PFOA

PFOS
PFOS

10

[

(ng/L)]

PFOA

saRfD
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2 L/day

Niizuma et al., 2013
Akiyama et al., 2018

Nishikawa et
al., 2019 3

4)

5,6)

51 26
47

(Environmental
Protection Agency: EPA)
(Health advisory: HA)
Human Health Benchmarks for Pesticides
(HHBP)

19 9
15
[Subacute Reference Dose; saRfD (mg/kg/day)]
saRfD

[ (mg/L)]
6 saRfD
3.

PFOA

PFOS
PFOA PFOS
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B. EDtotar [1g/day]

1. EDtotalzDoralx RoraI+DinhaIationx Rinhalation+DdermaIx Rdermal (5)
(Roral : [hr/L]
Rinhalation - [hr/l-] Rdermal -
[hr/L]D
3)
D
15" [L-equ/day]
Doral = wa Iw (1)
I:)inhalation = Cax Qalvx texp (2) IEDtotal = wa Ive.;qux Roral (6)
wa Askx pr texp
D =
dermal 1000 (3) 1"'6 CW
Dorar : [ug/day]
Dinhatation : [Ug/daY] Deermar = I\?un =
[Ug/da}’] Cu: [pg/L] LK gX QapyX texpx |:ainhalation_'_'A‘skx pr texpx Rdernal @
I, : [L/day] Ca : [pg/m3] Roral 1000 Roral
texp - [hl’] Ask N [sz] 7
Kp : [cm/hr]) Ca K 4 R
1-1. K 4
K'
8)
Ca = Cw X K.d (4)
10 L
K g (10 ~ 60 pg/L) (10 ~ 80
[ (ug/m?) / (ug/L) ] ng/L)
40 ° C
2)
9 P&T-GC/MS
10)
D - -GC/MS
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23 ~ 43

K" g

1-2. R

1 7 50 pg/L 5
¥ 200 pg/m 0.1 ~1.0 hr
0"~ 3 pg/md

11) 12)

Subacute RfD: saRfD

saRfD 1

NOAEL
(UF) saRfD UF 10
10 NOAEL
UF
6 saRfD

90

mg/L

HA  HHBP 100
2 50 kg
2 L/day 10 kg
1 L/day
3.
PFOA
EPA :ATSDR
FSANZ
EFSA
C.
1.
1-1. K 4
K'
1 2 K' 4
K
K ¢ 0.92
¢ D
13)
K ¢ 0.92

K

PFOS
us-



15
(mE o y=0.92x.,-
£135 .
Zl3 10 & o
94§§(}
L0 i
P .
M o
0 L .
0 5 15
K’y pg/m3
ug/L
1. Ky
1.
Unit
L Pa/mol  5.62><10° 3.65><10°
m/s 1.02><10° 1.05><10°
m/s 8.71><10°% 8.87><10%
0.568 0.576

1
K [ ug/L j
2. Ky 9 Kg
2.3
Roral Rinhalation Rdermal
[hr/l]  2.06x<104 1.13x<10* 1.06><10*

[L-equ/day]
(=] ©

N

1-2.

55%

90 100

50%

1-3.

50 95%ile
95%

95%ile

L/day

4 L-equ/day

TDI
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50%ile
60%

10 pg/L

6

saRfD

7 u g/kg/week

4.5 L-equ/day
95%ile

2 L/day

5 pg/L

saRfD
Tolerable Daily Intake



7 u g/kg/week
PTWI 50kg
1 2L
10

0.003 mg/L

PTWI 1

1y g/kg/day saRfD 100

0.03 mg/L

0.01 mg/L
0.003 mg/L 3

0.0005 mg/L

0.0005 mg/L

NTP 1993 F344 2

NOAEL
1,000

1.9 mg/kg/day UF
D1 1.9 p g/kg/day

NTP 1993
6

F344

LOAEL  0.23 mg/kg/day
POD(Point of Departure) TDI
U g/kg/day UF 300:LOAEL 3
JECFA
BMDL10

0.7

BMD
/kg/day
0.06 mg/kg/day

0.11 mg

JECFA POD

UF100 PTWI 4 p g/kg/day
JECFA BMDL10
POD
0.06 mg/kg/day  UF100
saRfD 0.6 p g/kg/day
100
0.02 mg/L
0.01 mg/L 0.0005 mg/L
12
4 p g/kg
142
NOAEL DI
50 kg 2L 10
0.01 mg/L
UF
NOAEL
3
NOAEL 4
M g/kg/day  saRfD 100
0.01 mg/L
0.04 mg/L 0.01
mg/L 4
0.05mg/L
0.01mg/L 10

92



15
1986
JECFA TDI 3.5u g/kg/day PTWI
25u g/kg/week
3.5u g/kg/dayx 50kgx 10%+ 2L

0.01mg/L( 2010
JECFA PTWI 25
neg/kg / 1Q 3
3 mmHg
PTWI
2010
10p g/dL
4u g/dL
2019
1986 JECFA
DI 100
3
0.01 mg/L
4
0.001 mg/L
DI

93

VSD

NOAEL LOAEL BMDL
LOAEL 4.3 5.2 p g/kg /

4.0 4.2 p g/kg / 1Q

NOAEL 3.0 4.1y g/Kg

/

NOAEL 8.8 11.1 p g/kg

NOAEL 4.1 4.9 u g/Kg
NOAEL 5.0 12.1 u g/kg
BMDLOL 9.7 13.5 u g/kg /

0.130 0.674 pg/kg 7/

2013
0.315 p g/kg /
NOAEL BMDL

/

BMDLOS

/

/



NOAEL BMDL

POD

0.001
mg/L

BMDL10
0.11 mg/kg/day
DI

POD UF100
1.1 py g/kg/day
DI L

50 kg 60 0.02 mg/L

Wistar 5
1) 0 0.07
48 mg Cr(V1)/kg/day
0.7g/L

0.79g/L 0 4.8
28

NOAEL 4.8
mg/kg/day

15
500 ppm O

Wistar
“D 0
Cr(V)/kg/day 30
ppm

73 mg
500

LOAEL 73 mg/kg/day

SD 24 48
1) 0 15 50 100
100 ppm=2.1 400 ppm=8.4 mg
100 ppm=2.5 400 ppm=9.8 mg

400 ppm
Cr(Vl)/kg/day

94

Cr(Vl)/kg/day 9
400 ppm MCV
NOAEL

MCH
2.1 mg/kg/day
19 9
0 20 ppm O 3.7 mg
Cr(Vl)/kg/day 10
20 ppm ALT

Wistar

LOAEL 3.7
mg/kg/day
F344/N 10

1) 0 62.5 125
250 500 1,000 mg/L 0 1.7 3.1 5.9
11.1 20.9 mg Cr(V1)/ kg/day 0 1.7
3.5 6.3 11.5 21.3 mgCr(V1)/kg/day

14 62.5 mg/L
MCV MCH

LOAEL 1.7 mg/kg/day

F344/N 14

LOAEL1.7 mg/kg/day

POD UF1000(LOAEL UF10)

saRfD  0.0017 mg/kg/day
TDI 1.5

100

saRfD

0.04 mg/L
0.02 mg/L 0.02 mg/L
60 DI

1.5 saRfD



6

2
3.

EFSA
5 6

US-EPA
PFOA
CD-1 PFOA

:ATSDR

PFOA

PFOA

FSANZ

PFOS

1.1 0 1 3 5 10 20 40
mg/kg/day 1- 17
GD18 1- 19
1 mg/kg/day
40 mg/kg/day
20 mg/kg/day

5 10 20 mg/kg/day

3 mg/kg/day
1 mg/kg/day
6 Lau et al,
2006
12
EPA
1 mg/kg/day  LOAEL
PFOA AUC 17
LOAEL 1 mg/kg/day
38.0 mg/L
(HED) 38.0 mg/L CL:0.00014
L/kg bw/day 0.0053 mg/kg/day
RfD HED  UF300( 10 3
LOAEL 10) 0.00002 mg/kg/day (20

ng/kg/day)

PFOS PFOS
US-EPA Crl:CD(SD) PFOS
86.9 4-7 PFAS 8.4 0.1 0.4
1.6 3.2 mg/kg/day 2
1.6 mg/kg/day
F2 0-0.4 mg/kg/day
NOAEL FO
0.1 mg/kg/day F1 0.4 mg/kg/day
NOAEL NOAEL
F1 1.6 mg/kg/day

98.9%
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0.4 mg/kg/day
F2 0.4
mg/kg/day

(Luebker et al., 2005a) PFOS
0.4 0.8 1.0 1.2 1.6 2.0

mg/kg/day

(Luebker et al., 2005b)

C57BL/6/Bk1
PFOA

mg/kg/day 5 8

(96%) 0

0.3

0.3 mg/kg/day

Onishchenko et al., 2011)

13 17

Koskela et al., 2016

ATSDR
LOAEL

2 0.3 mg/
PFOA
AUC 21
HED
0.000821 mg/kg/day
POD UF300(

:10)

M g/mL

LOAEL

kg/day

8.29

:10
3x 10°mg/kg/day 3

ng/kg/day MRL

PEOS

EPA  Luebker 2005a) 2
F2 0.4 mg/kg/day
NOAEL 0.1 mg/kg/day
PFOS AUC 84
NOAEL 0.1 mg/kg/day
6.26 mg/L
(HED) 6.26 mg/L
CL:0.000081 L/kg bw/day 0.00051
mg/kg/day RFD  HED  UF30(
10 3) 0.00002 mg/kg/day (20
ng/kg/day)
PFOA PFOS HA RfD:0.00002
mg/kg/day
90th 0.054L/kg
20 0.000074 mg/L
0.07 u g/L PFOA  PFOS
RfD
0.07 pg/L PFOA PFOS
ATSDR(Draft)
PFOA

96

2
EPA

ATSDR  Luebker
0.4 mg/kg/day

2005a)

NOAE
mg/kg/day
AUC
7.43 y g/mL

84
HED

(Luebker et al., 2005a)

L
PFOS

0.1

0.000515 mg/kg/day

POD  UF30(
:3) MF10(

2% 10° mg/kg/day 2 ng/kg/day

110

MRL



FSANZ

PFOA

Lau et al, 2006 EPA

FSANZ Lau (2006)

3 mg/kg/day

NOAEL 1 mg/kg/day EPA
PFOA AUC

17 NOAEL

1 mg/kg/day 35.1 mg/L
US-EPA HED
0.0049 mg/kg/day  POD DI POD
UF30( 10 3) 0.00016
mg/kg/day (160 ng/kg/day)
70 kg 2L/day
10 560 ng/L
PFOS
2 (Luebker et al., 2005a)
EPA
FSANZ  Luebker 2005a 2
0.4 mg/kg/day
NOAEL 0.1 mg/kg/day
PFOS AUC 84
NOAEL 0.1 mg/kg/day
7.14 mg/L US-EPA

CL:0.000081 L/kg bw/day HED(0.0006
mg/kg/day) POD DI POD
UF30( 10 3) 0.00002

mg/kg/day (20 ng/kg/day)

70 kg 2L/day 10
70 ng/L
EFSA
PFOA
PFOA PFOS
18
46294 2005-2006
PFOA:80 ng/mL PF0S:22
ng/mL PFOA
PFOS
Steenland et al., 2009
50 65
753 PFOA PFOS
Eriksen et al., 2013
EFSA  Steenland et al 2009 Eriksen et
al 2013
BMD
BMD PROAST  BMDS
TableCurve2D
BMDL 2 BMDL5
9.4 ng/mL 9.2 ng/mL
PBPK 9.2-9.4 ng/mL
PFOA
0.8 ng/kg/day
PFOA 0.8
ng/kg/day 6 ng/kg/week  TWI
PFOS
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PFOA PFOS

20-80 860
PFOS
P=0.01 PFOA
(P=0.07)(Nelson et al., 2010)
PFOA Steenland et al., 2009

Eriksen et al., 2013 3

EFSA  PFOA
BMDLS 26 ng/mL
2009 22 ng/mL (Eriksen et al., 2013)

21 ng/mL (Nelson et al., 2010)

BMDL 3

Steenland et al.,

PBPK PFOS
2.1 1.8
1.7 ng/kg/day EFSA 1.8
ng/kg/day wr 13
ng/kg/week
PFOA PFOS
US-EPA  FSANG ATSDR EFSA 4
PFOA
US-EPA  FSANZ Lau et
al., 2006 US-EPA
1 mg/kg/day
LOAEL
FSANZ
NOAEL 1 mg/kg/day
LOAEL UF10

10

98

ATSDR  US-EPA FSANZ
2 Onishchenko et al., 2011;

Koskela et al., 2016

1 (0.3
mg/kg/day)
LOAEL UF10
US-EPA
3
EFSA
BMDL5  PFOA
PFOS PFOA
Us-
EPA FSANZ ATSDR 2 Luebker
et al., 2005
NOAEL 0.1 mg/kg/day
US-EPA FSANZ  UF:30
3 10 ATSDR
10 ATSDR Us-
EPA FSANZ 10 1
EFSA  PFOS
BMDLS  PFOA
4
PFOA PFOS



D.

(1) Niizuma, et al., 2013. Regulatory,
Phermacology and Toxicology (RPT), 67, 98-
107

(2) Akiyama et al., 2018. RTP, 95, 161-174

(3) Nishikawa et al., 2019. RTP, 106, 43-49

(4) USEPA, 2002. Toxicological review of
benzene
5) Rinsky, 1989. Environ. Health

perspectives, 82, 189-192

(6) WHO, 2003. Benzene in drinking water
(7) McHale et al., 2012.
33(2), 240-252

Carcinogenesis,

©)) , 2010.
©) , 2003.
(10) , 2018.

(11) Ohno et al., 2018. J. Water and Health,
16(4), 562-573

12) , 2018.

(13) McKone, 1987. Environ. Sci. Technol. 21,
1194-1201

https://www.fsc.go. jp/hyouka/

EPA Drinking Water Health Advisories
for PFOA and PFOS

(https://www.epa.gov/ground-water-and-

drinking-water/drinking-water-health-

advisories-pfoa-and-pfos)

ATSDR Toxicological Profile for
Perfluoroalkyls Draft for Public Comment
June 2018

(https://www.atsdr.cdc.gov/toxprofiles/tp20
0.pdf)

FSANZ Hazard assessment report -
Perfluorooctane Sulfonate (PFOS),
Perfluorooctanoic Acid (PFOA),

Perfluorohexane Sulfonate (PFHXS)
https://wwl.health.gov.au/internet/main/

publishing.nsf/Content/2200FE086D480353CA25

80C900817CDC/$File/6.sd1-Hazard-assessment-

report.pdf

EFSA Risk to human health related to the
presence of perfluorooctane sulfonic acid and
perfluorooctanoic acid in food

https://www.efsa.europa.eu/en/efsajournal

/pub/5194

saRfD

10



6
(mg/L)
PFOA

PFOS
F.
1.
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and Shirasaki, N., Assessment of indirect
inhalation exposure to formaldehyde

evaporated from water, Regulatory Toxicology
and Pharmacology, 106, 43-49, 2019.

2019 6

100

Mariko Matsumoto, Toshime Ilgarashi, Kaoru
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apparatus, EUROTOX 2019 2019 9
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Korea, 20-23 October 2019.
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3 Subacute Reference Dose(SaRfD) TDI saRfD  TDI VSD

POD UF TDI/VSD POD UF saRfD
(mg/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day)
NOAEL NOAEL
0.001 1 0.001 0.001 1 0.001
6
BMDL10
- - - 0.06 100 | 0.0006
NOAEL NOAEL
0.004 1 0.004 0.004 1 0.004
- 0.0035 - - -
2 14
BMDL10 10 LOAEL 100
0.11 0 0.0011 17 0 0.0017
4
saRfD
(1 0/kg/day) g/L) e/ e/
1 0.003 0.03 10 0.01 3
0.6 0.0005 0.02 40 0.006 12
4 0.01 0.1 10 0.04 4
0.01 0.01 1 0.01 1
0.001 0.001 1 0.001 1
1.7 0.02* 0.04 2 0.02 1
60
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5 PFOA

POD
/
U.S. LOAEL | 1 38.0 mg/L | 5.3 300 20
EPA Lau et al. (2006) mg/kg/day ng/kg/day 3 ng/kg/day
10
LOAEL 10
FSANZ NOAEL | 1 35.1 mg/L | 4.9 30 160
Lau et al. (2006) mg/kg/day ng/kg/day 3 ng/kg/day
10
ATSDR LOAEL | 0.3 8.29 0.821 300 3
(Draft) | Onishchenko et al. mg/kg/day | g g/mL ng/kg/day 3 ng/kg/day
(2011); Koskela et
al. (2016 10
LOAEL 10
EFSA BMDL5 | - 9.2-9.4 0.8 6
Steenland et al., ng/mL ng/kg/day ng/kg/week
(2009) ; Eriksen et (0.8
al., (2013) ng/kg/day)
6 PFOS
POD
/
U.S. 2 NOAEL | 0.1 6.26 mg/L | 0.51 30 20
EPA Luebker et al mg/kg/day ng/kg/day 3 ng/kg/day
(2005)
10
FSANZ 2 NOAEL | 0.1 7.14 mg/L | 0.6 30 20
Luebker et al mg/kg/day ng/kg/day 3 ng/kg/day
(2005)
10
ATSDR 2 NOAEL | 0.1 7.43 0.515 300 2
(Draft) | Luebker et al mg/kg/day | u g/mL ng/kg/day 3 ng/kg/day
(2005)
10
10
EFSA BMDLs - 21-25 1.8 13
Steenland et al., ng/mL ng/kg/day ng/kg/week
(2009); Nelson et (1.8
al., (2010); ng/kg/day)
Eriksen et
al ., (2013)
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