & B PROS X5 fa il A K Ok & #8590 d 19 NOEC U4 0.734 pg- L™ .PFOS X 5 &
AN [) 25 P 0 4 ¢ A IORR B L IR O A K R B (NOEC: 0.734 pg - L7') > %5 ( NOEC:
106.9 pg L") >AEWE2% (NOEC: 250 pg L") >AEAF(NOEC: 267.6 ng L") , SANEEEPEL S/ HC M
INBIR Y R H—EL

R2 [EINRAOKE T PFOS 28 X

Table 2 Summary of PFOS concentrations in surface waters of abroad

H % Wi, PFOS/ (ng-L™") S 3k
Country Basin JU R Range I Mean Reference
FREAN R e 0.2—368 108.16 [39]
BLR P& Eh ] 2.3—2.9 2.64 [39]
e TR IR Y /N At B 15.8—120 70.36 [39]
PRF ) 11—39 31.25 [40]
T FME W 15—121 55.38 [40]
) nd—46.57 8.85 [41]
TE Nk 0.8—123 5.6 [42]
HA HRW <4—7.4 3.8 [43]
R 8—59 26 [43]
U] 7.33—18.3 12.9 [44]
A e
i ] VY i 8.69—450 73.02 (7]
IE-FN 5 2 YA JE W0 SR 13.6—247.8 99.76 [45]

K3 ETAFEREEL S YIFEORE i fh 28 (SSD) B8

Table 3 Parameters of species sensitivity.distributions (SSDs) for PFOS based on different endpoints

REPEL S, Bk T {E Ll HCs/

Endpoint Number Mean/ (pg-L7") Standard deviation (pg-L™h)

ERER 8 552 1006 0.085

YL 10 2422 3279 11.125

A 10 31066 63106 65.343

2 7 2074 3638 5.955
10~

o KB R

o Growth and development

—o— 4:#){k % Biochemistry
08| ! 4
> —o— %J%H Reproduction i
% —a— H:1F Survival
g 06
&
o
2
=
g 0.4
o]

o
o

Log transformed concentrations/(ug-L™")

Bl 1 TR 2 )RR 5375 4 (SSD)

Fig.1 Species sensitivity distributions (SSDs) for PFOS based on different measured endpoints

FETARITEIEL SR SSD 2R, 5K A A Wy B0 A= ik~ S AR AF AR L, PROS TR %
HKF L2 K A E IR AR RO, AR R B 2 i — A5 Wi A= ) ) S AR AT i85 R 5 E
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WO 5T 45 R — s e .Hagenaars SELOT D) e G PR MRS B 8T T PROS (R A AR L. PFOS
s ARG AE 2 S e AR R R 3R35 , MR IR S0 B N 2 X0 AE IR AR A7 B OB A AR R R ™
A BRI R 0. Bots 2517 BFE T PFOS XUy BESRME I BEVEALN , & BAE K PROS B258 T, /U SRS AA 14 B %
LRGBS D BET % B, IF BB PROS ¥R BE B3E N, A8 25 (4 i 2 2R 0820 M b PFOS
XL B ¢ B BT 0 AL 9 25 1 (NOEC: 10000 g - L), PFOS X0 B % M 7% 25 19 75 1 B K ( NOEC:
10 pg-L™") .MacDonald 45" % BRI Y PFOS wl BERF IR I A AR A5 | PFOS X2 I () A48 25 A M 4k
FEREPEIY 40 52540 A DR A5 10 s PR TG 1 AR A7 RV, A Kk 3 B0 T B L 20 sl B A7 75
PETBEVERR HIT M PFOS %7K A= 4= Wy 1y 163
2.3 EWNAPEE KM PFOS (S XU PR

BT AR LT BEEL 2 R BTSSR R E R 3K PFOS 1) 2 28 B A 8 T BE A AR il
2k, 2 s 4 R AR PROS K015 82 X K A 45 2 G KUK (19 R /IN 16k A MBE 48 i 2 30T x il
A= W32 15 TR RN g K 36 B R ER K KR PFOS Xt 5% 7K A= A= W A= K e 1l i A 35 7 ik
B3N 3.6% ,3.0%F 2.4% 1 H E AT H ASIRIK KK H PFOS Xt 5% 17K 2E A W A K R 1 U6 3 1)
BERAA 240 0.7%.5 DNFEFE A IS KKK T PROS 4 AR 25 KUK f% i, o0 R AR B A 25 JXURS: B A6
H A4 FEEA KR 1 PROS 9 A2 25 KUK ¥4 4k T 7T 32252 7K -

0.20
—— i [E China
0.18 ——— 3[E America
0.16 —.—.= HZJapan
ik [E K orea

o fi% KCanada

Percent of species

B2 AR EZKET PROS BEA AR ML

Fig.2 Joint probability curves (JPCs) for ecological risk of PFOS in surface water from different countries

HRAE S B R BE S 2N SR D B . A2 I i AR ) 45 I ( BAF) slAE v 4 7 ( BCF)
TLFRIE 2000-=5000- 8 , BEIA A HAT W 7F A= 4 i 42 5% 0. PFOS Y BCF {B — & 2000—5000" ") | i3 ]
PFOS H A3 e BRWE SR H T4 P8 Ar KR PFOS A8 A 25 KU b T 3K 7, (H A A A A
HLIS YW, % 185 PROS [ BRI A Wi R asns > HoAe 858 v () S 8 DA B 7 A A 0 ) fs 2 4T3 (i
PRI
2.4 A

T B A REPE R A2 AR TR A B, AR5 1 e i B B S F T R A S e A, PR A
PR IRAEE S — SN 2 4G (1) AR A 2R IrilcsE i 25 M 550 e 16 ¢ 2 R 45 =
IKAEAE I BCSEE DUAEAE AR AE 1 5 (2) 5 Y ) 2 8 500 DA 5 30 4 181 P A1 32 IR K AR IR 1 i o 450
P, SRAEZET 512 10 2 01 DA R 2 i B T 850 53 PROS 2R 8 /K- AN e 7 5 (3) #4%E SSD il 4k
A KB PN D5 8 20, PEA I R AR e PR (1) R [R] 23 1 PP &5 S R AN e k.

3 %512 (Conclusions)

(1) PR, SE [ 5 ERN S A PROS 15 34K F-8m 1 1 A H A 35 e K AR IR
[l 2 2K S SR, I AR PROS 5 387K i3 T [ NP 227K
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(2) K KBS PROS UM K A A e R 2, , 5t B AT IRK IR 2 ZE K5, 45 E KR PROS
B AR 25 IXURS B A T AT 43257 7K S fH T PROS B4 AR SR | AR 1 B AR 2 06 1.
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