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PFOA

2

 

PFOA

 

 

 

 

 

 

PFOA

PFOS PFHxS

 

 

 

 

PFAS

PFAS

PFAS -1 ( 230)  
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PFAS

-1 ( 230)  
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ATSDR EFSA Health Canada

( 1, 16, 34, 35)  

 

 

 

24 26 2012 2014

4 PFOS PFOA

17

18

5

5

13 -2

-3 PFOS PFOA LOQ

( 231)  

 

 

 
 

 

1 
LOD LOQ 

LB UB 
 4   0   8 3 20 9 40 

 1   0 2  20 2 20 40 
 1   0 2  20 2 20 30 

 4   0   8 4 20 9 40 
 4   0   9 5 20 9 40 
 4   0   8 4 20 9 40 
 4   0  10 4 20 9 40 

 1   0 2  20 2 20 40 
 4   5  15 3 20 9 40 

 4 440 440 3 20 9 40 
 4  10  17 4 20 9 40 
 4   0  14 5 20 9 40 
 4   0   8 3 20 9 40 
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 4   0   6 3 10 9 30 
 4   0   9 4 20 9 40 

 1   0 2  20 2 20 30 
 4   0  10 4 20 9 40 

3 1   0 2   3 2 3 8 
1 LB LOQ 0 UB LOD LOD 

LOD LOQ LOQ  
2 1  
3  

 
 

 
 

 

1 
LOD LOQ 

LB UB 
 4  0 14 6 30 15 70 

 1  0 2 30 2 30 70 
 1  0 2 20 2 20 50 

 4  0 14 6 30 15 70 
 4  0 14 6 30 15 70 
 4  0 14 6 30 15 70 
 4  0 19 6 30 15 70 

 1  0 2 30 2 30 70 
 4 36 44 6 30 15 70 

 4 45 69 6 40 15 90 
 4  0 18 6 40 15 90 
 4  0 16 6 40 15 90 
 4  0 16 8 40 15 90 

 4  0 16 6 40 15 110 
 4  0 17 9 40 16 90 

 1  0 2 20 2 20 50 
 4  0 16 6 40 15 90 

3 1  0 2  2 2 2 5 
1 LB LOQ 0 UB LOD LOD

LOD LOQ LOQ  
2 1  
3  

 

3 4 2021 2022

PFOS PFOA 80

-4 ( 232)  

 

 

 
LOD 

 

LOQ 

 
 

 
LB
2  

 
UB
3  

 LOD LOQ 

PFOS 2 4 2,700 468 469 345 10 20 
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PFOA 53 76 110 5 43  20 40 

1 µg/kg 1,000 ng/kg  
2 LB LOQ 0  
3 UB LOQ LOQ  

 

6 PFAS PFOS PFOA PFHxS PFHxA PFBA PFUdA

3 2021

1 2 3

4 5 6 7

8 9 10

11 12 13 14

LC-MS/MS 26 27 -5 LOQ 100 

ng/kg PFBA PFHxA PFUdA PFOA

LOQ PFOS PFHxS LOD

( 233)  

 

 

 
  1  2  3  4  5  6  7  8  9  10  11  12  13  14  

 

PFBA UK UK UK UK UK UK UK UK UK UK UK UK UK UK 
PFHxA ND <LOQ ND ND ND <LOQ 150 ND ND ND 110 ND <LOQ ND 
PFOA ND ND ND ND ND <LOQ ND ND ND <LOQ <LOQ ND ND ND 
PFUdA ND ND ND ND ND ND ND ND ND 1,040 ND ND ND ND 

 

PFBA UK UK UK UK UK UK UK UK UK UK UK UK UK UK 
PFHxA ND ND ND ND ND <LOQ <LOQ ND ND ND <LOQ ND ND ND 
PFOA ND ND ND ND ND ND ND ND ND <LOQ ND ND ND <LOQ 
PFUdA ND ND ND ND ND ND ND ND ND 1,850 ND ND ND ND 

1 ND LOD UK  

2 2 ND  

 

3 2021 2022

1 13 PFAS PFAS

15 PFHxA PFHpA PFOA P3MHpA PFNA ipPFNA PFHxS

PFHpS PFOS PFNS ipPFNS GenX ADONA F-53B 8Cl-PFOS

LC-MS/MS 28 29 -6 6

 
26 PFAS

 
27 ng/g 1,000 ng/kg  
28 PFAS

 
29 ng/g 1,000 ng/kg  
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PFHxA 10 PFOS LOQ 50 ng/kg

LOQ 25 50 ng/kg

PFAS ( 234)  

 

 

 

 1  2  3  4  5  6  7  8  9  10  
11

 
12

 
13  LOD LOQ 

PFHxA ND <LOQ ND ND ND 58 <LOQ <LOQ ND ND ND ND <LOQ 25 50 
PFOA ND ND ND ND ND ND ND ND ND <LOQ ND ND ND 25 50 
PFNA ND ND ND ND ND ND ND ND ND <LOQ ND ND ND 50 75 
PFOS ND ND ND ND ND ND ND ND ND 780 ND ND ND 25 50 

1  ND LOD  
2  11 ND LOD 25 75 

ng/kg  

 

3 2021

PFOS PFOA -7

1,655 2 PFOS PFOA

50 ng/L 30( 235) PFOS

PFOA 50 ng/L

 

 

 
  ng/L  

 
 
 

5 10 15 20 25 30 35 40 45 50 51  

 1,655 1,413 146 46 17 13 7 4 4 1 2 2 
 492 441 34 12 1 3 0 0 0 0 1 0 

 110 88 17 2 1 0 0 0 1 0 0 1 
 762 637 63 23 13 9 7 4 3 1 1 1 
 291 247 32 9 2 1 0 0 0 0 0 0 

 mg/L 1,000,000 ng/L  

 

FDA 2019

PFAS

2021

2018 167

 
30  



 

142 

16 PFAS31 32 164 PFAS

Method Detection Limit MDL 17 344 ng/kg PFAS

PFOS

33 ng/kg PFNA 50 ng/kg PFOS 76 ng/kg

PFDA 72 ng/kg PFOS 140 ng/kg (

236)  

 

FDA

2021 5 2022

3 D.C.

PFOS PFOA

PFHxS 20 PFAS 81

-8 -2

PFAS 56

PFAS PFAS

( 237)  

 

 

 

   
PFAS ng/kg 1 

 
 

 10 100% 4,000  23,000 (10) 

 11 100%   160  2,200 
(9)

(2) 

 10 100%    83  1,750 
(5) (1)

(4) 

 10 10% ND 2     27 
(6) (3)

(1) 

 10 30% ND 2     90 
(6) (1)

(3) 

 10 80% ND 2    960 
(4) (2)

(2) (2) 3

1  

 10 80% ND 2     45 
(4) (4)
(2) 

 10 90% ND 2    730 
(6) 4 (1)

(1) (2) 
1 µg/kg 1,000 ng/kg  

 
31 PFOA PFOS PFBA PFHpS PFPeA PFHxA PFHxS PFHpA PFBS PFPeS NaDONA

HFPO-DA PFDA PFNA 11Cl-PF3OUdS 9Cl-PF3ONs 
32 FDA  
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2 ND PFAS MDL  
3  
4 1  

 

 

      
ng/kg

µg/kg  

 

 

 

EFSA 2020 2010 12 2018 5 16
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11,528

PFAS 97,448 PFAS

PFOS PFOA PFNA PFHxS

-9 PFAS

-10 ( 1)  

 

 

1 µg/kg 1,000 ng/kg  
2 Left-censored LC LOD LOQ  
3 LB LOD LOQ 0 UB LOD

LOD LOQ LOQ  
4  
5  
 8:2 FTOH 8:2 DiPAP EtFOSA EtFOSE FC-807 FOSA 8:2 MonoPAP PFBA PFBS PFDA

PFDoDA PFDS PFHpA PFHpS PFHxA PFHxDA PFODA PFOSi PFPeA PFPeDA PFTeDA
PFTrDA PFUnDA  

 

1 µg/kg 1,000 ng/kg  
2 LC  
3 LB LOD LOQ 0 UB LOD

LOD LOQ LOQ  
4  
) 8:2 FTOH 8:2 DiPAP EtFOSA EtFOSE FC-807 FOSA 8:2 MonoPAP PFBA PFBS PFDA

PFDoDA PFDS PFHpA PFHpS PFHxA PFHxDA PFODA PFOSi PFPeA PFPeDA PFTeDA
PFTrDA PFUnDA  
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RIVM 2012 2016 Dutch National Food 

Consumption Survey DNFCS

2021 11 12 2022

PFAS 17 33 20 34 PFAS

-11 ( 238)  

 

-11 PFAS ng PEQ/kg 1  

 
PFAS  

  LB UB 

 

 

 5 5.2 47 

 5 2.6 46 
 15 0.91 18 

 

5 3.8 28 
5 23 46 
5 50 71 

10 30 53 
10 5.7 50 

 
 5 21 82 
 5 0.005 42 

  12 8.2 47 

 
 10 12 57 

 4 0.79 22 

 

 9 0.00089 42 
 11 2.9 46 

 10 0.43 45 

  11 3.4 46 

  10 38 82 

 

 4 0.010 20 
 3 0.35 19 

 2 7.2 30 
 9 0 45 

10 1.3 35 
10 4.0 45 

5 2.4 44 
5 1.5 36 

10 2.7 47 

5 0.48 42 
5 11 42 

 

11 0.38 59 
10 4.3 83 
11 6.2 86 

 6 0 102 

 
33 PFOA PFOS PFHxS PFBS PFHpS PFDS PFBA PFPeA PFHxA PFHpA PFNA

PFDA PFUnDA PFDoDA PFTrDA PFTeDA GenX 
34 PFAS17 ADONA PFPeS TFA 
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5 0 99 
11 0 98 

9 16 124 

10 3.1 91 

 

10 1843 2737 
10 613 1251 

8 21 743 
4 17 745 
4 870 1578 
3 21 746 
9 586 1309 

 

2 40 189 
13 4.4 155 
12 20 173 

5 60 238 
8 30 179 
5 64 221 

 

12 17 48 

 1.5 50 

 9.2 27 
7 0.42 3.4 

13 16 44 

 8 19 72 

 9 78 241 

 10 0 29 

1 pg PEQ/g PEQ PFOA equivalents ng PEQ/kg
 

2 PFAS LB LOQ 0 LOQ limit of confirmation
LOC LOQ UB LOD LOD LOD

LOQ LOQ LOQ LOC LOC
 

 

FSANZ 2021 PFAS

30 35 PFAS PFOS PFAS

112 PFOS -12 (

239)  

 

 

   
ng/kg ng/L 1,2 

LB MB UB 
 16 6% 6.9 30 54 

 16 6% 11 35 58 

 
35 10:2 FTS 4:2 FTS 6:2 FTS 8:2 FTS EtFOSA EtFOSAA EtFOSE FOSA MeFOSA

MeFOSAA MEFOSE PFBA PFBS PFDA PFDoDA PFDoS PFDS PFHpA PFHpS
PFHxA PFHxS PFNA PFNS PFOA PFOS PFPeA PFPeS PFTeDA PFTrDA
PFUnDA 
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16 81% 630 640 640 

 16 19% 18 38 59 
 8 50% 70 83 95 

 
1240 0% 0 25 50 

 24 0% 0 0.5 1 
1 µg/kg µg/L 1,000 ng/kg ng/L

 
2 LB LOR 0 MB LOR LOR 1/2

UB LOR LOR  

 

FDA 2016 D.C. 22

8 PFOS PFOA

PFOS PFOA <4 ng/L (

240)  

 

United States Geological Survey 2016 2021

269 447 78

PFAS 30% 1 PFAS

PFAS 0.348 346 ng/L

PFAS

45% 1 PFAS

( 241)  

 

 

 

23 2011

2011 10

5 3

PFOS PFOA -13

( 242)  

 

 

 
   

n=5  
 

n=5  
 

n=5  
 

n=15  
PFOS  0.77 0.30 0.64 0.57 

 0.62 0.41 0.47 0.51 
 0.77 ND 0.53 0.53 
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 ND 1.7 ND 0.80 ND 1.2 ND 1.7 
PFOA  0.93 0.73 0.40 0.69 

 1.1 0.43 0.27 0.70 
 0.62 0.89 0.51 0.62 

 ND 2.9 ND 1.1 ND 0.69 ND 2.9 
1 ND PFOS PFOA PFOS 7.4 pg/g =ng/kg PFOA 9.3 pg/g

=ng/kg  
2 ND 0  

 

24 26 2012 2014

4

PFOS PFOA 2016

LOQ 0 LB LOD

LOD LOD LOQ LOQ

UB 36 23 2011

PFOS LB UB 0.60 1.1 ng/kg / PFOA LB UB 0.066 0.75 

ng/kg /

LB UB UB

PFOS LB

UB 97.3 52.4% PFOA LB UB 89.7 12.1%

-14 -15 ( 243)  

 

 

ng/kg /( )  

  

PFOS PFOA 

LB 0.60 0.066 

UB 1.1 0.75 

 

 

 

 PFOS PFOA 

 LB UB LB UB 

 0% 5.7% 0% 14.7% 

 
36 PFOS PFOA LOD LOQ

LOD LOQ LB
UB
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 0% 1.8% 0% 3.9% 

 0% 0.2% 0% 0.3% 

 0% 0.7% 0% 1.8% 

 0% 0% 0% 0.1% 

 0% 3.5% 0% 9.0% 

 0% 1.7% 0% 4.9% 

 0% 0.5% 0% 1.1% 

 0.2% 0.3% 10.3% 1.1% 

 97.3% 52.4% 89.7% 12.1% 

 2.5% 2.3% 0% 3.6% 

 0% 0.8% 0% 1.3% 

 0% 1.6% 0% 4.8% 

 0% 0.1% 0% 0.4% 

 0% 0.4% 0% 1.0% 

 0% 20.7% 0% 30.6% 

 0% 1.4% 0% 3.4% 

 0% 5.9% 0% 5.8% 

1 54.9 kg  
2 LB LOQ 0 UB LOD LOD

LOQ LOQ  
3 LOD   PFOS 3 ng/kg PFOA 2 ng/kg 

   PFOS 3-20 ng/kg PFOA 6-40 ng/kg 
 LOQ   PFOS 8 ng/kg PFOA 5 ng/kg 
   PFOS 9-40 ng/kg PFOA 15-110 ng/kg 

 

 

PFAS -16  

 

 
     

 12  PFHpA, PFOA, 
PFNA, 
PFOS,PFDA, 
PFUA, PFDoDA, 
PFTeDA 

PFAS ng/  
250 
12-19 290 
20-39 480 
40-64 340 
>65  200 
12-19 170 
20-39 200 
40-64 240 
>65 120 

( 244) 

EU 23  PFOA, PFNA, 
PFHxS, PFOS 

1  
LB - - 2 
UB - - 2 

( 1) 
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PFAS ng/kg /  
 

2.39 - 4.87 - 12.19 
42.77 - 71.44 - 114.62 
1.47 - 2.94 - 6.51 
61.20 - 74.17 - 112.09 
0.84 - 1.54 - 3.07 
38.50 - 53.23 - 81.78 
0.42 - 0.84 - 1.52 
20.59 - 26.48 - 41.45 
0.55 - 0.92 - 1.34 
13.54 - 15.94 - 21.97 
0.71 - 0.89 - 2.08 
11.51 - 15.07 - 18.77 
0.42 - 0.86 - 3.10 
12.56 - 15.41 - 19.85 

 
95  

4.50 - 13.65 - 27.88 
92.77 - 122.25 - 224.84 
3.35 - 7.55 - 13.69 
100.65 - 134.01 - 229.04 
2.66 - 4.21 - 9.69 
78.97 - 109.03 - 165.31 
1.27 - 2.13 - 5.22 
44.17 - 57.04 - 89.40 
1.30 - 2.29 - 5.04 
26.29 - 32.78 - 62.70 
1.76 - 2.37 - 5.58 
22.96 - 28.77 - 46.73 
1.32 - 2.23 - 9.93 
21.90 - 28.32 - 42.03 

 VELS 3 
>0.5 - 5  
 

NVS 4 
14-80  

PFOS, PFOA, 
PFHxS, PFNA 

-50-95  
PFAS ng/kg /   

VELS 
>0.5 - <1 20.4 - 19.3 - 45.2 
1-2  20.4 - 15.3 - 49.5 
3-5  18.3 - 13.1 - 44.5 

NVS  
14-17 6.2 - 4.3 - 17.3 
18-64 8.0 - 4.4 - 19.8 
65-74 8.5 - 4.4 - 21.3 
75-80 8.6 - 4.4 - 16.6 

( 245) 

 1-79  PFBS, PFHxS, 
PFHpS, PFOS, 
PFDS, PFBA, 
PFPeA, PFHxA, 
PFHpA, PFOA, 
PFNA, PFDA, 
PFUnDA, 
PFDoDA, 
PFTrDA, 
PFTeDA, GenX 

LB-UB ng PEQ/kg / 5,6 
+  

4.6-26 
3.3-23 

95 12-51 
+  

5.9-22 
4.6-19 

95 14-45 

( 238) 

 
2  PFOS 7 LB-MB-UB ng/kg / 8 

0.011-0.83-1.7 
90 0.032-1.3-2.6 

( 239) 

  PFOS, PFOA ng/kg /  
PFOS 

1-2  1.552 
3-6  1.527 
7-12 1.120 

( 246) 
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13-18  0.747 
19 0.915 

PFOA 
1-2  1.499 
3-6  1.534 
7-12 1.310 
13-18  0.992 
19 0.817 

1 12 12 36 36 10 10
18 18 65 65 75 75

 
2 PFAS LB LOD LOQ 0 UB

LOD LOD LOQ LOQ  
3 VELS  
4 NVS 2  
5 PFAS LB LOQ 0 LOQ limit of confirmation LOC

LOQ UB LOD LOD LOD LOQ
LOQ LOQ LOC LOC  

6 PEQ PFOA equivalents 
7 30 PFAS PFOS LOD

0.0040 0.35 µg/kg PFOS  
8 LB limit of reporting LOR 0 MB LOR LOR 1/2

UB LOR LOR  

 

EFSA 2020 19 35 16

97,434 LB

PFOS

12 36

PFOA

PFHxS

-3-1

-3-3 ( 1)  
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RIVM 2012 2016 DNFCS

2021 11 12 54

440 2022 777 PFAS

-4 LB

6%

27% LB

30%

2 23% 3 17% 4

8% LB

24%

18% 13%

6% ( 238)  

 

 
 

 

FSANZ 27 Australian Total Diet Study

2019 6 9 2020 1 4 112 4,008

PFOS PFOA PFHxS 30 PFAS

PFOS 5 29 PFAS

2011 2012 Australian 

National Nutrition and Physical Activity Survey 2

PFOS

PFOS

53% 19% 11% 11%
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7% 71% ( 239)  

 

 

 

22 2010

3

20 22 2008 2010 PFOS PFOA

PFOS PFOA

p<0.01 -17

PFOS

p<0.01 PFOA

-18 ( 247)  

 

 
   

n=89  
 

n=157  
 

n=163  
 

n=117  
 

n=83  
 

n=609  
PFOS  9.0 6.0 9.9 7.6 6.0 7.8 

 19 3.7 8.6 4.6 2.6 9.2 
 4.8 5.4 7.8 6.2 5.6 5.8 

 1.5 150 0.73 28 1.0 71 2.0 28 2.2 12 0.73 150 
PFOA  2.0 2.2 5.4 2.4 2.0 3.0 

 1.1 1.1 4.5 1.5 0.91 2.9 
 1.9 2.0 4.1 2.1 1.9 2.1 

 0.63 7.9 0.52 8.6 0.37 25 0.65 13 0.42 5.2 0.37 25 

 
   

n=270  
 

n=135  
 

n=204  
 

n=609  
PFOS  6.4 6.4 11 7.8 

 5.4 5.0 14 9.2 
 5.4 5.1 8.0 5.8 

 1.0 70 0.73 28 1.5 150 0.73 150 
PFOA  2.7 3.4 3.3 3.0 

 2.0 3.9 3.1 2.9 
 2.1 2.6 2.1 2.1 

 0.42 15 0.50 25 0.37 19 0.37 25 

 

23 2011

24 2012

PFAS
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10 LOAEL 10

300  

PFOA 20 ng/kg

/ 2 10-5 mg/kg /  

 

 

PFOS

2 Luebker et al. 2005a

PFOA

Lau et al. 2006

 

PFOS PFOA TDI

 

 

PFOS 20 ng/kg / 2 10-5 mg/kg /  

 

PFOA 20 ng/kg / 2 10-5 mg/kg /  

 

PFAS

TDI  

PFHxS

 

 

EFSA 2020 PFOS PFOA PFHxS PFNA

PFAS

PFAS

 

 

 

 

PFAS
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PFAS

 

PFAS

PFOS

PFOA LOQ

PFAS

PFOS PFOA 50 ng/L

2021 PFOS PFOA

50 ng/L 1,655 2

PFOS PFOA 50 ng/L

 

PFAS 24 26 2012

2014 PFOS

PFOA

PFOS LB UB 0.60 1.1 ng/kg

/ PFOA LB UB 0.066 0.75 ng/kg / LB

LOQ 0 UB LOD

LOD LOQ LOQ

 

EFSA LB PFOS

PFOA UB PFOS PFOA

1

PFOS PFOA LOD

LOQ LOD LOQ LB

UB

 

 

 

24 26 2012 2014
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TDI PFOS 20 ng/kg / PFOA 20 

ng/kg /  

PFOS PFOA

 

EFSA 2020 EPA 2023 Draft

 

 

 

PFOS PFOA

 

 

PFOS PFOA

HBM

HBM HBM- HBM- 2

HBM-

PFOS 5 ng/mL PFOA 2 ng/mL HBM-

HBM-

 

HBM-

PFOS 20 ng/mL PFOA 10 

ng/mL PFOS 10 ng/mL PFOA 5 ng/mL

HBM-

HBM-

 

HBM HBM-

HBM- 2 ng/mL 20 ng/mL 7 PFAS

/ / PFAS 2 ng/mL

2 20 ng/mL

20 ng/mL
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PFAS

 

HBM PFAS /

 

 

PFOS PFOA

20 22 2008 2010 5.8 ng/mL

0.73 150 ng/mL 2.1 ng/mL 0.37 25 ng/mL 23 28 2011

2016 PFOS 4.8 4.5 2.7 2.1 3.3 ng/mL

0.29 17 ng/mL PFOA 1.8 2.5 1.6 1.6

1.4 ng/mL 0.27 13 ng/mL

2003 2 2012 3

PFOS PFOA 4.96 ng/mL 0.81 30.28 

ng/mL 2.00 ng/mL 0.25 24.88 ng/mL  

PFOS PFOA

PFAS

PFAS

 

 

 

 

PFAS

 

PFAS

PFAS PFOS PFOA PFHxS
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PFOS

PFOA ALT

ALT

SGA

2,500 g

 

PFOA

PFOS PFHxS

 

 

 

PFOS 2

Luebker et al. 2005a PFOA

Lau et al. 2006

 

TDI PFOS 20 ng/kg

/ 2 10-5 mg/kg / PFOA 20 ng/kg / 2 10-5 mg/kg

/ PFHxS

 

PFAS

TDI  
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PFOS PFOA 24 26 2012 2014

PFOS LB UB 0.60 1.1 ng/kg

/ PFOA LB UB 0.066 0.75 ng/kg /

TDI

PFOS 20 ng/kg / PFOA 20 ng/kg /

PFAS

 

 

 

 

PFAS  

PFAS

PFOS PFOA PFHxS 3

PFOS PFOA PFHxS PFAS

PFAS

 

PFOS PFOA PFAS

PFAS

PFAS

 

POD BMDL
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BMD

 

PFOS PFOA

POD

PFAS

PBPK

PFOS PFOA PFHxS

 

EFSA 2020 EPA 2023 Draft

 

PFOS PFOA

PFAS

PFAS

PFAS

 

PFAS

 

 

 

ALARA as low as 

reasonably achievable

 

PFOS PFOA PFAS

TDI

PFAS
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PFOS PFOA

PFOS PFOA

 

HBM

/ PFAS

PFAS

PFAS

 

PFOS PFOA PFHxS

 

 

 

PFOS PFOA

 

 


