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Abstract: Per- and polyfluoroalkyl substances (PFASs) are compounds in which one or more hydrogen atoms in the carbon chain are
partially or completely replaced by fluorine atoms. A large number of studies have shown that aquatic environments seriously
contaminated by PFASs can cause developmental toxicity, neurotoxicity, reproductive toxicity, and endocrine disruption to aquatic
organisms. At present, the United States, Australia, Canada, and the European Union, among other countries/organizations, have issued
freshwater aquatic life criteria for two traditional PFASs: perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS). To gain
an in-depth understanding of the research status and challenges of establishing PFAS freshwater aquatic life criteria, this study
systematically summarized the criteria values of PFOA and PFOS in different countries/organizations and compared their differences in
species selection, data sources, and criteria derivation methods. There are significant differences, ranging from 2 to 6 orders of magnitude,
in criteria for PFOA and PFOS in different countries/organizations. This may be caused by the following reasons: (1) Different

countries/organizations have selected different test species, covering different taxa. (2) The toxic effects of PFASs are diverse, but there
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are fewer standardized experimental designs, resulting in significant differences in the results of different studies, and different

countries/organizations have different standards for whether to use certain experimental toxicity data. (3) There is a high degree of

uncertainty in chronic toxicity data inferred from the acute to chronic ratio. (4) Different countries/organizations use different methods to

derive PFAS criteria for freshwater aquatic organisms. Therefore, the formulation of PFAS criteria for freshwater aquatic organisms still

faces many challenges, such as the single controlled substance, insufficient basic toxicity data, unclear bioaccumulation effects, complex

effects of mixtures, and the selection of criteria derivation methods. To better protect aquatic ecosystems, it is necessary to gain a deeper

understanding of the environmental behavior, toxic effects, and bioaccumulation characteristics of PFASs through interdisciplinary

collaboration, global data sharing, and toxicity prediction to support the scientific development of more water quality criteria for PFASs.
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Table 1 Full names and abbreviations of related PFASs in

Chinese and English

HOC e FR YA YIS
LF T BERR Perfluorobutanesulfonic acid PFBS
AFRCLER  Perfluorohexanesulfonic acid PFHxS
Exea i Perfluorooctane sulfonate PFOS
LR TR Perfluorobutanoic acid PFBA
LR Perfluorohexanoate acid PFHxA
IR Perfluorooctanoic acid PFOA
LT8R Perfluorononanoate acid PFNA
LBEIR Perfluorodecanoate acid PFDA
6: 2R EE iR 62 fluorotelomer carboxylic acid 6:2 FTCA
EFRR-H 3R o )
RO Hexafluoropropylene oxide dimer acid GenX
HIZ R ) _
LRk Chlorinated polyfluorinated ether sulfonate ~ F-53B

6: 2RI i 6:2 Fluorotelomer sulfonic acid 6:2 FTSA
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Table 2 Comparison of concentrations of major PFASs in surface

waters in different countries
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Fig.1 Flowchart for the derivation of the US water quality criteria for the protection of aquatic life
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028 3 AN B 2 AR PR . T Ak
02 PR B PR RO BT R 35 0 o AV LA 2 DL A
SSD ¥ e 1 T Sk IS 1 /K R V(R BT A
KPS T PFOS 1 20 At /K B vEAE, 43 51l
9 3.6x10° H12.3x10* mg/L(WL55 3).
215 HE

2022 4F 3 H, BB LA T QRAK A YK i
FEAENE TR B ) (HT 831—2022), 3 2 (IRKIK AR
A= WK 5LV ) 2 AR R ) (HI 831—2017) E%ﬁ LA
%E’Jﬁwﬁﬂ[” FEAR G S FE S SE T AR

R B3 P IR K AE ) OK B AE . £ X PFASS,
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= %37

H Al E & D F 52538 6 HoK BSR4 T T 0028 i
5%, 40 52 55 Rk F Pl ] ZR #E (Interspecies Correlation
Estimation, ICE) 15 %Y 1 4 i1 41 4k ¥ #fE 5 T PFOA.
PFOS FY ¥ 7K 4= 9 7K JR R v S0t 3R 1 125 ANk
FHK T 9 PFASs HEAT I I, 42 T 38 E A K
PFOA I PFOS (3EHEIH, 43514 109 Fl 18 ng/L"™,
A2 H §r2¢ T 18 4 3 B E 1% PFOA Fil PFOS 4
PFASs IR /K A7k L HE RS AT SR L=, MG [ R
A A IR R ST A KA
2.2 E NS PFASs IR K AW 7K i SEHERIF 5 7 7% L

H i 4 B &K s i X 48 i PFOS 1y 7K JiT
HEAE SR T 6 B 9, 76 T A JE i (E , KR
AR 99% ¥ F Y PFOS CCC {8 4 2.3x107 mg/L,
S P U T AR Y, AR T IREE T SOk (3.58~
598.66 ng/L) 1 4 F{i /) 43 M J7 ¥ & i FR (0.020~4.0
ng/L)™. T B 43 M 5 vk e DX i 3 v 5
(2.3x10"" mg/L) FIFE I (4 PR BT VR BE 047 1 0 £, A
R V1 M BT PR BT A 2 75 AR b, T EL 4 R 240K
& PROS 1175 5ok BE 343 5y TR SR AR, % 38R
IS HE T3 A% . AR —SLifE(H )5, PFOS 12
P L M 19 35 B 1.3%107 mg/LGR K F A% 47 95%
PAiN~0.14 mg/L(3E E % BRI ), e KA 5 Fe/IMEZ
()5 5R HE3T 3 B g . PFOA A9 18 1 3 v i [R] B
ST 2 ANBCR L, JE A 0.019 mg/L(H KA W A4
31 99% PFh)~1.705 mg/L(3E FE B JE Rk M), X Fh2s
S AT BESE F TS [R) R 5 ol IX 7 S 3 v () 2o R
PEFE T A [A] AY FEE BCE A R HE 5 0, AR SO 2
ANTT T X 4% B R B IX. PFASs 7K 5 B v 5 07 vk ik
5T TR HE 5 5087
221 FEPEEURE SRR

T il 5 K T S v ) s A e, AN ] ROR T K A
A B AR R AN [ Y, B 2 A EE 2 A4S 2,
53 B Y Rl BE PR B AR

Py FPBERE T T, H K 0T S v ELA G B 1) Ry
o, P T Z B A H AR A, @ A A
ARG E DL, DU ORBEE Y SEPRIE A BeAh,
W25 R U R, LA PR /K T v RE A i 32 1) T B
XA RGN RS B S IR s Hok, %
R AR TR SRR A A, BERE R R R AR s A
S MERYF, UK R IRER S RS R S
H AN [ AE R, S AL T XAk TR R) A= i i B
(R D) P 6 85 i, 70 SEVEHE a7 P I TR T A
B RG R EAEEEBMONDF, Wi T e
Y B YR SRR WG A, LA 1k R R X g

YR R TR BAES RGN LR Z .
FE] E A K 5 SE v A T R AR R T R O A B
S35 1 AR, (BAERR I P Rl R & AR - s
ISR 7 T s,

B E J7 18, 15 PFOA 1 PFOS (197K £k A= ¥k
R FEE S AR P, AT S i Ak S A 2 e
F% (Acute-to-Chronic Ratio, ACR) #I fE W 7 53K
HERPEE . b, KR8 K alh X 2R 3
SR ARAT A B A T I A, A& KRR Y
TEHES PFOA Fl PFOS 7K Jiz 5 M 1) 3k 72 v 3k FH 9 35
bk 18 YRR E SR AS B A B, 2T IR A AN
BRI SSD £k, I I i e B Fe A LA AT Y 5
T B R e K TS . H 95 [ 2 LIk
I B L B JE IRk M AEHE T PFOS 11 PFOA 7K
Jo 1 aot AR PO ASUE F T 0 T M S SR AR A 1 2
H W T ACR ¥ 2 v 5 v Bs % e oy 18 e bk
s, Hols ACR AN 21 10 12 it Bl 5 50 56 4k
P12 PEREPE B — R AR S R v, AR
AMEPERR BRI R . T ACR ¥ g M
PEEHE 2 5 Al , HRTAFAE 4+, Conder 5545 H,
fdFH ACR 3R IO 48 1 75 M 5008 ok il 22 PFASs 17K
Az A= WK SR HE T DL 36 TR T2 R EOE T,
— P Al Y s (EU VL ZE 4 Y, T Y 4
TR 51 AL BT B ) 5, ACR 38 H 7850 4
b ARG T R RAR 2, e R R IR R 23y ok
38 Fe PR AN G S P AN W Af

WA, AN [) [ 5% 1ok i 00 o 1 250 e SR R B — 5
B0 U 2 5 499 A PFOA il PFOS 7K Jif 36 v #E 5 19 b
HEL AT AY . US EPA T 1985 4E ML BT B 2/ 8
A FERE I M B R M S R AP K A AR W i K o
i, 7 PFOA H1 PFOS il 3 iy i Fe vpy, HBE %k
PEREE UL 8 R TR ERIE Y 7 2%, B b
O 9 4 2 (B H03%) gk ik B X5 PFOA il PFOS
AN A A3 2R BB, ERE AR 5 S (4 A GBI 5 i —
H5es o W DB IR K RN K i S PR RO R AT T4
I, H R FHPEAR BB 775 4 5 PROS 114K 5t 3 (R, e
AL E YR ECR AR B D, 2R RS R s R
¥ LS T KA TCEMESh P a2 3 A28
T, HLICHEME S Y2 S U 4y e . (BRI,
WA R Y B B0Hl v, XF PFOS 22 5% i BURR Y
BEPERLN 2 Keiter 2547 18 (1 BE 5 i i A= K 50 7, If:
BT IR E T Y 99% ) Fh 5 7K 5 3 i (2.3x107
mg/L). {HJ& US EPA #11A N Keiter 55 1 B 52 B T
“5Z VP 28 500 Ve B — e B O R 2T RN BRI I
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BT A0, ANREE T PFOS 7K BT ME Y 2
T,

25 b, & E K EUh X Z [ PFOA 1 PFOS H:if 22
SR EARJFE R W] e OB Z i 22 5K,
T 5 1 0 BN [A]; @PFAS BEMERLN B £ | S2 0%
T = G — bR, BUHAR RIS 45 R Z RAF AR 1Y
225, HApMEEdE B 0 A Off Al ACR MRy
P PEFE VR AF AR AN 1, 7T BB Ml e 2% 1Y) B 1
1B ; @25 I 58 i b DX 2 75 2R FH 2 — S 30 2 B0 1
FRUEANTA]

222 HEAEHES TR

FAEHE ST 7T, US EPA 7EHES PEOA Fll PFOS
TR 7K A= ) 7K o v il A R Y 02 1985 4R 1Y
BEPE A AP . 2O R I T A R
PEEE N 2 /DR 34T 8 NRH AR, SR H
S HEF R AN R E 43 LR R TS e i B
JEME o SR AT A B EBE A B, AR 1) e e e
Vbt = 6% 00 FE VR, 74 T S Y i AR v ) AT
RS2 2B o (B A0 520, AT I 5 o 0 1 %) AN
PE. AL, US EPA XJ 8¢ £ 2847 1™ 4% 19 o £r,
AFEH LT i) 2 Ay BRI
53 BT 5 7 TH o 7E PFOA Fl PFOS 7K AE A= ¥ 7K Jit ik
HERL AR T, A 235 i T 32 iR AT REAFTEIR B AL
INF, F R I AN AT S FVS M B 1 S IR oK, sl 2
TR EAG I, SRR T e MR B I Y
SR, T3 7] S A0 P S e A6 [R) RE, AF OC B s R
REFHAE A PRI S K B R 0y 25 51, TS et 4%
TR HES . B0 E 2 8HET Ik BRI %R
15 QR A K AR R G2 LA R A5 G 52
M), {HE: A b BRI 2 CRAP 7K A AR 4 B LA I ) g
I

W B i 24 1k FHVPAk R 1k 453 PFOS IR 7K
AWK o v, EAACSR SR FH SR BURR AR W 0 R (TR L)
—IN I8 Y B IEAL 15 2K BT EEE B . %07
o (SRR 2D | ARy 0 B, TR PR RO B =
AT DAVE Ry —Fh R A 1%, 206 B TR o
PEAL AT (Assessment Factor, AF) 1 BUE & PEAL A1
TR R, AR T o i o T e Bk B AT
REAR, T 822515 Y P BRALPE BT R At DL A
Yy SRR SRR o AR e IR R PR o A v R E R R
$8F4 (Technical Guidance for Deriving Environmental
Quality Standards, TGD-EQS), {4 25 | TTEHMES)
YRISESE 3 B FRACE I 2B, D6 AT 58 1 /)
SEEEPE(E L FHPEAN 5 100, X AT 58 5 f /g 14 B

PEAE R FPERS 7 105%, X5 F PFOS, Wk 84845 1 ¢
AN TR MR A IV TS HE S AR IR 96 h 9 LCs,
(3.6 mg/L), e/ IMEMEEMEAE 4R USSP {3 1) NOEC
(<0.002 3 mg/L). P s35I%F 3.6, 0.002 3 mg/L i H]
FEAE R 100 A1 10, /53] PFOS ¥R /KAE W) 2 b Fnig
PR BT . 2T AR R R AN s P, — 7 T
TR TR O HESh P A B, TR K R K 7
TR ER R R SAE T AR ORI 22 5, HRTR
RE 4 [ 5 7 31X S8 PR 5% [ 2% PFOS B M 340 Al %2
AR, [FE, INE KA K 25 (CCME)
A48 . thF PFOS FETR /K Hhids i B FEAIC, PFOS 11
WBEAT AT RE A AN [A], DR A AT /K 1) B 1 4
P T — T, AR 2 BORE R AR TS AR IR R TR OK
TPt /0, SR FUARE IR A4 25 P 50 75 L 52 S ek 7K A=
Yyxt PFOS (Y38 L PEATS SR FERE . LAk, PPAL A 158
TLI0, AF Ml RIS 2 0005 1, A B 77—
SE AN R 2, T LA 25 Rl 22 8] A B G R L
K5 Y ) R B, e B — 2 e R HAth
Ty AT A

WA AN £ KR SSD 72 K 4 5 PFOA il
PFOS HIR K A= W 7K it S o, 3% B 7E IR K AR 7K Joi
FEMEHE SR )(HT 831—2022) [l #f 8 %
ZH . SSD LB T U T RIK: OESRGET A
WY Fh oo B — 15 gL Wy ) UM (ECy,. NOEC 55) Ik A
B MRS A; QN R G BEHLARTS 1A [ Py
F18) SR A AR DR ) ) 3 AT AR, 3k S AT AN A —
SEFEE Ll DUR AR RGE R A 454 @M ER R
g —E LB AE AR BT, B S R SRR
FENY . TERCIERE T, RIS Y 2 Aok OF 0 i 5
PEEHE R AUA SSD £k, I DA A A5 2K 5T B
i {E ., Van Straalen 255 $2 1 IR 4PK R B —E [
7K Az A W 1 BB Ry 5 Y ) K 6 v (B .
HWAEOLR, L HCs FoR, BILUMES 95% LI _EYiFss iy
(U BEAELAVE A /K BB ME R {E . 7F SSD {4k /K o
HE R B, T i SSD 2R S IR 45 R N SE 1
JE M AR B, BT 53 A0 AR A XA R DL
(AR BRI, 2 S 8AUA 13 2 AR 95% P iy
W EAF AR R AR 2 1
3 PFASs i#7K 4 #17K FRE I E E G By Pk 6%

S50 4% [ 2 5 X X PEASS 148 7K AF 17K o 56 o
A BIF 5 B R AR 5 o ) e e v 8 1) ) R, S SO
PFASs ¥R 7K A= 4 7K Joit 5 e il 2 o T i 10%) Bk A5 485
mr.
3.1 EEY R —
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B % [ bRt 23 B9 R B 45, PROA . PFOS., PFHXS
FARIAL G W 00 £ 7 FAE ] TE A2 A0l A B, (H
FEAR AT A5 1k, 07 H i T IX 22 PFASs fhai i |
TEIRSE Ak B8R i . A S R R A AR (et AT SR A
FERET AR, BK T 4 1k 1) SR 30 A8 e T A G K
FSEERFSE . H TS E KB I A 1) PFASs 7% 7K
A WK 5T 3 o SC A S 4R T PFOA il PFOS, {H
PFASs Fl 28 B £ | ¢ 1E % 7, B& PFOA. PFOS 4},
PENA. PFDA. PFBA FI PFHxA 3 75 1% 4 # 4% [5 %]
g e 45495 YL ¥, PFHXS. PFBA., PFBS #1 F-53B
4 PFASs 75 3% [ 1 7K A v s 4L ™ 8, IR AT G Xt
KA R B R AR EEE L NI TR
SEAN R, E S AR, iR T T R AH K
FLHEWFIY, Ak ot a5 Yoy i i — A s IR ARl 2%
A
3.2 JERNEETERHE A B

BhF i 2 PFASs K 5t 561 75 SR K & AN W] 4
Tl AN [R50 28 o5 B R o SR B T ECOTOX
R Ul PFASs (9 8E P04 A 29 19 000 4% (2024 4F 1
A 17 HRE), Hrh 419% #J2 PFOS MY EEPEEE, 24%
J& PFOA Wy #2144t , PFHxS. PFBA . PFHxA . F-53B
S H A F B PFASs M s tEEgs ™ S sk =, BRI T
KT FEAE B — 25T . BEAb, 5 5 X A Ff PFASs
HRIF R B S I A, AN USA L FERT K, i
SRR KAL), AFFEAdrE LAY, i 5
AN ) 2 36 22 1) 22 S K, ATHARAFAT — 2 AN A 12k

34N, KT ) ) A A LA i BH ) bR
T B R AR A i 1 25 1 I R o S T e 1 K B
FEMEB A o (HA R KA LY A 22 R R, A
PFASs B PEEIE AL AL AL P T8 WA G BRI, A%
- i B M B AR G =, BRI T PFASSs 7K TSR
HEMRLFAEE o (AR, B T 20 L i sE Rk
N, 38 N FE— TR A 5T PFASs X A [5] 4 1) 27
BIL, A 45 A HIE Ry 1 AL DR 3k i A8 Ak 45, DA Jn

4 TH ML T f# PFASs X AN [R] K A= 25 R G5 W) 520, B8
b2 1 e PR R R
3.3 AW BRI R v

C A B B, 34 PFASs 275K N %
A A BB I RE R B B R R B R
b, BRaK R B 2 R 2 A, W3 R g A 14 326 [
FESE 0 R B 55 T PFASs 1Y B Bk 1%, iR 75 #5741 41
FEHE VL FE 3 R AP K AR A W) 5232 PFASs YA RS20 .
K[ g KA E R PFASs (15210 BAF i
FE T KM 0 8 ME B AE A R U0 . SR 1T, BAF

(R0 e 37 B e S L AR BER L AR A B B L KRR
JE S £ 25 20 2 S 1 s s o) AR B A 2 D
PRI 22 (05 ), AN 8 PR3 s o iR i — 20 BT BAF
R RO, B2 5 BAF A SUREvE A TRk
34 BIRMIREWRNY

SEBRIAE T, PFASs 8 # UAR 2285 W IE
FE, X AEAGFHE T B — B3 I AU PEAS AN A2 DL 4 T M T
fift PFASs XK AE AW Z5- G52 . TR -G 300 i i
ST B P N[A] PFASs 22 6] AAH ELAE ] . Bk
I DA B O R AS BN, T B INRA . RGEHATF5T,
DA 4 T A X 7K A A 9 A v A JRURG:
3.5 RREME SRR

SLMEHE SOy Ik 0P PR 2 A R 2 PFASs 7K
Jo v M A VR L AT R AGE . ERR L E
T A 7K 0 B 5 7 VA A P B 712k SSD i
BEIE E BT, X 3 MO A & AR R
RR:, 6 AR] Foh 7 92 41 5 PEASs FOTR 7K A ) /K it ik
WETT BLLE 5 25 I B 1 T R T L IR B A
fiE BRI TR AR, (AR B AU, PFASs 7R 48
IR B K- BT 5 [ K A AR 4 N 43 U 25 L, s M P e
BH . XELER RN E Z BIIR K A 7K B S HERE Y
W et/ b, R G 3 R SEENE S 7 kAl 550 % 18
IXLEREPERLON , HES U SEAR 3P K A2 254 42 1) PFASs
RIKA WK BIEHE, 3R T 2Lt — 25 5T
4 ZFRERE

1T PFASs 7E 058 9 530 4 . BB 1) f T 48
T K AR K A=A R i A= ) SRR T, il AR Aok A=
AWK B BB R L SR H T PFASs 1Y
BRSO Z2HE ELLHIAN B, AS[RIAIFSE 52 0 o 5 22
R55, BB AR D MR H 2 v, S8 T
PFASs TR 7K A 1) 7K 5t B UE () BIF 5810 A (W] ] 58 b 1X
AR RS, Bl R i e = 30 Xt B AifA e
() IR, AR SCEE M DL LS R

a) KK TG Bt — sl TR AR
SREE LA F R R TR E AR B E RS
AT LR N4 1 L T % PFASs 77K A A Wb i 25
B A2 BAERAE LA R AR K IR ES TR B IR EE AT, A A
T PFASs 7K B SEAE O BR2F il %

b) [ PRt 2 75 25 AR b3k 5) PFASs AH %K
P kI, @ SRR EE - &, Ak
45 1 5% it X 4 St A 65 B0 R 2 P 5, AR T
4> T M PEAY PFASs 76 BRI BN 0 20 A L A1 54
ASIAUBSE, DT A7 3 S P ol o AL B I 0 S A 4440

¢) T BEANMIER RN TF KBt B H AR A2, LA
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ET L2 B PFASs AUTEME L IREEHRIE | A=) RERTE
WA BN VE s % N s R DR o wbii At AR UL D& 18 ¥
I7 8 DL e ) A= b B W A o

d) THE #2219 A e M i Ut PEASs B 145 8 ik
R AL ey g 5 TR, Hasahis A
2 AW BRI R G 2R 1 B 2 R A A
PR RLFN AU B A, DLSEEs e i g e F 5
DXUISS: 749 e SRS, AT T ¥ e M v A 1G5 . E i
A% & IEERE R E EMROCR (Quantitative
Structure-Activity Relationship, QSAR) #ii & ICE f71,
DL S AL 5 2 2T A5 5 Fe F00 15 G Wy ik K A= A W 1) B
PR, DL S K B 3 v Bk e, 30 B T4
7K BT SE HE R TR M
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