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CAS &%= | 1763-23-1 335-67-1 355-46-4
la==N CsHF1703S CsHF1502 CsHF1303S
rreeereErre rEEERE 0 PrrrrEg
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192(%fH 14)

A A

0.0032 mg/L (25°C) *(ZM 12)
XAV T A 519-570 mg/L(Z R 19)

3300 mg/L (25°C) (ZH 20)
9500 mg/L. (25°C) (Z# 16)

2300 mg/L(Z M 21)
243 mg/L(Z R 22)

4.49%*(Z M 12)

4.81*(Z M 14)
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log Kow
5.43*( M 23) 5.11%(% 4 23)
log Dow 3.05*(& 1R 23, 24) 1.58*(& MR 23, 24) 1.65%(& M 24)
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FEBICERES LTV D,

. FHMEDERNE 2 H & RO EFH
4Bl PFAS O & M EFEZEGHT 21T 5 | éﬁio“(‘i UTFTDOEICEE L],
AFHMIC W TIE, [EFEHERE ., & EBUOFHEEISE 23517 % PFAS O & SR 25T
ML FV B AU TR R0 0 7R OV A 5 A S ﬁ%ﬁb (BN 4 R A A
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R A IRA ) 12 CTUUE S 7z PFOS, PFOA K O PFHxS (2B 5 STk (RPNEhRE,
ek (RRICRDS A, ITeEE, gmth, A0H - AT . (X<ERE, EHFEH
HE) WNEMNTHREE - BE L7ZZOMOEET 5 EHE L RE S Lo, 582
CICBEBOFMEE R OFHMASBADRHY L THRFIL, FnEzb ity —F 77
N—TTCHRHEEITO &L LT,

F 72 PFAS 22O\ T, £ D4y TR O EHSCHPHIC DUV TR & 72 BIEN B 5 A3,
ARFHH O EE & Uik, BN OREISEICEB T 284 B E 2 T, PFOS,
PFOA } O PFHxS @ 3 ¥'& % .0 ZFHl L 72,

5. REFPREICEHITIMEDOHE
PFAS 13, Al SuiEEAl. sk - 4 - W - 77 2F v 7 FORmMUEAL A
A SR, ETRAN JOTHAEEAL, EERER T v 3R Y = — N T IAISE, A
WHEETHEHA STV ER 1), EORFR R, MEMLFPRRE, MR O
VRGO FTREMEIZ Z 0 . < @ PFAS 1T, BETICEET 22 000, HARERE
hoONKE, JEE., . KRICET =41 > ZFRENEN KON TEE S
TV o,

(1) BN
O RE4
— BRI 20231 HALFWE OFRRR LA SR IR T 5 72, KE (IS

WA U < 130, NS O B KSSOTIN) o R AL, K- & [ U R
KAL) . BN (FICTE RS K O OJE THRAEE SN D KAEAEY (FE, B
BEAROEE) WONCRHE 3) LORR BB, B, Ny 7 7I 00 R
A (LR, BES %)) 2RI, (W FEBREERERFE M Thh T D,
PFOS. PFOA KO PFHxS (22T, 2E&HIkICB T 2R FEOH 5 —i%
BRIEICBWTE=X U U VA 43 Thit T 5, 2009 45 Rk 21 42£) 2>
5 (PFHxS [Z2W\WTIX 2018 (AL 80) 4EFE KB KR OVERE) XX 2020 (45Fn
2) FE (EPLADRR) 1D 2021 (5F13) FEETOE=F Y » ViRakiR
ARIM-2-1~F T -2-4 |[TRT(B M 38, 39),

LW ERETEREHAIC R T 5 T —REREE) 13, THIIFEEGOBMELR ., Pt 0FE O E
DOPEHIROENT 2 < #illi & STV D,

BRETAE 1 TAH A IR L7 B ol & L TR &2 T 2% - POKERIE (V74 7T,
AAf L AANT FAFTFANA FFT) WOKERBIH (T AV AP = AP E), #%
KEEH (WU =7, Y~ b)) HEMEH (A%, K7, a/vn wn~E vahb
A) WEERBIR (W, vy =) MERE (AT YFA A ATA, 2THFA =,
SRUTA, = Tx. THI), BEH (WU D),

¢ =2 Y TRAER RERNRREREERBHER OB AL 752 L s, JFRIE LTEE
FEOFAE M A OB TIT O TV 5,

15



FI0-2-1 KB (BfI:ng/lL) *(BH 39)

. o TRIRMT RO
i ok e SRt T

BN )
FE - OFE

PFOS 2009 0.73 0.58 14  tr(0.026)  0.037(0.014] 49/49  49/49
2010 0.49 0.38 230 tr(0.037)  0.050[0.020] 49/49  49/49
2011 0.48 0.36 10 tr(0.020)  0.050[0.020] 49/49  49/49
2012 0.55 0.51 14 0.039 0.031[0.012] 48/48  48/48
2014 0.46 0.41 7.5 nd  0.050[0.020] 47/48  47/48
2015 0.63 0.49 4.7 0.12  0.029[0.011] 48/48  48/48
2016 0.33 0.30 14 tr(0.023) 0.050[0.020] 48/48  48/48
2018 0.31 0.30 4.1 nd  0.070[0.030] 42/47  42/47
2019 0.29 0.26 2.5 nd  0.080[0.030] 47/48  47/48
2020 0.33 0.26 3.7 tr(0.052) 0.080[0.030] 46/46 46/46
2021 0.33 0.30 3.7 tr(0.030) 0.080[0.030] 47/47  47/47
PFOA 2009 1.6 1.3 31 0.25 0.059[0.023] 49/49  49/49
2010 2.7 2.4 23 0.19 0.060[0.020] 49/49  49/49
2011 2.0 1.7 50 0.38  0.050[0.020] 49/49  49/49
2012 1.4 1.1 26 0.24 0.17[0.055] 48/48  48/48
2014 1.4 1.4 26 0.14 0.050[0.020] 48/48  48/48
2015 1.4 1.2 17 0.31  0.056[0.022] 48/48  48/48
2016 1.3 1.2 21 0.26  0.050[0.020] 48/48  48/48
2018 1.1 1.1 28 0.16  0.070[0.030] 47/47  47/47
2019 1.0 0.90 11 0.16  0.090[0.040] 48/48  48/48
2020 1.1 0.92 16 0.22  0.090[0.030] 46/46 46/46
2021 1.1 0.87 23 0.23  0.090[0.040] 47/47  47/47
PFHxS 2018 0.19 0.13 2.6 nd 0.12[0.050] 44/47  44/47
2019 0.15 0.12 1.8 nd 0.060[0.030] 45/48  45/48
2020 0.16 0.12 1.5 nd  0.060[0.020] 44/46  44/46
2021 0.16 0.11 2.3 nd  0.070[0.030] 44/47  44/47

¥ HEE T pg/L THAEINLTWA A, 1,000 TR LT ng/L & LChtdk L7,

W 1) tr: B TR L E R FREARM., trX)i%, X O E & FRREARMN, HH FREULETHD
ZLEEWT S, nd: B FERAN

1 2) 2013 F KO 2017 4EE X PFOS K O PFOA OFA I3 R E N,

xR0D-2-2 EHE (ng/-dry) (S8 39)

Ik el = = e Lidan] i HH A
e g oo R RobME FIRIE Wik HS

PFOS 2009 0.078 0.097 1.9 nd 0.0096[0.0037] 180/190 64/64
2010 0.082  0.100 1.7 tr(0.003) 0.005[0.002]  64/64 64/64
2011 0.092 0.110 1.1 nd 0.005[0.002]  63/64 63/64
2012 0.068 0.084 1.2 tr(0.007) 0.009[0.004]  63/63 63/63
2014 0.059  0.079 9.80 nd 0.005[0.002]  62/63 62/63
2015 0.091 0.088 2.200 0.007 0.003[0.001]  62/62 62/62
2016 0.054 0.061 0.690 0.005 0.005[0.002]  62/62 62/62
2018 0.043 0.057 0.700 nd 0.007[0.003]  55/61 55/61
2019 0.044 0.046  0.460 nd 0.009[0.004]  60/61 60/61
2020 0.040 0.048 0.450 tr(0.003) 0.005[0.002]  58/58 58/58
2021 0.052 0.062 0.620 tr(0.005) 0.006[0.003]  60/60 60/60

PFOA 2009 0.027 0.024  0.500 nd 0.0083[0.0033] 182/190 64/64
2010 0.028 0.033 0.180 nd 0.012[0.005]  62/64 62/64

]

2011 0.100  0.093 1.100 0.022 0.005[0.002 64/64 64/64
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2012 0.051 0.048 0.280 0.012 0.004[0.002]  63/63 63/63
2014 0.044 0.050 0.190 tr(0.006) 0.011[0.005]  63/63 63/63
2015 0.048 0.048 0.270 0.008 0.003[0.001]  62/62 62/62
2016 0.027 0.027 0.190 nd 0.009[0.004]  61/62 61/62
2018 0.023 0.025 0.190 nd 0.009[0.004]  58/61 58/61
2019 0.021 0.022 0.190 tr(0.003) 0.005[0.002]  61/61 61/61
2020 0.021 0.022 0.190 nd 0.008[0.003]  57/58 57/58
2021 0.024 0.026 0.260 nd 0.009[0.004]  58/60 58/60
PFHxS 2018 nd nd 0.027 nd 0.011[0.005]  15/61 15/61
2019 nd nd 0.015 nd 0.013[0.005]  10/61 10/61
2020 nd nd 0.010 nd 0.006[0.003]  13/58 13/58
2021 nd nd 0.015 nd 0.006[0.003]  19/60 19/60

X OWAEETIT pg/g-dry THE SN TWD A, nglkg-dry & L Crtd L7,

W) tr: R TIRCL EES FRAN., trXix, X OENEE FIRMEAN, M TFREN ETH
HZEEBEWT S, nd: B TFERA

1 2) 2009 L, AHUSIZI T D RAEAME A R D ORATEEIED D A H S D L 5 i
%*@72—0

£ 3) 2013 F RN 2017 1T PFOS KO PFOA O 3R 5 0,

#®M-2-3-a %9 : B (ng/kg-wet) *(BHR 39)

i B} S ERMRN] RIHE
e gy TV BRI BOME S Tome T ik s

PFOS 2009 0.024 0.028 0.640 nd 0.019[0.007 17/31 517
4]

2010 0.072 0.085 0.680 nd 0.025[0.009 5/6 5/6
6]

2011 0.038 0.044 0.100 0.016 0.010[0.004] 4/4 4/4
2012 0.027 0.021 0.160 tr(0.004) 0.007(0.003] 5/5 5/5

2014 0.008 0.006 0.093 nd 0.005[0.002] 2/3 2/3
2015 0.007 tr(0.002) 0.210 nd 0.004[0.002] 2/3 2/3
2016 0.011 tr(0.006) 0.160 nd 0.009[0.003]  2/3 2/3
2017 0.022 0.034 0.160 nd 0.012[0.004] 2/3 2/3

2019 0.010 tr(0.004) 0.140 tr(0.002) 0.006[0.002]  3/3 3/3
2020 0.016 0.008 0.130 tr(0.004) 0.005[0.002]  3/3 3/3
2021 0.014 0.005 0.250 tr(0.002) 0.005[0.002] 3/3 3/3

PFOA 2009 tr(0.0020 tr(0.021) 0.094 nd 0.025[0.009 27/31 717
) 9]

2010 0.028 0.033 0.076 nd 0.026[0.009 5/6 5/6
9]

2011 tr(0.019) tr(0.022) tr(0.040) nd 0.041[0.014] 3/4 3/4

2012 tr(0.021) tr(0.023) 0.046 nd 0.038[(0.013] 4/5 4/5

2014 tr(0.004) tr(0.006) 0.010 nd 0.010[0.003] 2/3 2/3

2015 tr(0.0065 tr(0.006 0.026 nd 0.010[0.003  2/3 2/3
) 3) 4]

2016 0.004 0.007 0.009 nd 0.004[0.002] 2/3 2/3

2017 tr(0.006) tr(0.007) 0.018 nd 0.012[0.004] 2/3 2/3

2019 tr(0.003) tr(0.004) tr(0.005) tr(0.002) 0.006[0.002]  3/3 3/3
2020 0.006 tr(0.005) 0.014 tr(0.003) 0.006[0.002]  3/3 3/3

2021 0.006 0.011 0.016 nd 0.006[0.002] 2/3 2/3
PFHxS 2020 tr(0.002) tr(0.003) tr(0.003) nd 0.005[0.002] 2/3 2/3
2021 nd nd tr(0.003) nd 0.005[0.002] 1/3 1/3

¥ MEETHE pg/lgwet THE SN TS, ngkgwet & L CRtd L7,
WD tr: B TIRU EEE FIRRR, triE, X OESEE FIREARRN., R FREL ETH
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HZ EEEWT D, nd: M TERA

T 2) 2009 4EFE X, FHSIZEB T 2 BEICEEZ R D . Z OB ELIE D B 2 S 0 i 4 fi
ZROT,

¥ 3) 2013 KN 2018 4 JE X PFOS KU PFOA OFRZ 13K F i,

FO-2-3-b 4% : A% (ngkg-wet) *(SHE 39)

A B} T RN RIHE
g O BRI BOME S Toee ek s

PFOS 2009 0.220 0.230 15 nd 0.019[0.007 83/90 17/18
4]

2010 0.390 0.480 15 nd 0.025[0.009 17/18 17/18
6]

2011 0.082 0.095 3.200 nd 0.010[0.004] 16/18 16/18

2012 0.110 0.130 7.300 tr(0.005) 0.007[0.003] 19/19  19/19

2014 0.082 0.083 4.600 nd 0.005[0.002] 18/19  18/19

2015 0.091 0.090 2.500 nd 0.004[0.002] 18/19  18/19

2016 0.079 0.080 5.200 nd 0.009[0.003] 18/19  18/19

2017 0.150 0.150 11 tr(0.004) 0.012[0.004] 19/19  19/19

2019 0.067 0.080 3.600 tr(0.003) 0.006[0.002] 16/16 16/16

2020 0.076 0.100 3. 0.005 0.005[0.002] 18/18  18/18

2021 0.081 0.130 4.5 tr(0.002) 0.005[0.002] 18/18 18/18

PFOA 2009 tr(0.023) tr(0.019) 0.490 nd 0.025[0.009 74/90  17/18
9]

2010 tr(0.013) tr(0.011) 0.095 nd 0.026[0.009 13/18 13/18
9]

2011 nd nd 0.051 nd 0.041[0.014] 7/18 7/18

2012 tr(0.035) tr(0.032) 0.086 nd 0.038[0.013] 18/19  18/19

2014 tr(0.006) tr(0.004) 0.085 nd 0.010[0.003] 11/19  11/19

2015  tr(0.005 tr(0.0053 0.099 nd 0.010[0.003 11/19  11/19
7) ) 4]

2016 0.004 tr(0.003) 0.020 tr(0.002) 0.004[0.002] 19/19  19/19

2017 tr(0.006) tr(0.004) 0.079 nd 0.012[0.004] 12/19  12/19

2019 tr(0.003) tr(0.003) 0.018 nd 0.006[0.002] 12/16  12/16

2020 tr(0.004) tr(0.002) 0.049 nd 0.006[0.002] 12/18 12/18

2021 tr(0.004) tr(0.003) 0.040 nd 0.006[0.002] 14/18  14/18

PFHxS 2020 tr(0.003) tr(0.002) 0.018 nd 0.005[0.002] 10/18  10/18

2021 tr(0.002) nd 0.016 nd 0.005[0.002] 7/18 7/18

¥ WA E T pg/g-wet THIE SN TS 2, nglkg-wet & L Catidk L7-,

HED) tr: B TR EEE FIRAR. trXiX. X OENEE FRMARG. B FRIEL ETH
HZEEEWT S, nd: M TERA

H2) 2009 4EEE 1L, A HLSICH T 2RI ESMEZ RO, 2 OB EEED S 2SO & L E
Rz,

7 3) 2013 4E KX 2018 4EE L PFOS K& U PFOA D4 134 i,

& 0-2-3-¢c &% : B%F (ng/kg-wet) *(SH 39)

T - o ERIRIM] RIEE
gy TR BRI BOME S Tomee ek e
PFOS 2009 0.300 0.360 0.890 0.037 0.019[0.0074] 10/10 2/2

2010 1.300 — 3 0.580 0.025[0.0096]  2/2 2/2
2011 — — 0.110 0.110 0.010[0.004] 1/1 11
2012 0.160 — 0.410 0.063 0.007[0.003] 2/2 2/2
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2014 4.600 — 110 0.190 0.005[0.002]  2/2 2/2
2015 — — 0.790 0.790  0.004[0.002] 1/1 11
2016 3.600 — 9.100 1.400  0.009[0.003]  2/2 2/2
2017 9.800 — 32 3.000 0.012[0.004] 2/2 2/2
2019 — — 0.360 0.360  0.006[0.002] 1/1 11
2020 — — 8.5 8.500  0.005[0.002] 1/1 1/1
2021 3.000 — 15 0.590  0.005[0.002] 2/2 2/2
PFOA 2009 0.032 29 0.058 tr(0.016) 0.025[0.0099] 10/10  2/2
2010 0.038 — 0.048 0.030 0.026[0.0099]  2/2 2/2
2011 — — nd nd 0.041[0.014] 0/1 0/1
2012 tr(0.027) — tr(0.028) tr(0.026) 0.038[0.013]  2/2 2/2
2014 0.062 — 2.6 nd 0.010[0.003] 1/2 1/2
2015 — — 0.031 0.031 0.010[0.0034] 1/1 1/1
2016 0.130 — 0.320 0.052  0.004[0.002]  2/2 2/2
2017 0.240 — 0.680 0.085 0.012[0.004] 2/2 2/2
2019 — — 0.027 0.027 0.006[0.002] 1/1 1/1
2020 — — 0.280 0.280 0.006[0.002] 1/1 11
2021 0.140 — 0.410 0.046  0.006[0.002] 2/2 2/2
PFHxS 2020 — 0.190 0.190 0.005[0.002] 1/1 1/1
2021 0.020 0.040 0.010  0.005[0.002]  2/2 2/2

X HEE T pglg-wet ’C?Eiéz}’bfb\fﬁjl ng/kg-wet & L Citdk L7,

H 1) trc B FERUL EERE FIRAR, trOIL, X O E & FRREARM, M FIRELL ETh
HZ EEEWT D, nd: B TFERA

E2) 2009 FFEEIX, AHURIC T DEINEME A RO, 2 ORMTEEIED & AR O R E
RO,

£ 3) 2013 F K 2018 FFE£ 1T PFOS KO PFOA DA 3R 5 0,

1 4) 2014 FELFEOR KT, HEMAKR CHEGRENZ LT LI &b, 2012FEET
DI & REETED 720,

FI-2-4 K= (pg/md) (S5 39)

. e - o E ] F A
FE N Tt FOE RKRE R/IME TR Wik HoS
PFOS 2010 JiE 5.2 5.9 14 1.6 0.40.1] 37/37 37/37
2010 FE4 1) 4.7 4.4 15 1.4 87137 37/37
2011 VEEH 4.4 4.2 10 0.9 0.50.2] 35/35 35/35
2011 &4 3.7 3.8 9.5 1.3 87137 37/37
2012 1R HEH] 3.6 3.8 8.9 1.3 0.5[0.2] 36/36 36/36
2012 FEH 2.7 3.0 5.9 1.0 T 36/36 36/36
2013 VR R 4.6 5.2 9.6 1.2 0.3[0.1] 36/36 36/36
2013 =41 3.7 3.9 7.4 1.6 R 36/36 36/36
2014 R HEH 3.1 3.2 8.6 0.52 0.17[0.06] 36/36 36/36
2015 1 2.8 2.6 8.8 0.59 0.19(0.06] 35/35 35/35
2016 1] 3.1 2.4 9.3 0.7 0.6[0.2] 37/37 37/37
2017 iR B 2.9 2.7 8.9 1.1 0.3[0.1] 37/37 37/37
2019 7. 1 3.8 4.1 7.8 1.3 0.8[0.3] 36/36 36/36
2020 7. 1 3.4 4.2 7.2 1.1 0.3[0.1]1 37/37 37/37
2021 i 2.8 3.1 6.5 0.70  0.18[0.07] 35/35 35/35
PFOA 2010 JiiEH] 25 26 210 4.0 0.5[0.2] 37/37 37/37
2010 ZE¢51] 14 14 130 2.4 e 37/37 37/37
2011 JRREH 20 18 240  tr(3.5) 5.4[1.8] 35/35 35/35
2011 Z=E 12 11 97 nd T 86/37  36/37
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2012 IRIE 11 12 120 1.9 36/36  36/36
TR 0.7[0.2]

2012 4 6.9 6.0 48 1.6 36/36 36/36
2013 JEHE ] 23 23 190 3.2 L 8[0.6] 36/36 36/36
2013 ZmHf 14 14 53 3.0 T 36/36 0 36/36
2014 R 1ZH 28 29 210 5.4 0.4[0.1]1 36/36 36/36
2015 1 19 17 260  tr(3.7) 4.2(1.4] 35/35 35/35
2016 i 17 15 140 3.2 1.3[0.4] 37/37 37/37
2017 JEHEH 14 13 150  tr(2.0) 3.3[1.1] 37/37 37/37
2019 JEHEH 14 14 46 5.5 0.8[0.3] 36/36 36/36
2020 ] 13 12 55 4.9 0.8[0.3] 37/37 37/37
2021 JRAZH 8.3 7.5 42 2.6 0.7[0.3] 35/35 35/35
PFHxS 2020 2.5 2.4 6.1 0.7 0.3[0.1]1 37/37 37/37
2021 2.2 2.3 6.6 0.46 0.18[0.07] 35/35 35/35

WD) tr: B TFRUEER TRATN, tr()iX, X O E & FIREARTE, M TREL ETh b

ZLAaEWT D, nd: B FIRAT

1 2) 2018 4£JZ 1% PFOS U PFOA DA 134K 5 ft,

BREEA X, Boe~2 (2019~2020) FEITKREIZBIT 2 A7 » R LEW
EEFARDICIETE 2 5 Lz, 52 (2020) FREI1L, 47 FLEFROEH 7
v FACAEOHEHIR & 72 0 15 D ik 5EN5E O 143 HiAUZ I8 T I IR,
K, BAKZERGE L, 2T PFOS X PFOA %, %72, PFHxS 13448
EAFRO 1 HSIZBWTHE Lz, £O/E, EEMREE 60 PFOS & U PFOA
IZOWTIE, 143 Himod 5 5 12 FFFIR O 21 Hi T3\ TAIE /K , OV R
KoOKBEEEOFEEHME (BE) (PFOS LU PFOA OARET 50 ng/L) %L
TEY ., XL 5,500 ng/LL (PFOS KXW PFOA O&HME) Tholz, /-, &
FHAIEE 700 PFHXS (22D T, 47 Him D 9 5 36 #LENFIR O 36 HimIZIsW\ T
0.1 ng/LL (E& FIRME) DL EOMHZ MR L, &KMEIE 28 ng/lk Tho 72 (ZH
40),

BREEEIL, B2 (2020) FENS | KEHEP) ILEIZEDS & [E KO A
F{E M L 72 PFOS X ' PFOA OFREREREZ & 0 £ LTV 5,4F13(2021)
X, 31 ANENT R 1,133 His (RMJIT: 703 HiR, W78 - 29 Hi, ik - 84
i, HIFK 0 317 HiR) THENESL, £D 5 H 13 FHEMIRO 81 HuR

GPJIl : 38 M, WIVE - O b, ¥R 0 0 M, M Tk @ 43 #i5) ITBWTHRE

5

PEHR & e 0 15 50 & LT, JaEKEA 20 F - fEHT 2. A7 v R e oilis -
FEHOFEN Dk, BFEFEMNIE R, TAKEMEE R ENZE T b T 5,

NDREFE DRI BT 2 WE CTidd 508, AFEAKRE BT 2RI EE D 6 T, Bl
MCIHELICREREL (T, 5I&HEEMAOERIIE D HE LW S -WE, PFOS
KO PFOA X NDHEEEDRFEIZ ) DTEHICK Sy STV 5 (B 41),

KEREEA R LT, NORFRRARRICAEREEL G5BT OKBRKEY X7) 3dHd b
DD IR E < 7oy, UIARHTH 5 HBKEREEF TORHRSCE G EOBLS N D AT,
KEREE Y A 7 B3 2 A O BB L E e s, PFHxS IZ AR L EHBEICK ST
W5 (B 42),
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iE (B@) 2@ L BV, &KAMHIX 1,800 ng/L (PFOS K ) PFOA DA R fH)
Th-o7- (S 43),

FOBREAE R, ERAE B SAERUGREICR VT, A3 (2021) FEMNS
PFHxS OFf#EZ1T-> T\ 5, 4f1 4 (2022) 4EEEIL, 47 HOEFIRO 47 #iS0
WL W8, ek, HTFK, Ak Ex SR & LR O R, PFHxS B (EHK
F O3 I 88 R DB EAE) O FH)ELE 57 ng/L (/M 13<0.1 ng/L., i KfEl% 2,100
ng/L) T, MHHEEIT 74.5% Th - 7= (B 44),

Q@ ExmEE
JEA S EA AT 2 (2020) 4 1~3 HICSE L 72K IS BT 2K OKE
A CIE, 33 DZKIEFHEF ITAKE KM FEE D EEET D 39 D ETOHKS
95 b, PFOS kU PFOA OEEHIFEA A 1 & Z A3 0> 7-(Z M 45),
Z Dk, AF12 (2020) 4 A~4F13 (2021) 4 3 HICE L 7= RIAKEHRE
TIE, 26 OAKEF IS TKE KM EEE DEEET 5 29 DETOEKEGD 9
B, 1 2FENZEV T PFOS KON PFOA O E B AEfE 2 88 L7z CY4&F K I
K& EEE 2 5 H) (B 46),

Q@ Znit
KE TN E SRS (ATSDR) THE SN TWD, HARDIVK, ERNH

Z b FFHAKEOWAKDT —HIZHONWTEN-3~FI-6 12757 (K 16),

KI-3 N—2)LAAT7ILFILEEYDHKIFEE (pg/md) (B 16)

| PFOS | PFOA | B8
AR TR
KLY 5.2 (2.51~9.80) 262.7 (72~919)
n=12 72.2ngls (¥ b)) | 3.412.8 nglg (# % o) | Haradaetal. 2005b
e 2.2 15.2
rEes Gy 46.0 nglg (¥ % ) 314 nglg (%2 ki) Harada et al. 2006
o
g‘_@m 0.7 (0.46~1.19) 2.0 (1.59~2.58) Harada et al. 2005b

) FEME (HEPR)

FOD-4 N—T)LAOF7ILFIIEEMDERST R FFREE (ng/g) (SHE 16)

PFOS PFOA I
E—zfﬁ 200 (11~2,500) , 24.5 | 380 (70~3,700) , 165 | Moriwaki et al. 2003

E) CPEME (EEER) . P oRfE
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RI-5 N—2)LAOT7ILFIEEMORTKFEE (ng/L) (S8 16)

PFOS PFOA Z
XSSy anll 0.3~59 0.1~67,000 Igloaggda and Koizumi

RIO-6 /N—2)LFAOF7ILFIIEEYDEBKPEE (ng/lL) *(SHE 16)

PFOS PFOA PFHxS 2R
e Yamashita et al.
=8 0.338~57.7 1.8~192 0.017~5.6 2005

% pe/L THESHTLAL. 1,000 THLTng/L & LT LT\ 5,
1) Zofh, PENAICOWTHHE S TS (0.163~71 ng/L),

(2) =
® EPA
EPA (%, 2023 0 #f+5E (Draft) (23T, KE WD PFAS OKEREED 2 E
19727 —Z1X PFAS {5 U D & DIZfi> TWAH Z LA L7 9 2 T, E S
NTW5D PFOS BED KN (91%) 1E 300 ng/LLLFTHDHELTW5H, PFOA
B L Tk, ARl T {boEAZ Tk (=) —i#l, 4% U 4#) Tix
FRARHIAT DLW BRI (XU AW, ST, ea—m i) o b R
TERKFICEB T DIRENE W ET A (Remucal 2019), XY, ==2—V v —
—N, =2—IF =T NEPa— KT A Z > RN T D -ITEH 17 H5Fr & &R
20 AT PFOA BEIXZhEN 2.95 ng/lL KT 10.17 ng/LL &+ 5 A4
(Zhang 2016) Z & L, A HEIZE W TREKTREN S WET N H D & LT
W5 (B 47, 48),

@ ATSDR
ATSDR THE SN TWS, EZFMESH Y X b (NPL: National Priorities List)
812 g STV DO K K OV O PFAS IREE A K 11-7 (2”7 (2 16),

F=IO-7 NPLYA FESHMBOKEVLEDRD/A—D)LAOQT7ILFIILILEYEE
(BB 16)

R | Rl | STTME | SRS | EERER [ NPL A b
PFOA

7K (ppb (=ng/L)) 0.35 0.25 6,064 5 4
+4 (ppb (=ng/kg)) | 18,050 18,050 1,000 2 2
PFOS

/K (ppb (=ng/L)) 0.91 0.35 9,089 4 3
3% (ppb (=ng/kg)) | 108,000 | 108,000 1,000 2 2

8  EPA NEEWEZOBYMI L U TEERICHET S 2 L & LTS ik, PFAS IZ 1,854 7»
Do BA7< &b 4 #ill)s NPL 31 MIBEGEIN TV 5,
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PFHxS

K (ppb (=ng/L)) 0.26 1.12 52,496 4 3

+H (ppb (=ng/kg)) | 5,585 5,585 1,000 2 2

% Zoff, PFBA. PFBS. PFHpA., PFHxXA, PFNA, PFPeA [Z O\ T H & STV 5,

® EFSA
EFSA /X, PFAS (3flid, SIS OFEHEEIERO T A 794 7 V&8 U Tz
W S, BBEER o PFOS T PFOA 13 RCENAKFRAERRZR K OKRK R TIC
L0 RHEEZEI L (Ahrens 2014) . BRI O] D 90% Tidk PFAS 43 R

T - (Loos 2009) & LTWA(ERE 1),

@ ECHA

RRMAbH6ES (ECHA) THE S TWA ., MK KR ONIK DR PN PFAS 2
FEF— 22 HOWNWTE -8 1T (2R 49),

xI-8

N=2)AAT7ILFILEMDEBKRLAIIIKETEE (ng/L) (S8 49)

EE AR

23

R [/ 5 T B ¢ A R () PR
PFOS PFOA PFHxS
7 xznu—igk ) 2/4 4/4 0/4 Eriksson et
(n=4) (<0.09-0.57) | (3.5-7.1) al. 2013
*Z7 K 10/10 Esparza et
(n=10) (3.3-25) al. 2011
VAN 100% 100% 95%
(n=42) [ELEHAY .
0.043 0.32 0.25
(0.02-0.08) | (0.20-0.70) | (nd-0.48)
Sy8H7 2 0.05
(0.03-0.1)
KA IAZ 2 (T4 2)) 74% 100% 100% Heydebreck
(n=23) 1.2 4.8 1.7 et al. 2015
(nd-2.7) (3.5-7.1) (0.8-3.6)
KA (maJI) 36% 100% 100%
(n=22) 2.0 0.8
(nd-11) (0.8-3.6) (0.3-1.4)
KA () v~3a] [ /A 95% 100% 100%
(n=19) 1.6 0.5
(nd-2.6) (0.4-5.1) (0.1-1.0)
KA (= R0 O /A6 11% 100% 61%
(n=18) 4.6 0.4
(nd-0.8) (1.4-12) (nd-1.6)
JV—=rT 0 Nilfg, /v =— 100% 39% Joerss et al.
W, Aty 7 7 Lk LB 2020b
(n=40) 0.042 0.066
(nd-0.11) (0.038-0.17) | (nd-0.054)




o A z—LE—2 i) 0.31 Kwok et al.,
(A AH L) 0.17 2013
(7 Ry h7 43V R) 0.074
AbRKGE E 13/13 13/13 8/13 Karrman et
(n=13) [IER: R i al. 2019
(0.22-10) (0.1-4.1) (<LOD -4.3)
KA 13% 29% 21% Llorca et al.
(n=24) (nd-4.6) (nd-6.5) (nd-5.6) 2012a
RS 46% 63% 21%
(n=24) 13
(nd-2 709) (nd-68) (nd-37)
IV x— (FARa 7 4 INK | 4.7 5.9 NEA 2019
P REE)
(n=2)
HE (T X)) 100% 100% 100% Pan et al.
(n=6) 14 8.5 7.1 2018
(8.1-19) (5.6-12) (5.0-11)
RAVIFFT % (T4 )0) 100% 100% 100%
(n=20) 4.4 2.6 2
(0.23-8.6) (0.86-3.7) (0.12-3.9)
AT xz—TF v (A—=F L) | 100% 100% 100%
(n=10) 3.1 2.3 1.3
(1.0-8.2) (1.1-3.3) (0.56-2.8)
KA (=)l T=—HF— 1.0 2.3 0.54 Zhao et al.
JID (0.13-3.0) (0.8-5.1) (<0.03-1.2) | 2015
KA (Atif) 0.51 0.84 0.24
(<0.07-2.7) | (0.1-2.4) (<0.03-0.51)

® Health Canada
a. KIRBEDEE

2012 4EIZH N H Y —D 2 SDOEKIZIZIBWTIFAK KL O KZET LS LT

L Z A PFOA K ONPFOS i3k H X #u7e ) 7= (Alberta Environment and Water

2013),

2007 % 4 H)v5 2008 4 3 HETOMBH. Xy ZMND 7T O KIGIZE

WT, JFOKEOHKZ 84 iR SERIRLI-E 25, PFOA [3#KfA (MDL

(Method Detection Limit) : 0.3~0.6 ng/L) ® 75% T &, RfEiX 2.5
ng/L, FAXMEIE 98.0 ng/Ll TH o7z, FUKORHFE & FIfEIZZENEI 556% &
2.0ng/L T, fHFE L REPRMEITE KO FNFEAKEL Y L Eo72, PFOS 11
KL D 52% (MDL0.3~0.6 ng/L) THiH 41, FRMEIX 1.0 ng/L. G KfEIT
36.0ng/L) Th oz, FARDRMR L FIEIZENZEI 40% & <1 ng/L T, &
FEREPRADIF KOS NIFEAKEL D HE»->72 (Berryman et al. 2012) (B

34, 35),
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b. KRHRE

PFOS & PFOA 22\ T, ¥ (volatility) 2MEW 22 AFEEE IS
MHCTXx b L0MAEZSIH L ET (Tittlemier 2007), LA FDO A F X DRI K
S D PFAS B O#H & 2 LT\ 5, PFOS O FEFEIRNA O KREIEEIZE L

TIE, 2007 2N 7 —"—DEEOREIZ 3 22 HHRE S I BISy v 7
VT —TCWNELZHBIK (n=6) T, PFOS I TTHRIE TR (<0.02 pg/m3)
Z FElY | PFOA 13 4 ATt &7z (<0.47~9.2 pg/m3, ‘F¥) : 1.4 pg/m3).,
FRAEN D RKIRE OB TE, BEICK 4 BREFREI NNy T
7 —TCUIE LTl (n=39 &, 2% 594) T, PFOS L~ L3 T T
IR (<0.02 pg/m3) % FE1Y | PFOA T8RN 28 pg/m3 (FAR )
113 pg/m3, HUAE : 21 pg/m3, #iH : 3.4~2,570 pg/m3) Toh>7- (Shoeib et
al. 2011),

Ao 2 ) A E T S REIE (i) 8 2D 9 Hd 4 5T, PFOS
P 2.5~8.1 pg/m3 it S iz (KARMA TIX PFOS 1Z3E/H) (Boulanger et al.
2005), PFOS (37 bk & (X7 hEMN LY Y =2 — [ME) Thiatish,
KD TT AFE R O F-HH THPRFE 5.9 pg/m3 Tho7c (2004 FEOH 7Y
7") (Fromme et al. 2009, Buttetal. 2010), PFOA (ZBJL Tix, N7 —/—
BT DEARIR 6 DD HBHD 45T, <0.47~9.2 pg/m? (F¥) 1.4 pg/m3)
tH & 4172 (Shoeib et al., 2011), 2004 FIZ 0 FF OAekRag i (X7 M EN 22—
YA VA, LYL— MNE) THREBEORENHE Ii, FERE (RDH
AR OWEF) 1X 1.4 pg/m3 TH 7= (Stock et al. 2007) (34, 35),

M. ARBECEHTIMEOME

1.

AFHIE S BT, S O RFAREE B %2 & 2 5FAfh & D REfk P A M OB SCRR O

FR 2R L TR L7z,

IR 4R
BB TILR O & 5- L7z PFOS, PFOA K OF PFHxXS 131E & A EDMAPNIZIRIN

SND, b MIZEIT 5 PFOS,PFOA KO PFHxXS OWUNERIZEE T 5 S 13X 72 08,
BTG G473 & o Te MR D E R O i Hi FE 00 & & 7 & FEEREN) [FIARIZ WL S 400
TWNEEBEZOLNTVD, v A% AW Tld, BEOR S PFOA D/ A
2L77/\4’ TEUT B ERIFTTZEDNRBINTEY, KEKRE L TERLE

BEMRE Lizginth PFOA ORI NA AT XA Z )T 1 (EWR0FH

F) 1L 4.3~69.0%ThH Y, BREFFIFEEZE L PFOA DIHXHINA AT XA F 'Y

S TIT A OBEDERD SN T- (B 50).,
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2. 9

FEBRENW) B 5 S 7z PFOS, PFOA K O PFHxS 132 < OMRSCHE IS 04T
% A3, MR- ATl A OB EE (Xt OFAL & bl LT < L RO TR O EE AN,

FIRROFINREIZAG S a2 W EHZ > T, B FT% PFOS, PFOA &
Y PFHxS (325 Offlfk, swE LK OMRIKIZIAS LTS Z ERESNTED,
F e BRI MIR-CHIR T 5, IMEREK T8 PFOS. PFOA X U PFHXS 73 %
HENTWDN, IR T O 25 OEEIZMIEEE L 2 #iK< . PFOS,
PFOA } O PFHxS 3t F O MMM Z @i LIc< WEB 2 5TV A (S 51,
52),

Pérez & (2013) 1%, AXA > I 2 N—=% M{EED 20 £ 75T 1% 24 WK LL
PUZHERIR L 7= IR0k 0 PFAS JREEZHIE L T\ 5, PFOS IR DOEEIE (Fhik
) X/l < 102 (41.9) nglg. &K T 75.6 (55) nglg., T 29.1 (28.4) ngl/g.
KT 4.9 (1.9) ng/g, B THH TIRAmM., PFOA REIZHE T 60.2 (20.9) ng/g, Jili
T 29.2 (12.1) ng/g. NFlET 18.6 (4.0) ng/g. BIET 2.0 (1.5) ng/g. MK THiH
TREATN . PFHxS R IX, Bl& T 20.8 (18) ng/g. AiT8.1 (5.7) ngl/g. & T
4.6 (1.8) ngl/g, ¥T 3.2 (2.3) ngl/g. BT 1.8 (1.2) ng/g Th-o7(ZM] 53),

B, INLOHBRPLTIFICL > THE LR EHZ B 2 REMIZ, LT Lb—
FRAER & D W TTB Y IR D ERARNIC I 1T 5 PFAS D434 & KB L TV 7R WO ATRE
PEICEET 20 ERS 5,

o PFOS, PFOA KU PFHxS O%  [ZMiFIZHA LT Y, SMiEEN
MG 2 HeGt 3 5 7= Dl iiE/ 2 MR E A AV 5 T& 72, PFOS, PFOA KO
PFHxS O g/ gL E LT 223 AW Z EBH 0, ZE
MO IT, 1.2~2.2, 1.2~2.3, 1.2~2.5 L #HEFIZ L - TR > TV D (B 54-
56),

3% Tk PFOS, PFOA ¥ (N PFHxS (X EICT7 V7 2 v EREA L TR Y, e
LTV HDFMmD T, B MILET VT 2 > & OBFEOR S OJEIL PFOS
>PFHxS>PFOA TH A (M 57), b FOIMiEH TII7T V7 I VRE L PFOS &
O PFOA IREEICIEOREN & 5 Z & BVlE STV D (S 58), Ik H CiliFpft L
T % PFOS, PFOA } ) PFHxS AHAMICE D IAE I, F 7= B0 R BRI T Al
b,

PFOS. PFOA U PFHxS (3., F:EL. RFWE OFLIE o mig iz & 51E
THZENRDLNTWAS,
b MZBWT, PFOS. PFOA K1) PFHxS O Jffi i & R4 M5 1 B 11X E O R
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BB D, Inoue B (2004) (X, ALBRHT O Tl L7- 15 &80T D 4 M iG
IRHA TG PFOS JREE LD FEHIMEIX 0.32 (HiPH : 0.23~0.41) 7oz &AL TV
5 (2 59), Appel & (2022) @ X Zfig#i Tix, PFOS. PFOA } O PFHxS Dfiff
M RHARR X Z 24 0.80 (19 7Bk, #iPH : 0.58~1.33), 0.44 (21 3Bx,
#iPH : 0.22~0.87) KUY 0.59 (16 3Bk, #iPH : 0.36~1.49) LHEINTVDH (S
R 60),

[ U < EPA (%, PFOS D5l s/ RHA MG I B b 512 0.65~1.33 & K& 72
ENHDLLOD, ZNHWEDOFHETH D 0.40 & IMIFRE TR E N7z POD 75
X< TEE L L TOURENT PODuep #EHT 2720 OIYEEETT LD /NT A —H|C
BHLTWA(ZME 47),

EPA | PFOA DB MG/ RHAMIGIREITIME T L > TRERENH Y 0.55
~1.33 L—HLTWARWA, ZnbREDEHHED 0.83 ZMiHRE TREINT
POD 75 X< #E& L L TRENT PODurp & HEFH T 5 72 9O O IEF|EREE T /L DX
T A—=HIZEHA LTV 5 (B 48),

BRI O 7 07 2 1L PFOS, PFOA & O PFHXS O it i ~D AT 2 #il L |
EHAIM O T T 2 AL IS ORI ~DOBITERET 5 LGS TS
R 61),

fefEH1 > PFOS J O PFOA D FE IR OEITIZEWEEINT 5 (5] 47, 48), P
FOS & O PFOA D I&#z H/RHA MG IR b i%, 224 0.326~0.460 K ) 0.048~
0.749 OFPATH 5 (SR 47, 48), PFHxS DA% T/ RHAIM IE 12 R HiX 0.429 (#iPH
0.239~0.661) Th 7= (M 62),

RO PFOS, PFOA &' PFHxS JEEIIRHMAMIGIEE L v 1% L <KW,
EFSA 1Z, 4 >OWE T 5 PFOS OREFLH/RHAIMIE IR EE o gufi (FEHH) 1%
0.012 (0.0097~0.018). 3 DOMEIZI T D PFOA DO EEFLH/EHARIMIEIEE Lo
Jufl (#EPH) 13X 0.038 (0.018~0.11) TH Y. 2 DOWEIZI 1T 5 PFHxS OREHL
FREARIMIEIRE . (PRE) 1XEHHE 0.018 THo7m& LTWA(RR 1),

3.
PFOS KO PFOA I {LHHCZETH Y . RN TRE SN2, PFHS 4 [A]
Rl snaneEZ2x 50T\ 5,

4. HEm

b a4 < OoBfE TlL PFOS, PFOA KT PFHxS (X EICRICHEH S5
2. 7w hTiE PFOS XU PFOA D3kt PFOS O PFOA 0 #2752 Prifitie
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BTh D,

b M2 T PFOS KUY PFOA ORH-JEit S 3R H Rt L v & v, 5
%D PFOS KO PFOA [T LE N G EWEIERTHWIN SN D, Z0 X 9 RGBT
fEER2N, B MIZBWTIE PFOS &1 PFOA D # rh et & A3 R PR L v D722
e, HEHHINEWZ LIZHEE LTS EENTWDH (B 63),

7 v hTiL, PFOA OJRHHEMEITHE L M CRES ER - THY | MZ » T
HEZ > LV bIRPYEEERZ WV, ZOMEITEM O VT T oA (BRI,
EEte) OFENFRTH 5 & STV 5 (M 48), PFOS O JR H1 i & 121X PFOA
EFIRYD Ty MTBWTHMHEITRD 620, PFOS oFEf PR &I, Mk
RETE D ZoT2(BH 47),

bt MZHBIT 5 PFOS KU PFOA OB VT T AXT v Mo /L & A~ THR®
TR OB L2 T - T2(GH 51),

7 v MBI 5 PFHxS OFfE o7 V7 7 v A3ETIE 1.02 mL/H/kg, T
1% 21.86 mL/HA/kg(ZM 64), HMETIX 0.76 mL/H/kg, M Tix 63.87 mL/H/kg(Z M
65) LWL SN TEBY ., 7 v MIBITDH PFHxS ORPHHHIIIMEERH D LB 2
5TV 5

b MZEBIT S PFHXS OB 7 U7 T v A1, —REMNTIX 0.027 (95%CI: 0.018
~0.037) mL/H/kg TH V (ZH 66), BEMIZL TEE2ZIT TV TIL 0.023 T
Hol- (67, b MIBITAPFHXS OB 7 VT T A LT v b & HA_TH®HD T
KV,

t k&M Tl PFOS. PFOA . Uf PFHxS 3R I3 2 L CHRIRIC, H
PERIITRFALZ N L CHIRICBATT 5, kTl PFOS\ PFOA &% O* PFHxS

FRMIZ E > ThHRit S D, Zh b OfREKIX, ZIcEsT % PFOS, PFOA KXY
PFHxS OB TH & % (5P 51, 68, 69).

5. JHEXFRHA

PFOS. PFOA XU PFHxS OHA&REH (KNIZ A > T ERHRIEIC L0 50
(272 D) ICIEFEENH D, T v b TiE PFOA } O PFHxS O 4 480 12 M 2
Hd 0, PFOA OIS0 13 Tl 2~4 FEfE. #ETIiX 4~6 H, PFHxS D42k
PR ilﬂﬁfi15~235 HETIX15~32 H &L &N TW5b,~ 7 AIZEIT 5 PFOA
I ITEZEARO ST 17T~19 HTH Y, v TldtEicEbL L3 5
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~T7 IR¢fH] & B0,
—Ji. & MZEIT D PFOS, PFOA X% U PFHxS Oy =X B4R & # L <
F<, Flo, ZETIEBMHIVEY, ZOMRNC X oi@0WIiE, Rl H OHR 23 5%
L TCNDEEZOND, EFSADIE LT=F— 12X D & PFOS Ol -5
) 5.7 42 (9 BABR, #iPH 1.9 4E~18 4£) . PFOA Dl L 3.2 4
(8 #BR, #iPH : 1.2 4F~8.5 4F), PFHxS DI JHIT 1 11.4 45 (6 3Bk, #1
D 4. THE~25F) ThoTlo(BH 1),

EPA IZ, Li & @mj)aﬁ%ﬁziét}V"TéPFOS&UﬂﬁDAONH%¥
B (FNZEH344HEL 2.74) &, POD 2> 51E< BRAHG T2 -0 0&y@EkE
TFTND/NT A=A LTV 5 (B 47, 48), EFSA (3. EFSA CONTAM Panel

(2018) AR L7zt MMZHEIF D PFOS KT PFOA ORI H (2 Eih 5.4 4
& 2.34F) &, MIEERETRENTZ POD oI & & L TRENT PODurp &
HeZ+ 572900 PBPK EF /L D/85 A—Z T L TWA(BR 1),

7 v MZFBIF 5 PFOA O PFHxS OVEJ OS> PFOS, PFOA KOt
PFHxS ORI OFEIL, BB 27 V7T 7 v ZAOMEICENT 5 (&R 1),

F72. B MZEBIT S PFOS., PFOA O PFHxS O I EREI O ML, #21n
PR OHRIER R L TV D LB X BTV A (R 69, 70),

V. BEREZZICEATSHMREOHME

AREHNEF TV TIE, WA ORI RIS I %?ﬁﬁéilktﬁﬁFﬁﬁﬁiﬁiHjODi_ﬂ%TFEI
M S SCHR, B 4 FE RS ﬁéﬁﬁﬁﬁﬁﬁ FUNTUEE S 7= SCHRIE NS
OO EHE SRR S, U —F T T —7 _kwTE%k#ﬁbtﬂ%%ﬂ%%%

(2R SRR S BT 21T o T

F7o, T OXG & D EBEEEIZ OV TIL, A ORI X 2 5HIE L
BiE 2 T, EIZ EPA (2023, Draft) OFHliEFELZZZITERINL, = RARA b (F
EWEAL UM 572D DFRIE & 72 5 AW TFRIES) N LR L, oMo
RSB OV TR, IR SN TR Z AT LSRR, =2 RARA > b & U TRkl
AT OIITH DA+ TH D &l L7,

¥, RBWEIZON T, KSREICB W TR - HEOXMRME & S
BT TR Loy, £ 0% - & o RIS L TiE, PFOS, PFOA & U PFHxS
D 3WEIZHDNWTDOHFLH LT,

BT Lz (1) Bk [OSCERTE &, OuEs: - [ERSFHmAE RS o FEAmhEE
O @FLw], (2) &% [(OXHRIFEHR. OMFst - EEFHAREERE OFAIBIZE, @F
E] DIREICFEHER L, BERELHE (3) & LT,
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1.

A figk

(1) B¥EER
@ XEkiEHR
a. PFOS

Sprague Dawley (SD) 7 & (i, #5812 P8) (2 PFOS (B U 7 L)
Z 28 AR O&E (0. 1.25, 5. 10 mg/kg (AHE/H) L7z#E%, 10 mg/kg KE
| B $5¢ 5-HEDHEIZ 330 T HFIBAR ot B B 0 BAIN K OWFIR O RERGZEMEA . HEIZ 35T
JHEMAE it B O HE N AR AR AR S M OV R i R 23 @lgs S vz, L2~ L, fiE ALT
EICAH B REIMI IR0 - 2B T1),

SD 7 v ~ (M, 48E 40~65 JC) |2 PFOS (VU 7 M) % 2 R OIR
&5 (0. 0.5, 2, 5, 20ppm) L7, #%5 102 XX 105 #H H O 1fiE PFOS
FE DN (BEERZ2) 1%, B GREOMET 0.084 (0.134) pg/mL, 4.35 (2.78)
pg/mL, 20.20 (13.30) pg/mL, 75.00 (45.70) pg/mL, 233.0 (124.0) pg/mL,
T 0.012 (0.010) pg/mL, 1.31 (1.30) pg/mL, 7.60 (8.60) ug/mL, 22.50 (23.50)
png/mL, 69.3 (57.9) ug/mL TH 7=, REROFELR, FFigics VT, METiE 5 ppm
PLEDOBGHET, ANZEF OO R O B R & OSH e & o BRI af i 281k, 20
ppm 5 T/NEEROHED IR O RIS | IR OEESE, R ILE KR O~ 7
07y —UORE, HETIE 2 ppm ML EOEGEET/EFOEDO IR, 5
ppm L E O SR THAMR O 220/, 20 ppm $5-1E T/NEF OO M iRE o FE
RLRAFERPEZE AL B OMESE IS W NS IR O BIE R BlEt S Tz, &5 53 E O
M 20 ppm F 5 RFEDO MG ALT 6 (83+84 IU/L) 133k 58 (54+66 IU/L)
FOVERIZEMLIZbOD, £ 1 LT O0REEELZRET L 3416
IU/L, 45+5.1TU/L & 72> 7= (B 72),

=7 AP (M, SBE 4~6 ) (2 PFOS (WU v LM« HliE 86.9%) %
26 Hf (182 HRE)) &ob 7 E'A#5 (0, 0.03, 0.15, 0.75 mg/kg KE/H) L
7o $5-BA4h 183 HE D IMIE PFOS & O-EIME (B ZE) 1%, S HRGEEOHE
T0.05 (0.02) ppm, 13.2 (1.4) ppm, 66.8 (10.8) ppm. 171 (22) ppm, M
T 0.05 (0.01) ppm. 15.8 (1.4) ppm. 82.6 (25.2) ppm. 173 (37) ppm T®H
ST, RBROFER, 0.75 mg/kg REH/HEGHEICIBWN T, HET 6 ILH 2 PLFET
U, WERECAERIME] . FFIEAR e RN, AR CNFE TR
NERE A ZE i b K OVIER) | B EE D AR 5 - i, B EE, 7Y a—7 &8
KL A T A — ) VIREEAK T, i CRFRE & &% O, idAE xf 5 g
CIIA~EZ B B BB Sz, IiE ALT EiIMEE & &I E R nZ R
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X7phoiz, 0.15 mglkg (KE/H B GERHAIBWTH B ZRBEFERRENEZE I
o2 enh, KRBREUETICBIT S =7 4 ¥ LoEFEMERE (NOAEL)
1% 0.15 mg/kg AHE/H L EHH S 7= (B 73),

129/Sv (wild-type, WT) ~ 7 A, PPARa / v 7 7 v b~ A2 't b PPARa
A~ A (I, AFE6 VL) (2 PFOS % 28 H Rk HIRETHR S (BE~DIREEIA
0%, 0.003%) L7z, IfiiE PFOS REDOFEIE (FEHERRE) 1. F#&EGHTER
ZHWT ~ 7 2 Tl% 14.0 (4.0) ng/mL, 113,000 (3,900) ng/mL, PPARa / >
777 b~ ATIX 3,300 (2,080) ng/mL., 94,000 (4,080) ng/mL. & ~ PPARa
A~ 7 ATl 10.4 (0.2) ng/mL, 108,000 (4,000) ng/mL T ->7=, @kErD
it g, PFOS 512 X %5 PPARa DIFEHEIS T (AcoxI KT Cyp4al0) DOFBLE
ZWT v 2ADHTHEIN L7 (p<0.05) —F . CAR XU PXR OIEHEIE T (£
NEr Cyp2b10 K OY Cyp3all) \[ZHoOWTid, PFOS &GV WFho~w A
THRIOWEMPHER SN (p<0.05), WTILDO~ T AZTBWTH PFOS 5
BECHFIBAE ST E &S HI L7z (p<0.05). Ao BRALAR R0 28 b % b L 7=
& 2 A, PFOS B EIC X UL A Y — LBl & — 9 2 FF I O HIRL K& O
WUNZEROEFEL WT ~ 7 2 L'~ PPARa A~ 7 ZADHRTHE SN,
FEAAE D ZE fa 280 ) OMEKIZWT D~ 7 A THEIE SN (2E 74),

b. PFOA

ICR~ 7 (i, %I 1005) (= PFOA (7 %=7 LI @ fUIE 98% LI E) %

21 HfOKEES (0, 2, 10, 50, 250 mg/L) L7=#E%:. 2mg/L UL LD GHET

SFlEAE S E RN, 10 mg/L LA Eo# 5-A Cifyis ALT i3 0, 50 mg/L LA Lo

P GRECAREI NS Mg AST BN, ATHINE O BERAL K OHi e B At e 11

BACIE OV “RERFAMRLO B, 250 me/L 58 CRFIBO JRBEFEI & 5 OVl
JHFEENBIZE SN (ZR 75),

Kunming ~ 7 & (lff, &#f 4 VL) (2 PFOA % 14 HE#HIR O&5 (0, 2.5,
5. 10 mg/kg KE/H) L7=FE%. 2.5 mg/kg (KE/H LI EO & 5#E CiiiE ALT &
Hm & & HITHFIBARSTE &I, o~ e P77 e RREOEN, T
DOFAFEZE AL (AR SR A% & O ELAL, AL oD BE 2R K, 22 B 254 S OVBRR BB AE
SAEMEMINIRTE) . 5.0 mg/kg AE/A UL Lo G TlyE AST i, ALP & O°
LDH DI M O LA # AR e B 0D $ NS OV i ade e 7K S i BE O 38N
10 mg/kg AR/ H £ 58 THFlB O BEE 2R 2 b, Tk 1 CRP M OY IL-6 i
JEDEENINDFERD 5= (B 76),
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Crl:CD®BR 7 » b (#ft, &8 55 C) |2 PFOA (7 =7 LM : #lE 98%)
Z 13 M (5% 4 BT 7B E ) BEEHR G (0, 1. 10, 30, 100 ppm

(0, 0.06, 0.64, 1.94, 6.5 mg/kg KE/HAHY)) L=, 13HEDT v MIBT
% 1{E PFOA JREEDOFEIEIL, K& GHETENEN<0.7pg/mL, 7.1 pg/mL, 41
pug/mL, 70 ug/mL, 138 ug/mL Th -7, REROFER. 10 ppm UL LD GHET
AIVFF Y — DR OFRRE L 72 DS X R AV CoA AF & —E (PCO)
TEMEO BRI, FFAEER (B/ho BIREE) LT 4 B O THFEE =
& JHFHigAE it B O HEINAY 100 ppm $5-8E TEREH NPT B S (SR 77,

H=7 AP (H, KRE4~68) (2 PFOA (7 &=v AH) % 26 O
7' PEE (0, 3. 10, 30/20 mg/kg RE/H) L7z, #5 6 i HLAREICHIE
L7z PFOA RO V4ME (GEHERA) 1%, 3. 10, 30/20 mg/kg (KH/H &5
HTENEN 77 (39) pg/mL, 86 (33) pg/mL, 158 (100) pg/mL TH-o7-,
AR ORGSR, 3 mg/kg RE/ A UL EOE G CTHTIRE & O MNA . 30/20 mg/kg &
/A G CHT AR R ORI, NTlET DNA JRE OB, itlgf I h= R
U7 HEHOIERE L 72 %5 SDH {EMHO /KL A X2 Y — AEFEOFRIE & 72 5
PCO IGMED FH BB SN (B 78),

CD-1~7 A, 129/Sv (WT) ~ 7 AKX PPARa / v 7 7V b~ A (%86
~8 E, MERIOFHE /2 L) 12 PFOA (7 rE=v AH) % 7 HIM5EHRE DS
(CD-1~7 % :0, 1, 10 mg/kg {AHE/H, SV/129 ~ 7 A} N PPARa / v 7 7T
7 R~ A:0, 1. 3. 10 mg/kg {K&E/H XX Wyeth 14,463 (PPARa 7 ==X
R) 50 mg/kg (AHE/H) L7-, #5587 24 R I2 81T 5 1fLiF PFOA & D
Yl (BEYE(R 722) 1%, Wyeth 14,463 # 58 % RN 24 HE T CD-1 v 7 A2 Tl 0.032
(0.023) pg/mL., 17.2 (7.3) pg/mL. 112.7 (20.4) pg/mL, 129/Sv (WT) <~
7 A% 0.012 (0.006) pg/mL, 14.1 (4.3) pg/mL, 33.3 (15.0) pg/mL, 99.0
(33.5) pg/mL, PPARa / v 77 7 b~ 7 A Ti% 0.010 (0.004) pg/mL, 17.7
(4.4) pg/mL, 47.9 (18.9) ug/mL, 85.6 (31.1) ug/mL T -7z, RERDOHE R,
2TO~7 AD PFOA BHEEIZI W CTHFIRE 8 & OWFlscR < 8 8o H &K A7)
7REEIN & TR R A =7 o ER-ABIEE S (p<0.05), PPARa / v 7 7 U |
~ 7 AD PFOA B E5RICHBWTH, 129/Sv (WT) ~ 7 A[REE, FFlia o Z2E
NSRS 728, Wyeth 14,463 358 Tl 22tz Bls S » 12(B R 79),

CD-1 <7 A, 129/Sv (WT) ~ 7 AKX PPARa / v 7 77 h~T A (WTHh
Hiff) 12 PFOA (7 v E=17 LM : fliE>98%) Z4HE 1~17 B HIZHfIRR 08k
AK$ehH (CD-1~w A :0, 0.01, 0.1, 0.3, 1, 5 mg/kg K&, 129/Sv <~ & :
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C.

@

a.

b

0. 0.1, 0.3, 0.6, 1mg/kg{Kk&E, PPARa / v 7 7 vV k~7 A :0, 0.1, 0.3, 1,
3mgkg KE) L7z, TOFE., A% 18 0AICBIT2 CD-1~7 AD Fi i (4%
B 21~37 L) ([ZBW T, IFIEOIEGMEZ L & U Cifn /s P E K& OVHH#IA B o
BB STz, £io, EEBEEILE LT, PFOA XL BT L 54— VLA
Je 3 5 D Fi B A7 O SE N, SRORAAGE S OF NI U TR 00 I K D F B A7)
HN, BMER 72 RIEDFEIEE R 27 O HEKAAEMPBE SN, £, A%
18 2 HIZHIT 5 129/Sv ~ U A D Filff k" PPARa / v 7 7D b~ 2D Fy
(&HE 6~10 V8) 123V T, I A B 2R 2 bIE A DR o T2 b DD
PPARa / v 7 7 Uk~ A0 Fy MEIZI\ T HFAR R BRIE 23 88 e 17 T & - 7=
(p=0.11), FE 7=, /PNEEFLMEIFRIEAE R OFA R OF E 728725 PPARa / v 7
TR AD FMECTHEIZ ST, 129/Sv ~ 7 2D Fy M Tl NE RO ATHE
RARER DR A ST L 7R Dy o 7228, EE T B ARSI L 7= (B 80),

PFHxS
SD 7 v b (s, 48 18 PC) (Z PFHxS (71 U v At : i 99.98%) % . I
(Z1E 44 B, MEZIIHE L ORJE 14 BRI HPE 21 B % F TXIT4EE 24 H H
(Hew) ECoMEO#EE (0, 0.3, 1. 3. 10mg/kg {AHE/H) L7z, %5 42 H
HO®ETZ v MZBIT 5 1MiE PFHxS IREOFEE FEEFRZE) 1L, S&EEGHTE
NEN 0.32 (0.09) pg/mL, 44.22 (12.66) pg/mL, 89.12 (0.80) ug/mL, 128.67
(10.30) pg/mL, 201.50 (20.02) pg/mL THho7-, F£7=. HHR 21 HEHDOMES
> MZEIT 5 IMIE PFHXS JREOFHE FEERZE) 13, F&E G TEREN<0.1
ng/mL, 3.32 (0.71) pg/mL, 10.65 (6.41) pg/mL. 32.75 (7.83) pg/mL. 59.80
(11.54) pg/mL ThH o7z, HBROFE, HETZ » b TiX 3.0 mg/kg KE/HLL ED
B 58 C g/ B K O/ M EE &b o g hn . /NEEHLOPETF B AE R O HE N, 10
mg/kg RE/ARGRETIIE N Y 7)Y FEEORDIENCmEET VT 2 o
BUN KON ALP EO¥INBIEZ Sz, Lol Mg ALT fEDOA B ZBIFE
D BRI T2 (B 81),

By - BRI O FTHMEmBEE

PFOS

Health Canada /X, Butenhoff & (2012) ®F v b 2 4FRIREEE 5 BRICH
B IR R 2> 5 PFOS @ NOAEL % 0.021 mg/kg (88/H & L, PODugq %
0.0015 mg/kg AT/ H LB L T2 (B 34),

. PFOA
Health Canada . Perkins & (2004) THHL/-T » b 13 HEEEEE 5
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BRI 3 DT MEAE K26 PFOA @ BMDLyy % 0.05 mg/kg {A&E/H & L.
POD=xeq % 0.000521 mg/kg A5/ H L HH L T\ % (S 35),

c. PFHxS
ANSES (%, Butenhoff & (2009) ™7 v MEGH - FE@mEA 7 ) —=0 75
BRI B G- m R B T 2R E &M, MR K25 PFHxS O
NOAEL # 1 mg/kg {&8/H & L. NOAELngp % 0.289 mg/kg (AH/H L HH L
TWA(ZH 33),

@ FFiE (EiER) DFLH

PFOA Z#~ v A5 5 & ALT SO EORE L 725 MiENA 4 ~—H
—REEINT 5 Z ERME SN TS, £/, PFOS, PFOA (' PFHxS % 7 v
MZE 532 & IFlBEEORIL O /aiE R, PFOS 2 o542 L JFE
BEOHINE OFFHRIER, PFOA 20 Vi 592 EFEEOEMNAHE ST
W5, SHICEMHED PFOS 5. TlX, 7 v MTBWTIIFMaoZ2fuzst:,
JAZ I\ TR T O Tl ZE fa 25t & OB T 23 . i & PFOA # 5- Tl
~ 7 AW TR C ORFIaZEfa 28t BURBESE & OV EPE IR 3 i A &
NTW5D, ZIHOREENS, PFOS, PFOA O PFHxS %, HEEZFHHET
% AIREME DS RIE ST,

JFpEE A2 Xk T EEalMr & LT o lEE AWz 325kic L v\ PFOS,
PFOA & O PFHxS i3\ 9" 1t PPARa Z15MELT 2 Z EAE SN TW5b, —
%1z, PPARa OIEMEALANIT s BEICHREZE T2 &nmbiTnsd Z &
M. T o HEIC PFOS, PFOA & O PFHxS %5 L7868 OFEEIZIX
PPARa OIEMEEAEICBEEG LTS EEx D, —JF, & FOEIZE T 5
PPARa OFEBLEIL~ 7 AD 1/10~1/20 TH 5 Z & b | & EEBE Tl PPARa
BRI EN D D Z LR SN TV A (R 82), FEEE, PPARa ©»/ v 7 7T
U h~TUAKOE b PPARa A~ 7 X2, PFOA Z# 5 L TH, iz T
PPARa DIERVEIEFTh D Cypda 1IFEBFHFE IR0 -72(ZH 83), £,
PPARa / v 7 77 h~ U ARt s PPARa A~ 7 R|Z PFOS Z#:5- L7=i
BRICEBWT S, IFEICI W T PPARa DIEI T CTdh 5 Acoxl <° Cyp4alO i3k
BINRho=(B/ 74), 76> 7T, & F PPARa %, Fot#¥E® PPARa LY %
PFOA O} PFOS ~OD UtEDMR O TR Z L 2R S 405,

F£7. PPARa / v 7 77 b~ 7 ATH, PFOA KO PFOS |2 & - THFEEN
HELDZENRESINTND, PPARa / v 7 77 b~ A2 PFOA % Jil#% 1
BhH LI A, IFlEE S, e E & H A emn e & iz, R
DZERAIEVEPBIEE ST (B T9), 72, PFOA DX < & THRENZLH T 5 JH sk
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AR T D 15%1% PPARa JAKFHETH 5 L Ot b & 5 (SR 84), D PPARa
7T U RO 1~17 HH £ TPFOA 2# 5 L2 5HA1C b, A% 18
MHBO Fr i~ 7 AR RN A U 2 ERHE STV 5 (R 80),
PFOSIZ2W T4 PPARa / v 7 7 7 h~ U AIZPFOS ZiREF#E 5 L 723 B T,
JFlsER B D HN, FEHIE O ZEfa sl L RN S NZ(BR 74), LLED X 51z,
PPARa / v 7 77 b= ZA~® PFOA X PFOS O #:5 2l E & o #m, I
MR OZERE EIEREE Z 32 005, PPARa 40 S R WHFREE ORI & 71
T5HZEDNRBEN TS, PFOS & () PFOA 1%, PPARy. CAR, PXR, LXR,
ERa, HNF4a 71 27— RHIEMHELT D 2 @GSN TEY, ZORKICE -
THIFEEZ 5 X 2 A EEN S 2 TV 5 (R 47, 48),

PLENG . > #¥EIC PFOS, PFOA . O PFHxS % #4H L= 56 O EIC
I3 PPARa OIEMEEN EIZBE G L T0D EE2xbND08, b b &> #EE & T,
JFlgZ 51T 5 PPARa O3B & IEMEALANT 3 D MEICFE EZN B D, Lo T
FBRENW) OFESR A T PFOS, PFOA & O* PFHxS IZ X 5 & kN DJFfEE ~D
BrEERMOICHEST 2 Z IR TCH L EEZXHND, £, PFOS, PFOA X
O'PFHxS |2 X D IFFEEICIZ PPARa LA ORI G325 Z ARSI LTED,
HEEOBEFIZOWTELEARHDORNLIFEINTND,

(2) &F
® XEIFHR
KE O E EAEEEME (NHANES) (2 1999~2000 4F & 2003~2004 4E1C
ZHN L7 18 kLA DR 2,216 40 (51 1,076 44, otk 1,140 44) ZXIRIC,
ifLiE PFOA,PFOS, PFHxS & O PFNA J® L IFfEE N1 A~ — 1 — (ifLiF ALT,
GGT LOB UL E ME) & OBEICHOWTIHE -, BPER OO s
EOYHE (BEHERZE) 13, £ i, PFOA T5.05 (1.03) }1*4.06 (1.04)
ng/mL, PFOS T 27.39 (1.04) K&} 22.20 (1.04) ng/mL i (% PFHxS T 2.29
(1.05) % *1.72 (1.04) ng/mL TH -7,
R A U T B IR EE CEBREYG AT (Rln, MR, AFE/ERME, 4TS A
H AL (B R, #E) KOWET —4 (BMIL, 4 AU Uit (HOMA-
IR), AXARY v vy Rue—Li SEFIREE) TR 217> 2%, MiE PFOA
IREOBA Y 7= 0 BNzt Linyg ALT 81X 1.86 HAL (95%CI : 1.24~2.48,
p=0.005) #H1 L. GGT i% 0.08 HA7 (95%CI: 0.05~0.11, p=0.019) #h1 L 7=,
72, BMI 78 30 kg/m2 UL EOSINEFIZIRE L, MiF PFOA JREEIZ K 0 WA it
(2O TCHRRMT (REf, MBI, ANFE/RSHEME, TR A X AL (BUE, A, #HE) &
DHIET—% (AZRY w7 v Ra—A SHEFREE) Tl 51T - 7= 5.
Mg ALT fEOF E 72 (p=0.003) HAMEAFE D H A7z, Mg PFHxS & B
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5 ALT fiE & A7 5 72 Bl 2R S e o 72 (B 85),

NHANES (Z 2007~2008 4 & 2009~2010 4Eic&N L7= 12 %Ll B 4,333
4 &5t 812, il PFOS, PFOA, PFHxS. PFNA #2JE & fFHERE S A F~—H —

(M iEREE, ALT, GGT, AST, ALP L O¥AE U LY ) & OBEIC SV TCHE
ENToo HENRA T~ —T—DPREEN T5 N—F U Z A MUEL Y Sl & 7o BRI,

(Bl & LTz, MIEREORMEXIE (95%C) KO JLAE (U537 atkHH

(IQR : Interquartile range) 9) X, ## £, PFOS T 11.0 (10.2,11.8) }&
W11.3 (7.0,18.0) pg/L. PFOA T3.5 (3.4,3.7) &KU3.7 (2.5,5.2) ng/L, i
NZ PFHxS T 1.8 (1.7,1.9) &X1U'1.4 (1.0,2.1) ug/L Th -7z, I1ijE PFOA
FETARIHT, v P AT 0w 7 EUsoHT (k. M, AR, BMI, &
DRI W2 K O TR CIEE) ZAT o -6 8. 5 1 UASGIEE (VS E R H)
(X 25 2 WARE (IFREARH) DL ETIREBEEO A > XA B L (56
2 WU ifE 1,46 (95%CI : 1.16~1.85), i 3 WU iE : 1.74 (95%CI : 1.35~
2.25). &5 4 WANIEE © 1.88 (95%CI : 1.37~2.58)) . IfiLi&E ALT &Moo 4 v X
b5 2 WANLEEDN D B L7z (p=0.007), IfLi PFOS & & DTz T,
WE VIV E B A >y ZAE 2 WD EF- Le (G 2 WU ACEE @ 1.44

(95%CI : 1.12~1.84), (55 3 UALEE : 1.65 (95%CI : 1.25~2.18), (55 4 4
SIACEE : 1.51 (95%CI: 1.06~2.15)), LU, I[fif PFOS, PFHxS IR/ & 1fig
ALT & & OB TEERD H 720> 12 (B [ 86),

NHANES (Z 2011~2014 4Fl2& L 7= 20 %Ll o> 2,883 44 & BT # 1,082
% (BYE 4794, Mt 603 44) & IFNEEHE 1,801 44 (4% 950 44, 2ot 851 44)
ElZ4r T, 1E PFOA, PFOS, PFDA, PFHxS & OF PFNA JRBJE & fF#4RE /S A
F~—7J— (fiF AST, ALT, GGT, ALP L U¥AE U L E ) & OES#E|IZD
WA S, IR & OFEIRG A O Mg I E O KM FEEE (95%CD) 1%, %
<z, PFOA T 2.0 (1.8~2.1) &' 2.2 (2.0~2.3) ng/mL, PFOS T5.5 (5.0
~6.0) & 6.3 (5.8~6.8) ng/mL M NZ PFHxS T 1.24 (1.13~1.37), 1.41

(1.29~1.54) ng/mL ToH o7,

TR A U 72 PFAS IR 2 - Tt T, JEl#EICHB VW T4, PFOA
&y ALT f& (8=0.070653, p<0.01). IiF GGT fE (8=0.074422, p=0.03)
FO%a e U v ey (8=0.060232, p=0.01) , PFHxS & 1fiii& ALT f& (8=0.051349,
p<0.01) DOBENA ST (S 87),

9

25 N—t X A VE (B 1 PUASNE. Q). 75 78—k v & A UiE (4 3 U4 (ifE. Q3)
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KEOTZA MN—=V =TIy RAENAF AN —HIR T C8EE T 1Y =
N2 2005~2006 4EICBMBERLIZED 9 b 18 sl EORE AN 46,452 4 % %5
& U CHEBMFZE M T o T, MIEIREE O i (M7 #iPH) 1%, PFOA T 28.0

(13.5, 70.8) ng/mL X T PFOS T 20.3 (13.7, 29.4) ng/mL T -7=, ILiE
PFOA & O PFOS T 10 BEZ0T. v AT ¢ » 7 Blmoodr (Edm, R,
BRI, RGN, BRIMIRF O ZZIEIRAR . B RE ], B2 BMI, S {ATHE),
MIGERIREE S A 2 2V ARPUE CIEE) 21T o 7ok R, 8 1 ok (IyER
JEARH) (2% LT, PFOA TI35 3 HorickE (MigEARH) LLET, PFOS T
I35 5 il (MIEHERE) LI EciimiE ALT fE#n (B0 Y b4 71E
45 TU/L, &7~ b A 74: 34 TU/L) O A v XLty ERF- L7z (p for trend <0.001)
ZOED 9B, Mi{E PFOS. PFOA & EEHMENR B ek C 3R EERAZRII T
ALT fE2ME K L, 30 ng/mL UL E Tk ALT [EOINNEFT B2/ 5 Z &2
RENT (S 88),

KEODO C8 ET vy =7 "BMED S L, A A~ — I —DHIES
31,5671 £ x5 & U TR E 23T 7=, IiE PFOA JREE O i, Bk
T 17.1ng/mL, %M T 16.0ng/mL Toh -7, MMiF PFOA R (D2005~2006
FRERFOMIE PFOA RIE, QFERESEBREENOLET ML > THEIN
7o HEE AR TS PFOA J2EE) €5 BEIC/ T, EAREBUF AT GFEfs, 5, BMI,
BRI, B IATERED, BRIE B, A R ) G, SRl o Z2jEikEE. DuPont
E T CORMELE N CHRE) 21To72/ER, B 1 Aokt (02.6~<5.8 In
ng/mL, @50.3~<191.2 In y'ng/mL) (Zxf LT, OTIZH 3 Amofiff (11.4~
<26.7Inng/mL) LI LT, @TIE%E 2 AHhrkE (191.2~<311.3 In y'ng/mL) LA
b CiinyE ALT B & [EDOR#EN A 5 i1L7- (p for trend <0.0001) (58 2 HAALEELL
g ALT Mo A4 v A B L% 1.1~1.2 5 E5H), —J5 <, GGT &
E ORI A LR o T2, PROAZ X ZRFIEAEK, ARIAIF, FFEEZ K OV To
ROV A7 R Z2RIFHMISE D> 7-(5 1 89),

1 ZERERAE (CHMS) @2 1 (8] (2007~2009 4), %5 2 (8] (2009~2011
) KOS 3\l (2016~2017 A7) IZB NI LT- 20~T74 3% D 4,653 44 (T4 2,288
4. It 2,365 4) Zxtgic, i PFOA, PFOS. PFHxS. PFNA., PFDA,
PFUDA % & IF#ae /N1 4~ — U — (fiF AST, GGT, ALP, ALT, #t U/
EUAE) L OBEICOWTRIEIRIRE 2 FV, PFAS IRAWRNT I 1T 0N 5 g 5HR

(quantile g-computation) ZfEH L CH& I L7z, 7o, #EERET LV TIL,
FFHERE N A A~ — B — 1T B R 5 A2 L, PFUDA L4t @ PFAS (% log2 Z2# L
Tl A U, B Otk ot PFOA K OY PROS ¥ o 4 (m Eai Ml (ke

37



W) 1L, EEh, PFOA T 2.2 (0.06). 1.7 (0.05) pg/L, PFOS T 7.2

(0.26), 4.6 (0.16) pg/L. IFONZ PFHxS T 2.2 (0.09), 1.1 (0.05) pg/L T
-72, PFOA, PFOS, PFHxS {RERHNNT 5 &, AST i, GGT fa &% O ALP &
N EH L7, Ll MiE PFOS, PFOA, & O PFHxS i (LM% ALT 5 & @
B & 7R X 72 o T2 (B R 90),

A =—7 DT ZIEL 1,002 4 (2001~2004 FDIT 70 mlliEzE L
724 (D, 2006~2009 4K N 2011~2014 4E(C HENT) 235, M
PFAS (PFHpA, PFOA, PFOS, PFOSA, PFHxS, PFNA, PFDA &% O PFUnDA)
TR L IFSRE N A A~ —h— (fiEE Ve, ALT, ALP KO GGT fi) & o
BIEIC DWW TR 47z, 70 mkiRF D AR E o h il (W4 Ar46RE) 1X, PFOA
T 3.31 (2.52,4.39) ng/mL, PFOS T 13.2 (9.95,17.8) ng/mL } (! PFHxS T
2.08 (1.6, 3.42) ng/mL ThH-7-, 1[EIH & 2 [FIH O] DK 10 FH D Mk PFAS
TR DAL & TR E ~ — I — D2k & ORI A T L 7= 5. 4% PFOA, PFOS
KMOPFHxS JRE L B L & ORICADORME, M4 PFOA & U PFOS R
LI ALT £ & ORI IEOR | 4% PFOA £ & s ALP & OFICIED
B 2R L7z, L7 L, 3 PFHxS R & ALTEIZIZBEE N 72 - 72 (2 91),

HEO C8IEETr Y =7 hOT A V~—ifgt Lt LT, {5k TH 5 HEE
e fETepk A 1,605 4 (B 1,199 44, &tk 406 44, “FH4FEmE (EEVE(RZ -
55.0 (16.4) i5%) Z %42, IfiLliE PFAS (PFOS (n-PFOS', 1m-PFOS. iso-PFOS,
23+4+5m-PFOS, Zmy-PFOS, Br-PFOS, ZPFOS) , PFOA (n-PFOA. iso-PFOA,
Br-PFOA. SPFOA) . PFBA, PFPeA, PFHxA, PFHxS, PFNA, PFDA, PFDS,
PFUdA. PFDoA, PFTrDA, PFDoDA) & & FF#sE N1 A4~ —H— (ALT,
AST, ALB, TP, PA, ChE, ALP, GGT, #E VU /L EY) L OBENHE SN
Too MIEHRE O RAE (s ArEEPH) 1%, ZPFOA T 6.19 (4.08,9.31), n-PFOA
T 6.08 (3.98,9.14), iso-PFOA T 0.06 (0.06,0.13), ZPFOS T 24.22 (14.62,
37.19). n-PFOS < 11.37 (7.21,18.09). Br-PFOS T 12.16 (6.68,18.43), 1m-
PFOS T 1.31 (0.76, 2.00) . iso-PFOS T 2.29 (1.14, 4.26) ., ©3+4+5m-PFOS T
8.23 (4.22,11.90)., Im2-PFOS T 0.07 (0.07, 0.16) ng/mL T&H -7z, ALT
DONWTIR, BEENGEOAT (Fm, PRI, IR, A, ZE. ., MU, AR
pn OFEEE, B RIEE) L OV BMI TH%) 2175 72fE%. n-PFOS, iso-PFOS &
W Zmo-PFOS DS CIEDBRREN A BTz, F o, EHA & SR 51T T
3% PFOS JRFE T 4 BRI/, B Y AT ¢ » Z AR GBRIEER AT & [FED

10 FEE AU D 2 WIESIR OB XRF LA OIS n-) 27z,
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WA ETHREE) 2177288, B 1 WAONRE (IMIEREAR) (k55 2 U5y
NERE (LB BE AR ) LA Cori 847 oo 2 ALT 880 CBYEA » - 4 7 i 45 TU/L,
ZMEH A TAE 34 TUIL) O F » XS FH LT~ (50E 92),

FEOJEM AT ETe 1,303 44 CEXFE# BEHERE) @ 556.5 (15.0) %) & x4
12 2018~2019 4, IMiE PFOS KU PFOA BEF N LB TH D
6:2C1-PFESA. 8:2C1-PFESA X% () PFHxA J& & &  ATHERE S A 4~ — % — (ALB,
ALT. AST. GGT. ALP. DBIL) & ®OEEICOWTHAES N, H—D PFAS
&R & DR E ZFAAR D72 HilfRfT & 3 IRA T 7 4 VBB X D ElRET L
Z. £72. PFASIREWDOIIE~DEEHE LR D2, A X — 3k
wlellE (BKMR) ZiH L7z, £7o. iMih PFAS & K OGRS A A~ — T —
I B SRR M U T B & BRI U, TFHSRE N A A~ — 1 — L FRERE 1 A
~—H— & ORNZIZ,ALP %2 B\ CIEOBEN & - 72 (P<0.001),, £ 7= .BKMR
BT ML DN TH ., MG PFAS IRENEWVIE E | HFHEE A A~ — I —8i 0
DF v RN E o Tz, EH SIX. PFAS IRAMOER BT BRI TH
b, PFOS MEHDERTH D & LTWDH(BHR 93),

~ULX—D 3 DFTOAKT v FbamELE TS (3M 1) OEEF O F 1 506
£ O 1MiE PFOA JRJE & g RERE =~ — 7 — & O B#EN TR 5 7=, g+ PFOA
T EE#DHIZ 0.007 ~92.03 pg/mL, BAFFEAEIT 2.21 pg/mL(95%CI 1.66-2.77) .
1 JE 1T 1.10 pg/mL Th o7, . BMIL, 7L — BRGSO RIF 4
MradT o 7o R, BRI L-1iniE PFOA IRE LR E U LE REITAD
BH A% L7278, ALT K OVAST & 2RI A 7% X 72 0v o 72(B 1R 94),

@ @5 - ERREE TR E

EPA 1%, FEEOFE TX HEEL L TALT #2517, PFOS {22\ T, ALT
HEIMZBS9% BMDLsrp & Gallo & (2012) O#HE 5 56.8 ng/mL % O Nian
5 (2019) OHEND 15.1 ng/mL EHHL TS, £72, PFOA 125\ T,
PFOS & [RIfRIC ALT #§M2R83 % BMDLsrp & Gallo 5 (2012) O#G1 5
17.9 ng/mL, Nian & (2019) ®O#575 3.76 ng/mL & O Darrow & (2016)
DOWEND 66.0 ng/mL EHEHL TWAD, L, MMEFEENERGFLTWDEE
LT % (2R 47, 48),

EFSA (I, oA % 51 7 L, ##(2 Salihovic 5 (2018) D#if Z B L T,
PFAS I F#REE & ALT SMOBRZ HEL T\ D, Lo L, BIip g cihne
HH 2 B8 2 72O ATR B L OBIENGRD e T Einh, POD OFEICAT
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FEEOIE IV TWARWE]E 1, 82),

WHO /Z.PFOS X° PFOA X< #& L ALT #n L ORI EILER D 55 03 ALT
DSIEVEGPHLL BTN 2 Z S IRE L A EL LN, IRA L O 2 R FEL
1720 E L TWAER 37),

@ KFig (EF) DFELH

FFHERERR A O TlE, MG EORIE TH D ALT &, IflEo & v 784
HSREDFRIE CHAMIET V7 I U NEETHH M, PFAS IZBT 5% < D%t
TIX ALT VWS TS, GOT IZOWTHHE SN TWVAA, GGT HET
OIMERER FHEIC L DA IS T 2 50U5) T o THiRaE E Rk
AEBERT O TIIRWD, KU —F 0 7 70— T34 R OB
THWRWZ B L LT,

miF ALT {EHENZ = RARA > M & LIt e LT, —ER. 5%
RERRLE LT bORENENEIRT 2H Y, PFOS KT PFOA ITIX< TS
% EmyE ALT fERNHN3 2 Z ERHESN TS, L, —REREZRS L
L7ZFRA&ClX, i PFOS/PFOA % & il ALT i & o Rz B fe 72 A B SO B
RIZH ST, M PFOS/PFOA 2 D B AR A3 LIS O 43 C i ALT il o> 5
INEAH N5 S OOPRERFH)TIE e <HIX OO M A A 5L 7- (2 88),

I BEIC LV SR EIZ B2 Z T2 EAIC b IS ALT E23800 L T
VWAL HH(HE 94), EFSA (2020) TiE, PFOS XU PFOA & 12
MIFFRED 30 ng/mL 2 72H72 0 2 H1nyE ALT fEIZ & 20 BNz L
W T, B BRICE VT PFOS &Y PFOA 5 H B Tl S /- ik
ALT EHINE FJET D Z 2R L TV D (R 1),

PFHxS I < FIC & 0 fif ALT DT 0NN 2 0oL H 503, AE
7R BENFED DR TH DARE N,

THETHE S ALT ~Os2 203, £ OEB)OHPH L FHRE EH BEN I
INE AT, B - PR U A L 2D GEIER R ISIIFONTA) 1Tk
DEBOEPHIZIET L KETH D, o, HODRIFBORE 2R L5 1T
72 IEREENOIME ALT EABOEKRERIIAHTH S, PFOA 1X< &
2L BImiE ALT EHMARD b= b oo, FFRE (IFEZE, KBS Lo
BIENSFE® Dienolz & ORE D H 5 (2 89), EFSA (2018) (X, 1fLiE PFOA
R L myE ALT EEIMZEREITERO s b0, IET Va3 — AR IITFEE
LORFIE~DOREEIZED O TIEARL, £z PFOS (ZOWTERERN—HE LT
WRWE L TWAH (B 82),

S HITiE. BEROMFERERITIZ S BB L 26D TH Y | FEOWES,
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TR O BATREE D72 PFAS OB T SUTEIET 5 ATREVEE. N V155,

LI bEo Z & 226 PFOS.PFOA }; O PFHxS 1£< #& it &~ OfFHEEE (321 ALT)
A G 21500, KRB HELISERARHETH Y | fTREDRE AL
RUTEME S N2 e D gD/ 4 ~—F—% POD OEHIZHNWD Z &
(ZIXEERI TR D,

(3) HiEDFEL®D

iR Tl PFOS. PFOA } O PFHxS X< &I L v | IFEEDOHINE O
AR RENRE SN TWD, £7o, SRR TII~ 7 2D PFOA X< EIZ X
h. & hTiX PFOS. PFOA XU PFHxS 1£< #&I2 & v, FFHfn 2o o8 5E,
M O igAtsk O M R 45 DR 2 R 9 H51E T o 2 fijE ALT ORI A HE S
TW5, L L, EREM THO OGN TS EGEITE o< EEL Y LEL.,
~ A, T v MOV THESESME ALT B0 MG D - o G
PFOS. PFOA X% PFHxS 2%, 20~170 ug/mL TH Y, b F OEFERHAET
BONTMIERED SHLU EEWETH -7, £D7, EBREW O 5 E
SN2 FHIEIL e R ORFSE LE M INIfEL Y 2~3HiE\, Z4uiL, PFAS
OEWNEREOFEZE CEBIIZ E R TIIESE. 7 v Mo~ U X TIEFRH~%3H)
R0, EREWY CHFEEZGI & T FHERET LB 2 5D PPARa RSN
DEWNZRZBEDOFBL L~V LIGEOREAICERT 5 Z &3 B 2 bi1bH, PPARa
X N OFFIRCIEIEF ICRBNMENZ LD, & b TIEHIE~DF2IZ PPARa
DHFEGEITENEZEZ BN50, PPARa DA ORIE DRI (Z OV TiE, FEErE)
Wz & TEREHERM IS SN TRV, BLEDZ &g, EREWICEBIT
% ALT OEICHFRREEDORRZ & MY TUXOHERIT 2 [9MF) 2175 2 L1
WEETH 5 &l L7z,

F7o. b MIETLHEICE N TS, BEDO PFAS X< &I K 51miE ALT f&
DM HE S TWDH R, £ OEBOHPITIF#EEE T BIENICIN E 2R E T
S EEERETHRII BEBOEMRIEINZEB 2 5 & 5 28T b7,
e H BEROCBIRIIR S CTneny, S 612, PFOS, PFOA } O PFHxS (X
<TBIT X HIMTE ALT [EOHMA, OBICHFEE (P4, J5HFS) Ic&n5
ZEHRENTELT, W INmiE ALT HOBMAR MO BRI EZRIIA
HTH D,

boz &ne, PFOS, PFOA } O PFHxS IZ, b b OFlgIC 2% KIET
AREMEITRETERWVWS OO, FEUIAR+5TH D & L7,
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2. lEEARH
(1) EnpatER
® X#kiER
a. PFOS
SD 7 v ~ (6~8 oM, A8E 10 PC) (2 PFOS (#ifE>96%) % 28 H[H
sRRE O &5 (0. 0.312, 0.625, 1.25, 2.5, 5mg/kg {K&E/H) L7z, K&
O IAE PFOS & O WV-H)E (BEVERZE) 13, #MET 54 (4) ng/mL, 30,530 (918)
ng/mL. 66,970 (1,629) ng/mL. 135,100 (3,877) ng/mL. 237,500 (5,218)
ng/mL. 413,556 (8,071) ng/mL. % T Below Detection (BD) 11, 23,730 (1,114)
ng/mL, 51,560 (3,221) ng/mL, 94,260 (3,144) ng/mL, 173,700 (9,036) ng/mL,
318,200 (8,868) ng/mL TH 7=, REROFER, HETIXETOHR G TMIER =
L AT r—L (TC) AR L, MTIE 5 mg/kg K/ B EEGRETORMETF Lz
(21 95),

=7 AP (M, SBE 4~68) (2 PFOS (WU v LM« HliE 86.9%) %
26 WO B 75 (0. 0.03, 0.15, 0.75 mg/kg IKE/H) L7, &5
183 H#% D 1fiE PFOS Ji2 B DX E (BEAERZE) 13, S G-HEOMET 0.05 (0.02)
ppm, 13.2 (1.4) ppm, 66.8 (10.8) ppm, 171 (22) ppm. KT 0.05 (0.01)
ppm. 15.8 (1.4) ppm. 82.6 (25.2) ppm. 173 (37) ppm THo7-, REROKE
F. 0.75 mg/kg KE/ B FGREOMEMECILTE TC AR L7-(ZH1 73) [1H48],

b. PFOA

C57BL/6 v 7 A (M, & EEMERES 6 VT) OV BALB/c ~ v R (e, A& Rt
HE6 L) 12, =L AT a—/b (0.26%) MOMEN (32%) & el L & 12 PFOA
% 5 MAFHRERE D5 (0. 0.5 mgrkg (AH/H) L7z, 5 #RRG-% O M4 PFOA
REOYEEIL, 0.5 mg/kg RE/H & G-HEOME TR 39,000 ng/mL, #ET 27,600
ng/mL ThH o7, BROMER, WTHLDORFD~ T 2TV T HMERE L & I
FEEM L7, C57BL/6 v 7 A DI fE TC L PFOA # 5 CHIMM L 7= (M
+35%. p<0.05. K : +70%, p<0.05), IMHEY R&Z R EHE OB TIL, &
BEY RS 7' (HDL) B O¥EMBFED 67z, L, BALB/e v~ 7 X
TiX PFOA #4512 X 2 14E TC EOHIMITED A TH LT (=20%, p<0.05)
(Z 96),

t ~ PPARa & A~ 7 2 (MERE, &K8E 5~9 L) |2, NHANES (2013~2014)

1 RS LOQ i R 72~ U A0S 20%LL T,
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IZHADNW 2~19 KD T A U 1 NS LRk OREME (RARIY © 51.8%,
FER (K, 59— R AAZ —KNa L 27 r—/L):33.5%, %2/ N7 '8E:14.7%)
DOEE & PFOA (ML 95%) % 6 W NG (0.6% A7 v —AGHAKIZEDH
MKk G, PFOA % : 0, 8uM) L7z, 6 EE#E5% D& PFOA EE D
VI (FEUERRZE) X, SuM BEGREDOMET 47 (8) pg/mL. KT 48 (10) pg/mL
Tho72. & b PPARa BA~ 7 AZBWTHERE & 12 THiEFD AcoxI 3T
g CREE S 4L, IFIRE &2 L7z, Mig TC fEiX, & Tix PFOA 58T 32%
BN U 7z, Mg Y R o7 BT, BIRBE Y K& 2% (VLDL) &
REEVRZ X278 (LDL) IZEEND a2 L AT e —LOEG0HME HDL
IZEEND IV AT —LOREORLBBEINT, LirL, HIB\WTiX
PFOA 5.8 & FE# GO M Tifig TC EIZZED 2o T2 (B 97),

~ A, 7v FTIZLDL & HDL O TO 2 L AT 10— /)L AT )LD T)E
L%Z## 9 CETP (cholesteryl ester transfer protein) NA/KKELTW\WAH7=H, b K
CITEAVMAEY RE X Edhar 2TFe— iz 55 VDL 2L 2757 o —
b (VLDL-C) & LDL =LA77 r—/L (LDL-C) OHENEEIZIK, DK
N HDL 2 L A7 a—/L (HDL-C) &£725>TWAH(ZMR98), 2T, vV X
IZt ~ CETP #3H &, &HICk hOFEMEEAAIEE R EIETRO LN D
ZEM APOE # 3B CIREMNHEFEHE Z VL3 < L7z APOE*3-
Leiden.CETP ~ 7 A23B% =7z, APOE*3-Leiden.CETP ~ 7 A (if, &#f 8
J©) 12, abxTFa—1L (0.25%), 2—2l (1%) KOYAE (14%) Z&TevaiE
BEfTE PFOA (7 E=U LM, ME 97.99%) % 6 AR AHKE (0. 10,
300, 30,000ng/g/H (0. 0.01, 0.3, 30mg/kg/H)) L7-, 6 HEKEEHZDO~D
ZIZ BT L HE PFOA JRIEOFE (BEHERZ) 13, f&GHETEAZEN 5 (1)
ng/mL, 65 (7) ng/mL, 1,524 (54) ng/mL. 144,000 (13,406) ng/mL T >
7o, AREROFEF., 10, 300 ng/g/ H &% 58 Tlx, NFlgE 2 & O iE ALT EOHN
1372 <, 14 TC, HDL-C. non-HDL-C (TC & HDL-C ®#), hUZUtkU K

(TG) fEHZE L L72ho 72, 30,000 ngl/g/ H SRRV CIE, FFIRE & & ik
ALT o8N, 4 TG, TC KT non-HDL-C (TC & HDL-C ®%) fEDHE/

(TG : —=72%. p<0.001, TC : —33%, p<0.001, non-HDL-C : -69%. p<0.001) .
HDL-C fEDHEM (+130%., p<0.001) 23M@iZEEN7-, 30,000 ng/g/ H #5HEDHE
Fix. Convertino © (2018) ([ZX W iREINTZ, DABEFITEHED PFOA %
PG LAz TC fERED LIz FHG 2 KL TV D EBRINL TN D (S
fR 99),
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c. PFHxS

SD 7 v b (MR, 48 18 PL) |2 PFHxS (& VU v Lt : HlEE 99.98%) % i
44 A#. MEIIHEE OFRJE 14 BRI O HPE 21 B TRRA&KS (0. 0.3, 1.0,
3.0. 10.0 mg/kg AH/H) L7z, %5 42 A BOHMET » MBI 5 Ml PFHxS
FE O EHME (FEYEMR22) 13, &% 58T 0.32 (0.09) pg/mL, 44.22 (12.66) ug/mL,
89.12 (0.80) pg/mL, 128.67 (10.30) pg/mL, 201.50 (20.02) pg/mL TdH -
oo Flo, W21 FEHOWMEZ v FEWNET v  (pooled) (2317 % 1fiLiF PFOA
BEOVYE (EEFEZE) 1L, S5O »~ »T<0.1 pg/mL, 3.32 (0.71)
png/mL. 10.65 (6.41) pg/mL. 32.75 (7.83) pg/mL. 59.80 (11.54) pg/mL. '
Z v b <0.1 pg/mL, 5.32 (1.32) pg/mL, 13.47 (2.06) pg/mL. 37.10 (2.89)
ng/mL, 44.33 (6.50) pg/mL Th o7z, HEOAR, 2 TD PFHxS & GHFEOH
7y hERT y hTIIE TCEOK FABILE SN (2K 81D [[HiE].

SD 7 v b (6~8 i DMEME, 25#E 10 VL) 12 PFHxS (7 U 7 A #lEE>98%)
X 0, 0.625, 1.25, 2.5, 5. 10 mg/kg {K&E/H ., HiX 0, 3.12, 6.25, 12.5,
25, 50 mg/kg {KEE/H T 28 HM@AIRE D # 5 Lz, M4E PFHxS JBE O 5 E

(EEERZE) 13, SEGHEENENOHET 175 (22) ng/mL, 37,030 (1,651)
ng/mL. 50,410 (1,552) ng/mL. 63,820 (3,201) ng/mL. 83,820 (3,740) ng/mL,
95,510 (3,745) ng/mL, /T 102 (14) ng/mL. 66,760 (3,518) ng/mL, 92,080.0

(3,348) ng/mL. 129,000.0 (5,504) ng/mL. 161,700 (2,512) ng/mL, 198,300

(4,996) ng/mL ThH-o7-, REROMER, HETIEL 1.25 mg/kg ARHE/HU Lo 5
BECIIE TC A H BRI T L72(Z/ 95) [FHB],

@ st - ERREE O TE S E
R OREREH A~ EZ b & IFHlEZ FH L Th I e o T,

Q@ MEERH (IMRER) OFLD

Z v MZPFOS X3 PFHxS ## 57 % L1y TCENMK T 25 Z & REHE S
NTW5, B hEToWBICBIT 20O RITIE, 2 V27 m— LRG3, BER
#t & #1925 PPARa DR B L1 & PFAS &M, PFAS (E< L1, BF
MHDA VAT o — VEREENTE TR LN, TOHERKE L GERST
T4 (3 100, 101),

ZOEHarxTu—L - [FER#OEELZZR LT, ZLETY U AZH
WER 2 R EBRET VDS SN CE R, B FORBRFARICEWVIES - 2L AT
n— L EHEOEWVEE L & 12 PFOA #BE S 7= C57BL/6 ~ 7 A Tl &
HICE TC 2388 L7=, L L. BALBlc ¥ 7 A TIZHEDOH ThH /et

44



LTS, METIXZEAL N 72 o 72(B R 96), PPARa K#E~ 7 A2t k PPARa %
BALZE MEPPARa v U AUKEANOERT 2 /8FE LR L-VLOfEN, =2
AT u— )V EEGefiE 5 2, oKD PRFOA % 5 % 7235 CTlx, HETIXfyE TC
DOTNTHM L7228, T2 b L7e - 72(B 96), ~ 7 A2k  CETP %
RSB IRERMEFIEETT L~ 7 A (APOE*3-Leiden.CETP ~ 7 %) % /]
W, a L AT a—LERBEOEWELE L BT 3 BEOEE D PFOA % 5 2 72§
F. 10 ng/g/ A BE CEHMAE PFOA J2FE 65 ng/mL, PFOA {5Y il {E R L~L) |
300 ng/g/ H#E CE¥MEE PFOA JB/E 1,524 ng/mL, BFEIX<FEL~L) Tl
HTCHEIXIZE AV EZL LR o7, —., 30,000 ng/g/ HHEETIE, MiF TC. %
IZ LDL-CEAMEF L7=2(ZR 99), Lo X iz, ffoalL AT — Lg%
LU0, IBFERHEZE S ERER Y (PPARa) % (CETP) 3B SH720
FEOFRMZ e ML Tk x I~ 0 ZAFEERET VSRR SRR, — Il
i TC EREEM L7 & OHEL H D, HESRMKE. HDHVTMmE LDL -
HDL OB OENFEICL Y, —B L72mAIEE L TR,

FoWHZ T TR, abATe—AR#NRE MIEWT =7 4 FIZEBNT
. PFOS # 5\ L > Ty TCHEMME T35 Z EndgEsiiTund, PFOS &
O PFOA [E<#IZ XL VD b FTIEAREiiyE TC EAKM L, FEBREW TId R
ROFERPGFEOIND D, EOMHEIIAATHL Z Lo n, RO % H
WT e NOIREMRBA~ORELZ EEMICFHMET 2 Z EIIREETHL EE X BN
Do

(2) &

® X#iER
NHANES 2 1999~2008 EIZ& M L= 18 Ll Lo 815 4 & X502, ik
PFOA }. O} PFOS ##J¥ & ifii% TC. LDL-C. HDL-C } X TG fii & DRIz S
T, B A2 BB L E 2 W THE Sz, MIEEE OYLE (Y
Fi7%) (X, PFOA T 4.2 (0.2) ng/mL & PFOS T 17.7 (0.7) ng/mL THh -
72, I PFOA K (X PFOS JBFEC 3 BEIC/y T, ZEBER VAT ¢ v 7 [Al)s/obT
(FEfm, MR, AHE/ERCEEME, BMILL WA, SARTEE), M = F = R THliE)
HITo kR, 61 =ikt (PFOA <3.2 ppb. PFOS <12.1 ppb) 2% 54
3 =4 iikf (PFOA>4.7 ppb. PFOS>21.8 ppb) T TC fEA &l (>170 mg/dL)
DAy AN ERH- L7z (PFOA : 1.49 (95%CI : 1.05~2.12) PFOS : 1.53
(95%CI:1.07~2.19), F7=. i PFOS BE D 3 =/t T LDL-C A3
EE (>110 mg/dL) &725 4 v XS EH L7z (1.76 (95%CI : 1.10~2.82),
3% HDL-C X O TG fii & DB#II A H 7202 72 (B 102),
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NHANES (2 2013~2014 F-\2S N L7z 6~11 %D 458 4 (B 247 4, &I
211 4, P& H (BEHERE) : 8.5 (1.8)) XI5z, i PFAS (E#% PFOA
FER, B PFOS BAMEMR, /i gH% PFOS #4%E{R, PFHxS., PFNA) Oj
J&E 2 XA U= & . miENEE (TC. HDL-C XY non-HDL-C) fi% %
FA RS Ha U 7= il & 0 BEH S FHAE S 47z, 1fil PFAS 35 0 8/ -2 (95%CI)
%, EHS PFOA BAME(R 1.78 (1.61~1.97), HH{H PFOS BVE(K 2.67 (2.43~
2.92) . 4yl gE7 PFOS HE(K 1.835 (1.19~1.52) & T PFHxS 0.91 (0.8~1.04)
ng/mL THh -7,

E#H PFOS SRR & TCEOMICITEDOEEP(EEZE S (p=0.03), EH
P PFOS BAERIREE D 10% EF-1%. TC D 0.03~0.42% 5% fE-> Tz,
LU, 4 g7 PFOS B, 847 PFOA BAMEA K% O PFHXS i & TC E
& DOMNTITEENRD g o Tz, mlg# PFOS SRR & non-HDL-C
i & DRICADOBEAEZR S 7- (B=—0.0066, p=0.04) (&R 103),

NHANES (Z 2003~2004 F(Z& 01 L 7= 20~80 D kA 860 44 & kf5iZ, Il
& PFOS., PFOA, PFHxS KU PFNA j£/% & TC, HDL-C, non-HDL-C &}
LDL-C & OB A S N7z, MIFREO T RE (FiPH) X, PFOS21.0 (1.4~
392.0), PFOA3.9 (0.1~37.3) %0 PFHxS1.8 (0.2~27.1) pg/L Th -7, I
& PFOS J " PFOA R TN RE /i CREAT (Ftim, PERI. R/ B
PRSP ROHAT . fAFIAE AR R R, B IRIRE), 7 L By a ORIV D RE
M. BB, MUE KON BMI CTHll#s) L7ofS®. & 1 Wit (PFOS 1.4~13.6
ug/L, PFOA 0.1~2.7 pg/L) 1Zxt79 2% 4 WofifE (PFOS 28.2~392.0 pg/L,
PFOA5.5~37.3 ug/L) @ TC {43, PFOS T 13.4 mg/dL (95%CI : 3.8~23.0) .
PFOA T 9.8 mg/dL (95%CI : =0.2~19.7) &< . non-HDL-C i & ®IC & IE
OBHNRD bz, —J7, i PFHxS &I, % 1 WA AEE (PFHxS 0.2~
1.1 pg/L) (Zxbd 2% 4 Wrr#t (PFHxS 8.6~27.1 ug/L) ®1fi% TC fEA3-17.0
mg/dL (95%CI : —13.2~-0.8) &K< . non-HDL-C {& & ORI IFA O BEE T
B B2 (ZHE 104),

NHANES (Z 2013~2014 4EIZ& 1 L 7= 20~80 Dk A 8,948 4 % %I\,
3% PFOS, PFOA, PFHxS } () PFNA j2) & TC. HDL-C X (* LDL-C & ®
BEE SR S 7z, MERE O R RE (95%CD) 1. £ PFOS 10.9 (1.3
~54.7), PFOA3.0 (0.6~10.4) %O PFHxS 1.6 (0.2~9.1) ng/mL Tk -7,
2003~2004 4= PFAS JEEI1ZE~, 2013~2014 DI PFOS, PFOA K ¥
PFHxS DR IfEIL, TnFh 19.2~4.7 ng/mL, 3.7~1.8 ng/mL K 1.7
~1.3 ng/mL J# L7z, 2003~2013 ERALDT — & &% & O ftr Tk, M
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PFOS KU PFOA JRE & TCEIZA ERBENRD biv/z», PFHxS IBE & O
BT H /e 72, LDL-C & O HDL-C fEic >\ TiZ, PFOS, PFOA X
O PFHxS OWI N A /RS2 o7, 35 PFOS &KUY PFOA BN 1
ng/mL #4720 O TCEOHEMEIX, ZZ4 0.410.2 mg/dL (95%CT : 0.1
~0.6) K181.48+0.7 mg/dL (95%CI : 0.2~2.8) ELHEHI St 7z, TC ~DEE

1% % PFOS } O PFOA @ BMD (BMDL) i, ZH1ZH 44.2 (24.1) ng/mL,
10.5 (5.6) ng/mL & HH S 7=(ZH 105),

NHANES (2 2011~2014 Fi2&M L7z 20 @l EOkA 1,067 4 (54 537
A, 530 4, FEIFE (BEMEIRZE) © 47.6 (17.7) k) ZxtIZ, 1MiF PFAS

(PFOA, PFOS, PFHxS &' PFNA) B & iygfsE (HDL-C., LDL-C. TC
KONTG) fili & OREENTHA Sz, PFAS BEK O TG 1@“ T H AR E AL |
51> PFAS 1< & & MIGHEE 7' v 7 7 A /L & OB ITEERE T V. £
# PFAS (X< #& & OBEMEOFHEIZIE, Eﬁﬁ%f\uéﬂu (WQS) [ElfFET /v
&S A — 3 AR (BKMR) ©5 V& HAWTH#NT Lz, £72. M7 /v
7' X U PFAS & B NEE IR O BEE M & B3~ 5 M & BRI 3 2 72 O 12 4y
M1 (mediation analysis) 2SHWGIL7=,

#5310 PFAS IZ DWW T o[RS AT (K, i, AFE, BHEL LV, ARX v v
7'Z, BMI, BYE, 7 v — B, =L F—HE LV T LE - BT
ORREREHE] CHEE) 217 o 72/5 R, i PFOS, PFOA KO PFHxS 272 TC
O HDL-C f& & EED B, PFOS } ! PFOA 728 LDL-C & IEDR#Z/8 L=,
%8 PFAS [3< #& & ® WQS BT 4T (ER]D PFAS & [F UZ8 & TilH) T,
PFAS i£< # & HDL-C ffi (8=2.03. 95%CI : 0.74~3.32, p=0.002), LDL-C f&

(B=4.16, 95%CI : 1.07~7.24, p=0.008) KU TC fif (8=6.54, 95%CI : 3.00
~10.1, p<0.001) & OMIZEIENA BT, BKMR 7047 Tk, PFAS JREEN
RAEDEE DMIHIEEME . 50 /S—F o XA L EOBAEOMIEREEE 5 /3
— U H A NGB TR U= R, 1 HDL-C, LDL-C & U TC fii% PFAS j#
JER 60 N—t XA NLL LA Ui, E2. B ot ofE R, gl
EEIZKkT 2 PFAS 020 5 5, HDL-C TiX 16%72, LDL-C TiX 24%73,
TC TIX 27T% N T VT 2 v S LI MR 2R 8 T - 72(B 1R 106),

KEANA TN ORI A R AR=D =TT, C8FEFET Y =7 M 2005~
2006 FIZBNBGE LT=E D 5 B, AFAKT PFOA DS 0.05 ng/mL L;LL@
IHYLHUBIZ 35\ T, 2006~2006 2070 < &b 1R BEE, 5 TETF L
Tz 187 LA B 46,294 40 (F511: 21,326 44, Pk 24,968 44) %‘:xj‘% . IfiE
PFOS & O* PFOA &% & g fEE (TC, HDL-C, LDL-C, non-HDL-C & U* TG)
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fifl & OEIEN A S 7z, MIHRR B O ol (&) 13, PFOS19.6 (0.25~759.2)
ng/mL % T PFOA26.6 (0.25~17,556.6) ng/mL T& - 7=, Ifiif PFOS } O PFOA
RET AR, v P AT ¢ v 7 BYeaotr G ik, MR, BMI, #H.
WA B ATEED R OO Tl 21T ks R, % 1 Wikt (PFOS 0~13.2
ng/mL,PFOA 0~13.1 ng/mL) IZ%t4 % 5 2 W43 (PFOS 13.3~19.5 ng/mL,
PFOA 13.2~26.5 ng/mL) L ET. @=L 27 a—iffE (TC 73>240 mg/dL)
Ele DAy R EH L2 (PFOS: (85 2 WUAiff : 1.14 (95%CI: 1.05~1.23) .
% 3 TUANIRE : 1.28 (95%CI : 1.19~1.39) . % 4 WU/r#E - 1.51 (95%CI : 1.40
~1.64), PFOA : (38 2 DUy riE : 1.21 (95%CI : 1.12~1.31). % 3 WU/ALEE
1.33 (95%CI : 1.23~1.43) . % 4 WU A7#E - 1.38 (95%CI : 1.28~1.50)) (&R
107),

KE O WERFIBIE D=0 D7 v & AMb ki AR B (Diabetes
Prevention Program Study (DPP) & % ®iBlAER CTH % Diabetes Prevention
Program Outcomes Study (DPPOS)) (ZSI0 L7ZHIFERIFH DOXGE D 5 HA3E
BESUTATEFR SR CEI D (11T B AL 888 44 (54 303 44, ik 585 44, 40
~B9 %A 65.9%) (2O T, AERBAAAF (1996~1999 4F) D I PFOS, PFOA,
PFHxS. EtFOSAA, MeFOSAA } O* PFNA i) & TC. TG. HDL-C. LDL-C
} Y VLDL-C fii & OBENTE Sz, mAEREO PRl (W ALER) 13X,
PFOS T 27.2 (18.0,40.4) ng/mL. PFOA T 4.9 (3.5,6.7) ng/mL, PFHxS 2.3

(1.4, 3.8) ng/mL Th o7, RERBAGRFOMAE PFASIRE L ma L A7 a—/L
i (TC>240 mg/dL., LDL-C>160 mg/dL CBERIE N & 554 13>130 mg/dL) .
R MIETERIEF A DV T D) & DOREIZ DN TR YR T ¢ v 7 [Blasatr (4
e, MR AR, HE. WEIEMKEE. AR, M2 HUOEE), IREEIEG. &Y
ARHERE IR S OMFPH CAREE) 24T o 763, PFOA IREE DS D I TH » AL
EF LT (1.28 (95%CI : 1.05~1.57)). BB 15 F5%ICRBRBIAARFCE
2L AT a—/VIIE TH 555 RV TITo 72 Cox WA — Roafr (X
T o4 7 AR LA CE R THIEE) Tk, ~"Y— RITFEE CIdhehoT, &
TG iy (TG>200 mg/dL) T b FIER DT 21T o 7o 5 FRBRBH 4R O M 4E PFAS
BEZHW-2 Y27 ¢ v 7 [BE5H CTlx, PFOS & O PFOA [EOMEITE TG
MIED A XS EF- L (0 1.23 (95%CI:1.03~1.46) 1 1.47 (95%CI:
1.21~1.80)) ., iB¥f 15 1% D Cox i Y — R4 Tik, B3R TIX PFOS &
O PFOA fEDOfEMNTE TG IMAED Y — R ER Uiz2y, EISHEER CI3f
BTl - 72 (Z 1 108),

AT = —F EEEEE A (Northern Sweden Health and Disease Study)
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DY T akrk—FTHDLT AT IRy T IO ANT v T A (Visterbotten
Intervention Programme) D, 1990~2003 4F (baseline) & 2001~2013 4=

(follow up) DEOIBEBFEAR] 10 4ERIZ 40 5%, 50 %, 60 MiZ7/2-7= 1874 (&
PR 46%) & RG22 AR— N PEG]E FRIFE O % HREE TTT - 7 fEBrrIpF s B
T. 14 PFOA, PFOS. PFNA. PFHxS. PFDA /% O} PFUnDA % o 516 1
EME TC, TG KOVEIME & OBENHAE SNz, FaHsE &2 E s,
PFAS I &L T U MU MUK GFARABETE L L9220, 7
U & T REOREMEN HADNT RAZRIE 2T 21T - 72 MR D baseline &Y
follow up O i (U4 ArEiPE) (£, PFOS < 20 (15,26) ng/mL ¥ 15 (9.7,
21). PFOA T 2.9 (2.2,4.2ng/mL) &1'2.7 (1.9, 3.6) ng/mL, i NZ PFHxS
T 1.0 (0.74, 1.4) ng/mL %" 1.2 (0.82, 1.5) ng/mL T& ~7=, 4% PFAS &
JET 3 HEC/T, TC KON TG & O EZFAAE L-fER., AEREEITA L
o 72 (ZH109),

Trvw—7 OREE, DAKORERE AR — MMFSE (prospective Danish Diet,
Cancer and Health (DCH) cohort) (23T 1993~1997 #(Z& MM L 7= 753 4

(B 663 40, &M 904, 50~657%) ZXRIC, MIE PFOA LT PFOS Ji%
& TC L OBENHE SN, FHESNREO MEE PFOA & T PFOS JBE DY
1% 7.1 ng/mL & O 36.1 ng/mL TH -7z,

PERI, BE . L OVEIESEE (BMIL, M 808, I8 O@WPERE R OB
BN OSIKES) TR LT Lo R, I PFOA KO PFOS JREEAS 4 43{f
1IN 524720 TClTXZnEi 4.4 (95%CIL: 1.1~7.8) mg/dL KT}
4.6 (95%CI : 0.8~8.5) mg/dL ¥/n L 7= (=W 110),

1968~2018 45121 # U 7 & PFAS £ TGO & 5 Bk 232 4 (CE¥4E
i (EEYEMRZZ) © 57.32 (10.57) m%) Zx&IZ, 1iE PFOS, PFOA, PFHxS &
O PFNA 2 & TC, HDL-C. LDL-C f& & O BEA T4 S 7z, 2018~2020 4
(2B B IiEEE O m gl (#PH) 1%, PFOA80.75 (0.35~13,033.3) ng/mL,
PFOS 8.55 (0.35~343) ng/mL &% ' PFHxS 6.8 (0.35~597.5) ng/mL T® -
7=

3% PFOA & OY PFOS IR B TR /01 CTHEMT (FFlem, MR, BB, 2
B M ONEE B E Tl L2AE R 8 1 WO NIEEC k3 5 8 4 WAMERED PFOS
& TC kO LDL-C & & O IEDB#EMN & Hi7=43, PFOA & O PFHxS (22
W CIEZEE N 227 o 72 (B 111),

LR —D 3 ETOAKT v REEWERIETY; (3M 1) DIEEHE O T 506
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4 O 1E PFOA JE & 1fiiE TC. LDL-C, HDL-C i & ®B#ENFH 5 7-, M
& PFOA EE#iHIX 0.007~92.03 pg/mL, FH FHEIE 2.21 ng/mL (95%CI :
1.66-2.77). T IX 1.10 pg/mL TH-7-, . BMI, 70— LEE Tl

B DEYF N ZAT o T Ry B U 72 i PFOA JREE & TC fEA WY
LDL-C i & 13 E /R BE# 2 7Rr & 72 0v - 72, HDL-C E1% 3 2 ird T2k s £ &
DI RN CIX A DOBEZ R LI=2s, B0 T8 2 &Sty 5 & AR BE %2R
Sleholz(ZH94) [FB],

PENLERE O 7 v FFLEMENC 2 FLL FEB L T2 BMUEFER 55 44 &
TEEME TR 5 FLL EFEA TV DER 132 4 23542, Mg PFAS (PFBS,
PFHxS. PFHpA. PFOA, PFOS., PFNA. PFDA, PFDoA X% O* PFTA) /% &
MmiFfEE (TC. HDL-C, LDL-C., HDL-C/LDL-C } (! TG) DOBMEAFHE S
7oo IM¥KIE 2010 42 5 H~2011 4F 10 H IR 4, 1y PFOS, PFOA KO
PFHxS BEOHHRAE (FFH) 1TFNEFNBMEREEER T 33.46 (5.23~165.69)
ng/mL. 1,635.96 (84.98~7,737.13) ng/mL. 0.98 (0.10~6.07) ng/mL. itk
ER T 34.16 (3.00~157.27) ng/mL., 284.34 (10.20~2,436.91) ng/mL. 0.89

(0.04~4.96) ng/mL T& - 7=, 1% PFAS I %2 B 6 B8 # L TRIE S A&
Bl AT (BMI R OME# CRli%E) L7ofER., BHEERICB W TLE PFOA I
& & HDL-C K" HDL-C/LDL-C & OICAOE#E AL <7~ (HDL-C : B
-0.33 (95%CI : —0.12~-0.01), p=0.01, HDL-C/LDL-C : B —0.29 (95%CI :
-0.16~-0.02) . p=0.01), L72>L. TC & ORNCEHHEILXZR D bR oT-, — 7,
ITBMERTIX TC, LDL-C OW i bifiliE PFOA JEFE & A5 72 B LA 5 7s
Mo 1o (BH 112),

FE[E OFEYER 72 HU0 AFITERRIHIRBUE N B D B 2 WITREUER 72 15 I M AE
U722 WOREARR 2 SO T AR A0 S e S L= B THE B S AR 49 4 CE354EH

(FEHE(F ) : 61.04 (9.08)) Zx4Z, 50~1,200 mg/kg/iHl ® PFOA (7 > €=
U LHE) 2 HEIXIT 6 BEK G L, —REMTBE SN LUV XD b 4 M1l
@I iE PFOA #EE (% 175,000~230,000 ng/mL) 2B\ T, PK/PD &5
JLTCIE TC 2884 L7273, HDL-C (221t iif%mfmwt(?i}ﬁl{% 113),

bE A %5 ¢ 12 OFLIRE = 8 — M2 2002~2005 4EICS 01 L 7= 306 FHOREF-

12 JbRE A X T 1L AR AR — b S ARRE R — RO 2 D05 7 B EAEEI T ORI Th
Do ALMR AR — NMFFLRTTN D 1 SOJFEEIZIE D iEik 23~35 W OiTis 514 4 (GEERIR -
2002 47 A~2005 410 A) tEEN-FEb a5 s LTnWd, £72, dbifEE oA — ME
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AT (FEBLOAFER AT« 28 AT 87 4. 23~33 7% 151 44, 34 1%L | 68 44)
ZRIGUT, FHERMTE PFOS KON PFOA R & REBL OB EE M Of TG B NS
Eb OHAERHAK & OBEIZOWTIHAE N 72 Siviz, BRI XAEIR 23~31

(137 4)., 32~34# (824). 35~41i# (874) ThH-o7, BHEMIEH PFOS
} O PFOA & D IZ 24 5.4 ng/mL XX 1.4 ng/mL Th-o7-, £H
Bl o #T (REBLOAF i - BEEER - SRAR T OIE - #RPEEH - BRMREH], HEF 4RI
THEE) OFER. BHAMIE PFOS R & A FENENIEE & O TG i & ORI A OB
MBD BT (VI F UE (YL B-0.175 (95%CI : —0.240~-0.044)), /%
VR M LA e (BEAE(L B-0.168 (95%CI : —0.338~-0.058)) ., A4 LA L fik (1=
4k 8 -0.149 (95%CI:-0.242~-0.026) ) . U / — /L& (FEHE(L 8 -0.278 (95%CI:
-0.745~-0.294)) . a- U / L g (FE4E(K 8-0.227 (95%CI: -0.739~-0.220) ) .
7 7% Rk (BEHE(L B-0.184 (95%CI: —0.555~-0.111) ) , TG (FE#E{k. B8 —0.130

(95%CI : —0.253~-0.011))), PFOA ([Z2>W\ T, 7L FUBREE & DIED
B (FE%E(L 8 .0.136 (95%CI : 0.009~0.152)) ZERW\Tixfhofslite,. TG E
EOREITA LR, T2, BHAIMTE PFOA JRE & S FENRIGEE & O TG &
WA E b O AR R & OBEITRS b - 72 (S5H 118),

£7-. FRo Kishi & (2015) 7+ u—7 v 7L LT, dbiFE 2 %25 1 DL
% =2 78— B2 2002~2005 BN L 7= 504 FLORE1-7 (REBLO S H sEA

(EEERZS) @ 30.4 (4.9) %) ZXZRIZ, FHAMTE PFOS & T PFOA =& & RE#
DENZ B ER T (PPARA. PPARG., PPARGCI1A. PPARD, CAR. LXRA
KO LXRB) O—WHLZM (SNP) KkOMLEEMEE (TG, VI F o,
ShvAUE ATT IR, ALAVEE, ) )=V, o) LU, oA 3
YRGB/ R a Yo o) RE L OREIZOWTIE Sz, #
MBI IRZ I CH > 7=, RHAIME PFOS & O PFOA B O BT+
AU 5.4ng/mL % ' 1.4 ng/mL Th -7, FHEMIE PFOS B (logio #2H) & TG
WV F A gD 1250 SNP (Wt PPARGCIA (G>A)), 7L
F UK OA LA VEED 3 5D SNP (WI it PPARGCIA., PPARD (T>C).
PPARD (A>G)) L ORNZBEENRA OGN, PFOS X< #E & TG K OENMEED
MIFREREAD & ORTENBILEE S, B BIROBEFH (SNP V= ) & A7)
2L D EMDBIEE ST, PFOA X< & & TG K OB FERENIIE M5 B & DB

ALHEED 37 D FTOIFEBEL Y U = 7128 5 iR 13 BRI O4Ths 20,926 4 (AWM -
2003 2 A ~20124 3 H) LAEFN-FE L A2 E L TWD, BE(LSFHE~DHEFNE
<FIZL D, HEROHAY A X, 7T LAX—RKA, MR EE~OFBLEREST L LE2H
e LTV DH (B 114-117),
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@

©)

NI 5T, SNP V= /) Z A T THEIT - T2(ZH 119),

By - B O E

EPA |, PFAS L1y L AT v —/L L ORI OW T, SEOMFIE & X5 E
OFPE ORI, — RN K OEMEIX < B #) IS X > THT THRETL., ik
EMIE < BEEEZBRVT PFOS & TC IZidBBeha—H L TIEOMENEHNT
WHA, PFOAIZOWTIELT LHFERIT—HL T ARNE LTS, RIEMIC
ix. PFOS 25\ T, (MLl TC DM B4 5 BMDLsrp % Dong & (2019) @
WA 9.34 ng/mL 2 O Steenland & (2009) DO #5725 9.52 ng/mL & HH
LTW5%, £72. PFOA 22\ T, [Al 2 #w7/> 5 BMDLsrp % 2.29 ng/mL & T 4.25
ng/mL L EH L TWA (SR 47, 48),

EFSA [ZifLiE TCAEIZ DUV T, 2018 4R IZ 1L OMFZE T i PFOS & U PFOA
TEE L ORENRD L E LTTWIORILE Lzt 0D, 2020 4E21%, &
PFAS Ly FEE L IZIEE BOM T OFENRINTWD Z b, IBIFEER O
L0 KRBR DO ARHEEMENH L& LT TWI ORRHLE L TN (EE 1),

WHO . PFOS <X° PFOA DX < # & TC X° LDL-C DI & DR E | IFED &
DN, HAZEDORBENRKRE N &, PFAS & oL 27 o— 10 A&KGERIC
IR 232 < . PFOA CIRMiE RN 25 ng/mL TIX TC & ORENHKR KT
HHRENLLETIIENET, PFAS X< 8 & =2 L A7 v — LN o B 2 F A}
T2 AH=ALI AL LTWDH(ER3T) .

FEERE (BF) OFLD

bt hoifiH PFOS, PFOA } (Y PFHxS J2/E & i TC o, M+ PFOS
R L LDL-C EOHM & OBERHE ZNTWDH, BERA LR D 5T &
THHMESL H S, PFHxS IZHOWTiL, IEORE, Ao, B L& oW
WY —HEMERR,

XD PFOS & PFOA 13< #EIZ L » Tl TC EOEMMMHRE I N TV D
N, BREIISBEZ TV —0FK 7 v £ THOMEER (SR 94), N
HEO AT » FTIGOIEESE K OVEDER O ME PFOAEEIL. TC X ' LDL-
C L OBEA RS0 >7(BH 112), S LI ABICEHED PFOA ICIX< &
SNTENABETIEa VAT e HERTL LAKR T LTW2(EH] 113), 2Dk

21T, MERISER S AAHETH 5,
BEADOa L 2T m— /L FRERIRTER S NS 72D, jF=2 L AT v —/UH
ITIHBERE E ART A CTH Y | BHEFERAETID LAFFEEICX v 7T Ik b
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bz L AT e — VEME T 25 2 & BMEIC 5, PFOS KT PFOA (2
DOWTCIE, AEKSERIZHAME TRVt O oMl ALT EOHMM 5 fFkEE & o
BN SN 525, E TCEITIMERM A A5 TR Y | fFlE~DF2 &
IBLRMNDIIFIET 28R L 7> TN D,

S oIz, M= bV 2T v — VEITEREE LR R A TR 2 7o O ORERFEIE C
Ho TENHERIFTEERBERVIEFR T2V L 2B ETI2XLENRSH S, PFAS
X< T KL D 17E TCAED EHDEIREE LR BIZ D223 % &0 ) IR EN
TV, 72, MHARE L~V OB MIET PFAS OFHENRHTH 2 .
% < DWW TH 5 7o DIZRREROYHEN H Y 9 D s, BT &
MBS SN TN D,

ZOIE, R TIE, ABRER Z T A il =2 A — F2 6, PFOSIEK&EIZL D
A LEEEL R RY 7)Y RO FAHRE I TS5, PFOA Tl
DFRD BTN,

Loz &, PFOS, PFOA XU PFHxS X< #&ixk hoa L XA T7rr—)b
(R AT T ATREME TS E TE Vs [RIRBIR H &G BRI A T o
v, I TC fE% POD OFEHIZHWAS Z LIZIIHEETHLIREEX T, 272
L. PFAS DIF<BRIZL > TREI VAT o — 3 E8INT5D0NIARHATHD .
Z O RN T D2 ER D D,

(3) BERBOFELD

BEOEZHRIZEL D, B D PFOS kU PFOA ~D X< @& L, Mk =L
AT v —/EOHEIN & OBENHRE I TWD, L, EDIEE A EIIRERTF
RTHDHT &, BRERP—FH LTV Z &, KIZ PFOS X° PFOA D fIffigi~D %
BNbHLETDHE, ZNETETLBHRTHLZ &, HIMORENEMTHDL Z
&L DBITEBIEO DS BRI TH VBRI ZERDAHTH L Z & T
I EIREIX B Z T - N TIREEN L LN T HEMIGBFRS R TV
WZ LEORMBES N D D, Fi-, M PFHxS % & ik o L AT o — U lEo
BAMRIZOWTITRHMI 24T 2 IZIFF AR+ Th 5,

<~ ART v MIEAED PFOS, PFOA } ) PFHxS % 5 -2 7354 12i%, M
HEALAT B /HEITZE L LR WIME T2 Z e RSN TWD, IToHET
IRIME Y RZ R BEOMERSCa L AT o — L OREIRF-ORBENE &R
L2 ENMBENTND, FELZEELTE hOa LAT v —LRENTEST 7
Fxlo~ 0 ZAEBRET ARKRE S, —EOMETIL PFOA X< &I L > Tl
HEALATr— ARl ERMESN TS, L, RO DORERITIT
WESRMENDHY, —BE LTV, £/, & hOa L A7 o — RO &Mt
WZEDT e~ T AET BN TS, B FOEL & L-VLZEWEH RO PFOA
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3.

I TE LG A TG TCMHICELNRBO b o7z, S5, PFOS
Euc_ot % i TC1 DR T, o2 TR, a b AT e — LR @R e k
(CEWNF BN THHE STV D, mHER S Sz PFAS 23 ZBREW DIE
BFARHNATODOER %2 KIE LT TC 2K FSETWAAREERH 5, —
bt N CTAHALNAIEAHED PFAS X< #EIC X 5 MIiE TC O % EERENM )~ DI A
EBHRGCHBL LS TR EREYTomMALE v N TOROZERDFRIL
FHTH %,

1M3F TC B DO IMNE 2 T EE N ORI L T 5 Z L2 oW T, EENREGE
NELBELNTWAHIRITIZR W, F T v X ESEAREARENZ (RIVM) . 5
v — 7 BREAR#EIT (Danish EPA) ° KA WY X7 7 & A A > NMFFEET

(BfR) 1%, EFSA (2018) D& L 7-aHilifE OFFHIARML (TWI OEHHIZ
7ok NEFMIEOT L RIRA o FOBIRST — F AT FIE) IR 2T )T T
W5, EFSA ¢ 2020 4-(2iE, fiF TC EDO M %Z TWI OFR#LE 1T LTV 720,

Loz &v5, PFOS. PFOA KO PFHxS M IEERHN A% KT T [
PEIIEETER2NH OO, FHMIAR 5 Th D &Rl Lz,

FARBRBEEE & FIRBRRILE

(1) BEtER

@ XEIEHR

. PFOS

SD 7 v b (6~8 BlnOMERE, A8 10 JT) (2 PFOS (HifE >96%) % ik -
12 28 HE G D &5 (0. 0.312, 0.625, 1.25, 2.5, 5 mg/kg KHE/H) L
7oo 4% PFOS JREDOVHE (FFEHERZE) 13, FREGHEOKET BD3 (below
detection), 23,730 (1,114) ng/mL., 51,560 (3,221) ng/mL. 94,260 (3,144)
ng/mL, 173,700 (9,036) ng/mL. 318,200 (8,868) ng/mL. it T 54 (4) ng/mL,
30,530 (918) ng/mL. 66,970 (1,629) ng/mL. 135,100 (3,877) ng/mL. 237,500

(5,218) ng/mL. 413,556 (8,071) ng/mL Toh -7=, REROFEE, ML i
ETOHRGHF TP T4 KO T4 E2MET L, 0.625 mg/kg AH/HLL LD
BHRETR T3 EAME T L7z, Lo, BRI A V€~ (thyroid stimulating
hormone, TSH) flIFZZ b7, HUREFHER OB ECIER b B S e o7z
(& 95) [FE].

SD 7 v bk () 12 PFOS % f#/KIZ AT 91 HR#E S (0, 1.7, 5.0, 15.0 mg/L)
L7z, #5691 H HOfjg PFOS RE O FH)E REAERFZE) 13, &% 5-HT<10Q

18 ik

TFRAE 23.4 ng/mL % 88 % 7o BRSNS K HRED 20%LL T
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(E & FIRMHE 0.5 ug/ LLF). 5.0 (0.3) mg/L, 33.6 (2.1) mg/L, 88.2 (4.2)
mg/L TH-o7-, BROFER, MiEk T4 A2 TORGE CIREKTFOICIKT
L7, TSH XA E AR ELE RS 2o dz, FFRICBWT T4 D7 Vs a g
14 %179 UGT1A ® mRNA L~ EH L7-(ZHK 120),

=7 AP PFOS (B 7 LM HE 86.9%) % 26 BN 72/
5. (0, 0.03, 0.15, 0.75mg/kg (KHE/H) L7z, #5B4h 183 H% DMk PFOS
BEOFHME (EERE) 1T, &G5O T 0.05 (0.02) ppm, 13.2 (1.4)
ppm, 66.8 (10.8) ppm, 171 (22) ppm, & 0.05 (0.01) ppm, 15.8 (1.4)
ppm. 82.6 (25.2) ppm. 173 (37) ppm TH 7=, REBOFEE. 0.75 mg/kg &
F/HBEGRICBW T, BTG 62 BEM G, HETIE 91 BE S Mgk
T3 ERWA Lz, LavL, # T4 KOWERE T4 fEIXE Lsdy>7-, TSH fEi
182 HRZIZOAEM LT-(Z M 73) [H48],

b. PFOA
B0 B 5 ~&mAIE R T,

c. PFHxS

SD T v (R, &7 18 PL) |2 PFHxS (7 VU W A4« 4l 99.98%) A M1
44 B, ML OFRE 14 BRI HEE 21 B2 £ TRA%KSE (0. 0.3, 1.0,
3.0. 10.0 mg/kg AH/H) L7z, #%5 42 A BOMET » MBI 5 Ml PFHxS
FE O E (BEYERZ2) 13, &% 58T 0.32 (0.09) pg/mL, 44.22 (12.66) ug/mL,
89.12 (0.80) pg/mL, 128.67 (10.30) pg/mL, 201.50 (20.02) pg/mL TH o>
7o REROFER, HEZ ~ N 3.0 mglkg K/ H UL O GHEICIT 2 FUIRRIER
R O AR K K ONE I R O FE NS BlE2 S i= (2 81) [FHa].

SD 7 » |k (6~8 lin DMERE, 257 10 PT) |2 PFHxS (7 U 7 A4, #iE>98%)
X 0, 0.625, 1.25, 2.5, 5. 10 mg/kg {K&E/H ., HiX 0, 3.12, 6.25, 12.5,
25, 50 mg/kg K/ H T 28 HERHIRE O BE L7, Mm% PFHxS J2E O V4 E

(R 2) 13, SGEOMET 175 (22) ng/mL, 37,030 (1,651) ng/mL,
50,410 (1,552) ng/mL, 63,820 (3,201) ng/mL, 83,820 (3,740) ng/mL. 95,510

(3,745) ng/mL, 4 C 102 (14) ng/mL, 66,760 (3,518) ng/mL, 92,080.0 (3,348)
ng/mL, 129,000.0 (5,504) ng/mL. 161,700 (2,512) ng/mL. 198,300 (4,996)
ng/mL Th o7z, HETITRTORGIRE TIIH# T4, # T3 & ONEHE T4 fEAMK
T L7223, METIE 6.25 mg/kg (RE/ H LA E o 58 Tk T4 525, 12.5 mglkg &
F/H L Lo 5REClElE T4 fE2MEF L2, LasL, MEREE £ 12 TSH EIXZ1 L

55



B9, AR OB IER b B S k- 72 (B R 95) [FH8],

Wistar 7 » b (M, &8E 16~20PC) (2, PFHxS (#li% >98%) #FiE 7 H H
2D HFERS 22 H B £ TRl 05 (0.05, 5, 25 mg/kg KE/H) L7oRkER.
5 mg/kg KE/ A UL O ERETHE 22 A% ORMKMIER T4 i & KA 16/17 A
B OMER T4 EMET L72(BR 121), Hil T, Mgk T3 1% 25 mg/kg
FE/ABETOLZDTNITKT L7223, TSH EIZZE IE e d - T2 (SR 122),

@ @5 - EEEEOTELE
a. PFOS

R O HURBRA~ D8 2 b & ICFHIlE 2 FH LT 2 8B8I3 72 0» 7,

b. PFOA
BT O FUIRIRA~ OB Z b LACFHlE 2 5 LT 8BS o 72,

c. PFHxS
ATSDR 1%, PFHxS {2\ T, 7 v MEFERAFBERBR TALNZHETD 3.0
mg/kg AE/ALL EIZH T 2 FRRIER ERMROEK - WERE b &I,
NOAEL % 1 mg/kg {KFE/H & L, b MEfiH & (HED) |Z#t% L7 NOAEL#eD
% . Butenhoff % (2009) ®# &7 5 0.0047 mg/kg (AHE/H & LT\ 5 (B 16),

@ FRIRMEEL BRRRILEY (PR OFLD
Z v MZ PFOS X3 PFHxS Z# #5795 & | f{gE#k T4 13K F L7223, TSH %
AL Uiy otz, 20X 5 7284kiE, PPARa Z{EMALT B ~Ur 4% o Y — A
S Wyeth-14,643 # 17 ~ MIEG L72GAIC b ME SN TV L (2 95), £
D7=H NTP (2022) X, 7 v MIB T 5 1fiE T4 fEOIK T ik, PFOS & O PFHxS
7S PPARa IGHEAL 2/ L CTHRUMRIR AR LVE L D 7V 7 b RSB 2 TR LT 5
ZLICK D RRER TH D ATRBE AR L T D, EEE, PFOS & 5128V
My T4 EMETFL72T v b TIE. T4 D77 o Ui s IcBEE54 % UGT1IA @
mRNA UL ARl CHEAN L Tz 2 &3l S % (B 120, 123), AT
DI R OFHEIZ L 5 HFURIE AR VE ORI > B TOREES S
BGThy, B hOIXTEITITIF LA EBEERRNE SN TV D (B 124),
[FERIC, MO FARIRAR LT AASHEET 27 "7 BIDITEEm OGN TV D, &
ks DI H T EIR R A LE 13 thyroxine binding globulin (TBG) (ZHE& LT
W3k AL DD, RO > WEENM O 21 TBG BFEEE T, FIRRELVE
TEFIMED TBG @ 1/1,000 LA FDO 7 /L7 2 X transthyretin (ZFEA L Tl
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EEND, EDOTH, T owEO M A FARIEALVE ATFEFITEmNE — 2 F—
— %L, ZTOEEHIIE b 1/10 EIEFITE N, FRrT, FolmETIbE
WP 5N B IFIRD 7 v 7 v B AR S OB HER O E 2
L2 HURIR AR VE O BAGENIC L0 | fd T4 EAME T Lo W2 & AR S
TN 5(ZM124),

LED X9z, 7 v Fo~v 7 A2 PFOS X% PFHxS ## 5 L7-Eo Mg T4
EOAR T, 1 o SRR S0 72 T C 0 HFUR IR AR V8 RGO TUER R G- L
TWDHAEEMEREV, LAl PFOS <° PFHxS (2 X % PPARa i&ME{LE I LT
YRR OFBENEL Y  ZOZ LIk T4 DT VT v Ui 2Rt L,
Mg T4 HZK T S5 2 & ZEBEMICHER LSS T2 nw—h, =749
IZ PFOS % #5- L7256 1%, ik T4, B8 T4 XK T LRy > 72(B K 73),

—7J7. PFOA |22\ Tk, FEBEM) O HURIR~ DM 2 22138l S h Tz
VY,

UL b X 9z, EBREMmIcEB 1T 5 PFOS & PFHxS (2 L 2 FURIE A LE A~
DFEZONTIL, B M OFEZHIT L ECHATREFBEIHLHOD,
iF > B T O HR AR AR LE o OE o T B o 2 B O A BRI R 7R R A 2R
FHF 26D TH D Ll i, T o2 H 7o EBRIFZE O 5 R A 5 3~ 5 BRI
ITEERXCBMLETHL EHZ X HND,

(2) &%
® X#kiER
NHANES @ 20 &Ll EOSMNE 8,974 4 % %1512, 1fLiE PFOS & U PFOA %
FE & BURIRE B OBE N HAE S o, B ol PFOS & PFOA DD
EHE (95%CI) 1., B PFOS T 20.58 (23.63~26.62) ng/mL, PFOA T
4.91 (4.64~5.2) ng/mL, &ZM:ix PFOS T 19.14 (17.8~20.58) ng/mL, PFOA
T 3.77 (3.562~4.04) ng/mL Th o7, HURMRREDOHEIL, ERMEIC K 226
JEE S ORI B SE A i B IR | BIAE D R B O F I OWNWT DT 7 — BT
Lole, VAT 4w 7 EYFESHT (e, FEE, HERE. BMI, BUERE, 71 =
— VB IR CTHEE) OfER, ZMETiE, Mg PFOA JREDH 1 KU 2 IU4{r
(<4.0ng/mL) (Zx%3 25 4 WAL (5.7 ng/mL) (23T, BIFED FURRE B
BIFREDIEOREN A HNT- (Q4 vs Q1 and Q2 OR 2.24 (95 CI% : 1.38~
3.65) . p=0.002) 73, PFOS TILMAMERBIEIZ A bR oTe, —J7, BHETIL,
My% PFOS IREDF 1 LU 2 W4z (£22.5 ng/mL) (x93 5% 4 Wohr
36.8 ng/mL) 2BV T, BIEOFIRBREAWE L OIEOFER AL (Q4
vs Q1 and Q2 OR 2.68 (95%CI : 1.03~6.98), p=0.043) #%, PFOA TIXBH# 3
IR T2 (B 125),
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KE T A X—T =T C8 Health Project ® 20 5% LA EOZNNFH 52,296
4 2B, LG PFOS XU PFOA JREE & FURIR A V€ > (T3 R &K U T4)
KON TSH OBEIZOWTHAE S Lz, MiKiE 2005~2006 FI2EEI S 4L, 1iE
PFOS KU PFOA JRE DV (BEHERE) 12 Z£h 20~50 %O BT
24.8 (14.3) ng/mL. 91.0 (261.5) ng/mL. 51 LA Lo B TI%, 29.1 (20.6)
ng/mL, 124.3 (380.8) ng/mL, 20~50 D %M TiE 17.3 (10.8) ng/mL, 52.6

(192.8) ng/mL. 51 kLA LD 4t Tlx 25.7 (17.5) ng/mL. 98.6 (230.2) ng/mL
Thole, —MMIEET VEHWTBERITZIT o7& 2 A, g PFOS R &
T4 EORNCIEDRE (20~50 ik B - 80.05, p=0.0001, 51 kLl LD B M -
B 0.05. p=0.0001, 20~50 KD LM : B 0.14, p<0.0001, 51 FLL EDLNME: - B
0.08, p<0.0001) %3, T3 EH= L OFIZADOBE (20~50 %D H % : 8-0.05,
p=0.009, 51 LA EDOFEME : B8 —0.09, p<0.0001, 20~50 DM : B —0.21,
p<0.0001, 20~50 KD : 8-0.17, p=0.0001) BNZENENBIEZ I NI, — 7.
TSH fii & ORICAERBE#EIZA S N> T2, F2, 1fiE PFOA BEIZ SN T
1. 20~50 ik D BIELSD 7 N —F 1280 T, T4 EOMIZIEOBE (51 Ll -
D FBE - 80.06, p=0.001, 20~50 D : 80.05, p<0.0001, 51 KLl ED %
P 1 B 0.08, p<0.0001) 73, T3 FHBHFE L OMICADEE (51 WLl EOFME : 8
—-0.04, p=0.037, 20~50 KO LM : B —0.08, p=0.0001, 51 Ll EDLHE : B
-0.07, p<0.005) NENFNBIEIN=A, TSH E L ORICHE BB EII A5
N7gio7-(ZH8 58),

KE A NA A > C8 Health Project DS INEFED 5 5, 1950~2004 4E DI
Dip< &b 1AERLL L 6 20D PFOA VG4 /KX LT 7 v BGE TR < OFA
BAFPOKREBR L8 (1~175%) 10,725 4 x4 & LC, IfLif PFAS

(PFOS, PFOA } O PFNA) J2 L i T4 L TSH & & OBE#EIZ W CiiA
STz, MRIEL 2005~2006 FIZEE S 41, 1fi{E PFOS & U PFOA JRE D H
iE (25~75 /X—% > % A V) X, PFOS T 20.0 (14.5~27.8) ng/mL, PFOA T
29.3 (13.1~67.7) ng/mL Tho7-, FURBEREOFHE, FEOHH K O IER
ROFMWIZONWTIET 7 — MIBIT A CHEICL VRSN, PFASRE
F N TSH % B ARRIEZE L LTz B CRIBIEIR ST 21T > 72 /6%, PFOS TIEE 1
MU AL EE (0.25~14.4 ng/mL) #EIZ % LT 4 TR (27.8~202 ng/mL)
BEO AT TSH L UVR T4 OB BIZE S 7z (TSH : 3.1 pIU/mL (95%CI : 0.0
~6.2), # T4 : 2.3 pg/dL (95%CI : 1.2~3.3)) 728, PFOA Ti3A & /2 1%
Liviehotz, Fio, MiF PFAS JREZ BRI CA# L, FURIRE B R ORI
HRESREIR TIEDOREIZ DWW T a P AT ¢ » 7 RN (Rl L OMERCHliEs) %
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1Fo -5, PFOA TIZIQR =2 F 5 2 73 13~68 ng/mL. DA kg
B (n=61) N OHLRIREEEEIS TIE (n=39) L DIEORENBE SN2 (IR
R - OR 1.44 (95%CI : 1.02~2.03) ., FURIHEEEIR TJE : OR 1.54 (95%CI :
1.00~2.37)), PFOS TIIA BERAITA DR T2 (5 ] 126),

7 =0 — & CIT bR & A 2 R — MFZEICEBV T, 1994~1995 £
T = EE LT 172 MO R Z 35t 412 fHR M PFAS (PFHpA, PFOA,
PFNA, PFDA, PFUnDA, PFDoDA, PFHxS, PFHpS, PFOS, NEtFOSAA,
NMeFOSAA Jx (N FOSA) Ji# £ & RHAIMIE K O 3w B R As V& o (g T3,
WERE T4 & ONT4) i, TSH EMFONZ - E b OHAT A X (KE, F R & OFAH)
O BEIZ DWW T S 7o, BRI IAER 34 3 HIZEREL S 4, i PFOS, PFOA
J O PFHXS JREEOREE (BEERRZE | IREEHEPH) 1X£ 21 20.86 (0.47,
6.9~47.6) nglg. 2.37 (0.07. 0.8~6.9) ng/g. 0.55 (0.02, 0.1~2.8) nug/g T
bolo, MG PFAS IBE% Loge TEMAL . ZEMIEEIRSHT (&6 OMERI,
REBL OO HPERE - BMI » & « 7 - i « SRR O WU K OMKIE O A - {5
PCB R - BEEZ/KBIRE TR L7ofER, My PFOS RN 2 5N+ 2 &
H AR B 13D L7z (-227 g (—0.47 SD (95%CI : —0.85~-0.04))), Iii&
PFHxS JRE 2 58N+ 5 & HARY EiTED L (-0.82 cm (-0.40 SD

(95%CI : =0.72~-0.09))), £7=. i PFAS IB¥ % Logs T, HFIRIEA LT
K ONTSH % B CA#L L, ZEMAE RO GREER 71X Bt & Ffk) L
7o s S, MiE PFOS J O PFOA R & RHAMIE TSH X IEORE 2R L7223,
BAEFEE IR ol —F, FERiE TSH SIXEORE %R L, PFOS
JEIN 2 {51272 5 & 53% (95%CI : 18~99%). PFOA JEEN 2 512725 & 40%

(95%CI : 8~81%) HM L7z, BT, ZOMEICENT, FRRF LT K
TSH 7% PFAS X< BIZ L D HHAEV A A~ORBEWN T 2055505720,
BEIHT ZAT o TofE R, B IR K O 2D =RITHF B Tl e o 72(B R 127),

A 2 —F D0 E—HIFIZ BT 1980 4T 6 T TE K HKFH (AFFF)
PEH STz & B b Lo BEHARITYS 0 bHEH S v7c PFAS IT/KEKRRH T
X< B UTER 8,083 4 (1~94 %) K OUTBEDIETEY Ik DR 198 4 % %5
& LT, IfiE PFAS (PFOS. PFOA }x () PFHxS) J2JE & FURIRAR LT > (Gl
T3 K ONEHE T4) KO TSH i & OBIEN A S 7o, Mm% 2014 4 6 H»n b
2015 & 12 H £ COHIIZERILZ 4u, 1miF PFOS, PFOA & U PFHxS R E D H
RAE (5~95 /X—FZ A L) [ THEYEHIBOFERTENLE 1~11 mO BT
143 (17~378) ng/mL, 11 (1.7~24) ng/mL, 139 (12~310) ng/mL. %M T
145 (22~346) ng/mL, 11 (2.5~24) ng/mL, 130 (26~311) ng/mL, 12~19
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1% D BPET 108 (7~340) ng/mL, 6.8 (1.4~20) ng/mL, 86 (5~282) ng/mL,
#ZMET 91 (6~277) ng/mL, 5.2 (1.2~16) ng/mL, 63 (4~231) ng/mL. 20
~50 kD FMT 176 (17~629) ng/mL, 9.4 (2.0~32) ng/mL, 162 (11~595)
ng/mL. Z T 117 (9~467) ng/mL, 6.4 (1.0~25) ng/mL, 93 (5~414) ng/mL.
51~94 DO FBMET 274 (22~850) ng/mL. 16 (2.2~43) ng/mL. 274 (15~
790) ng/mL, %MT 335 (14~903) ng/mL. 17 (1.9~49) ng/mL. 312 (10
~921) ng/mL Th o7z, (HYHlEk & G YL s 2 b U7z /5 R, 1~11 5o
THUERE T4 6 GRIES ORMEEIRE) WHEREMI CHEICE > T22, ZhL
LD RBEECIXERE T4, W#HE T3, TSH EIZ A ER AT o 1o, GYHURIZ R
W, IfiE PFAS & & HURIRA LT U E% Log2 28 #: L CHRYE MR (i
FOR IR LB PR DY 1~99 /38— & A )L DOFFAS DT — 2 1 ZFRIL, i B Y
BMI Cili#) Z#1T-o72/E%. 51~94 D BYEIC BV TLE PFOS, PFOA K ¥
PFHxS J& & &l T4 6 & ORICEDOBEENBIE STz, L L, TS OE
EECIIREENRD Lo Tz, ZETIEETOEMEECIE PFAS R &
TSH LK OHARIRAVE - oL & OF B RBIEISA DIV Do T2, G5l 1
~11 O BIRITB W CIiE PFAS BEE RN X 2 78 T3 O FEE, 12~
19 D F VBT TSH EOAR TE M 232 H A7z 23, I TIEZ D X 5 2 fiH[n)
72> 72(Z 0 128),

AXZ VT DOY =3 NHFIZEWNT 1960 FR1% 15 50 4Ll Eich= ) T3
MHHEH &2 PFAS (8512 PFOA) (Z/AGEKFRHE TIE &N, 14~39 %
D 21,424 4 (14~19 % : 6,536 %4, 20~39 7% : 14,888 4) ZxHE LT, I
7% PFAS (PFOS, PFOA, PFHxS } () PFNA) /¥ & TSH {0 BH 3 Fi A &
iz, Mmkix 2017 4F 1 HLARRIC FEhE S - 2R e s v, 1fiE PFOS,
PFOA X () PFHxS EBE DO Ffl (25~T75 /S—& L Z A V) 1%, 20~39 D H
PECIE 4.8 (3.30~6.9) ng/L. 58.3 (25.10~114.3) ng/L. 6.5 (3.00~12.0) ng/L.
ZMETIE 3.00 (2.00~4.4) ng/L. 22.80 (8.80~49.5) ng/L, 2.20 (1.10~4.3)
ng/L. 14~19 EOHMETIEZ, 3.60 (2.50~5.30) ng/L. 45.30 (24.50~79.62)
ng/L, 3.40 (2.00~5.60) ng/L., &PETi% 3.00 (2.00~4.4) ng/L, 33.30 (16.30
~58.7) ng/L. 2.40 (1.30~3.9) ng/L TH -7z, —MALINEET VI X 55054

(FEHn K OWER CREE) ofER., W o PFAS 2B\ CH 1Mk TSH E & OF
ERBEME T Do o, ILTE PFAS JE £ o IQR BNz x4 2 TSH O 24k
FIZOWTHABRBHEME A SN o T, Fiz, ah— MTHRIREBE T
FRAROIRIFEIE DO B C 51 H - 72 20~39 i 89 44 LT 14~19 7% 135 44 %
INZTHHr LAs, 1 PFOS, PFOA & O PFHxS 2% @ IQR X945
HR IR R D FEIE M ORISR E ORI A B R BE 1T A b ino 7o, IR BANISE
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TILIMIE T4 fEILHE STV RS 129),

EHEE A X T 4 OFLIR A B — NS LT 392 SO R~ 7 (REBLO ¥ H e
Fily R : 31.1 (7.1) w%) Zxf%IZ, i PFOS & U PFOA R & Rk
BRfERE (TSH., bt T4 f6) & OBERFHE 7z, MiF PFOS XU PFOA %
FETXATAR I~ 12 1 S E 1 BRI DA ER I U 72 AR R CTHIE L &R o
il (95%CI) X, PFOS T 5.2 (1.6~12.3) ng/mL, PFOA T 1.2 (LOD~3.4)
ng/mL T o7z, HARIBEEOREEITEEYY (PRfE 11.18) ORBIEROVE
% 4~7 H B OIS U7 R CRIE Siu7c, RS U728 CEBR RN
SINT (REBLO HHPEARG, ARURATO BMI, HERIE, #E. FURIRBUE, W0
B, WM PFOS, PFOA, TSH K OVBzEfE T4 fEHIE O£ MR CHEHE) %17
ST fER. RHAMLTE PFOS 121 & fEE o TSH EICADOBEN S5 -28, ILIE
@ TSH fE & 1T IEQBEN A B, L, RHEME PFOS, PFOA R
IEREEL, FLUT O T4 i & B 2R S 72 o 72, RHAIME PFOS J2 T 4 BHIC
iy EREUFRSHT (EARENRHT & AR DO E S CHRE) 2177258, 615
NfE (1.5~3.5 ng/mL) (2%t 2% 4 WALAE (7.0~16.2 ng/mL) ORHAMIE
TSH fE DAL (p<0.01) K& ONBMETA (p for trend<0.001) 234 5H4v, FLIE TIX
TSH flE X IME ) 27~ L7~ (p for trend=0.024) (=14 130),

ALHE R % 7 ¢ OAeiE 2 AR — NMISM LT 701 fOREX7 (BBl H
PEF (BRYEIRZE) @ 30.7 (4.4) %) Zxf41Z, 11 oI #E PFAS i) (PFHxS,
PFOS. PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA
}. OV PFTeDA) & 1fn i ARk IRFE4= (TSH., 55 T3, #EHE T4, HrHARIEHUA (BT
FARIRA~L A% o & — B (TPOAD) fli, Hith 1 v v 7 U U Hifk (TgAb))
fili & OBENFHAE S 7z 14, M4E PFOS, PFOA & O PFHxS R B I3 AE4= - ]~
% (28~32 ) T8 L7 CHllE L, AR E o Rl (FPH) 1, PFOS
T 6.21 (1.15~30.28) ng/mL. PFOA T 2.00 (<0.2~12.37) ng/mL } ' PFHxS
T 0.31 (<0.2~1.77) ng/mL Th o7z, FIRRIEEEORE IR (R fE

(#iPH) 11 (9~13) H) (TERIM L 7o B A J QRS AR (R CHIE S 4v7z, B ARkE
BT84 U CEBEYE AT (HPEFE, HERE, MR BMIL, #E., WS
BTHR B ORI K QW CRRSE) 24T - 753, M PFOS, PFOA, PFHxS & O
# PFAS ¥ & REAR ML, A o leffE T4 5 & OREITFE D b oTz, L
L. 14 PFOA & & fEAI.0> TPOADb (ZE DB A 57z, HTHIRIRILIRES
PEREMECRERIMET 5 & FaMERE Tl sE PFHxS R & 07 T3 i (2 1E o B )3

4 KA DG O HURAR AR LT o LUV O 4RI A B IEEEO®H L v & K& o vz,
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Jf%ﬂf:ﬁi‘ BEMERE CIERE T A D e o To, AT I D FURARFE R & oo B %

ROMERNCHNT 21T > T 4G &L, B IR ¢l PFOS R & o> TSH IZ1IED
F%EJJ_\ 5% PFOA JREE & TgAb liC A DBIEN 2 S5 BB GRSt
(RBPERE TITWV D PFAS 2 FFEIC DWW T b I o> TgAb i & o B :17%
S o To, W TIEL BB OHTRRIRGURTGERE Tl PFOA IR & I
1f.0> TgAb flilZ EDBEMN A H AL 3, FLHIRIRFUE TREBNE L&l iBE
BT B R T2 (B 131),

@ Bs - EREEE ST E
ORI~ OB L b ISR E 2 FH L T BB~ 7o,

@ HIKIRHEEL RIRRBILEY (BF) OFELEH

KE, A Z VT, AT =2—T BV T, KEKEDIBYT K Tl E

J£D PFOS O PFOA ITIF < #& S-S 2 kP52 g R V€ | TSH
DEENFHRLNT, KEDT A =T =7 M?D C8 Health Project D xf

RFEIZBWT, MiER T4 N PFOS LT PFOA JEE OB~ THEML
7=, TSH 1ZZE(b Leno 7o (B 58), KE DA NA AMDT 71 L #iETY;
FEROFERIZEBW T, MG PFOA JRIE & T4, TSH (ZBEHEIFERD b o7z
(Z126), A% U T O =3 M DKIEKD PFAS 754 75>t_of_i{ﬁﬂzm£
Rz Wil PFOS, PFOA, PFHxS 2/ & TSH ORI BE#IEFRD S22 )»
ST (B 129), AT c—Fr0u 3 E—FOKEKD PFAS /5L = -
T HIR OFERICB VT, Ml PFOS, PFOA, PFHxS J:Jb‘:féﬁ T4, Wk T3,
TSH fEIZBHEIIFRD Do 72(B R 128), LLED X H 1T, HEMERE DX
< FExr2 LB WT, MiF PFOS, PFOA, PFHxS /)f\zf”k FOR IR AR |
LUV TSH & ORICH#ERBREITIRED v oo, ERLOFHED—FH O
KRF Tl MyERR T4 OHEINXIE TSH O¥EMAEIEZ S u/=h . JFIEMO FL
BRBEREAR T DBRIZHL 2 2 ifiF T4 DK K & TSH o & i;ﬁf@é%mm‘%oko

EIREIL BEZT T D — Rk AN & x5 & L7-iF9E Tid, K[E NHANES
D 1999~2006 F-D T — & & T fiffir ¢, &< i[ﬁl(ﬁ PFOA JREE. BHETIX
PFOS IRE D 4 WAL T, BUEDFURIRE D AR L IEORRE 1 FE O bl
(W 125), LoaL., Z OWFSEITREWIIRZE CTH Y | E M & 2otk TRE DS R
S>TEY ., PFOS KT PFOA X< BEOHURARIC 5 % 5 8 Z T3 2 1213 E &
INR+43Th D,

RO BRARF LT > LU B L TR EBEIC S < OFREREN H D 23,
= 0 —# B TOME T, BMEIMmEE PFOS, PFOA A & fs4s i TSH i & @F'Eﬁ

(ZIEDORIHEERD S AL 08, % T4, 8t T4 filfl & OBEIIERO Hivie o7, 72
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B, PFAS < BT X B HAERHMAEIK T &2 BRI LE o Lo Ko TR AT
REZPT DWW TS o8 2 Ffiii L7223, AERMRIT/FON N7 &0 b,
PFAS I E< #RIZ & 5 HARMAE O T IXH R A LVE Lo TIEEB T E 220
EERRATT TV B (B R 127),

EANTITONTAE AR X T 4 THREADEEBNFTALNTVDHD, IR
21 PFOS, PFOA & Of PFHxS iR & liFffE T4 i & oo FIZ B e 7 BE s 38
D HATWRVWE 130, 131), TSH EIZOW T, AL =& — b T RHA MmO
PFOS R & RER OIRYIY TSH ERAADOBEZ R LAER 4~T7 HEZEOAR O
TSH fEIZEOB#E 2 /R LTz, bl 24— T, FARIRE Chuk TRk L7z
BA. FIRIRE CPEEERO BN A TN =B R oA, I o ik
PFOS #2JE & TSH fIC IEDRHEAZED Sz,

KER A b THEME SN 72 Project Viva Cohort (28T, BHAIM O PFAS
R & HRIR A LT LoOUIZBEE T 0o 72 b O D, TPOAb [GHERETO AR,
BloifiE PFOA, PFOS R & fHAMIE TSH 1A ORE %2 7R L7= (B 132),
2O LT, BBORREE RO A EEIC L - THIRRFLVE L TSH ~D
AN ZAREMEDN S D 2%, PFAS X< BEOARBLOHIRRE APt D L~z
ED X BB E KT TNZONTIE, ENRRONTEY, 7, 20T
HOENIZR > TRV, PLEDZ Eh, PFOS, PFOA } U PFHxS O fii i
X< B O FURIREEREIZ b 2 2 B AT T 2 IZITBH®A A+ Th D,

(3) FAKIRERE S FARRBRILEDDFRED

BRI BV TIE, PFOS XiE PFHxS 2% 5 SN72T v MIBW T, Mk
# T4, WEHE T4 MR T T2 2 S TWD, Ll —RICE L &l
B L CALNDFRBHIEALVEY THD TSH HO EFITBIE I T2,
F7-. PFHxS # #5377 v MZBW T, HARIRER EEMEOER, &’
KAEBDIZLEDRMELHDINA D= ANIRHTH D, L, 7y MEDIT -
BRI 2 il BRI A V| REEICOW T OREROMERIL, LT XD
RRICHEETHARERH D, ZHETIT, FomETITA VA F Y — LA
BHIZL > THIME T4 EME T L, TSH EIZZE L L2 &6, PPARa @
EMH I L D T4 O 77 v G OREIZ X > Tlig T4 E2ME ~ 4 5 vl Ee
MERER SN TV, FolETIE, b bOIMEFICHFEET D FIRIRER LT 4%
HH U RTETHD TBG WNFAE LW, M TO T4 2 T3 O b
DK 110 &5, IS - BE TIITNE T T4 72 & DG 217 5 K EnER
EIGVEALT 2B L > CTOMiE T4 EAME F LT W2 R ms T b,
L7=D3o> T, (P o AL DO EEREVM) CORMBNEE L 2508, =7 A4 FiZ
PFOS ##45 L CH il T4 XK F Lo o7z, LlEnd, EBREmicsir 5
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4.
(1

PFOS KO PFHXS T L 2 FURBEARLE o ~DEEIZ S\ Tid b MMIAMERTREZR
M3E T4 EOIK FIZRET HREUEIZ Ly, —F, PFOA IZDWTiX, FEBREMW O
HAR R~ O B 72 52 B TR S L TUVR LY,

FEFMFIC IV TIE, T EERSCAKIEKR DTG YN & - - HUR O E R, T
B EIREE O PFAS ([ZIX< EEINTEMICB W TH MG PFOS, PFOA XX
PFHxS R & FIRIRA LTS LV E TSH & ORI BIEITRS b
o, EFROPFEDO —FORREIZIB T, T4 L TSH O3 72BN
D HIVTEH, JRFENE IR RE DX TR D Ry 72 kD /32— (T4 DR
& TSH O#N) 1R & 72 oT,

KEO— N THURAE IR TAE & OB#E AT 7223, BoM Bk
Do HZEITFRD b TV, 7= r—i G TOREEL IR E LA
T, PFAS IZ< B LM U HAREREOR F IO bz b oo, FURIR
RIVE L LoUL & OFIRE R BTEIEERD HAVT, BT OFE R0 & HARMAER
T & HRIREVE O DT TE W EFERRATT T D, 2, dbifE
2B F 4 TORRZ 4 L LIZfEICB W T, PFAS 1T < #IC & % R o FRR IR
HOHURMEOZ B STV DA, BEIR & b IZiEiERE T4 & OBEITR
BTV,

UL Eo X 91z, PFOS., PFOA } () PFHxS ~D &R IX< #2574,
—REM K ORI 268 & LT E RO DT IUCB W T Y, BIRISREDIL T
BT XD HRIBHRAE LV OBRERELIIR I TV R, F, —EB
Ot MERNZET S T4 #, FEEORIREEE CHROZ, 7> Mo fh
FRRIR AR VE VIR DOE(E, EORRPKRMHADBLNL FEINTWD,

LI b5, PFOS, PFOA KON PFHXS (I2OWTIE, AUIRERE & ONHLR AR
VB LSO OWTIE, BB D IR K ETRERIC—EMENR W,
EREENDH D & ETIIE 2 W E I L7,

HTE - A
) ENHEER

@ XHER

a.

PFOS

CD-1~7 & (Hf, &£ 10PC) |2 PFOS (VU v L) ZiFk 11~16 HE T
BaEes (0. 0.5, 2.0, 8.0 mg/kg (AE/H) L7=#ER. 2 mgkg (KE/BLL LD
BERECRBWTRRIEEC O, HAEROIKRTABZE SN, £72, TKEREIC
st LT, B OEREREY (i 156~17 HBIZBWT Kruskal-Wallis test T
p<0.001). A& (=0.5mg/kg) &R (=2.0 mglkg) DOIREDH EKAFHI 7208
A (p<0.01) K OWREHE &/ E &0 H &K 72 (p<0.01) BEIE I
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7o MRS CITEEMEZ LB S v, REmEITH BRI L7, &
iz, FussF 77 IV —RLELTHS mPLII, mPLP-Ca, mPLP-K &
JeREIZH 1 2 mRNA & X ORHMAMIERE X, HEEFNRETZ R L, 2D
RIVE IRE L RIBIAEOZLICIED BN 2 S 7= (B3R 133),

Crl:CD®(SD)IGS BR VAF®Z v | () (2 PFOS (WU 7 LM @ 86.9%) %
5325 2 AR EMERER (Fo: &8 35 UL (5B 10 PLiI4EgE 10 H HIZ/#
H) . Fr: &8 20~25 8) #4177, HE Fo 7 > MIZEL 42 Hfio» & A ELHIH

(K 14 Hf#]) £T, MEFo7 > MIKHEL 42 HEINLHE 20 HAE T, MEF
Z v MIWE 22 H B O ARRWIM (%K 90 HEGHRK 14 HfE) £T. M
Fi1 7> MIWE22 HEHMOREH LK OWE 20 H B £ T, 22k 05 (Fo:
0. 0.1, 0.4, 1.6, 3.2 mg/kg {A&H/H, F;:0, 0.1, 0.4 mg/kg KHE/H) %1T-
72, "L 21 H H Ot Fo 7 » MBI H17E PFOS JE O FHE (FEHERZ) 1%
0.1, 0.4, 1.6 mg/kg R H/H & E5/ET 5.28 (0.358) pug/mL, 18.9 (1.30) pg/mL.,
82 (17.5) pg/mL ToHolz, REROFKER, 3.2 mgkg KHE/HEGHETIEI Fo7 »
FOBERENBEAD L, F1 7> MIA% 2HHAEFTIZELTHE L, 1.6 mg/kg i&
F/HBEERETIIFL 7 v OB F COAEGFROHARKEOR T, B £ T
OREIEININH], REMHIOEE S L CHEORROEN FHREEXL Y 1.6 H).
SHEY S oEN (2.2 H), BHIROEN (1.4 B) 0818317, 0.4 mg/kg
RE/HRETIEBIRO DT 772 (0.6 H) EBADRRD LN NAFEREL 3470 S
179, NOAEL 1% 0.4 mg/kg (AH/H & e, Fi 7> R 9550, 0.1, 0.4 mg/kg
RE/HBEOLDBREUCH NG, Fo 7 v NOAGFFE MARMKREIL 3 #ETEN
2o tz, 0.4 mglkg (KE/HBEGRICBWCHIA®Z THE L 14 HHOKENIE
BHGREL AR THEIE - 7223, BEALRES (21 HEB) TITAEZEIET - 72(B
fH 134),

Crl:CD®(SD)IGS VAF/Plus®Z v b~ (iff, 44z 21 H HFFIAHE 8 T, HIpERE
BHE 20 P8) |2 PFOS (B U U A M 86.9%) % ACRLRT 42 H IR D 5 (0,
0.4, 0.8, 1.0, 1.2, 1.6, 2.0 mg/kg AHE/H) L. RLEMET >~ b & LRHE, 2
BOHAR (oK 14 AR KOMENR 20 B £ T (21 A BICHE:) XUIHELWE 4
HHE CTREZMkG L, ZOfE5R, 0.8 mg/kg N/ H LL_E OG-8 CHEARIIN
DOFEAE, 1.6 mg/kg RE/HUL EORGHTIIHALS HEETO Fi1 7 v MfFH
DI TFRBE I Nz, 2.0 mgkg (AHE/BLLEOEREGEHTIIETO F1 7 v M3
.5 HETIZSLLE LIz Fo 7 » M OEIG NI L7- (254 135),
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b. PFOA
CD-1~ v & (M, #48F 9~45 L) |2 PFOA (7 > &= LM : il 98%LL )

ZIENE 1~17 B £ TRk #&G (0, 1, 3, 5. 10, 20, 40 mg/kg AH/H) L. %K
VC 244 18 BT STTIMEREG D 7- DI VN2, F DRSS, ARGl L U TR -
e RN D HIN (>5 mglkg RE/ H & 5-8E . 40 mg/kg R/ A #& G- HE X4 TIRIN) |
Sy iRiEIE (20 mg/kg (RH/ H & G-HE CRORY:-HIBIE) . fEArEMEE L TR - UKD
EReRE (5~20 mg/kg (AH/H&H-HE) . /NVIE (210 mg/kg RE/ A& 5-HE) &
OB b (Mo ei, hFE. Paa. BHEE (20 mgkg (K5 H &G/ . i
B & OFREIE (1~20 mg/kg (AE/H)) BNEIE SN, SHICHAER~DOE
L LT 5 mgkg (KRE/AUEOBRERHIZEIT D EFREK TOM, FEREL L
CHEFLR £ CoOMRTIEMIH (>3 mg/kg (RHE/A B GHE) . PAIRELE (>5 mg/kg
(REE/ B BGRE) . MEO R EER I 1 mg/kg (AE/H &SR Sngisish
7oo WESTEERIUEIZ OV TIE, RIKAED 1 mg/kg K&/ B EG5HETR DR
AN S, FARKENZRRISTIE e ho iz, —J7, B, BEEOEEE O
HALEIE S 1 mglkg (RE/H KGN OFO 5L, 10 mg/kg K5/ H UL L0 G
TEROBWEENRD LTz, T DORERIZHESW T, PFOA @ BMDgs & T
BMDLos I%. HARDAEFR (FEK A% (PND) 23) ZfetE e L25G61E 2.84
mg/kg AE/H KT 1.09 mg/kg RE/H, HAROKELT (PND23) ZiEiEE
L7284 1% 1.07 mg/kg RE/H X 0.86 mg/kg (A#E/H, BIIREZFE L LI2HE
1% 2.64 mg/kg R/ A KT 2.10 mg/kg (AH/H L RO BTz, —T7, faEIEOHE
LD 2 L LI2Ga1E. Rl TENZE i 0.889 mg/kg AHEH/H LT 0.643
mg/kg RE/H ., %I TENZEI 0.958 mg/kg (AHE/H K Y 0.616 mg/kg A/ H
& 1 mglkg (K HLL T OEA K 672 (SH 136),

C57BL/6/Bkl v A (iff) |2 PFOA (M 96%) %22kl - iEAR % 1~21 AH
IREE S (0, 0.3mgkg (A&E/H) L, I3 ABKPCITPABDO P~ 2 (4%
BEB L, 13 72°H B OVHAREOAHAEE 10 I8) 25kl L7z, (X< T 17 72 H
B2 2 KRG & IEE OB, BRimEOEM, 50 I X7 VEEOR
D (13 72H H : p<0.01. 17 7°H B : p<0.05) 1B S I= (B 137),

Kunming v 7 2 () (2 PFOA (#iEE 98%LL |) A 4Fhk 0~17 H £ TRt
nfeh (0, 1, 2.5, 5mg/kg (KE/H) L7=fER. 5 mg/kg RE/H&EGHITHE W
TF~7 % (M) OFEFLE: (PND 7~21) (2381 2 A1FB OB R bz,
Fo. Fiv v 2 () IZBWORRBREGZ RS EMMRORD . iy E s
WoOPER (=25 mg/kg IRE/H, p<0.01), &/ b UMAOZER L, Ok
K ONER (5mg/kg (RE/H) BBl ST, 612, PND 21 28T 51MiET A
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k27 v AROIE T (=1 me/kg A H/H  p<0.01) .PND 21 (2351) A4 H.0 Dlk1-
Dio3 A > 7V 7 4 v VB FEEOER B (Gtl2, Dio3, Rian) @ mRNA
B (=2.5 mg/kg AHE/H ., p<0.05) 2\ElEEIN7-(ZH 138),

Kunming ~ 7 A (8 #Hfin, M) %Al SE7-1%. PFOA (HiE 99.2%) %4t
B2 1~17 H £ Tk S (0. 1, 5, 10, 20, 40 mg/kg KHE/H) L7z, =D
FEIR 18 B B2\ T, 5 mg/kg IR/ H UL EOEH5#EC 1= HEERD (p<0.01) .
10 mg/kg RE/H UL EOEEREClRIEERERD (p<0.01) KON EALFRR D

(p<0.01) DB EINT, TEIZBIT D TR b—3 AMEE T AR ERI BN
L7c, £z, 7R F—V AMEHEER T CTh 5 Fas, FasL, Caspase-3 &N Bax @
FEIZBITARENEM L= (Fas : 5 mg/kg (KE/AH UL EO®KERE, 20/ @ 1
mg/kg FREH/B UL EOE5EE, p<0.01) —JF5, TA&R b= Zf|KHFTH 5 Bel-2
ORBUIME T L (1 mg/kg (KE/HLL EOE5#E, p<0.05). Bel-2/Bax Fidx
BEL Ll LT L (1 mg/kg R/ H DL EOFEEE, p<0.01) (R 139),

CD-1 ~v A (M, &HE 13 L) I PFOA (7 &= Al : HiE 98%LL L)
IR 1~17 A £ R Oo#&5 (0. 0.3, 1.0, 3.0 mg/kg AHE/H) L=, HFETH
B OERE Fi~ U AI231F 511G PFOA JRE ONME (BEERA) 1%, &&58
D <20 ng/mL, 4,980 (218) ng/mL, 11,026 (915) ng/mL. 20,700 (3,900)
ng/mL, 4 T<20ng/mL. 5,940 ng/mL, 11,600 ng/mL. 27,050 (1,550) ng/mL
Tholz, BREOMERE, F1~v 2 () ICBWTREMZILREE X a7 O

(=0.3 mg/kg (KE/H B 58#E, PND 14 KO 21 (28T p<0.01) A B, A
a7 ORFIT 12 Bl (PND 84) £ Thlkke L7z, ARBROBGIRETIZ, Fi~
U ADKRER F IR SN0 o7, £, Fi~ v A (e O RFigfax s o
#n (=20.01 mg/kg R/ H & 58, # (PND 7) : p<0.01, #t (PND 7) : p<0.05)
MBIE ST, b, RO~ AZBITF LML Hp~DFEL CD-1
~ U AR TH L AREMER H H & LT 5 (2 140),

CD-1 < % (i, %8F 4~10 L) |2 PFOA (7 > & =17 LM : il 98%LL )
Z 3 REICITAEIR 1~17 A £ Tk nixh (0. 1. 5mgkg KE/H) . BlD 2
(IR 1~17 A £ Tl A& 5 (0. 1 mg/kg (KE/A) K ONMHPERIZ 5 ppb
® PFOA %k L=, 0, 1 mg/kg KE/H O PFOA B HREOREE~ 7 A7)
LAEFEFNTZ FivU R, 62 Fo~v 7 AT HHkRIIC 5 ppb @ PFOA Z 8k #
oM a Tz, HE22 AED Fo~v v 2 (BB KO Fi~v 2 (IR) 12k
% MG PFOA JRE O ME (BEHERRZE) 1320, 1, 5 mg/kg AE/H. 0 mg/kg
{KE/H +5ppb. 1 mg/kg (KHE/H +5 ppb & H5HED Fo~ 7 AT 4.0 (0.3) ng/mLs,
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@

6,658.0 (650.5) ng/mL, 26,980.0 (1,288.2) ng/mL, 74.8 (11.3) ng/mL. 4,772.0
(282.4) ng/mL, F1~ 7 A7 0.6 (0.3) ng/mL, 2,243.8 (256.4) ng/mL. 10,045
(1,125.6) ng/mL. 21.3 (2.1) ng/mL, 2,743.8 (129.4) ng/mL Th -7, £

7o, HPE 22 HED Fi~U 2 (F8) KU F~v 2 () 12k 51 PFOA

W RE DS (FEAERRZE) 13K 5-8E0 Fi~ 7 2T 2.0 (0.6) ng/mL. 9.3 (2.6)

ng/mL. 18.7 (5.2) ng/mL. 89.6 (14.5) ng/mL. 173.3 (36.4) ng/mL., Fys~

7 AT 0.4 (0.0) ng/mL, 4.6 (1.2) ng/mL, 7.8 (1.9) ng/mL, 26.6 (2.4) ng/mL,

28.5 (3.7) ng/mL Tho7-, BEBOFER, HE (Fo) ~UV ATIL, 2TORLH

THIPE 22 HEOHAMRDOIEEA a7 NIFFREHEL Y o7 2 &b, ROBEL

W = 2 _RE AR OBFEAIH SN b o L EL SN, — T, Filff~v 2T

X, ETOHELGH TR ZEA 2T DR FRBE I, UL, 2 ToRGEE

TFo~U 2A0HEF. (PND 22) £ TOREHMBMH SR/l &b, Fa

Mt~ 7 2B T DRI EA 2T DK TIX, TOBORALEN LTZ Fe

~ 7 ADREER NI L ho Ttz EERINT, Follf~v 7 A TIXETO#EE

BT PND 42 ICB W TR EA a7 O F OB S /=23, PND 63 ([ZI3FE#

L DRaT OENRL oz, Bl (Fo) ~ U RTBIT 2 HMDOIRERZL

&L FOR (F1) w7 RZBT DI EOE(LIZEESE, PFOA OITIRIZ< 8

IZ%f9° % LOAEL 7’ 1 mg/kg (AH/H L HH SN - (B 141),

CD-1~w A (M, &#E8~19 L) KON CHTBI6 ~ 7 A (M, #Hf 2~10 JL)
IZ PFOA (7 »E=7 LM : §iEE 98%LL ) AUz 1~17 H £ TREA&EEG (0,
0.01, 0.1, 0.3. 1.0mgkg AE/H) L7z, HFE21 HEO Fi~ v AIZEBIT 510
5 PFOA JREE D4 (FEMERRZE) 1E, & G-HED CD-1 v 7 A T<LOQ. 74.8

(16.9) ng/mL, 457.3 (91.0) ng/mL, 904.8 (131.5) ng/mL. 3,119.0 (396.4)
ng/mL, C57BL/6 v~ 7 2 CT<LOQ. 26.1 (19.0) ng/mL, 247.1 (11.4) ng/mL,
891.3 (528.7) ng/mL, 2,141.67 (666.8) ng/mL T&H-7=, REAOHKE, CD-1
~ 7 A TlE, 0.01 mg/kg AH/H UL EOFEH T, C57BL/6 ~ 7 A Tl 0.3 mg/kg
K/ H UL Lo ERET PND 21 LIBICEBIT B IZRERI R FLIRIEE A 2 7 O &K
FH720800 (p<0.05) M358 BT (S 142),

. PFHxS
D B H_& AR 7,

Bo) - ERRHEE O E
EPA (I, PFOS (25T, Luebker 5 (2005a) @7 v b 2 HARAGE - fg4 7%
PERBR . REMWOKTERICH-S< NOAEL % 0.1 mgkg (KH/H & L,
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NOAEL#uep % 0.00051 mg/kg A/ H L KD T %, 72, PFOA (22T, Lau
5 (2006) O~ v AFRAFEERERD S MR OFIIEEIE OB DR <
HED AR oML EVIEE D LOAEL % 1 mg/kg {AH/H & L, LOAELugrp %
0.0053 mg/kg IRE/H & RO TV B (21 25, 27),

D% OKE T, PFOS @ LOAEL % Lee 5 (2015) DR DOKERA IZ
%57 =25 0.5mg/ kg AH/H, PFOA @ BMDL % Song 5 (2018) O}
W) D EAFRR D\ AR D T — 2 26 12.3mg/L & L=, iz e b 5 & R
ey RiRA b & Lo T2 (58 47, 48),

EFSA 1%, KRED PFOA IZ X 5 Fiilff~ 7 AR EMHNCER Lz, £
DO & LT, ks PFOA IR 5 ppb 234 /NA AN D75 YLk o /K E K
PFOA 1% O#AEE 3.55 ppb ICHESWTRHRES N Z &, B~ 7 20 HKk)
5 PFOA X< FEZ =T Fi~ U ADAE% 22 A HomH ¥ PFOA JRE 21.3
ng/mL 23, A A AN OIFEYHIEO 12 ML TFOEbomfEE (GM 34.8
ng/mL) ([ZHWZ EEZFIFTTWD, L, 3HARSEERTF, ~ 7 ADOHEDFLIRIZ
EREHI R FZEIHI A o > TH Fo ~ U A DAEFRIK FOEREHINIHNILER S i
ol Z Lk (Whiteetal. 2011), ~ 7 ADRMIZ L DD ZENRKEL, <
DAL TZ DX S ARfFGEIEER SN TV RN T LD R EE
REAL L R IZ Lo = (B 1),

FSANZ X, PFOS (2> T, Luebker & (2005a) ® 7 v b 2 #ARASHE - 3§
EFERRD G, Fo 7 v M OEEHINIHEICHE-S< NOAEL % 0.1 mg/kg {5/
H& L. NOAELHED Z 0.0006 mg/kg (AH/H &RKHTW5, 72, PFOA (22
W, Lau & (2006) O~ v AFEAFMRER O | B O REIEINIHIZ KD
< NOAEL # 1.0 mg/kg A8/H & L. NOAELugp % 0.0049 mg/kg A&/ H &3k
HTW5, 7e$, PFHxS (22T, TDI HHD =D O+53 e tiilidev & L
TV 5 (B 32),

ATSDR iZX. PFOS {22\ T, Luebker & (2005a) @7 > ~ 2 M4 - 5
AEMERBRNG, F1 7y FOBMIRELEE Fo 7 v b OERBEFIMNINHENIC K-S <
NOAEL #% 0.1 mg/kg &#/H & L, NOAELugp % 0.000515 mg/kg {&&/H & %
HLTW5, £72. PFOA (22T, Koskela & (2016) D~ v 2%/
NG, BSOS LOAEL % 0.3 mg/kg {K&/H & L, LOAELnugp %
0.000821 mg/kg (AH/H L HH L T\ 5 (2 16),
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@ HJE - FE (BWYRR) OFLH

PFOS Z it~ 7 A X7 » MG 5 &R T O, HAEROAEFR
XITHAROK AR Hiv, PFOA ZifiE~ v A2 592 & PRI O,
AR OAFROK TR v,

PFOA Zithk~ v AT 5-9 2 & REMW O REE NG Ko R D5y
BERHLEOZRIENRBD bz, £7=, PFOS 24z T v M 5925 & BHARMEF
HMOBENEOREMH, PRFOA Z ik~ U 21ZH 59 5 & BB IESE O s R i)
RFRSO B AV, HAE R OREINNSIC R FE 28 TR GIRET, RIEET,
HARODETZRZTRELFEL, H5WVIHMEVWERERETHDL Z ENEN, £
7o, BHAMIEH PFOS KUY PFOA JEFEIZE h THALN TV D MR L Xk &
CAEHERH Y . B MIBITDHARBEOK T LFEINGGHLE S Z EIXTERNG
DEEZBND, REREDIED 5 b, BRI Z I LZR D PFOA X< #
(2 & 2 HEDEL R 4y B R b DN AT S OME X DFEEE O B LB IE 1%, (REEHE N
P CBIIRE LS 2 - SRVWVKBENLEZ > T2 b, kb7 fE
HEThHHEREINTVAH(ES] 136), 7272 LA T, HEOw R BEER L
IR EE TR LBCEZ > TWEZ &5, ZOEE % vz BMD, BMDL
RO T, —J7, PFHXS 2o\ CiE, EBREMW DA « FAE~D
RIS TV,

VT ADREIZ L - T, REEELZ L TRGRE XV {KEEZD PFOA ©
BHIZ XD | Fillfi~ U X OFARO T RER) 72 3N N BIEE S viz, FLR DTN
il S 5 EERHEE, HAEROREMHIZE Z 2 ettt f{fi sz b oo
(B 140), Bl SN HMROTERER) 70 R INHIIC K o T AR O sl il 23 i
ZHZ LIl (B 141), o, YU RADRMAENKE N &b RHEFME
AT ERTH D, AT DE Z 287 IO THBEIZIE R > Ty,

LI b5 PFOS J OV PFOA & b IZHEREM S iRk 0 595 & PFOS T
FRRIRIE T DN, HAERDOIT, HARKEOIR T, BHIRFH OIE %, PFOA
TIEHAE R OREHININE], BGBEENE Z 5 2 L2220 TEEB O HE 23 [F
BROFEREZRL TR, JHLOMN TRV EEZ N5, 72720, PFOS KO
PFOA O, JRISELE & e Z R G2 2t U CHA R o R E R INmH 2 6 = 8%
HBIRENFE L, HOWIMRWRERETHS Z EnZy, E-/BEKmEH PFOS
} 8 PFOA BEITE P THLNTWDIMPRE L T RESTHELRH Y, & MC
B HHAERKEDK T LEEINICGHLED Z LIFTE RV LD LEEZLND, — .
FREIE S5 OB LI I AR E NSO BH AR AE 2 0 ARJR BE Tl = 2 Sl )OS
ThHhDHZENREINTVDS, LaL, PFOS &K PFOA OEIRENM ) ~D 512
ko T, AR OKEHEININHECHREIEINE = 5 O HOWN T, MRl
T OB EA~DOEBENTHREN TV DN, BRES TIEZ 0T IXRHT
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B 5,

(2) &%
® X#kiER

K[E D C8 Health Project (2 2005~2006 F-12& N L7= 1,630 O 17T

(REBLOAFE I AT (BEWRIF) - 19~29 7% 1,112 4. 30~34 1% 378 4. 35 Ll |
140 4) x5 L LT, O ME PFOS & ) PFOA & LR InE, + &
b O AR (FpE) . RHARER A (2,500 g Kii) . IEEHHARARE &
DO RE A S vz, FRIMMFFHIEX C8 Health Project ZIEKF T, S MiLhs D 26%
I% C8 Health Project ZMIATIZHPER . 22%IE SRR . 52%1X S
BIHEIE U=, BEB o fiE PFOS & O PFOA O iz =2 13.9 K Y
14.3ng/mL Th o7, ZEMIVEIFSH (REBELOFEE, BE L, BERE
PEIRIEL, BMI, BRSO A C A, IR~ MEE T ofER, BBlomig
PFOS K U* PFOA B & FpE K OMRH AR E L o HAEEIE & o2 B3R
LR ole, £, v VAT 4 v 7 EESHT GREER 71X B &R L) OF5R.
MiE PFOS & PFOA JREEIE, W 4 & A0 & il EE e & (EOBE 27~ L7z

(Z1F1 OR 1.47 (95%CI: 1.06~2.04) K * OR 1.27 (95%CI : 1.05~1.55))
. ARG T e oo, —J7, ZEMERFESHT GIEER 1 B
(IR S A B IN) OFESR, iF PFOS ¥ O ALY 7o 0 HEINZ X EM PE N o H
ARFAEIZAE TIERWED RO Hiv (=29 g/xHBHAEM (95%CI : —66~
7)) RS MR AL DAEHRIZBRE T UL, BORE TR btz (49 g/
SN (95%CI : —90~-8)) (Z1E 143),

K(E o T RRKEORTR & 14 28— MMFSE Healthy Start (2 2010~2014 4=
IZBIN LTz 628 $HORE~X7 (REBLO V) HPEF i (EYER ) @ 27.8 (6.2 %))
Z XG0, REBloIyE PFOS, PFOA, PFHxS, PFNA N (' PFDeA EE & 1 &
O HAERHARE K ORIEIE 3 & o BIEr ONC REBL 0O 22 18 R b 8 K QSR PEAR 1A

(TG) fE & OBFE A S Av7e, BRMRFHI AR P R OVE ) (20~34 38 (1
RAE 27 #)) Th o7z, REBOMIEREOF 951X PFOA 1.1 ng/mL, PFOA1.1
ng/mL, PFHxS 0.8 ng/mL T& ~7=, Ifii§ PFAS B % B CAMR L T%
HREBERHT (RERLOFE, ZE Vb, BRERE A, EIREE, BMIL, #EIR
iy DENR-BR R AEARIF O EE , H AR VAMERI, TEMG B £, B iRs O dT i H]
[ CHEE) OfE R, BB O MG PROA BT8R R o HAERHAE & A DR E# 2R
L7z (B=51.4 (95%CI:-97.2~-5.7)), FEBl O 1iE PFOA K& U PFHxS 1T
REBL O Z2 8 s e & B OBSE# 2~ L7z (PFOA : 8-0.018 (95%CI : —0.031~
-0.005), PFHxS : 8-0.011 (95%CI : =0.021~-0.000)), *7=. #HAEROHA
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e HEN=RI%. PFOA (B-0.97 (95%CI : —1.74~-0.20)) } O} PFHxS (8-0.99

(95%CI : —=1.75~-0.23)) REDFE 1 = /ALHECHE~TH 3 =B 10%
KD 7=, BrAEVR ORI IC k3% £t PFAS O %20 9 5 PFOA T 9.2%,
PFHxS T 10.4% 23 FBLOZEER I ELZ T L7c b D Th o7, —F . PFOS I
FAE L 72WTHOREM & A BERBENED b o 72 (5H 144),

KE~HTF 2 — v VM EHORTA X HAE =2 4R — ML Project viva (2 1992
~2002 IS L 72 1,645 =7 OBEF- (BEBLO VI Fn (24— B RAR ) -
20 WA T 55 44, 20~34 % 1,133 44, 35 ikll b 457 4) A RFHRIC, FHAME
PFOS. PFOA. PFHxS }x ' PFNA 2 & 2 @ birth weight-for- gestatlonal age
z score (BW-for-GA z score : fEMIABUT KT DARAEH A RHAE) K& OUEHR] ﬁeﬁ
& OEE N A S o, BRI TR (POl iR 9 ) Th o7,
A M A58 B o> (i id PFOS 25.7 ng/mL, PFOA 5.8 ng/mL, PFHxS 2.4 ng/mL
Thole, ZEMVEIRIH (REBOFE, BB/ OHEE L~v, BUERE A
i, PEFLEE, ARURIEER . AEAREF BMI, AR AR, BRI o i iR ] <
) OFER. FHAMAE PFOS RO HF 4 U5 AL Tlxk BW-for-GA z score 738K T
LIENERETIE R o7, 70, RMAMEE PFOS R D 4 WAL RE CIXFrEY
2T DIy Xhmno7z (OR2.4 (95%CI : 1.3~4.4)), 7%, eGFR <L
TNT I A KDKEITERO B o 7=, PFHxS TiEWT s BN 51
7o (B 145),

AT = —T » Ofin & A 3R — MMiF%E SELMA study (2 2007 4 9 A ~2010
3 HICBM LTz 1,633 <7 O R (RO : 31 7%) & *4IZ, PFOS,
PFOA. PFHxS., PFNA. PFDA, PFUnDA. PFHpA X Uf PFDoDA @ 8 ffid
RHARIMLYE PFAS ¥REE & 7 &b O HARHMAE, /el 4B @ L7-/KE (BW-SDS:
body weight standard deviation score) ' SGA (small for gestational age,
TERBA M1/ N) OBE A Sl SRRl 3AER 3~27 1 (FFJufil : 4Rz 10
) T, FHAMIEERE O FRfEX PFOS 5.38 ng/mL, PFOA 1.61 ng/mL, PFHxS
1.23ng/mL Th -7, ZEIIEEYROGHT ROKRE, fEREK, HEBOKE, =
F= i, HPERECTHEE) ORIR, RHAIMLE PFOS & T PFOA OIREN &
W& HAERHMAE S NS < (PFOS 1B —46 (95%CI : —-88~-3), PFOA : B —68

(95%CI : —112~-24)) . 55 1 WUSTOZHE & 25 4 DU ALHE & O THARMAE 2
~_7% &, PFOS Tid 80g (95%CI : —=144~-16) ., PFOA Ti% 90 g (95%CI : —159
~=91) Dilpdrote, BEBIOHH TIIWT b LB D12 PFOS & U PFOA &
HARHAE O IR N A S v, 55 1 USNEEE 56 4 TUAIRE S O CIRE %
tb~% L, 136g (PFOA) ~142g (PFOS) 7oz, RHAMLTE PFOA J&
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DOENLE 7= REHEIMZE Y SGA U A7 X< 72 >7- (OR1.43 (95%CI : 1.03
~1.99)), L2xL., % 1 WONREESH 4 WL & D SGA U A7 DL TIL,
PFOA TIIAHER Y A7 EFITRD T, PFOS OF 4 WAL DOHN Y A7 |
FZ7R L7z (OR1.56 (95%CI : 1.09~2.22)), —J5. B LBIOfEH ¢l PFOS,
PFOA OWTHUZHOWTHLIRDE 4 WAL DAHT SGA U A7 O ERANH L
7= (PFOS : OR2.05 (95%CI : 1.00~4.21). PFOA : OR 2.33 (95%CI : 1.00~
5.43)) (B 146),

7 > X Oin E A 2 R — MFZE (FLEHS II mother-child cohort) (Z 2008
8 A~2009 4F 7 HIZS NN LTz 248 MO FE X7 (FREELO I HPEF : 25 7%
LIF 27 440 25~30 % 92 41, 30~35 % 94 4. 35 mkLA L 35 44) ZXfRIT,
PFOS T PFOA O i fE)R fE & AR AR E O BIEIZ DWW TN 2 S v,
A5 1 0 S50 E 49 {1515 PROS C 2.63 (95%CI : 2.45~2.83) ug/L. PFOA
T 1.52 (95%CI : 1.44~1.61) pg/L TH-o7-, ZEBIERIFONT (ERELK. H
ARMERI, AEHRET/ A OB - BRI, REBLOMERIEL, il - B - BMI, LA,
BERE, R oOMRE, FERER. A LR W EUIBR TR ORI
$EPFOS #i25 &% ON PFOA I & HiZAERF(E (rh i (RPH) 3,540 (2,175~4,950)
g) LOBEITERD b oTle, —J7, PFOA, B#E, 7 RI T A, #i. Mono-
(2-ethyl-5-carboxypentyl) phthalate (MECPP) O &1L < #&i%., BT < &Iz
ERCTHAERMAE & OAORE Z E 7= (=135 g for an increase in IQR of
average Z-score, p=0.0019), MZELZZE L1566, TOREIILICHEETH
. ZRIZBITLZ VUL PFOS, i, W RIUVL v~ B, AFIKEE
GRAYW TR L EWEIE (-235 g for an increase in IQR of average Z-score,
p=0.0006) Z R~ L7z, HAERMKREITIGEWE OIRGWIIL< &L ADEELZ R LT
(318 147),

HEEE OFIH & HA 28— b Guangzhou Birth Cohort MO#fF%EIZ 1988~
1989 FEICHM LTz 372 MO BEF~7 (REBLO P (FRHERZS) © 27.4 (5.1)
%) ZRRIC, BBl PFOS, PFOA X UPFOS B E L L TEHA I TS
6:2 CI-PFESA, 82 CIl-PFESA O MijEiRE &, &6 OHAERMAE, fEREEO
BE A S 7o, REROBRMFHIIHPER 3 A LA T, RHMAIMIE IR O |1 JufE
12 PFOS T 7.153 ng/mL., PFOA T 1.538 ng/mL Th-o7c, B A7 1 v 7[A|
St (TERRIEE. VoM, REROF i - B - 205 - HERRL, HHEINAT
T OFER. FEHO% PFAS 4O MIGHEE & R o HARYAE 2E o BE )N
F 517 (PFOS:B-83.28 (95%CI:-133.20~-33.36) . PFOA:8-73.64 (95%CI:
—126.39~-20.88)) 73, {KHAARENL (2,600 g Kiit)) DHAEEIE & OREEITRE
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DO Tz, £z, RHRMTE PFOS & & R ORI A OBE R4 5 i

(PFOS : B -0.32 (95%CI : =0.53~-0.11)), B2 (PFOS : B8 0.004, 6:2 CI-
PFESA : 8 -0.25) LV H & (PFOS: B8 —-0.61) Tk iBWBIHENL LT,
R MR & BRI B L2 AT (In (ng/mL)) &7V ORpE (WEiz 37
i) DA v XLk, PFOS TiX 2.03 (95%CI : 1.24~3.32) Th o7z, [AEEIC,
REEICET 28R b HEHFRICAE TH Y . BMRMIED PFOS RN REE
CEET S 2 L (p=0.003) 2R ST (B 148),

HRE LR ORI & HA 2R — b (Laizhou Wan Birth Cohort (LWBC)) @
7212 2010 42 9 H ~2013 4E 2 H OEICS I L= 369 o H » 7L & Z DR (H
PERF O LM (FEHER ) - B8 28.35 (4.06) %, KB 29.27 (4.91) ) %
RIEIT RB K OREBL o fE PFAS (PFOA. PFOS. PFNA. PFDA. PFUA }
O PFHxS) R & pgae K O R ERE (B EHh— 2 s 7 o4 — Kk
WTF A N AT A, BT P450 7 o~ & —BJEEE) ORENTHE -, £
MREHEHPERT 8 HUIN Th o 7o, ZEMERIFSHT (REB/ACH OF i - 20F .
BMI (WE4RAT) . HPEEZECCHE) OfE R, RARIMIE PFOA B & I &5 Mg — 2

KT VA= EIZIEOBEN A S 7z (80.03 (95%CI : 0.00~0.07)), 45 PFAS
ORHRMIERE & M P450 7 e~ ¥ —BREICEDOBEN A L Lz (PFOS:
B 0.14 (95%CI : 0.00~0.28), PFOA : 80.13 (95%CI : 0.04~0.22)), HR:{AIfL
15 PFAS R X HAERHMAE O FEMEOIK T & BhEMN A b7 23, 38D PFAS i
FEX, B L 72T oBIEM & b BE T A b e o 7o (B 149),

HE RS O AE R — MRS LI REXT (REBLO IRl S8

(IEMERZE) @ 28.35 (4.16 %)) Z x4 (351 #fl) & LT, MK I D PFAS

(PFOS. PFOA, PFBS. PFDA, PFDoA, PFHpA, PFHxS, PFNA, PFSOA
KONPFUA) BELERLEY (ZARTFIOF—ILEOT A R AT Al1) KON
AT v A RAHEESE (P450arom, 38-HSD1, 178-HSD1) D% > /X7 & &
O BEEME SR AE S 7z, I IE © PFOS, PFOA &% O PFHxS /% o defiE (IY
Sypi#apH) 1%, PFOS T 1.39 (0.92, 2.01) ng/mL. PFOA T 34.67 (20.08,.
57.84) ng/mL, PFHxS T 0.31 (0.24, 0.39) ng/mL T& -~ 7=, [F#;1M{% > PFAS
e OMHE TR )V YR 2 PO L C L ERE R 08T (REBL ORI AR, 4R
Al BMI, HEERE, 1 &6 OMR, HESE, IR OSZEME iR EBK OF
FEIX A CTHF) OfE R, PFOA } (" PFHxS IZ< BT A F 7 V4 — /LA & IED
B9 (PFOA : 8 0.03 (95%CI : 0.01, 0.06), PFHxS : 8 0.30 (95%CI : 0.26,
0.34)) %, PFOS IFKFEIZT A MAT B MK DT A MAT B T A NTVF
— VL EEOBE (7 A AT Y 1 B80.14 (95%CI : 0.04~20.24), 7 A kA
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T[T ARNTUA— VB 0.13 (95%CI : 0.02~20.25)) Z L7z, 72,
JEsA G O PFAS K OMEHEA T 1 A RE IR EIZ DWW T 6 [RERRIZAET (R o
HERIFAE S « HPERE - BB, 1 &0 ORI - EREECTHE) 21772625,
PFHxS 1T < BIXWTNOMEEAT a1 NEpkEEE & b IEDORHE (P450arom : B
0.39 (95%CI : 0.21~20.57). 38-HSD1 : 80.63 (95%CI : 0.24~21.02). 178-
HSD1:80.51 (95%CI: 0.15~20.88)) Z/r L., Z DMEMIELIRITIVTHIHET
H - 72 (&0 150),

AbifEE A % 5 4 OFLIR = A — M2 2002~2005 4EICB NN L2 428 FHOREFS
7 (BER O HPEER (BEYERZS) : 30.5 (4.8) %) Z I, BHAME PFOS
Y PFOA JREE &1 &8 O HARFRE L N AERMAR OB THE Sz, B
R (310 £4) SULHIER% (118 £4) T, FHAIMIE PFOS & Y PFOA
EEOPREIXZENZEN 5.2 K 1.3ng/mL Th o7z, LEEIFSH (BEELOE
i, BERE, WRERE . SRR OMGE S T = A AR IEIREE BMI, RRPEMEIE
T &b OMRI, FEMBEECCTHEE) OFER, BHRIMTE PFOS IRE &1 &b O AR
REICAORE IR b (logio HAMEMBHZY B —148.8g (95%CI : —297~
-0.5)) . BEHIOMHTTIZ PFOS & ORF#II L DA TERD biv7e (logro HLAL
HINY7-0 B -269.4g (95%CI : —465.7~-73.0)), —J5. RHAKIMLIE PFOA 2}
& E D OHARMREIZIZREEIIRD Do 72 (BH 151),

JbifEE A Z 5 4 OFLIRE 2 — R 2002~2005 FZB N L= 306 FHORET-2
T (RO A - 28 WA 87 44, 23~33 % 151 4. 34 %Ll 68 4) %
KT, RHAIMLE PFOS KO PFOA JREE &+ £ 6 O HARHAE & OBHEIZ-OW
THEN RSN, PRIMFFHIIEIE 23~31 38 (137 44). 32~34 # (82 4).
36~41 i (87 4) Toh-o7-, RHAIMIE PFOS & PFOA JRE DO RAEIXZ
Zi 5.4 LN 1.4 ng/mL Th o7z, FHAIMTE PFOS IREDH 1 Wikt (1.5~
4.0ng/mL) & #Z LT 4 WAHNLAE (7.5~16.2ng/mL) TiX& RO HARKE
WA B L, ZD713-186.6 g (95%CI : —363.4~-9.8) Tdh-7-, BED
HAERHAE & I3ABERBEIT A b o 72 (2H 118), [1548]

A 2 & 7 ¢ OFLEE = 78— B IZ 2002~2005 FIZZN L7z 189 FAORET~
7 (RO HETE R : 29.7 (4.8) %) ZRRIC, BHRIMLE PFOS
KON PROA JE L s i A iR LE Y (A RF U4 —L, FAMRAT T
Y. TRFAT AL, AV EEY B, A VA Y UERRER TS Y 20 E 3,
VAT oA FiEE 7 a7 Y v IR LT SRR LT, Tr T F )
D BREA TR S A7, PRI AR - 5231, REAIMIE PFOS X% O PFOA i
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EORIEIZZFNEN 5.2 KN 1.4ng/mL Th o7, ZEBEEIRONT (RO
TR, RRPEEIEL, EiRAT BMI, RN, ARARATREE ARIRT O T = A AR, B
Ry, (ERREEC TR RS, RHAMIE PFOS IRE & B IR ILh— X ~Z
A= E ORNIZIEDORE (80.372 (95%CI : 0.057~0.687)) 2%, 7 A KA
TryTA NI VA=V (8-0.399 (95%CI : —0.643~-0.156)), 717 27
o fE (8-0.344 (95%CI : —0.678~-0.010)) LU >k b BfE (B-0.439

(95%CI : —0.620~-0.257)) & OFIZAOREENBILE Iz, RHAIMTE PFOA
BEX, ZIRoOFELFhoAL e B (80.197 (95%CI : 0.009~0.384)) &
DI B L 72 (B ] 152),

eHEE A 2T ¢ OFLIR 2 A — M2 2002 4 7 H~2005 4 8 AIc& L7z 185
FLOREF~T (BB O HPERREE i BRERZS) © 29.7 (4.7) %) Zx5e L
T, FHEMJE PFOS KO PFOA JRE L IR iR OfFE a2 v FaA K (arFy
— LK RaVTF ) ROEEALE (T ReoE T Fa x5z (DHEA)
KOT v FaxT o oF ) MMOBENHRHE S, BRI 23~35 1
H ., BRI PFOS & O PFOA £ O i XZ 24 5.20 ng/mL } OY 1.40
ng/mL Toh o7z, BEUFHANT (& b OIERRE S, FER ORI g, HE R,
TEARII R OBYE L O 7 = A AR O A M HE R B CREER) ot R,
FHAMIE PFOS B LB if 2 v F > — L DY v T B XA O BE (=
JVF Y —)b B -0.844 (95%CI : —1.831~-0.378, p<0.001), =/LF V' :B-1.15

(95%CI : —1.79~-0.515, p<0.001)) »3, DHEA & ®IZIXIEDOBE (B 0.365

(95%CI : 0.112~0.618, p=0.004)) 23F 57, WANLRET 53T 7o i  [FlER
DOEE NI BTz (2T —1:Qlvs Q4B -23.93 (95%CI: —47.12~-11.99,
p=0.006) , /L F > > : Q1 vs Q4 B-63.21 (95%CI:-132.56~—26.72, p<0.001) ,
DHEA : Q1 vs Q4 81.33 (95%CI: 0.17~1.82, p=0.017)), £ 7=, RHAIL{H PFOA
R LR R DHEA ITIZADOEER AL (B —0.250 (95%CI @ —0.442~
—-0.058. p=0.010)). PUSNLEEIZ /0T 72T C O [RER DM A A H vz (Ql vs
Q4 8 -1,23 (95%CI : —1.72~-0.25. p=0.004)) (HH& 153),

eHEE A 2 T 4 DAL 2 R — R 2 2002~2005 EI2S 00 L7= 168 fHDREF-2
7 (BHEL O ESHPEAND (FYE(RSE) © 30.0 (4.6) 1) Z%IEIT. FHAKMIE PFOS
K OVPFOA JRIE LI T 7 4 R A A v LT F U RO £ b O HIAERKR (1
ERARR O 7 Z VR (REY (R0 378)) OB A Sz, i
REHIEAESR 23~35 I Tdh > 72, RHAMIE PFOS KU PFOA #E O il fiidZ
N2 5.1 ng/mL %O 1.4 ng/mL T o7-, LEMBEIRHHT (B0 BMI
HEHR SR, ARIMIFES, TEIRIBAC, T & b OVERI TR O, FHEMLTE PROS
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TR LB T T 4 R A EICIEORE (B 0.12 (95%CI : 0.01~0.22)) .
HAERDOKR T I R EADBE (8-2.25 (95%CI : —4.01~—0.50)) 7238152
ST, FHAIME PFOS IREE D 1 =/ (1.56~4.0ng/mL) & H#Z L TH 3 =
SALEE (6.83~14.7ng/mL) TITMER ML AT 7 4 R A EIE 2.91 pg/mL BN
L (p for trend=0.095). R:HAIME PFOA D% 1 =/ (<LOD~1.10 ng/mL)
& HE L TE 3 = iRE (1.90~5.30 ng/mL) TIEEHAIL TH# T T 4 R A M
X 1.99 pg/mL AL 7= (p for trend=0.072), R TF T /LVIEE & OREHE TIL,
PFOS D% 1 =/ & e L% 3 = NAETIE 1.16 kg/m3 A L (p for
trend=0.003) . PFOA D% 1 =437 & bl U CE 3 =/ (iAETlE 0.002 kg/m3 J&
L7z (p for trend=0.002) (&R 154),

bHEE A Z T 4 OFLIE 2 — M2 2002~2005 42BN L= 177 #OEEF-2
7 (RO HEFEE (BEMERZE) @ 30.0 (4.6) i) Z&EUC, RHAMTE PFOS
N OYPFOA R &5 s b U728 AE R o 7 7 5 DNA O A F VA (IGF2,
HI19. LINED JK VRO AR (HARRE, HAERER, Ro7 7 04550
OB RA Sz, PRI AEIR 24~41 T, fHAIMTE PFOS & O PFOA
TP D P IEIXZF N 5.7 ng/mL KT 1.6 ng/mL Toh 7=, LEGEFEIGS
B (REBLOEES - BEIE, iRyl oM, $RILEY CIRE) ORIk, B
{RIE PFOA 2 (logio MAF HNI Y720 ) L HAR D IGF2 A F/AKIZA DR
@ (8-0.73 (95%CI : —1.44~-0.02)) MBI Sniz, MiF PFOA JREDH 1 1
S (<0.9ng/mL) &Ml LCH 4 UAALEE (>2.1ng/mL) TlEAF AL (%)
AN L7z (p for trend=0.007) , ZEMIBIEIR T (REBLOLEE, HEIRAT BMI,
PREERI, BOATE, AERPRE, (ERRE . oM TIRE) ofER. B O
IGF2 2 F ML R 57 5 MESICIZIEOBEA A b, PFOAICE DR 55
WSR2 1T IGF2 A F ALDNAE LTV, RHAIMLTE PFOA. PFOS jBRE L
O HARAE, HARARE L ORI -7, £7200 H19 X% LINE1 ®
AFIALIE, HAEROKRE, R, AT 7RO NTE b BT T
(2 155),

ALHEE 2 2 7 ¢ OFLIEE = AR — M T 2002~2005 FIZS N1 L7 190 FHOREF-~
7 (BRI HES R (BEERZE) © 29.7 (4.8) %) LKOMEEORIN X HA =
AR— FFF%E (Taiwan Maternal and Infant Cohort Study) (Z&h1 L 7= 37 LD EE
FRXT R, RHAIME PFOS LT PFOA IR & ff a2 & fh U 728 AR
D7) I DNA O AFALDONLE (differentially methylated positions : DMP)
K OEdEk (differentially methylated regions : DMR) OBJENFHA I, £
MEEE, FLIg = AR — MR 283~35 B, &8 24— NMIAEIE 28~36 1 T,
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FLIE 22 35— F ORHAME PFOS & O PFOA JEE O X+ 5.2 ng/mL
KN 1.4ng/mL Tholz, HFEar— FThHoHLRE=aA— MW T, PFOS &
O PFOA L ESEAHT 531D 4 2O DMP OV 5 >® DMR ZFRE L., ¥ a®s
— M THDEEaR— MIBWT LR G M OEENFRE S L2 (B3 156),

B A 2 7 ¢ OFLIR 27— R T 2002~2005 FIZBIN LTz 224 FHORE7-2
7 (REB ORI HPEF s (BEYEIRZE) @ 30.0 (4.8) %) ZXIRIC ﬁ:ﬁw% PFOS
KO PFOA R & IFE 2~ SR L7 Ao 7 7 4 DNA 1T 5 6 o
AT A Rk EEEsO&E % (Cytochrome P450 (CYP) 17A1,
CYPI19A1, Hydroxysteroid dehydrogenase (HSD) 3B1, HSD3B2, HSD17B1,
HSD17B3) OFRBEROE#HIMERSLVE (FuFf ATy, = A NI U4
— )L, TV RaAT Ay TAMNATRY, T8 7 FaXxsra v

(DEHP)) fE & OBHEIZ DWW CRRA A 72 vz, BRI 0 Th o7,
KinyE PFOS, PFOA JREOHFIMEITZNE4 5.0 ng/mL & 1.4 ng/mL Th
o7, ZHEMEEIRDNT (REBLOFH, IEIREHI COME | IEIRPEE,
I, RRPEIR S, BRiReH], iR, RoMER] - (KECHE) R, o7 v
Nu 27 o UF AL, BHAIMIE PFOS R (80.445 (95%CI:0.102~0.787) )
MDYz ) #A47 CYPI7AI (80.392 (95%CI : 0.084~0.707)) & ORIZ
E@F’%isﬁﬁi‘ F7=. BHARIME PFOSIBEL WY = ) X 47 CYP 17A1 DAZH.
ERICEDROT > FaxT7 o od AE0RED (B -0.579 (95%CI : —0.161~
-0.997)) 75>ér WRoBZBIE SNz, KIROHRIZBW T, RHERIME PFOS R
JERIMIET A AT v AfE L EORE (80.641 (95%CI : 0.191~1.091)) 3l
I (B 157),

ALHEE 2 # 7 ¢ OFLIEE = AR — M T 2002~2005 FI2S N LT 372 FHOREF-~
T (R O HEF R (BEHERZE) © 30.2 (4.8) %) é‘/iﬂ“%& Z. BHAMmE PFOS
KO PFOA JREE & REBLO M2 S L7277 & DNA | Té**mxﬁﬁx
f=¥ (Proliferator-activated receptor alpha. gamma, gamma coactivator 1A.
delta. constitutive androstane receptor,. Iliver X receptor alpha O beta

(LXRB)) ® SNP KO- &6 O HAERHAK (HARMKE - (K& - MopH - 550,
RN T T NMAEE) OBENHE S, SRIMFEFII M TH - 7o, RHAMIE
PFOS. PFOA BEOHIEIZZFNEI 5.2ng/mL XX 1.3ng/mL Th-o7-, %
ERRIEENF ST (REBLOF RS, iEURAT BMI, ﬁiﬁ)ﬁ?&ﬁﬁf“@@@iﬁ SRR, R
PEWIEL, ZORIE, HEFEI, EUIBE, PRILFFH, fEREE. oM TiiE)
Dt R Hji%ﬁ%f{ZIKEODﬁ?é:ﬁiﬁu?% PFOS 7&%@?&0&0) LXRB #&ix+ 0
SNP (rs1405655) OBIEN L IRICHB W TORICBIEE Sz (R ME PFOS #
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JFE : logro BB BN 72 0 —502.9 g (95%CI : —247.3~-758.5) . LXRB&x 1D
SNP (TT iZ%f9 % TC/CC) : logio #aH HA 272 0 —526.3 g (95%CI : —200.7~
—-852.0)), FHAIMIE PFOS R 1 WAL Tik, TT B F R ORE 2 FF o4 i
T, 4 WO (>7.2ng/mL) (281) 5 HAERHMKE TC/CC #&ia Aok
BAaARHOLIIZH~RT 306.1g V72 < (95%CI : 136.2~475.9¢g) . H/ER@PH ¢
1.242 cm V7o 7= (95%CI : 0.431~1.271 cm) (R 158),

bl A Z 5 ¢ OAbEE 2 R — 2 2002~2005 FI2S 00 L 7= 1,985 $LORE1-
AT (RO H PEAE I (BEYERFS) 1 30.4 (4.49) %) & X512, BHA M SE PFAS
J#FE (PFOS, PFOA, PFHxS, PFHxA, PFHpA, PFNA, PFDA, PFUnDA,
PFDoDA, PFTrDA, PFTeDA) & AR (HARMASE - (KR - §8PH) O
BT Sz, BRIMBEEITIRES I CTH -7, RHRIMTE PFAS B Oty fifix
PFOS T 3.4 ng/mL., PFOA T 2.0 ng/mL., PFHxS T 0.3 ng/mL Th-7-, %
EEFOHT (REBLOFR - iEiRRT BMI - &PEMEIEL - ZEE - iR o 7=
. XS OMBIFERE THE) iR, PFOS. PFOA X1 PFHxS &
X ARERRE K MEREOWT I E A BRI Z 7R S 720 72 (B 159),

JbeHEE A # T ¢ OAbiEE 2 R — M2 2002~2005 F22 0 L 7= 1,024 fLO R
AT (RER O HPEFEE EHERZS) @ 31.1 (4.2) W) Zxt%E LT, RHAM
15 PFAS 2% (PFOS. PFOA, PFHxS, PFNA, PFDA, PFUnDA, PFDoDA,
PFTrDA. PFTeDA) & W 7y 2 #6555 4 fikt (2D:4D ko) (FRkk @ A&
LIBOR S LHEIROREIDWHE, BEMOT A M 2T r U E<BEOHBIE L SLD)
OBENHE SNz, BRIMFFEITEIE 25~41 38 T, RHAILTE PFAS J2E Ok
1 PFOS T 6.06 ng/mL, PFOA T 1.98 ng/mL, PFHxS T 0.31 ng/mL T&
olz, ZEMFEIRET VL (REROFEE - RRPERIE « 86 - BRI oS 1]
OPERITHEL) OFER, RHAME PFOA BRI X v B IR DA 2D:4D A3 H
ML Tz (1.54%. 95%CI : 0.33~2.76%), ESRIELTDAAY = /) Z AT
ZFRFOFEBICRD &, RHAIMTE PFOA IREMHIMNIZ XV + &4 0 2D:4D HhssE
ML (1.18%. 95%CI: 0.02~2.34) , BIRIZEB W T LV EBWEENRL LN (SRR
160),

HARTD PFAS (PFOS. PFOA. PFHxS. PFNA, PFDA) X< & & R, K
AR LA (2,500 g Ai) . SAG L ONRFED U X7 & ORF#Z T~ D720
2021 4F 3 H 21 HE TIZARINTZICHR 23 fRIZOVT A X &2{T o7& 2
5. PFOS K FE L RED Y A7 K OMRHAKREIRHAD Y 2 7 ITEEMER
7= (57 : pooled OR 1.54 (95%CI : 1.20~1.98) . KA HE : pooled
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OR 1.52 (95%CI : 1.19~1.94)), £7-. PFOA Z< BELHRE Y A 7 |ZBHHEN
57z (pooled OR 1.40 (95%CI : 1.15~1.70)) (& 161),

Kl PFAS (PFOS. PFOA, PFNA, PFDA, PFHxS) 1< #& & a3 &
OARIEY X7 ORE#EZF 5725, Preferred Reporting Items for Systematic
Review and Meta-analysis 74 K7 A ZHE > TiEE S L7 3CHR 13 fRiZ DWW T
A BN T & Z A, PFOA X< FBiIxZEEREAD (OR 0.88 (95%CI :
0.78~0.98)), R4tV 227 LIED (OR1.33 (95%CI : 1.03~1.73)) BN 5
Nz, F7. PFOS I T L ZBEROBICADEENRAZ G- (FOR 0.94

(95%CI : 0.90~0.98)) (& 162),

@ w5 - ERFHEEOTEEIE

EPA (. 6 ## (Chu et al. 2020, Darrow et al. 2013, Sagiv et al. 2018, Starling
et al. 2017, Wikstrom et al. 2020, Yao et al. 2021) ZAEFEIED &\ E LI 5TH
e L. CHRN T &7z PFOS J O PFOA JRJE & AR & o B0
FEET/LTO BAE L 95%CIEN 5, PFOS Tl 6 fii. PFOA Tl Yao et al. 2021
#hR< 5wz POD HHIZS SO LWIERE L=, BMDLsrp 2 POD €7 /L4
A4 7L L, HAERKEORD 2 E LT, PFOS ® BMDLsrp!5% Wikstrom
5 (2020) OHENS 7.7 ng/mL, POD Internal Dose/Internal Dose Metric16
1% 5.0~41.0 ng/mL, PODggp I% 8.70X 10-7~6.00 X 10-6 mg/kg A =#/H, PFOA
@ BMDLsrp % Wikstrom & (2020) O#RE725 2.2 ng/mL, Sagiv H (2018)
DOHEN S 9.1 ng/mL, POD Internal Dose/Internal Dose Metric % 1.2~9.1
ng/mL. PODgugp /% 2.28 X 10-7~1.21 X 106 mg/kg {AHE/H & L7~ (B 47, 48),

$72. PFOS RE L EMREE L OBE 25T L7 15 fd 5 HIEFEMEDOE W 9
i C. PFOS BENEW EERBEENENE WS FERTE T2 LT D, Wl
DA THHRELISERITIAR BN THRVW(ER 47, 48),

S 512, PFOA IREE L EREE & OB #E A RFT L7- 18#Rm™D 5 H 5 T PFOA
/)Ef”ﬁmb EAEMIEEDN R <. T fa CLEMBEE O FEHT & OBFERH Y . 6 i CH
BRBENLLNZNEWVWIFERTH oL LTS, £72 PFOA B & FpE
OEEZRFT L2 11 OCHERD 5 H 5 CTHREY A7 B LR LIE LTn5,
PFOA JEJE L EMEE. &2 WITREOWVTRE OBEICONTH, —F LIk

15 HAERHMAED 2,600 g Adm IRHAEGRER) &7 2BEG0IEIE < BxEE s LTRE L7z 2018
FOEKRHAEREHIIB T 2EG (8.7%) MHiEE Y 27 5% L7-EE (12.9%) 270b &
B &7z PFOS /;ar“@ 95%({EHH T RRAE,

16 EPA X887~ 5 0 POD OB I 72 > Tk, %58 TlE 7 < Il DA E (Internal
Dose) X(iF#&5ENDLHSE L72ANEE (Internal Dose Metric) IZ XV HELTEBY ., Zh
Z4 POD Internal Dose. POD Internal Dose Metric & L T\ 5,
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HiZESNTWWend LTWA (S 48),

EFSA Ti%, PFOS J U PFOA i iR & OBz 30 T A RHAE O D
T4 2OFEERZ FRA L MO BD 1D ST,

F72. PFOS k' PFOA DI BN RFENE X D EIZHONWTIE, il 6
FROSCHERD 5 B 1RO A TRENZ LI, 5 il ClEA BRI LN 5T
B LEERENMELN TRV E LTWAH (B 82),

@ HJE - H&E (FEF) OFLH
a. HEBAE~DEZE

REBlOIMTE PFAS B & HARHKRE & OBHEIZ W T, k[E O C8 Health
Project(Z MR 143), =2 mr T RRFEOHA 2R — NMFSE Healthy Start(Z8 144),
~ YT 2—% v VINOHA 3R — MIFSE Project viva(Z iR 145), AU = —F
O A 2R — MFSE SELMA study(Z R 146), FEEEOHAE 2R — MR
Guangzhou Birth Cohort(Zf 148)7z & TG S 4L C & 72, RHAMIEH PFOS &
FED I, & DT PROA JREE D B S HAERAE & A B 72 A OB A /R Uiz,
MAERFREORADEAILIH Db DODOFETRPSTEHRELH LN, AV —T
® SELMA a7k — M2\ T, BB MES PFOS & O PFOA ORI &
W EHAERMAEN /NS 20 WUSAFENT T 80~90 g O MRA LT (5K
146), F£7-. #E® Guangzhou Birth Cohort Ti%, RHAIMIEH PFOS & KO
PFOA REEDO W b HARAE L FERADHELZ R LT,

ENTED LN TWAHILEEA X T ¢ TiE, 2 E TS = A — b & AbiE
IR — P BERSL S AR SN TWD, LR AR — F Tl iR & HERIC
RHA M2 RIS 4, g PFOS, PFOA I O JEIXZ 1LE 1 5.2~5.4 ng/mL
& 1.3~1.4ng/mL T - 7=, IiFf PFOS IR E & HAERMAE & OADEENH D |
PERICOMITIC L D &, ZOB#EIIL O THEIFHICHE TH -2 (SZ
151), fEARF AN BB OFRIME I IRE LTIV T h, IiE PROA R
ZIROHARARE L AOEZ /R L& 118), 72, R T T U4EE & I1355H#E
K134 b A ORI NGRS 7= (S 154, 155), bl 24— kN Tik, iR
B ORI PFAS 11 {LE# ORENHE 4, PFNA (F9E 1.2 ng/mL)
& PFDA (H 9l 0.5 ng/mL) O FEEITHARKE EAOMEZ R L, L
2L, I4E PFOS KO PFOA (i H & & HAERFAE & o BB 0 H i
2o T2 (BH 159), REBOERIMA 2002~2005 412 Efii S iz fLig 2 dk— k&
LT, 2002~2009 FFEIC 54 HE L 7= Ak = A — b TiE PFOS (HH 9 3.4 ng/mL)
DOIMFRENMEN -T2 1L D EBERINTND

Johnson © (2014) [FFLIR = A — M &2 EFTe iR Z HWT A ZT 24TV, IH
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PFOA /% 1 ng/mL 512-18.9g (95%CI : —29.8~-7.9) {K&EMNZ/{k L. PFOA
MR R EAC KT+ 725 3 8 5 L B2 L T 5 (B 163),

PFAS E/E & SGA Z st L7- Wikstrom & (2020) DOAFZETIX., FEHOEE
HIHAMIE PFOA JEEE DIV SGA U A 7 )3 EFH L7, M ALo i Tl
PFOS JEE D 4 WHN OB, & SICB L0 Tk, R0 T SGA O
UR7 ERAPREINT(ZM]146), —J7, KED Project Viva OAFSE CIIBSEIX
RO ONRNPST(BH 145), Fo, RHAKRERHAED Y 27 25 LR

TlE, FE® Guangzhou A=A — K, KED C8 7m v =7 FDOHWf%E, Yang
5 (2022) (&5 A Z N CIE, IRAKERHAEY X7 & OBEITFE D b/
Moo (B M 143, 148, 161), UL ED X 51T, SGA K OMEHARE A & DB
@Kowf@ﬁ%ﬁ&@<\ik%h%@#%%—ﬁbfm&wo

bz F LD & PFAS < FEIC X 5 HAERHAE ~DZEIZ O\ Tid, PFOS,
PFOA %3 U, %ﬂféiﬁ%%féif@?& 7 PFAS 451 & OB A S,
— BB AR AR TR T O 2= LT 5, VSRS BT Tk PFOS & O PFOA
IZ2WT POD ZHH L TWAHD, ARHLE 72 o 7o A48 CIIREBL O L PFAS JR &
DENOILHFEAZ T 4 DZEN LD bEWHEK TIThbb O b %0,

b. BE., EREH~DFE
PFOS IZ<FE L RFEY A7 O ERSCFERBEB O BHEICEEN A LD ET5
SCERDN B D b DD, BREZREN RIS STV a0y,

. 1EZE, Eylﬁ’\@?/a

PFOS KU PFOA MG RDIRT, RED Y X 7 BN Z 7R T IT- DN T D
A ZEMTCIE, FEREE T L, I PFOS #2% 42.75 ng/mL VL E it PFOA
FE 10.25 ng/mL Ll LT afesRA v XK T L, IH PFOS B 45 ng/mL
PLE. 1 PFOA B 11.7 ng/mL DL ETAHREEY A7 OF > X EFH LT
7oo L22L, X ORRAE LT, BHEMORF2IHF S Tnins & LT —
HIREREORY—ENEZ HNDHEE 162), WInbHAEaR— T —4Th
H720, R LR 2R E TN TR ENHFFERA L D &2 D,

d. £Dith
(a) BRILEVE
JEIRHWID PFAS X< &+ E L DOMERNLE ANZOW IR 2 A — F(EH
152) & FEOHAE R — NS 150) TR SN TWaD, Mak— b, i
1 PFAS &AM I = 2~ Z O — LR FE AN TE 0 B 2 7R 77555 SR A8
ARIVTWD P FLIR = A — F TIEHEIFRICAE LB O bz did PFOS T,
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PFOA K O* PFHxS & I3AE Tl o2 B 152), S SR — F T
IZ. PFOS & DHEA L ICEOR#E, a/FV— L ERaLrF v L iZidAam
R 2072 (BM 153), 72, PFOS L7V Fu AT oA VT A h &
Tu L OBEIZIE CYPLTA (rs743532) O—¥iHLR L OZZ HAERH N
B (Z M 157), PFOA JREE AT 2 BEIZ 0T CTOtr 32 & miREERE
IZBWTC, ESRIEG T2 OREDR 287 5 BT 2D:4D o (&2
fiEm) 2FRD Bz (B 160),
PERNVEVEIZETAERIIA T THY . SORIMFBPLETH D,

(b) DNA A FI)Lik

FLIE = 78— b Tlid, PFOA ORI B LR 7 7 WO A O %78
B, FOREIZITHHAEN D IGF-2 O & A F WALZALDITE L T2 ATREMEN
RINTZ(BH 165), S BT, LA AW I8 AE R OE#AER DNA X F /Ut
& OEHENENT v, PFOS &Y PFOA L B# 3% DMRs (differentially
methylated regions) A HINTEY, 1T EICLDEERET 7 T L~DH
Pl LTHIRIED DNA O XA FIALZELNAE L TV D AMEEMEDR RSN TV A (H
M 155, 156), 7712l ZDORXAFNMALZEAL ED &9 RGBS 5 D
DI G TIER LS, SHRIBHFDBLETH D,

Eiko> a~d 725, PFOS KU PFOA & 12, MR < B3 AR E 2 (X
TEEDEER I DEDOEWEA TR — MR A Z IR EDKE DT — 2 )3
Ho, TOMDT L RRA L MOV TERELA 47 TRV,

(8) 4JE - REDFED

PFOS L O*PFOA IZHOWTIiE, v T A, 7 v MEDOEREY ~DRAARAYIT <
FEIZBRIC LV . PFOS TIERILIEC DN, HA L7 IREM O 7R & A RHA
HORKT ., BEALW £ CORER OIS, BHIRRFH 0N, PFOA TiXHA L
T IREN OREIEINMS], B EBIEEARE SN TE e, ZRODHED S b,
RIS OB CBIEIMERE I BN OBE SN LW R THDL LI
TW5, 7220, HAELZREMOHAEREEORTZEZ L7z PFOS kU
PFOA ¥t EiL, M TCEZEZ LI GRIGEVWEREETH T,

PFOS .U PFOA |2 L % EEBREMW) O EFH - T KIETTHED 5 B HAERD
KT, HAEROHREIKT ., BRI E(E DN E DO RREMH~DZ IOV T
IFEEDFEIL L 72 D E D D Ll L7z, PFOA ~OfRRARUX<&EIC L - T
B~ v 20l z i 23 XV IRWHETE~ 7 20RO I ZMm] 25 Z
52 EBRHESNTOR, 3 HAREERZIT O & MO RER 2R 23 & -
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THIRMER~ 7 ZDOHAER JHRFORIBICEMDBIE I NRN-T2Z & FrE
DRFEDO~ T AFICHRONDIBRTHD Z L%END | FLIRA~D R % (e 2
DR & T HITITERP AT TH Y  FREE L TEEThuv &l Lz, — 7.,
PFHxS (T oW T, EBRENM O L5 - A~ ORI B S Ty,
PFOS. PFOA X% PFHxS (< @At b DAFH « AT RIFTEEIZHONT
X, EBEIC S < OB T S v, EIHARMRE OB ST
iz, KE, Avz—F 2, FE%TERSINZERO-EOE WA R — MM
ZER0 A A fEATIC L 0 . PFOS & OY PFOA ORBEHNEL BAHAERAREAZK T &
FAHHEMPREIN TS, ENIZBWTHALHFE R Z 7 OFLIR = A — h R OHE
W 2 R — M2 W T, BHEIM H Ofk 4 72 PFAS LA OIRE & HAERMAE & O
BB SN TV D, AL =d— b Tk, RIS PFOS K Of PFOA &% &
HARHAE & ORNICAEOBLENFED Hiv, PROA RE LR T T Vi s oA D
B LR bz, —J5, dbifiE 24— h Tk PFOS &Y PFOA i i FE 13 H
AERHREICIIAERBEZ R IR oTn, 0T, LR =2 A — ~ OB R
(2002~2005 4) (e CAbEE = A — N O MEE (2002~2009 4F) Tidifl
11 PFOS, PFOA EENE HIE T L TWEZ ERNE L TWD EELESA T
a3

AHE A 2 T ¢ & G L ERNIN OB O AR ROFRERN G FEL O M+ PFOS
K OY PFOA REZ T BIEE & LcGa . HAERMKRICIHIF R ERNH 5 2
EERTRELAH D B OO, TERA S/ (SGA) B, RHAKE (2,500 g &
). HPE. EIRBEEATEEE L LT PFAS ~ORHMAIE < S DB A 31 L 7- s
FREONTEY, —BHOHHFERITHF O TRV, Eo, EEMEICRT 2%
BEASTWME LD 20, HEFIEIHEL ZBARS D | AMZ2FEHLIISE ST
AYASAR

bz ent, BisBRofE R 6, PFOS TIERIEETOHM, HAELE
IRENV DR L HAERMAERE O, 15H1E OB LiIEES%, PFOA TiXHA L
IREN OREIGIENHE], BRI DN ENH|E SN TV D, 72720, RBRICH
W B O I R EE SRR RO B MR TELL E@mN & A=K A
MR THDZ LD, BRBROMSRITE T THA LN HAEREREDIK T &1
ST TEZDZENEY LW Lz, —FH. & N TOEFRORMRELZEEE 2 2
&L BRI Z N L72RR IR O PFOS KON PFOA 1£< #& & HAERMKEK T & o
BITHETERNE OO, SGA N, RHAKEIL (2,500 g Kii) FOHELZ W
HLTEARITIBRONTEY , HEZORRIZKETHEIZOWTUIELEAHTH
% Ll L7,
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5.

RIE

(1) BtER

@ XA
. BB
(a) PFOS

C57BL/6 ~ T A (ff) 12 PFOS (I U 7 LM« Ml 98%LL |) ZiEHR 1~17
AR o5 (0. 0.1, 1.0, 5.0 mg/kg KE/H) L., £k 4 KO8 @R
~ A (MERE, B GEE - AW E 12 V8) & AV TR AR m e TG X vz,
4 HllE DR~ ZTBIT HIlE PFOS R OFX)E (FEHERAE) 1%, S GHE
DOET 0.04 (0.01) mg/L, 5.16 (0.27) mg/L, 41.81 (3.62) mg/L. 107.53

(4.51) mg/L. #7T 0.05 (0.01) mg/L. 6.83 (0.35) mg/L., 47.03 (3.23)
mg/L, 118.40 (6.27) mg/LL Th o7, F7o, 8O~ U AT IT 5 MiE
PFOS REOFME (BEAERZS) 1%, &% 5O T 0.04 (0.01) mg/L, 3.04
(0.17) mg/L. 31.17 (2.59) mg/L. 71.68 (4.49) mg/L. < 0.04 (0.01)
mg/L., 3.79 (0.26) mg/L. 37.53 (3.96) mg/L. 82.66 (4.18) mg/L T~ 7=,
B OFE R, PFOS % 5.0 mg/kg (AE/H &5 L7z IR~ v 2128\, MM X
D HiyE Th1/Th2 BlY-A A2, TARATRUO KT AN VF—)LD
IREEHMNEE TH Y, Th2 ¥4 b4 > (IL-4) HiEgE & 7% Th1/Th2
A NIA ORI (4 BEROMERE K O 8 R OE) . 1.0 mg/kg (AHE/H LLE
OEEFEOEDO R~ RZB T 2 MiET A AT v v O RBlEE Sz,
Z CE (5.0 mg/kg AREE/ B # 58E, 4 BEOMERE) & HiR (5.0 mg/kg R/
A G-, 4 Biln kO 8 @O KE) OMIRLEIRAD . MY v S st (5.0
mg/kg A/ H % G REOMERE) . PlE NK HIFEMEOIX T (=1.0 mg/kg A5/ H
B 5RED 8 IR O, 5.0 mg/kg R/ H & 5-HED 4 B DI K O 8 Il OHfE) |
4 FimD R~ 7 22T H Y VRMER (SRBC) (kT 577 — 7 Akl
(PFC) DAL (=1.0 mg/kg RE/H BHHEORER Y 5.0 mg/kg K/ H
B GREOME) DIz, LEOFERND, 7 A M AT B 20 LN IHEHE
I%. PFOS IZX » TiE% &5 Thl/Th2 OB EHNBES- LTV AT
REENRH Y . T b OFET, F L ORE~ U XD 7 TR S 73, it
0 b HED T D PFOS IZx 3 DI MR RV & BRI N2 (B ] 164),

B6C3F1 v & (7~8 Ml OMERESHE 5 V) (2 PFOS (WY 7 LM - A
98%LL ) % 28 HREIRE &5 (0. 0.005. 0.05, 0.1, 0.5, 1. 5 mg/kg K&
h& (TAD)) L7, #5BRtAH% 29 HH O~ 7 AZE T 2 HEEMTE PFOS i
JE T4 58T 0 ng/g. 4.64ng/g, 46.4ng/g. 92.7 ng/g. 464 ng/g. 927 ng/g.
4,640 ng/lg TH-o71=, ABROFER, M~ 7 2 TliX., 0.5 mg/kg TAD Ll Eo#&5
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BEC NK MIIEMESHIIN L7223, M~ 7 A TIEE e LieooTz, £72, MK T
HifE O R B OE A IX, HETIX 0.1 mg/kg TAD LI EOBERECE(L LT
N, MECIERNROZEAL Lind b/ o7, SRBC (2x19 5 PFC G,
K~ 7 AT 0.05 mg/kg TAD Lk, i~ 7 ATl 0.5 mg/kg TAD LA EDF
BRETHEI Sz, miE Y = b e 7 = =/ (TNP) $EH) IgM /iffiix. TNP-
LPS (U RZ¥E) EE#% o PFOS 1< # (21 HIE# G-, 0.334 mg/kg {KH/H)
IZE 5T 62%IK T L7z, T Mfaik7ny SRBC & T HifadEk 789 TNP-LPS @
i 5 DOHLF T IgM EEA N IHI Sz, PFC sl iE-3< NOEL X, T
0.00464 mg/kg TAD (0.000166 mg/kg {AH/H) (EDso (50% Effective Dose)
=0.021 mg/kg TAD). T 0.0927 mg/kg TAD (EDso=0.59 mg/kg TAD) &
B SN (2 165),

C57BL/6 v A (8~10 ks DOIE, #5#F 10 L) (2 PFOS (WU v LM : #ll
FE 98%LL ) % 60 HIEfEN#S (0. 0.5, 5. 25, 50, 125 mg/kg TAD) L
72o #4560 HHO~ T AZEIT 5 1M{E PFOS JEE O FH4E (FEHERZE) 1345
BEREBNCZ N1 0.048 (0.014) mg/L. 0.674 (0.166) mg/L. 7.132 (1.039)
mg/L, 21.638 (4.410) mg/L, 65.426 (11.726) mg/L. 120.670 (21.759) mg/L
Tholz, REBEOMBEE, U o gk omfl (50 mg/kg TAD Ll 1) &KOYNK
TS ME DO FERIE O BAL N2 B T2 1Eh, PFC MI&IE 5 mg/kg TAD LL Eo#
B el S iz, PFC SOGHIHNICIE-S &, PFOS % 60 HEE G- L-lE~
A @ NOAEL % 0.5 mg/kg TAD & HH &7z, 0.5 mg/kg TAD & O 5 mg/kg
TAD o Hi& ToLiF PFOS iRE (FEHE(RE) 13, £h£h 0.674 (0.166) M
0 7.132 (1.039) mg/L Tk -7~ (ZH 166),

(b) PFOA

C57BL/6N ~ 7 A (6~T Hiis DM, 258 8 /L) (2 PFOA (7 E=7 Ll
W 98%LL 1) % 15 HRIfkE S (0, 3.75, 7.5, 15, 30 mg/kg {KHEHE/H)
L7z, %5 15 HHO~ U RZBT % 1i{E PFOA RO V-4 (BEHERREE) 14X,
BPERETENEI 156.4(14.9) ng/mL, 35,352 (1,607) ng/mL. 42,771 (1,708)
ng/mL. 50,025 (1,486) ng/mL. 52,713 (3,212) ng/mL Toh->7-, RBRO%E
B IgM A%l 3.75 mg/kg I8/ H PL_E % 58 T BRAERNINHE S =28,
IgG Jifli~DF2EIT/ =<, 3.75 mg/kg {K&E/H & 7.5 mg/kg (KE/H D& 5-HE
TN L7z, “RETENXET V& AW OfE 5, IgM HURFELEDIK T O
BMDisp iE 3.06 mg/kg fAE/H ., BMDLasp 3 1.75 mg/kg K5/ H S HH S iz
(ZHE167),
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Crl:CD-1(ICR)BR ~ 7 % (Iff, £ 20 P8) KO Crl:CD(SD)IGS BR 7 v
N (B, 810 PL) (CESH APFO (PFOA 7 &= Al % 29 HERA
$eh5- (0, 0.3, 1. 10, 30 mg/kg KE/H) L7=fEF, 7~ FTid, SRBC #iik
FEAE~DEBITZRD SR D> 7278 10 mglkg (KH/ B UL EO#ERET, KEEY
MO K RMIET/VTF a AT a AMEOEME WS 2T BN I N,
~ 7 ATl 10 mg/kg (KHE/HLL EOFERET, KA M DO af HPER K ONHLEREL
DN R ZFUTSED U N ERER DD RERCD HEE & o # ik N
MG a2V FaxTa MEOHEME VW) BHFHEE X N LUABBIE I, A
T 10 mg/kg K/ H L EOFEGRETIX, IgM HUAPEA DR | M & O iR D
FHEI NSRS OB, A ONZ R K& Ol D U > 7 SERRR 0 i b 025 23 8
BINTZD, T OREFTRIT, REFEELOA L RITHT D ZIREGT
boHEBZOLNT, AEREMLOMANSL, ZBEFOIFAELNEERTO
NOAEL % 1~2 mg/kg (KE/H £ /R L T 5 (S 168),

(c) PFHxS
By BTN T,

RIEDTTE (RZERE)
(a) PFOS

Dong & (2009) & [RSEORBRIZIBNT, KIEEYA N A Th D TNF-
a. IL-18, IL-6 DEISIZH 95 PROS D% % 3+ % 72912, C57BL/6 <
7 A (., &RE6C) (2 PFOS %, 60 HRE®E DL L7 (0, 0.5, 1. 5, 25,
50. 125 mg/kg TAD), #%5-60 H H DO~ v A 28T 5 MiE PFOS & D)
fill (BEUERRZE) 13, KB GHETENE1 0.04 (0.01) mg/L, 0.58 (0.19) mg/L,
4.35 (0.63) mg/L. 8.21 (1.15) mg/L. 24.53 (5.56) mg/L. 59.74 (12.16)
mg/L, 114.19 (23.72) mg/L TH-o7z, TDOfEE. 1 mg/kg TAD L)U:@j"x“ﬁ
HCHElE~ 7 v 77— VRO, 5 mg/kg TAD L Lo ERECTHEFE~
o7y —0IL-1B8 EA (exvivo) OEEMB A ONT, X612, Bk~ a7
77— (25 X% 50 mg/kg TAD LA EOFERE) KOWE~ 27 0> 7— (50
N1¥ 125 mg/kg TAD LL &) 1%, invitro DV RZ5E (LPS) R OF HEIZES D
ST RIEMEY A S A > (TNF-a. IL-18, IL-6) FEEADHEMZ R L. in vivo D
LPS #ili% < & B O A3 2 H iz, 25 XiE 50 mg/kg TAD LI EOBERET

N D IAIENE Y A N A BT OB ARIBIS T c-mye DI BIEIN % 7

&5710 F7o. LPSIC L DRSS E TS SN RIEMEY A N U A > OIMiERE
%, 125 mg/kg TAD @ PFOS # 5-12 X - CTHIIN L 7= (&R 169),
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(b) PFOA

ICR~7 A ([, %F£10P5) (2 PFOA (7 &= L) % 21 HREMUKRE
H#hb- L7z (0. 2, 10, 50, 250 ppm), MU TIL., &2 TOKRLHTCD81 U
VoRERDOWD . 50 mg/L LA EOBGHET CD41 U N EROBINMNBIEE S iz,
F72. 250 mg/L HHHETHMEED Y o/ EROBI AT L7223, JRIEEEIC
REREACIIHA DN D o7z, —T57, MR TIL. 250 mg/L & 58T CD81 VU
ONERDEEIN L RE & BEE DRI LTy U N ERIT R0 B IR S
T\, S BIT, Ml CIERIEEY A N A 851 TNF-a, IL-18 X IL-
6 DFRBLE, WK E AR TIX, DAREBEMLT ccmye DRBLED N LT, T
2B D IL-18 %81} O CD4"CDS8 T ffaZt oM 50, 250 mg/L $¢5-7f
T, TNF-a, IL-6 )X ccmye OFEBHNNIL 250 mg/L #E4#% 5-C, BRIz 1T 5
c-myc DIFEBIHNNIL 50, 250 mg/L #EK G- TEN LR FRICHAE TH -7
(& 170),

mEaER & LT, BALB/c v 7 2 (Mff, 4 5~15 %) 12 PFOA (MiEE 96%LL
k) &4 AR ESE (Badqm) (00 0.01, 0.1, 0.25, 0.5, 1, 1.5% (0~
50 mg/kg)) L. @EERER S LT, BALB/c v 7 A (M, &8 5PL) (2 PFOA
4 HIFRE#&ES (0, 0.5, 0.75, 1.0, 1.5% (0~50mg/kg)) L7, BEUE
ARBRCIZ.EBICIHBEIOHBIZT LA E LTIIAT V7 2 > (OVA,
75ug), TV aNY hELTHETVI=0uL A Y 74 (2.0mg) ZIEENEZ
H LT (BF) L. 14 B BICKISZR~Z, —Ho~ 7 21X OVA EED
E, EBHIC19HHEE 26 HHIZ OVA (250 pg) ##REAGER G L RO
B L, 27 H BICIEEFAR T, T OREE, OVA OH O HREE L g LT,
PFOA #5-7f CIIMUgimin 52 % (Spleen cellularity) B4 (0.5%LL 1) KO
R B ) (0.6% LA 1) . BRI 7R (Thymus cellularity) 382> (1.0%
DL E) B OWIRRE D (0.75%LL ) | W N IiERR IgE E#E0 (0.75%LL 1)
K OMILTE OVA SRR IgE E#0 (0.75% K% 8 1%) gt sn-, £7-. K
B FEAL T ix, B220+lEHE IR (1.0%LL E) W NI iERR IgE & O OVA
e IgE O¥IMEM 233D Hav, MIE, KUE S, 1A P~ DI Ek &
O~ v 77— ORMOEEIN, KB 53 WAREIE O JE R K& ONEIE % 2 1 i 72 SAE
FOSS A BRFICHR S -, LLEnS, PFOA X< #BiX, BEE T LAV
(Zxtd 5 IgE BGZ 8T 2 AIREE R B 5 L B S (B 171),

(c) PFHxS
Y BT A_EHAIE o7,
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c. N

(a) PFOS
SD 7 v b~ (6~8 Mmoo, 4&HE 10 PL) 1 PFOS (#ifE>96%) % 28 H
Mokl 05 (0. 0.312, 0.625, 1.25, 2.5, 5mg/kg KE/H) L7-, MmiE
PFOS IREOVHHE (FEERZE) 13, KRGO T 54 (4) ng/mL. 30,530
(918) ng/mL. 66,970 (1,629) ng/mL. 135,100 (3,877) ng/mL. 237,500
(5,218) ng/mL, 413,556 (8,071) ng/mL. %< BD, 23,730 (1,114) ng/mL,
51,560 (3,221) ng/mL. 94,260 (3,144) ng/mL. 173,700 (9,036) ng/mL,
318,200 (8,868) ng/mL Th -7, sEROKER. HEKAF 0B BE S D
D R OV D B A4 1 D FAE R OB MBI S v, B BRI B O Jk ) 13T
1.25 mg/kg IAHE/ A F 58025, MET 2.5 mg/kg IKE/H GRS, PUROBE
Al M X ERE & $ 12 1.25 mglkg RE/H &GN DA EENRD b (B
95) [F#5],

(b) PFOA
B0 B 5 ~&m IR0 T,

(c¢) PFHxS
Y BT A_EHAIE o7,

@ @5 - EREE TR E

EPA 1%, PFOS {22\ C, & U725 2 R~ 3 STk o S | el
W ERRE N D EZMEO & OB TR L T\ 5 Z & 2 HHIZ Zhong &

(2016) DOHFFEEEY BT, EREIX FEIC L 4% 4 HEORER~ T 20
SRBC 12495 PFC KtME F 7 — 4 % POD il 3R L T, Candidate RfD
EEHLTOWA R 47),

PFOS IZoWTIL & 5i2, NTP (2019) ©F » bk Mls#isiE o> BMDL 56
PFOS ® PODugp KD T\ 5, F7-, Mk E IOWEMB SO (LR SN
THEY ., EEHIRED OFHLE L > TWD Z & RO 2 b2 ®E Lo
ke BT D Z LD POD EMIEIR L TV 5 (B 47),

EPA /%, PFOA 25\ T, Dewitt » (2008) & Loveless & (2008) dO~ v
2ZBT D IgM PUREADIKR FOT —4 %2 U 7 F U BRI 2 50Z 54 O
TEWOEFFAE —ET 5 L3l L . POD Ml & L TERIRL TV 5 (HR 48),

Q %E (BMHB) DFLDH
(1) @anbH, PFOS KU PFOA Z~ 7 AR HEGT 5 L SEINE DI

89



ToRHLNT, £72. (1) Ob2rb, PFOS LT PFOA 2~ U R TR O #& 5
IR ET D L. RIEMET A M A L OFEBRLT LV X — i - JREED L
MO BNz, &512, (1) Oe2rb, PFOS 27 v MO G32 & Mg
ORSE ML OFEAEROIEMERIGHBEOIEENRBDO b, Ty b, v T AILE
T AR OREEX, (1) Oc R LTS & OB O b HE S
nTna,

bz &t PFOS KOVPFOA L HI2, v U A TORO#KEIZL Y SRBC
[Zxtd % IgM FLiRpEAE S PRC SIS DO@EISE DK TR S Lz, Ziuh D5
PN 2 B3 2 MR I3 R bz, —J7 T, PFOS LN PFOA O~ 7 A~
DFEAFEEC LD RIEWEY A NI A OB PFOA O REEIZL 5T LIV
F =t - RO TTEFEORIFREOZE L ME SN TWD, £, vV AT
v N EROWZREBRICEB W T, R 38T 2 M o B AR e 2 b b
BlERSnTW5, Zh &b, PFOS KO PROA 135085 R IC/EA L, S & O
IR ENT OIS BT DRSNS EEZ BN, B MZBWTHY
7 F UNFEORTEDOREMFIORE DRI HTT LLF—HEA L ORFE M
RETLHRENR DL Z LD, BRBROMRIT NGO R— T —ZIZe D
ARt H 5, LrLanb, 2F@EEarFaxraro EREES A M
AR EER T VNNV OGHEHOATRENREIN TWLIHELH DL Z &
WD, BT — Z OFEROMPRITITHEELRLETH 5, BT, B
BRND B MIAMET 720 0T =2 Mo ThienZ &b, KIRHETHE
BRI D00 E 9 D ORGEZ L U, (X < BERFH & O N &z %2 5
JE U725, A = X AT, 72 5 BRIAFIE O R R S5, PFHxS
WZOWTIIEMRBRIZ BT 2 REZEICET 2 AN RN E LTV | 5% D%
BMLETHDHEZZD,

(2) &F
® X#kiER
7 = u gkl CITb i ETR & A 2R — MFZEICEBW T, 1997~2000 i
T Eb D EFENT 58T MO R RT Z XU A L O £ O MIEIRE & 5 5%
IR S O T R DR L O 7 7 U 7 OFURMM O BIE RS E S iz, l~nv 7
TV T ROHAER T 7 F o8I PRl (4% 3, 5, 122020 3[H) &7 —R%
— (5 ElFF) M I, WmoMmEiIdis 32 MBI, 7 EboMmikiE 5 %
Wr DT 7 F RN S U, % PFOS, PFOA & O PFHxS 2% 0 %/}
Pl (25 =T ZA Al T5 =8 & A ) 1, G ICoW Tt PFOS
27.3 (23.2. 33.1) ng/mL. PFOA 3.20 (2.56. 4.01) ng/mL, PFHxS 4.41 (2.56.
8.43) ng/mL, 5 %/2I >V TIL PFOS 16.7 (13.5, 21.1) ng/mL. PFOA 4.06
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(3.33, 4.96) ng/mL. PFHxS 0.63 (0.45. 0.88) ng/mL T »7-, Ifii& PFAS
R K OPUAAN 2 Log TAMEL-EBRET WIS K DT (s J ORI TR
) OFER, GO ME PRFOS IREIL &6 0 5 Y 7 F Uiy 77 Y
THURM E ADOREE AR L, Mmool PFOS RED 2 (51225 86D 5
kit D 7 F BRI O Y 7 7 U T HURMM O 213-89% (95%CI 1 —55~-17%) T
Hoto, £z, 7LD 5RO PFOS U PFOA 2% L 7 %K (386 44) O
WAERPUA KR Y 77 U 7T hHiK L ORFHEIZ ST, PFOS &Y PFOA 23 2 %1
725 L HURMEDN R BRE L~ (0.11TU/mL) % FlEl5 4~ X (GEs, PERI,
TEEOU 7 F o OFEE TR 13, PFOA BEEIC K 2 EESUAM IV T
4.20 (95%CI: 1.54~11.44, p=0.0065) ., ¥ 7 7 U 7 HUAHIZ I T 3.27 (95%CI :
1.43~7.51, p=0.0057) T ~>7=, PFOS & ORE LI BN - 7= (S0 172),

F£7-. EiR®D Grandjean © (2012) & [A U2 — MIIBWT, 1997~2000 4
IZAEENTZ 58T 4 D1 EH X, 7 O 13 R Ml PFAS (PFOS,
PFOA. PFNA KO PFDA) EE L 277 U 7 K ORHE EGT A 0 BE A3 A &
Nize 13 ERER OFURMMIZ DWW C O EEFSHT (i L ORI THREE) OfE.
7T ) THUAMMIL, 13 AN 7 5D PFAS EENE W SR T 2N 5
., HHFENICHEBEENAONTZ O E LR, V7T VTV IF DT —RAH
— R 7 L U REANKIB O /e W EF] (519 4) I2BWTTH Y, PFOA RN
2 (512725 E PR DL F13-25.8% (95%CI : —42.5~-3.0, p=0.029) TH -
Too Flo, TR TOME PFAS JRE & 13 mle R OFURMIZ DWW THEIE 1R
XETNVEHOTREEZ (Indirect effect) 17 VK2 (Total effect) 18D
BNZIRMT (Rl L OWER CIEE) L7eGEa b, By 77 U T U0 F 07—
2 — 47 U AT RERACRED I W (519 4) DOMEEEEET MIZBWT,
WMEE 23 BTz (PFOS : —32.8% (95%CI: —47.9~-13.3, p=0.002) . PFOA :
-19.8% (95%CI : —=35.4~-0.5, p=0.045), PFHxS : -16.2% (95%CI : —29.3~
—-0.6, p=0.042)), —J. WEERAHAEMIZOWTIE, BAMEZRBEEXA SR>
(M 173),

X 52, [ALar— MFZEIZEVT 2007~2009 45 (Cohort 5) 121 & H23ME
FNTZ 490 4 ORFRT (REBOATIRFFFE IR P AE @ 30.6 %) ZXRIC, +&8 B
OHARE, 18 22H B L5 ki PFAS (PFOS, PFOA, PFHxS, PFNA
J Y PFDA) RE L 5 R OMHER L N 7 7 U 7 OFUEARAN O B 3 A S

17 13 RS COPUMEIC 8% 5 2 D803 % L LT 7 WS T o Mg Fiiim 2 28 Li-E
F )L
18 7 B A T O MG FUAAG 2 BB L 22V E T L
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7oo &b OHAERIMIE PFAS JREE X, HETE R 2 BEZICERS - R
DOIiE PFAS JREE (487 4) TRE =4, Mg PFOS, PFOA XU PFHxS JR
OHYRfE (25 X—t XA, 75 83—k XA )) L, PFOS T 8.26 (6.22,
10.71) ng/mL, PFOA T 1.40 (0.95. 1.95) ng/mL. PFHxS T 0.20 (0.13,
0.31) ng/mL Tho7z (B 17TOLVEIH), 18 AKER (275 44) TOIMIE
PFOS. PFOA KU PFHxS {REDOHIJfE (25 N—k L Z A/, 75 /X—k %
A V) 1%, PFOS T 7.1 (4.5, 10.0) ng/mL. PFOA T 4.7 (3.5, 6.3) ng/mL.
PFHxS T 0.2 (0.1, 0.4) ng/mL TH Y, 5Ea (349 4) ofkix, V7 F
CEERERTICERELE L, 3% PFOS. PFOA K (Y PFHxS & o i defi (25 23—tk
VHE AN, 15— Z A L) (X, PFOS T 4.7 (3.5, 6.3) ng/mL., PFOA T
2.2 (1.8, 2.8) ng/mL, PFHxS T 0.3 (0.2, 0.4) ng/mL T&h 7=, MiE PFAS
M OWURDIRE % Logy T L 7= HEVF AT (Bl K OWER]CRi%E) OfE R,
A RE PFOA JRIE & 5 2 OFURMOMICA DN A b, HAEREO PFOA
X< FEED 25 2 5 2 LITHURMNI LR E)E T 22.25 (95%C1: 35.25~2.64) %,
P77 YT T 18.93 (95%CI : 33.16~1.66) %l L7z, EEIZHBWTIE 18
HIEE O 5 %D PFOA JREE T RIS Em A bz iE3n, AEEIX
HHNRhoT=H DO PFOS KUY PFHXS THHUEOBAMERN A STz, £
7=, Cohort 5 & 1997~2000 F\Z+ &b BNAEFENTREFXT (Cohort 3, =A—
kN OFEME L ONLTE PFAS JRE OFL#EZe L) OF — & Zla L ClRIER DT 217 -
el 2 A HAERDO PFOA JREN 2 52 5 I & ICHUAMITAAEG R T 17.59

(95%CI : 28.28~5.17) %, 77 U 7 T 17.28 (95%CI : 29.11~4.74) %/
L7z, PFOS KU PFHXS T & [AER OHEAE I 25 7 & 21, B AS BETAAT X PFHxS
T 8.24 (15.05~0.89) %D, 77 U 7 Hiikfliix PFOS T 24.47 (36.90~
9.60) %DV NI BT (B 175),

T, INOOMRERERIZIESE, 5 MR TRICBIT AERE 7T VT
PUAMIC B4 5 ] PFAS (PFOS. PFOA. PFHxS. PFNA & U PFDA) s
@ BMD & BMDL AR H EN7- (B 176),

Ao 1R 1014 AR I A ZHEIR 214, BILEER : 80 4)
ERig L LI-REHFZEIc B8\ €L i PFAS (PFOS, PFOA, PFHxS, PFNA,
PFBS. PFHxA, PFDA, PFDoDA } * ADONA) J&/E & & FEHUAM O BI# 2o
WTHE SN, M PFOS, PFOA K& PFHxS IO F¥IME (FEYERZ, i
FH) 1%, FLIEHB S L2 E I Tl PFOS 6.8 (3.4, 2.8~19.3) png/L. PFOA3.8

(1.1, 1.6~6.4) pg/L. PFHxS 1.7 (1.1, <0.25~0.6) pg/L. R:ILEE L TiX
PFOS 15.2 (6.9, 1.9~34.8) pg/L. PFOA16.8 (6.6, 2.6~36.7) pg/L. PFHxS

92



2.1(1.3,0.3~7.1) ug/L Th o7z, EMET VT K VT L2 & 2 A i PFOA
BEL A7 W b BBUAE (r=0.32). BERSUAM (r=025), 7
TV T7HURE (r=0.23) & ORIZIZ. AORENRAGNTZ) PFOS 2OV TIX

BEREEIIA SN hoTz, £7-. PFOA BEERMICK Y, U 7 F U PR
F72 Iz L 25 T MlE D IFN-y FEAEDME T L TV =(BH 177),

T =T RCitbiviz 2 O 2R — MMiF%E (INUENDO cohort study
S O IVAAQ cohort study) D/ 7 ITMFIZSML TWD T~12 % DF £ 338
KRG L LT SE I 3\ C L L iE PFAS (PFHxS, PFHpS, PFOS, PFOA,
PFNA, PFDA XU PFUnDA) BE &SR Y 77 U 7 OFLEAAN O BEE )3
A S, M PFOS, PFOA KU PFHxS #EE O f il (25 S—k 2 % A
S 75 83—t v # A V) 1E, PFOS 8.68 (6.52, 12.23) ng/mL, PFOA 2.28 (1.89,
2.88) pg/mL, PFHxS 0.69 (0.54, 0.93) ug/mL THh o7z, 314 DT —H T
W, 1Y% PFAS B % Logio TA# L =AU EIRIRTT v (LM & OVEE#
THEE) 2 X o0 ofE R, g PFAS IRE L U7 7 U 7 KOG RO HLRAm D
A DOBLEOE SN2 B2, B EZEIIA LN Tz, ERE Y 77
V7 OFRERENARAR 8 2R LTe 169 IO W THT 2T o728 =
% . PFHxS K O} PFOS D MLy5#E A 1 ng/mL ¥4 7= 075 ) 7 HiRlIL %
NZEI T8 (95%CI : 25~94) %K% 19 (95%CI : 2~16) %D T 5 2 LR E
iz, BERTURIZOWTIABEREEITA Do 72 (B ] 178),

HE O _EyERT TR & HA R — 2RIV T FIEEDORK 2 4
W EETICEETETH D 687 MOFRETXT (REBlOFLATIRIFER (FEYE(R
72) :29.3 (8.8) %) #XGUT, AR DOIEAT AL PFAS (PFOS, PFOA, PFNA,
PFDA. PFUA, PFDoA, PFHxS KU} PFBS) #E L+ 607 b E— PR RS
KV A7 OREENFHE SNz, E% 6 0HBITA T4, 1200H KT 24 A
Bidsdmic L0 | &5, R L OMEER ST 2 DU CIA S vz, I+ i PFOS,
PFOA KU PFHxS #REE O F 08 (i) 1. PFOS 2.48 (0.39~65.61) ng/mL,
PFOA 6.98 (<0.09~29.97) ng/mL, PFHxS 0.16 (0.05~0.85) ng/mL T& -
Too BRI AW LT EH e D27 4 v 7 [Blg s 8 (REBL O -m 4R AT BMI,
TEMRRE. FEbOMANRE, MBHOBER, HER, 2k, ZEO7T 1L
F—DOFE, +EbOMR], FEENA, RO RGN, B0 WUE DA 8 & O
FLOAETHHIK) OFER, L TiX PFOA OBEERINIL, 7 hE—MEAERD Y
27 CEE L GEEA v X (Adjusted OR) 2.07 (95%CI : 1.13~3.80)). %
72. PFHxS Tl fAKPUDNL & bl U7 fem Uiy 7 b B —PE Rz 2% & Bl
L7- (Adjusted OR2.30 (95%CI : 1.03~5.15)), —Ji. BIRTI3AE2BE# X
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Ir BTy T2 (B 179),

BB T 10~15 D1 £ 456 4 & x5 & LT IEFIXTHRAFZE (M B R
#2314, B 225 4) [TBWT, Mg PFAS (PFOS, PFOA, PFBS,
PFDA. PFDoA., PFHxA, PFHxS, PFNA }(} PFTA) & LB U 27125
WCHAE S 7o, i PFOS, PFOA K O PFHxS IBE O HJE (25 /N\—& ¥
A, T53—F %A )L) i PFOS 28.9 (14.1, 43.0) ng/mL, PFOA0.5 (0.4,
1.3) ng/mL. PFHxS 1.3 (0.6, 2.8) ng/mL T& > 7=, EEIFoHr (GFEls, MR,
BMI, @#lOHERE, MEMEOA K OGHEH THEE) OfER, mEY X7 &
PFOS (5 1 WA AR kI3 % 5 4 WUt Adjusted OR 2.63 (95%CI : 1.48
~4.69)). PFOA (%% 1 WONERZT 55 4 W Ai#ED Adjusted OR 4.05

(95%CI : 2.21~7.42)) KO PFHxS (5 1 WNIEEZ 25 4 U AIRED
Adjusted OR 3.83 (95%CI : 2.11~6.93)) & ORI EDRENA LTz, Fiz,
PFOS IMi EEIEE A 27 L TEORHE (p for trend = 0.045) A b= (SR
180),

JLHFEA X T 4 IZB T DAL AR — NS LTz 343 4 O T (RBLOHE
IRIEEE . (EYERZE) @ 31.3 (4.4) 7%) & XIZIT. REEOIME PFAS (PFOS
K OYPFOA) % & fr i ifnif IgE i (n=231), 4% 18 A £ TIZB T L7
LLX—UR7 (BT LvX—, B LOWE) KOURGE Y X7 (FHHK)
O BEN A STz, REBLO MR I3 iER 28~30 ¥ B ICEREL S 4, 1fjE PFOS &
O PFOA BEOHYRAE (25 X—k L XA, 75 /3—k % A)L) |L PFOS T
5.2 (3.4, 7.2) ng/mL, PFOA < 1.3 (0.8, 1.7) ng/mL Th-o7=, +ELDOT
LA —ZOWTIEHREEA~OEFLAT 7 — R ISAAC (International Study
of Asthma and Allergies in Childhood) B ZEZ AWCTHE L., &b OEYE
DEAEREII RSB~ 7 o r— M X VA L2, 1%k, 2 RED 3 REHEAAqF
IZ X D00 (BB OEIERER, 7 LY —E, T EadEig  TolElE.
EH ORI (F LRI O TIXERSS) . HPERE,  HPEZRHET M OV BUR 4] C
) OFER., 3 RSEAMNT Tl kIR (128 4) (2B CIiLiE PFOA J2JE & ks
i IgE fi & OICA D RE ) A 53172 (Cubic : Estimate =—3.078 (95%CI :
-5.431~-0.726)) 7, BRIZBWTIIAERBE#EIIA OGN R 5Tz, 12, &
BLOME PFASIBE L FEH0EH% 18 A ETOT LA F—1 27 K OURYYE
YZZIZONWTOR I AT 4 v 7 Blfiotr (REBLOIEIRIF R - ZLE 1 - SEIRAT
BMI (7 Lv¥—VU X7 OR) « HPERE, MEOT LLX—E (T LirXx—1U xX7
D), FE & OMER - REFLHE I - M o G 8 K& Ol il a Bks 3] CRiEE)
OFER, WI b R BT A O e o 72 (B 181),
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HFE A # T 4 (8T D AeHEE 2 A — MMZBW T, 2003~2009 Fi2&M L7
FHDHH 2,063 DO EEF T 2t R RHAMLAE PFAS (PFHxS, PFHxA, PFHpA.,
PFOS. PFOA. PFNA. PNDA, PFUnDA, PFDoDA. PFTrDA, PFTeDA) i
L AEB 120 A KON 24 A HOT LIV —ERE (W95, WE &L YT LLX—

BEEA) OBENIEE SN -, BB O Mk I ZEE 28~30 ¥ HIICERE S 4, 1
5t PFOS., PFOA (' PFHxS [REDOHJfE (25 N—k XAV T/ —k
XA V) 1%, PFOS5.02 (3.71, 6.83) ng/mL, PFOA2.01 (1.31, 3.26) ng/mL,
PFHxS 0.296 (0.222, 0.395) ng/mL Toh o7z, Y AT 4 v 7 [BEoN (BEE
DRI « BB, KBOT LLX—E, & %)0) PERI (55 2RI CIEBR
0. RESLMEE IR, HEREEE TR ofE R, KIRICE W TRMAIME PFOA
FEDE 1 WUASAIRE (<0.2~1.31 ng/mL) (25 5 45 4 U_Elﬁj\{m%i (3.26~24.9 ng/mL)
TT LA —FRIEY X7 DA XA (OR0.64 (95%CI : 0.42~0.97)) L
7N, BT XA bR o T2, £72. PFOS &K PFHxS (220
TIXHIRE 22 BEIX A B 7 o T2 (B R 182),

F7-. Eifkod Okada ©» (2014) & [ UAbEE =& — MIBW T, 1,658 1D

A7 (D BB 793 4, I8 765 4, REBOEIRFESE Sl (BEER) - 31.1

(4.4) 3%) Zxt8I\2, REELOEE Y m4E PFAS (PFOS, PFOA, PFHxS, PFNA,
PFDA, PFUnDA, PFDoDA, PFTYDA) BE L XL D4 ETOT L F—

(WENE . JRIZ, mAERAE) U R 7 OBRE SR Sz, RO Mk I3 ER 28~32
B HICERE S 4L, 8 PFOS, PFOA K& U PFHxS {RE O H Il (25 X—& ¥
A, 53—k % AL) 1. PFOS T 4.925 (3.667. 6.654) ng/mL., PFOA
T 2.013 (1.314. 3.346) ng/mL. PFHxS T 0.296 (0.221. 0.395) ng/mL T&
ST, TUAF—FEBIZISAAC 7 = — X 3EMEIC IS, nYRT ¢
> 7 BUR AT (BB OEIRS 6 - B8, WB o7 LLX—E, HERE, R
HEMME., REFTOFIAE, MEREOFE L O &6 OMR (520 Ot

TIEBRAN) TR ofEE. REloMTE PFHXS IBE OGS U 2 7 O v X
KT L7=MAAMEDAGE TH -7 (Q4vs. Q1 OR 0.728 (95%CI : 0.497~1.06) .
p for trend = 0.038), PFOS & TF PFOA IZOWTIE T Lv¥— & OffE 72 BHE
3 IR D> T2 (SR 183),

iR Goudarzi & (2016a) &R U 1,558 #HOREX7T Z %51, AR I
4% PFAS (PFOS.PFOA,PFHxS, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA)
RELFELD 4 ETORIYE (PHR, Higk, RS UA/LAEYYE, KED
WTNOFIE) U AT OBFERFIE S, =Y AT v 7 BRI (RELO
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i PP A e AR TR oD A5 HEE - BB RE L - &b ORI (B 2B O R TIEERSL) |
REFLI B IR HPE R, RE P ORI A M K OB o 4 I CRIEE) DS,
PFOS & FYYE Y A7 OFIZIEDOREH (Q1 vs Q4 OR 1.61(95%CI:1.18~2.21) |
p for trend =0.008) 23A 54, EDOHMIFIE R (p for trend =0.071) LV &7
2 (pfortrend =0.036) ([ZBWT LM AL E Sz, £7-, PFHxS &
JRYYE U A 7 OO IEDREII L RIZOHRIZH LT (p for trend = 0.045) &
SN7=(ZH 184),

2003 4F 2 A ~2012 4 3 HIZdbiE oA — A~ L72E D 9 5 2,689 #LORE
FX7 (R OFLMEFR (BEERE) @ 31.0 (4.4) k) ZxfRIT, EiEF
4% PFAS (PFOS, PFOA, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA, PFHxS)
BELFELOD 7%&‘@0)7 LIV —ERORIE Y 2 7 W& S vz, REF oI
WRITAEIR 28~32 1 BICERE S dv, MAEREE ORIl (25 /S—E 2 Z AL T5 /%
—B U HAN) T, PFOS&12(375\’KQD ng/mL. PFOA1.94 (1.30. 2.95)
ng/mL, PFHxS0.30 (0.22. 0.41) ng/mL Toh-7-, — bt E HifEXET %
MWTRT (&b OMR] REBLO HPERIH - HPEF#D « iEART RS O A - 4F
#RET BMI, fEART OFERFEIA T Ofi R, PFOA (fHxffalRE (RR)
0.85 (95%CI : 0.77~0.94, p=0.001)) KX PFOS (RR 0.86 (95%CI : 0.76~
0.98, p=0.020)) SZBOMICEDOER#ENB A LT, Fiz, BB OIMEE PFAS &
F&%@7ﬁif@mmr@%ﬁJXﬁ_omf@n/xv4/ﬁﬁ ST (M

I, HPESEN, HPERE, fRiRAT BMI, AEAET OFEMEFHNN, SRR, ifio
ﬁﬁ gl BRI OfENT CTIXBRSL) Tl ofER. PFOA (OR1.17 (95%CI :
1.01~1.37. p=0.043)) Ltk DOMICIEOEE Y, PFOS & RS 7 A /L A RYLE
(OR0.72 (95%CI : 0.56~0.91, p=0.007)) OMIZADBHENRLTZ, —J7,
WIS AL Z & DFFFT DFER, W DWW 86 DT PFOA & RS 7 A /L A kY
JE (p for trend =0.038) D TIEDBLEMNR A LIz E LT 5 (2H#E 185),

UEAMEBE COFMIR ICRFINT (2021 FELURKRICAFE S NT) LHERIZDWT
1)) R A

KENZ T, PFOS, PFOA, } U PFHxS % #l1& L Cu ek Tl < 6B LR
Tk (415 44) X212, fiE PFAS (PFOS, PFOA, PFHxS, PFBA, PFBS,
PFPeA. PFHxA, PFHpA. PFNA, MeFOSAA. EtFOSAA, PFOSA) iR &
SARS-CoV-2 U 7 F 4Hlitk OHUAMl (S HURICH T2 IgG HUiAflh & PAnpTis
fili) DENEICHOWTIE S 7o, BRILIFBREES & Bikt% 5~6 D 2 Kfp TiT-
TV, MmiF PFAS REOHEITEEEFORKTITIL, PFOS, PFOA kTt
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PFHxS REDHHAE (25 N—E L Z AL, 75 3—k L F A1) X, PFOS 7.46

(3.53, 18.00) ng/mL., PFOA1.63 (0.95. 4.54) ng/mL. PFHxS 2.20 (1.07,
6.09) ng/mL Th o7z, MIEHURMMIZEFRER OV 7 AT DN THIE S L7 ns,
U 7 F B ORGEEF 22 T o 7272 SEREARGE R 2 S AU E
DREIRSDIRET IV (B, PERI, FEiE, BMI, $h85507. WUEAE, GER
BOFRME, aLFaxTaf FOBHEE, FIOFUREE T HELUHR
R ORI (U 7 F o OFE M OB RN NS COVID-19 ~DRGL DA HET
H33H) CHEE) IZ X DR AAT o 7o, BERRFO MG PFOS A AY 14.5 ng/mL (14
YN BN 720 0 U 7 T B O 1gG LR K N AnL i i 28 L=
INTE TlX 72 o 7=, 1fiE PFOA & O PFHxS % & o B# iz >\ Tk, PFOS
ERBRDFERTH - 7203, PURMBK FOREIL X D /NS ho 72 (2 186),

A = —7 > ® Ronneby Biomarker Cohort (ZZ 1 L T\ 7= 20~60 5% D 309
K w5 E LT, SARS-CoV-2 V27 F o 2 [MBHFD 5 % MO 6 2sH kD
KAl (S P34 2 IgG Huiifl) & BEfinio Mg CHIE L7 PFAS (PFHxS,
PFHpS. PFOS, PFOA, PFNA, PFDA }; (! PFUnDA) /% & OB 23 4 &
iz, i PFOS, PFOA & U PFHxS JREDHIRE (5 /N—& 2 % A /L~95 /N
—t %A L) 1%, PFOS 36 (3~200) ng/mL, PFOA 2 (0.4~7) ng/mL, PFHxS
34 (0.6~236) ng/mL T o7z, Fuiffliz B ARxHECTEHL U 728 Bl o3 Hr O fE
H. PFAS 2 L SARS-CoV-2 U 7 F L85t O FUAM I BhE 38 22 S /e ds
272 (ZH 187),

KENZ T, PFAS B ABCERK DX §8 % 52 1T 72 Mt © 3 1 0 = A8 — MFoE

(the Michigan PFAS Exposure and Health Study) 7>5. mRNA SARS-CoV-
20U F U 226 4 (12~90 %) ZXIBRIZ, MG PFAS (39 ) R &
PERER GG (S HURITx3 2 1gG Huifii) DBIE A FRA 7z, Mkl ~— =R
TA U (U7 F oBERERD ICERELES AL, M3E PFAS REDHIE S 7-fER, &F
BH D 60%LL 5 11 f%H (PFOS, PFOA, PFHxS. PFHpS, PFNA . MeFOSAA,
PFDA, PFPeS, PFUNA, PFecHS &' PFHpA) Mg &iiz7=H, Zod 11
R Z TG L LTz, M8BFICHE T 5 MmiE PFOS, PFOA X U PFHxS 2 D
S (FEYERZS) 1%, PFOS 10.49 (3.22) pg/L, PFOA 3.90 (4.90) ug/L.
PFHxS 1.53 (3.72) pg/L Toh o=, U 7 F Lo AEMEHUAMEO I LA (~—
AT A EEND visit 3 £ T (visit 3 1% 1 [0 B BEfE# 42~68 H., 2 [0 H Hf1% 16
~42 HIZFEY)) LWEH (visit 3205 visit 4 £ T (visit 4 (X 1 [B1 H #FE% 70
~103 H. 2 [B1H#F% 44~77 BICFY)) OKMMIZ oW T, [fiLiE PFAS %
PRI OB EE & DR A G L 72, PFOS, PFOA % {HBDIE TN+ L LT
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Poo T EAFET V& —MRACHEE AT T TIN A, 5D PFAS IR 2R %
Weighted quantile sum [A])7 )% T" Bayesian kernel machine [B)f T3 L 7=
K. MiF PFOS, PFOA & PFHxS JREWT LS, Bf% B — 7 KO HuifAfh,
W1 R OHURMN, BEMOFURmOWTI & BB Lo 7z, 11 FHO
PFAS DIRGIX BOF LG A BT LT ICIB W T H B 2580 720> o T2 (B
188),

] o L SRS v SNV B v e Ml (LWBC) TS S v/ mim & A 2 R —
MZBILTERET-D 5 6 235 Fi (REBLO AL AR -2 (REHEfR 72) : 28.31 (8.95)
W) Zxtgic, BEflofiE PFAS (PFOA. PFOS, PFNA. PFDA. PFUnA,
PFHxS. PFDoA. PFBS, PFOSA }x(* PFHpA) L. T X0 1 OB S
TEMZEIZ L ERINE LB E 1AM OBRYSE DR (&E . K& RN,
THD) O M L OBFEIZ OV TIHE S, RMRO s PFOS, PFOA & ' PFHxS
TEEE DR (25 /S—® X A )V T5/3—% % A L)%, PFOS T 4.58 (3.31,
6.14) ng/mL, PFOA T 45.82 (28.72, 77.34) ng/mL, PFHxS T 0.33 (0.27,
~0.39) ng/mL Tk o7, BYYEDIERIT, #ITHRE TR L7z, [ PFAS
BREE 2B AR Llcn AT ¢ v Z UGG R OR TV U aliasastr (037
b REB OEIRRFAE i AEURAT BMI, 4RR OBUEA M HERE, HERE CHE)
OFER, PFROA JREEDE XA NS 720 O FTHIO Y 27 1% 4.99 (95%CI :
1.86~13.39) [RI/AFHEHINIL ., PFOA JBEEN 10 f5HINY4 720 O FHRIOBEIL 97%
B L7z, 612, FELRERERATE CONHIRM (4 20H KT 4 A
PLE) TREHIT S &, THICxT 5 PFAS X< @BOERZET, 4 0 HU ERFLT
BTONEFEBIZBWTIVEEE T 7=, AR PFAS 13 < £ & E I
BRI & ORNTIZBIE TR B 7o T2(3 ] 189),

7 < —2 ® the Odense Child Cohort (OCC) &ML=+ d 95 % 1,503
PSR (¥R ZS) - 30.7 (4.5) %) Zxtgte LT, RHAIMIE PFAS

(PFOS. PFOA. PFHxS. PFNA., PFDA) EE L X H D 4 3% E TORYYE
2 & D ARt OBENFREE Sz, REBLO MRIZAEIE 8~16 #H B ICEE S 1, I
& PFOS. PFOA XU PFHxS IREO T IfE (R/ME~fH KE) X, PFOS 7.52

(0.49~27.5) ng/mL, PFOA1.68 (0.27~12.5) ng/mL, PFHxS 0.36 (0.02~
7.3) ng/mL Th o7z, FEBLDOABRIZET 27—, ENEETLHELY
ARV DICD-10 =— FIC KV FFE LT, BUYEIC KD ARz L1 &b
BIRD 26% T -7, Andersen-Gill Cox Ll W — FET I K BEHT (REBL
O HEFf - HEERE - BERE, 1 &b OMERI R O CTHlE) ofsR, i PFAS
WEERS 2 f51C72 5 &, BYYEIC LD APBED Y 27 708 23% LA Z L AREN
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72 (HR 1.23 (95%CI : 1.05~1.44)), IiE PFOA X% PFOS JEEMN 2 512725
&L FTRGBRGUEDORIE U A 7 NENEI 27% (HR 1.27 (95%CI: 1.01~1.59)
KO 54% (HR 1.54 (95%CI : 1.11~2.15)) HhN L7z, REEOMEmR, E50ERK
Yuiet X O O JEYUE CHBlEt S iz, — 07, BEIBREYLEIC XD ABEY 271X, 1
15 PFOA IR & OIICA ORI S 7= (HR 0.55 (95%CI : 0.32~0.95))
(& 190),

T v~—27® COPSAC2010 =/ — MIBM LR 738 %1 (9 B 700 #iiZ
BT 20N 24 38 B RS O ROl BRERZ) @ 32 (4) ) ZXRRIT,
IR O RHAMAE PFOS XU PFOA JREE (77 7 CRtdls L TR v . FEfledk
EOFRHEARL) &, FELN620H, 1w 620H, 6 mIFICHA L7 RGYE, M
By TR =R 7 P E—MERE R, IEREIE & OBEDFHE S T, i
Iz PFOS KO PFOA RIENEWLAIZIET FE—Mm BRI & 720 | J&IE
T DR o D Z L RS Te, LinL, 7 E—MER B0 RE, X
X7 bR RO RE L IXBEN o 72, BIEEIICE TS PFOS KO
PFOA X< #E L, MAZOBYLEDRIE & OMIC b BEEIIBIE IR0 o7 (S
1A 191),

K[ED NHANES (2003~2012 /) OF — & & H WM TiL, 12~19 %D
HAOH 2,189 4 (EEFHHE 1,903 4, Wi BABFHE 263 4) A4, 1MiE PFAS
TR Lng R MR M ERE, AZ 2 OEE & OBE A SN, iE PFAS
OYLFEITUSL THRE S h, i PFOS, PFOA %O PFHxS 2 (CE¥IE (1Z
Yefmz2) 13, fEEERE Tl PFOS 13.39 (0.48) ng/mL. PFOA 3.54 (0.099)
ng/mL, PFHxS 3.54 (0.16) ng/mL, % B A& #E Tld PFOS 11.61 (0.70) ng/mL,
PFOA 3.53 (0.15) ng/mL. PFHxS 3.50 (0.38) ng/mL TH-o7-, BV AT 4
v 7 [BURHT CEle, PRI, B, BMI, &R PTE L & OMEERECRRR O A Tl
) OFfER, WA W, WERIE, OS2 OB L OMICIZBEEIIBIE SN
enote, MRITTRERT S . BHETIE, 1 USSR (<6.90 ng/mL) & i
L CH 2 WA pro g PFOS B ERE (6.90~12.40 ng/mL) T, BfEDOHGE. (OR
0.49 (95%CI : 0.27~0.91))., Ml (OR 0.50 (95%CI : 0.29~0.86)) KXZ i
ETOMERE (OR0.47 (95%CI : 0.26~0.87)) L ADEENH -7, % 3 1%y
NORE L 5 4 U ARECIX A BB 3B S e o Tz, F70, MiE PFHxS i
FECIX, 81 Wi (<1.10 ng/mL) & ki LT, 25 3 Wi (1.50~3.00
ng/mL) T, WOV X7 nEE -7 (OR 2.35 (95%CI : 1.31~4.21)), M
TiX. B 1 WEONRE (<2.43 ng/mL) &l LT 2 WA NEED PFOA JRER:

(2.43~3.60 ng/mL) THIED U 2 7 HMEF L7= (OR 0.41(95%CI:0.19~0.87)),
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EOHE T THD E, BHEICBWTIE PFOA OF 3 Wikt (3.75~5.07
ng/mL) T 1 WAREE L T ED U 27 MEF L (OR 0.27 (95%CI :
0.10~0.72)). IfLiF PFHxS #2E D% 4 WWAANEE (>3.90 ng/mL) ThEED U A
JIMETT2ZEARENZ (OR0.21 (95%CI : 0.060~0.78)) (&M 192),

HEOANKE 7,061 4 Z2%5: L L7z adk— b (2018 4EBftR) O MED 9 B,
N— 25 [ VIRERICEERE TIIR o T AN BI L, 1 ERICEREHEMEIC L
o> TEERZ OF O 21TV, SRS OMEEZKI N STz 70 L ORER & =
BRIZ 2 FEIE L7270 o 72 70 4 DX (s & MR C~ v F 7)) axtgdE (F¥)
iy EUERZE) : 36.3 (8.6) W) & LT, HFIBRIEY AV L _R—RA T A HF
(ZHIE L 7= 1fi% PFAS (PFOS, PFOA, PFNA, PFHxS, PFHpA, PFBA, PFDA
KON PFUnDA) JBFEEDOREIZ SW T S 4172, Bayesian kernel machine [A]
I AT OGS PFAS IR A MITZEMIZHIE & EOBE AR LT &y Shi- (B
193),

@ @5t - EREE TR E

EPA IX, 20214 (EPA2021, Draft) OfERE 19CTHW = BMR % 2023 £ (24
(2021 4 : 5%, 2023 4F : 0.58D) L. MiEREE L ToO POD (mg/L) %K
DX HIZEE LT, PFOA O 1 £ H OIEHUEER L QIiEH > 7 7 U 7 Hriifl
DI TIZEI3 %5 BMDLossp 2. Budtz-Jorgensen & Grandjean (2018) D75
735 POD % 3.47 ng/mL &% ) 3.32 ng/mL & HH L T\ 5 (B 48),

EFSA (%, Grandjean & (2012) #2026, PFOS O1 £ ~Dg# L LT
T 7 F AEREIC L D PRI OIK NIZBI$ 5 BMDLs 2 10.5 ng/mL & HH L T
% (&M 82), =D . EFSA (2020) 1%, Abraham & (2020) @ PFOS } (! PFOA
DU 7 F IR T 20 ERORISOR TIZET 2#HEL S &2, PFOS,
PFOA, PFHxS %O PFNA &5t & LT BMDL1o % 17.5 ng/mL & % H LT
5 (B 1),

FSANZ 1%, PFAS DIt HigiE & U 7 F o FOGME T YSIE 26 5 Rz o
HE I K OSEBUE S DWW TIE, RIRBR AT DI LT — 2 BA+0Th Y |
AEHLOD R FEPE & IR D 7= 8 S iiEiix PFAS O E &M Y A 7 §HHIZBIT 5 &
/T KA > b (eritical endpoint) & L Tt TlXZ2Wn & LTV A (HHA
194),

19 Grandjean & (2012, 2017a, 2017b) M O Budtz-Jergensen & Grandjean (2018) D
226, PFOS O+F b oiighny 77 U 7 HiEfliofK FIZEE3 %5 BMDLs % 5.4 X104 mg/L,
PFOA O & & O Mg HUE S ML OIK T2 B+ % BMDLs 4 1.7X 104 mg/L & 5ith,
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Q@ ®E (EF) OFLD
PFAS O EHEEIZ XT3 DIz DW T, MEA: - EBSFEB I I 1T 2 M v
ISR Z FDICHRF L7 & 2 A, BEEAIC XV SCHROFHE S —E L T 63,
WSBHHEN. ST AR IR STV ey, — 5, SRR IS T 5 &
POD #HH L TWAIEEITIE, <R3V 7T U 7OMEROFUAMER = KK
A FELTHWLRTWDS, MOMEZES IR BET 57201, FEiimsit -
E R ORI E (BE2ELr) OAREL (2021 4FLIRE) 1T S 3RO
T L L7 (Porter et al. 2022, Andersson et al. 2023, Wang et al. 2022 %),
F7o. W - EEEERE OFN TR SN, T o r—iEHIC BT D ER
eI R > TRV . BARSIIE b, fHafEIRILE N B 7R 2 s Z 1 D45 R
Thd, TOD, ERNTERSNIEFHELZINZ THiT52 & & L,

a. DU F UEEROTAE

INETICERBINTEFM AN S, PFOS, PFOA & PFHxS X< &
DEME LT T VT U T F % OREINEDORT & OFEPRINTND
EEZLND, —J GBI OWTHRERROHRERH 523, K FEMZRD 5
LODOHEAER L, HHWE, BEARLETI2MELRBEHD Z D, M
DEBENI ATIER T+ EBELALND, ETEROLIIZ, = FFRA U FEL
TEHHTATOORE L EIN LR T,

EFT.WMEOXEEEZO, 7TV THURMMAE = RARA & LIS O
ITBEWIFTE T D . RIRBIR AR T2 2 L IZREETH 5,

WAZ, WA OFEAGFERE CERA SN SCRDIZ E A EN 7 = a—36 B TH#ED b
7Hi7ETdH Y . PFAS 2 & T b2WE OIE < SR AR IR R [ 255 & LT
b, 7 xR —iklETlL PFAS O F T BFUTHADOE R LEX LN TNDN,
BRADOERIZELY PCB X A 4 X2 VHEOKREMEAIGRMEIZHIT<HES
NHZEBRbroTEY, ZNHDIESFE LIV HEN &L TEv (7
* o — B H K PCB o il 1.020 peg/g (lipid) (435 4) (M 195), H
AROFERTHERIEE i PCB 0 H -l 0.0458 ng/g (lipid) (518 4) (B[ 196)),
7z —iE O A — 7%, BRI PCBIREN @V EHRERVY 77 U T
OPURIAME FT 5 Z &2 @E L TWAH(SHR 197, 198), TORBITRE I
PFAS X< O % Mk L7-HF9EI2 8\ T, Grandjean & (2017b) % [PCB
Z W BITMA TN T, BYNLo T BBl SN o7 2 e B LA
DOfFHTTIX PCB BN LTz LHELTEBY . ZOFEMIR I T
WRWER 175), T72bb, U7 FUBERBOTURNIZ = RARA L ME L
BAE D PFAS 1E BOHE L T OMOFEREEAREIGYWE L BEORBELZY) Y
ST IR T TRy, PFAS IZ< BEORBEZI LT 5IT1E, 51
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EREEEZ D,

F o, WA OFMHEE TIZY 77 U 7 ROMHE RO HUAMNIZ BRE L TRkl 2 D
T3, Brlc SR Mt L7 & 2 A, i1 SARS-CoV-2 U 7 F L Hfdifg D
PRI ~DOFBICB T 2 5 b 2 T TV (S M 186-188), PFOS, PFOA X
O* PFHxS OEENE WA SARS-CoV-2 U 7 F » BfE# O HUAM DK T
a2 RTHENRDH LD, WTFNbHGHFIICHBEREETII R )27z, 20
Eoiic, YT TmER E SARS-CoV-2 OFUAAM TITRE RS —E L TV
W, ZORMELT, 28BN D, £T 1 AT RE OF D ET
bb, V7TV TRWEROTUEMOFA TIT/NER MR TH Y, SARS-CoV-2
U 7 F RS OPURMI O E IR T DERRIR Th 72, A E/NEDR
FEIGE DENZ DN T SARS-CoV-2 (1T L=l A & /N OB RMR IR 2 =
FEMTDMTHON TN D (B 199), ZORERLE LT, ATIE, ZTHETITEGEL
TR IEARIZ 3 2 FRiB I DS FEET D728, B BMENLICHERET 2 DITxT L,
AN T 72 72 R RIS XIS 3 2 72 60 O A ARG DMENLICHERE 3~ 2 & s S
TWD, 2D XD RN &/ NRDORIEISEDEND PFAS IZ LDV 7 F o H:061%
DHAMME~DOEEDFENE L THRATW D AR H S, 2.8BE LT, VI F
YOELNT 4 DBEVNNEZOND, PTT N TROMERDO T 7 F AL b VA
RUZF o THY, SARS-CoV-2 DU F I mRNA UV F o ThsbH, FFY
A KU 7 F 2%, BEIEHALA] (T2 k) E LTIV =0 MG
SNTWBE2, mRNA U727 F 0 Cld mRNA RENEE A LIBE T i+ 7
VanNy hELTHET A LB X LN TRY , li#H O M CIXHUAFEE O Rl 1)
AR=ZALBRIR D EZZBND,

b. ZREMH

FEOFIAE (SR 189) Tix, 235 MOPLF & xR IT R O ML PFOA JREE AN HY
M3 2 & FROBENRED Z ENRESNT, 7r~v—7 OFESEK 190)T
1%, 1,503 MLOH 72 3812, BRI IE PFOA X% PFOS IRE R EWWIGA T 4 5%
RO FRIBEEYYIE, R TE YE & O O EYSIE DFEIE ) A 7 NI L=, —J5,
135 PFOA JREEDSHINT 5 &, BIEYYEIZ LD ABEY Z 7 13K T L7e,

PFASIZK BLAANEL 725 E YD Y 27 Pk M &2 R~ T®EDH
L0, BERRWETLHELH Y AT —EL TRy, IR TR S
BYYEZ T RARA L R LTWNWDHZ &, IV A XNERH D Z &, i
SNTORWRHERPEEL TWHAMRERSH Z &, I, IE<HELL
DIFEWVEPRFEL TWHARBEENZOHERE EEX OND,
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C.

d

T LUILX—&KE

T rw—7 OFRESR 19D TiEEn/hNE 1 aEf~65x%) THY . PFOS K&
Y PFOA L7 b & —Em BCHHERE, 7 b B PR 2 & ORI BIE 138182 &
n72dro7-, NHANES Tit 12~19 MO H4E 2 6 (12 M PFOA. PFOS kO
PFHxS R LB, Wi, W ERIEA OREZ 2 OBEE & OB 2 fiEt L7223
BERBEIIBER SN -T2 192), £7-. AU TEOME TIX, KR
IZFB VT PFOA KO PFHxS O REHNMICIENT e —MERERDO Y A7 R E
ELHTEDRINTWNAD(ZI179),

M PFAS JEE & 7 FE—MERIER, 7 LILX— MBS ORIE & ORIz
WTHE, B L7 BEREEI L TELT, IR LR b BRESNL TN D, £
DM L LT, HEEMOERIEROEN, HIE L TWD PFAS D41 D,
TV RARA  FOEWENE 2 b,

. EROEZHRICLLIHR

EWNIZEBIT HEFIEE LT, T VA —HEEZT Y RARA b & L7 STRR
5MMEEINTND, WIN b ALE THED SN TV 2 E1m & HAE 3 R — M
Th2 BRELTFELOREICETL2E=#) v 7ifiE LiEAZ T 1)) Ofk
RTHY, ZNOIEFENICBIT AL LTEETHD, MHEAZT 1%, fL
BRar— K~ (IRE5144) LdfE=A— N (F5E 20,926 4) @ 25D
AR — MHAEN DR SN TEY 5D 55 1AL 2 F— MEHE 181),
4 FRiIActBE 2 A — MR 182-185)0 D DAFZEFER TH D, FLIR = A — k OHF
Z2(Z M 181)TiZ. PCB KU A F % L HHEE & PFOS } () PFOA & dfic
EOREMENBE SN2 005, PCB RF A 4% HHBE 2 i A5 L L
TofRMT B Ei STV 5, PCB oKX A 4% U HREOFHEOFRICEAD ST
PFOS K ONPFOA B L A% 18 A O T L /L F— K OYEYYE & O I X B X
Blgshierote, £, IWFEERA YT ¢ OFEFR T, ROMRHNC X 28O
WABIER SN TEY ., kBT PFOS X< BIC L 57 L LK —0fiYiE D &
B2 TR T VAR R S 7z, TEOFMAE TldiRicisnT PFOA %0
EERINCENT bE—EERO) 27 NEEDL ZENRENTVS, MZ T,
AHEA 2T ¢ Tl HEEOBIYELHE Licmy RARA U FOGAEIZIEE AT
PFAS ORENBEINTHDI 0, HOEBEZ T RARA 95 L PFAS
DRBIIBE S o Tz, T O XD 72 BRI O 2 FEBH L T 5 SR F 7254k
W7l MEICETITET UV AOEENEELEZ D,

F72. ERNICBWT, U7 F RS OFUAME & OBIE A iRt U7z i 1 3eRR
XN oTm,
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kD a~d 7225 PFOS, PFOA } O PFHxXS 1LV 7 F L Bl ik DHUARILE D
KT KOG RGN & o Te R RE DA T & B L TV S ATREMEIC DWW T, F
FRRRANEH SN TWDH EEZBND, Lo, T LITREHKRED —IC
DNTBIEE L2 DT, D SERIRRE I3 5 508 & IR 2 1I3F s AR
+nLEZXBND,

(3) BREDFELD
H%Si<*’i5ﬁﬁ«@%@cowfi ekl & OV A8 O it 5 12
BWLUT Magdmf]) ROd TaEfeE] 2R oMmENEERO LN TWND
it R e v FOET L OB TR DRERBBD B, %@EI&LT
X< 8 LUV KON AF PFAS JB2E OF WS- L WA RIEMEDR H 5,

@ BB
BEDPEZLHFIED & AR O R T2 O+ £ oMt PFAS (12 PFOS,
PFOA } O} PFHxS) IFE L+ &8 DU 7 F 8% OFUAAE o R 12 A o B 73
HDHZLEMMESN TS, =0 RRA v b E LTETEICHERL NS 7T U T
A ICKT D IgG HLEDPHNWLNTEY | ZOM G T ELLNDKTFRED 5
NTWD, E2 PURISEICINZ T 7 F U B R 72 % L % T il IFN-
Y EADEKTEZROEHELRINTNDZ 2T XD L, PFAS £ &N
PUAEE DR FIZBEE L CW D AIREMEIIRE TEX 20, 7272 L, Y77 U THiK
iz RARA > b & LIESCEROZ IIHERIFZE CH 0 . INRBREHEGRT 5 2
CIIREETH Y | 72, 7T U T OBEEROHURMN & SARS-CoV-2 OHLAAT T
= LERERNELN TR, SHITIE, V7 F Uk OREiZ = R
A b LTeGE O PFAS X< BOREL M DI, £ OO ARG Y
WEIZ BOEEEZL Y T T-REENRMNELEEZ 2D, — 5T, BENICBIT5 77
F B OPURMEICEI T 2RE X<, SROBETHLLEE XD,
PURIREIZOW T, v 2HDH0ET » MW T PFOS XX PFOA Of%
O 512 X v IgM HifEDIL =2 SRBC I2%19 % PFC SDIL T 28505k
TEEISN TS, ZHUIEFTOMREXFFT AR ThHLEEZLND, o
72 L. BostEmttii cid Lt PFC UGHREN L < WS, — A
LT V2 R LW TERERDI TN TV D DT L, EFHFEIZIBN T
FEH SN TOWAIERNE RN 7T VT wRY 7 F U NET Va2 bR s
NTWb, 7Yay ML REISENKE S ET D720, @i
IZ L DR LETH D,
HLWEX YT 4L L TmRNA U7 FU0B% S, SARS-CoV-2 U7 F o
I STV b, SARS-CoV-2 U 7 F L Bl 1% D HUAMI~D I >V TS
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DFEFREN 72 S TE Y, PFAS & OBIEN 720 U PRI B TIE R0
MEADOREROME ZRT 2 ERHE I TS, PFAS D, 7Y a3 MRIMY
7 F X mRNA U 7 F o ORI DB O[O RERE~ DB 2 5| &
B2 R A = X AENTICIZ. B R ~OSME R ATRE 2 B ER &5 L THF
REMBDDUENDH D EEZEZ LD,

MH PFAS JREE & EYYERIE & OB A e L7oEFM R L EH S Tk
V. PFAS 23 FHIS EXGE &K OV FROE 3T 2 EHE OFIE U A 7 O BEE
T5EOWENRENTND, LU b EEMER 2 WEYYEL H D72 L, 40
AR—HLTW2RY, ENTITONTEFNRTHLIRE A 2 7 4 1BV T
5 V2 PFAS 13 < 88 &R YYIEFRIE & ORI ESHE SN TEY . 4 E TTIL, Em
K. PEHK, Kig, RS UA NV AEYYEDOWTNNDORIEY A7 EFHIZ PFOS X
O'PFHxS (XD H) OBERA S, TiEE TTIE, PFOA 23 ifik L O'RS ¥
A NAFEGLEDFRIE Y A7 EFICEAENRA LN E SN TWH—F T, PFOS I%
RS?4»2@%%@%EUx&@ﬁ?ﬁ%@#é:kﬁ%éhfhéo:@i

- EWN R OHES DD ORI — BN 7272, PFOS, PFOA J2 () PFHxS
A@N%Si< % & G GHE L ORE AT 5 Z L IINEETH 5,

PFAS & EGYERSE U A 7 123 28RO RUTBIED & Z A4 & idn
ZF. PFOS ofkn&GIZE D A A 7 U WEGERA~DOIGMENME T 5
EOWMENRHDLLOD, 5% bEMWRERIC L DM RO B D,

@ RERE
EEFZIZ BV TIE, PFASICE AT LK —EKBORIEY X7 &L L THRHS
NTWD, MESNOEE OBV T, PFASIRE L7 FE—MERER, 7 1Lv
F—, M BEORIE L OBHENRE SN TNDR, FEERIZ—E L TR,
B 21X, PFAS OMLiERED EFIZIET b & —PEk BOME . SRS FIED U A
7 EIEOBEZRTHA NS H— T, /x5 PFAS Tidlm EOMmBED U 27 D
RTICBEET D Z ERRINTWD, Fo dtifiE A ¥ 7 ¢ Tldidhs o i PFAS
%E&¥E%@7vw¥—927(ﬁ%7vw¥—\@%\%ﬁ>k®%m%%
REENZED LN TE L, & 512 7SOV TITEIRY O RHA ML PFAS #
Ek%@@QXiﬁﬁﬁﬁ%fk@%_ﬁ@%@ﬁﬁ%éﬂfwéoLtﬁof\
:h%@#%ﬁ#?i PFAS IE< B LT LLX—HRAL ZBERH DL L EZD
IRt Th D, LRk — Fﬂ%@%ﬁ@iﬁi%ﬁIS#ﬂﬁﬁ@@%#
%ﬂ%%éﬂfwéﬁ Z D% DR OREIBRIZE VT H RO #E R0 B 22
DINVED, SLRHIPEOERLMLETH D,
HIZ, ENTEBESN TS FE O L BREICET 2 2EFHE, Wb

105



DT aFIVPHEIZB VT, iR PFAS 1< # & 1 & 6 O & O Saf N2
IRF5 & DRE NI H IR o 72 2 & 78 2023 4E 12 HICAFE Sh7=(ZH 200, 201),
T aAFLREDRERICONTIL, SIERMEER L TS LERDH D,

— 7, BB ClL, vV RAIZ PFOS 2R NG LT~/ v 7 7 — Y ORIEMN
HA N4 (IL-18, TNF-a, 1L-6) FEAE DKL O LPS % 5-% O i R RAGEME
P A NI A FEEBHER LU EOFRENRH Y PFOA OFKE 512 K> TH R
DA NFRD HILTWD, & 52 PRFOA OREFHGIZ XL 57 LV 7 LV ERAE (B
N G) M OT LV BB IgE O8N, KIE~OHFRERDRE, HF o pEA
HERE D H N2 D R EY 72 7 L L —PERGE RAE O A 05 F B AF RIS HER S 4L
TWD, 2 51E PFAS O E~DR 8 L L TIBM R R RIE 2 Ak T 2 fofz (e

DL BT H5ERTH VY . PFAS 1T X USSR T % 00 & 1387
HlmE A2~ LTV 5,

DX IZEMWRRER L EFIE TR, H D WITEFEMRERETH, T L F I
BAL Ti% PFAS @ [faEfiedE) & THpEimiil] DR L ZE PO LN TND
ZOERE LTPFAS O7 LLX—IGIZH T HEREROEN, fl21X7 1L

KT BEA S (E) IER L7200y, HD5W0IET LAV — s DA
(FX LU D) IR LIZOM T L 0 BARZEENENLTRENREZ NS,
FEEIRICB W T anR— T2, PFAS OIE BRELE OIS EL UL,
B, SRR, PFAS LIS OB A5 G E OGN b & O T 5R
BEANERD | BROEWNCEEL TWAAEELZE X BbILD, PFAS O EE
R, T VAT VEEE T LA —IsOER (Fv LrP) IZ81T 5 PFAS
DFBEDENFEIZ DWW T, # O e BRBRIC K 2572 S EmTh D LB 2
Hivd,

@ EWMREREBEFMELDEWNCDINT
7 L X —EOREREDRIZONTEW R & E e & O TR b2
ROBENZOWTE, E<ELVIVOEWVRRORERER THL EZX LN,
PRIz BT, b FO Il PFAS IREITE < THE+ ng/mL BETH D Z
EMIREINTWD, — ., v U AXITT v hZ2HWE% < ORERTIL, miE PFAS
BTS2 B 80E pg/mL IZELTW5D, T72bh, il Tt 1,000 %L
FEWIREE T PFAS ORE~ORENFH SN TWD Z &5, £, mHE
® PFOA D EIC LA MiE 2/ F axT oo ERH(BMH 168), M~ v A D ik
%sz%nywﬁT@ﬂﬁw@%@%%@\$»%yﬂ?y2@%mﬁﬁgm
(CBE G2 HAREEE RIB LTV D, 51T, B e b b Cidif o s &
ﬂk%<iﬁé_kﬂﬁ%éh1w5:k#%%\tb«@%ﬁ%ﬁ%kbk%
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WAV T, K VAIRIREE D PFAS % L 0 REIM & 53 2%, iG PFAS L
NV EELSIMATZELSBET NV EZBEL TGHMET 52 ENHETHDL LEEZXD
o,

ko zZ &, PFOS, PFOA KON PFHxS 1X, U 7 F U884 O FURIGE
DAL TIZEE L TV D AMREMEIF R E TERWE OO, ZIVE TlE SO
AL 0447 SICFREN & 5 &I LU 7o, Btk & oBEIZ W Tk, EN
R OVESME R B RIS —BEMER 2N Z & 7T LR —dR B & OISV T,
ARG R BN RN LD ENEIGEHUIAR 5 TH D &l LT,

6. fHiF
(1) PR
® X#k1ER
C57BL/6 v 7 A2 PFOS % 3 2> ARI#k 045 (0, 0.43, 2.15, 10.75 mg/kg
fRE/H) L. EY 2/K*KE (Morris water maze) (2 & 5220 E# 8 (spatial
memory task) % 3 L7=5E %, 2.15 mg/kg R E/ H DL _E O G5-HE ClkBeEEF o
M SRR 72 , MRS AREEHIIL O SR FRI 72 7 AR F— & 10.75 mg/kg &
H/HORGRETRIREMSZRICEIT S R— 33 L 3,4-dihydrophenylacetic
acid O TR T 5 7V I UEBROBEMBNBIE S vz, BLEORE R
5. PFOS IZ< BT LV WIS OFEREIR T L ORGHIA DT AR b — 2 223 L,
7S B e K ORI OIR T 242 U 5 AlReE S R S 7= (SR 202),

BB C57BL/6J v v A PFOS (i 98%L) |) (121X < # (KB~ 5B
0. 0.1, 0.25, 1 mg/kg REH/H) W7ot~ v 212, WIKEFEER (object location
test) & Fhi L7fER., PFOS X< ZEHE (1 mg/kg (KH/H) O~ U 2O AGHIT,
SRR LN TR LS |, R BIERE (visual discrimination task) T, PFOS
X< BREDOFHHEE D RBEICH AR TE o 7o, £lo, SR O 7V I Uk
KR y--T X EEEBEOREEIX, PFOS X< &#E (1 mg/kg (KHEH/H) 2SxHEEEICH
RTENo Tz, Y EORERNG, #HAM O PFOS 1E< FiX. HEHIZB W THIRRIZ
WL, Y - SLEEEICORND I EOVURIE I T (B 203),

@ B - EREEEOFTEFER
EPA 1%, 2021 421X Mshaty & (2020) O#457v5 PFOS @ POD %R T
WZ A3, 2028 AR TR~ DB LS\ - PFOS @ POD OB HIZ/T-> Tuy
7RSI 4T),
fillZ . EEREN) OMREA~ DL & EIZFHIfE 2 EH L T 8B o 7o,
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Q@ wiE (AR DFLED
Mshaty 5 (2020) %, {F > HWEOMRER, tl%E RS 1T A% 2 ’iﬁ% ’%’vﬁ

ETHIEICER L, A% 1~14 HO~ T RIRAZI LT PFOS #I1X< &
TofER. ol - RLERAINER T LD & é’»i&ﬁbbm\é(%ﬂﬁ 203), }5525‘1“\7‘71
~O PFOS 5T H MK IZ BV TR IR S T 5, EPA (2021, Draft)
Tl% Mshaty & (2020) OWER OFEMRFET — & 23z, POD Z#HH LT
WHD, ZD%O EPA (2023, Draft) (2 X 25HliTIXERDY EiFon T 57,
DB TN T H | EREW) OMREA~DEEZ b L ICFHMIE L R L T,
ZDHRIBIMIN D XEFLOHIRE L RN & PFOS X< 8T L 21k
RO BIITRBEIND OO, HEANRLNATED, FHlio= RARA k&
LTHY EiFnwz s e L,

(2) &F
@O X#kiER
JbiEE A % 5 ¢ OFLIRE 2 7 — R 2002~2005 4EI2 200 L 7= 310 # (H4E 6 2>
HIRAE : 173 #1, HAE 18 M AFRE : 133 f1) ORTX7 (RO X FEw (FEYE
fR72) : A 6 22 A4 30.8 (4.6) k. Hi4 18 A FHA 31.0 (4.4) %) X4
& LT, BHAIMIE PFOS & 0N PFOA B L 1 & o s 2 (Mental 3852
A7 w27 A (MDI), Psychomotor % > 7 v 7 A (PDI)) OB HFHA X
iz, BRMEEHIIIE R ~% T, fHRME PFOS & U PFOA 2 0 H A fii X
TNZEN ST KD 1.2ng/mL TH - 7o, HFEFEIZEIZ DOV T D4 H713 Bayley Scales
of Infant Development %5 2 it (BSID II) % HWCEhi Sz, ZEREIFONT
(%ﬁ@ﬁ% < BERE « SRR TP OWRIE < SRR TP ORI/ T 7 = A L AEEL - B -
“““ R, ERREECCTHE) OFER, RHMAIMTE PFOA B & 6 Ak il MDI
A2 aTI\ZADOHENRFED Sz (8-0.296 (95%C : —11.96~-0.682)) 7%, 18 />
H R B XA D2 o 72, PFOS B & OREIIERD Hiv7e - 72 (B
204),

JbHEE A # T ¢ OAbiEE 2 R — M2 2002~2005 FZ&M L= 770 MO
AT (BBLO ) HEER FEHERZ) £ 30.7 (4.3) #%) Z2 X512, RHAMIE PFAS
IR (PFOS. PFOA. PFHxS, PFNA, PFDA, PFUnDA. PFDoDA, PFTrDA
O PETeDA) & +EX 60 8 T ADHD KRIER & OREN A S iz,
ADHD OFHiiZIZE B & 5 ADHD-Rating Scale (ADHD-RS) # v 7=, £
1 REE AR 28~32 T, RHAIMIE PFAS R O i PFOS6.22 ng/mL,
PFOA1.98 ng/mL, PFHxS0.31 ng/mL. Th-o7-, =R VA7 ¢ v 7 [EFET Vv (B
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BLOE G « BEE - (EURAET BMI - SEURHEGHE/ME & O £ b OMERITTHEE) o
FEFR. RHMARMIE PFHxS BEHEIICEY 7880 ADHD U A7 OF v XK
L7z (OR0.68 (95%CI:0.47~0.98)) 25, 1 1L H 2 FLUBRLXHIT 5 &
HETIERL o 1= (Z 1 205),

@ st - ERREE O TE A E
FELITIEIC BT DI~ DB 2 b LAZFHIlE 2 5 H L TV DB 13727 -
7:_0

R MHMEE (BFE) DFLD

EME A % T ¢ OFLRE 2 A — F T, 6 1 H OLIRICB W T, R PFOA
REEDE 1 TR & bel UCH 4 U4 hﬁif**fﬁfﬂ%% Z a7 (MDI) AMEV B
HFRD b (B 204), F£7=, bRl = A — F Tk, 82T ADHD-
RS DA 7 M 80%MHLL L2725V A7 Mgt Li-& 2 A, PFHxS NV 27 %
T ABEENZED S, HRBRALE VEOENKR T L L TOEHES T en-o7-
(& 205),

Z DA, PFAS ~D R BN BRI X DR E~DOE L L i, Rt
wakgE (IQ) &Y ADHD, HPBES & OB STV 528, %§%¥
92 DI+ 72 i E SR o> 72,

(3) #HBEDFELD

FYRERIC VT, A% 1~2 O~ U A RO~ 7 A ~0 PFOS #4512
X0 - SEER IO TRED Hiv, PFOS IZ X 2WEE OREIL T 23 /RIE S
TW5, LrL, EEBRON TV, B FOMRR~OZEIZ O T S IRET
éﬂfiwéﬁ‘EWE%PH&S%Wﬁ%ViE@b%M}mﬂsxz7ﬁﬁ
KD EOHRENH D, PFAS Dt N OMER~OEELFMET 201X, +5
AEHLIEAS DAL TU 70,

UbDZ En | fE~OEEIZOWCHHMET 2 IZIZH AN R+ Th 5 &4
Wr L7,

7. BizEM%
(1) XBE#R
PFOS (M 98%) % . invivo TiL. gptdelta N7 AV =y 7 <7 A (Jf)
(2 28 HsEHIR O &5 (1.5, 4, 10 mg/kg K&E/H) L. IFIROE(S 129584 R
K OVE#EO/INETE R & -l L7, Spi-7 v A2 X DHFIRIC IS 1T D 289K 28 B A
JEDNMEM A B b ODOFEEEITRD T, Bz, £,
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BH/EZRBR G EETH -T2, —TF, invitro TiX, PFOS (#ifE 98%) 1~20 uM

(10 pg/mL) % gptdelta N7 AY ==y 7~ 7 AflifMEFHIIIC 24 FEEL
BHL7ZEZ A, Spi-7 v A K0 IRERFHY IR JEIRZE SR OISR S
N, 51220 uM BHHETIX DNA HEOHEETH 5 yH2AX OFILN 45
7z, 20 uM PFOS & 800 U/mL % # 7 — 8 X% 20 uM butylated
hydroxytoluene (BHT) Z A1z T 24 FfffLEL L7 & 2 A, W ¥ T7—F & DI
PG, 2R BAKBEEE e OF y-H2AX BEPEM O & 1% PFOS HUMALEL L 0 &
W L. E72, BHT & O3 TIE, y-H2AX Bl o FE K OSE N HaOs
DL~V LTz, PFOS IZ X 5 invitro 8nMERER OGRS F1X. IR
D B bz 18 Uz HoO2 ARIZ L 2 b D & B 2 HivT-(Z R 206),

PFOA % C57BL/6J ~ w7 A () |2 5 M@k #EE (0.1, 1. 5 mglkg KE/
H) U7z, FFHIE K OSBRI 2 AV 72 = A B aBRAE DN IR R I ER K OV ik
U U RERE W /INERBRIZEB W T, BETHh o7z, mHAER (5mgkg (AE
/H) TIEFER, MiF ALT 85X O AST 5 K& OB EESE OB A 57 $ O
O, KRBT D IEEREBELE O LA b LA REIEMEREDID) 13580 b
7. PFOA OF#tEITe b A b U ADEETIIRWZ & BRI I (S 207),

PFOA D& fE 4 W e —H OB nmEli Gk 1~12) OfEE R #HE I
TW5 (FIV-1), CHO ffla% Fv 7 in vitro Yo R B FRBR I3 T—E 5 1E
ORI RE NI GRER 6 LU 8) ., MllasrEIC iR LizgBLEx b, £
DML, invitro, invivo DT O#ER T PFOA OEmMEDOREIUIFED B iL7e
> 72(Z i 208),

KRNV-1 HinEMHRERGESR 208

R PFOA # o .
AR, HE - LB LS bt
FHEE 2 W 718w 48 SRR R 2 O T8 B 1 A kB
NH. HE (S typhimurium TA98, TA100, TA1535,
1 (95(;) TA1537, TA1538) . Eff: (S. cerevisiae D4) =3s
° 0.1~500 pg/plate (-/+S9)
NH+ HE (S typhimurium TA98, TA100, TA1535,
2 (950;) TA1537. E. coli WP2uvrA) Al
° 30~500 pg/plate (-/+S9)
Na+ e (S typhimurium TA98, TA100, TA1535,
3 (98.5%) TA1537. E. coli WP2uvrA) £3s
o 20~1,000 pg/plate (-/+S9)

(EFLERR M 2 I T T 229820 F AR
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F ¥ A =— AN L AKX =M (CHO), HGPRT
NH4+ N LA
4 (98.7%) BT £3n
e 9.75~39 ug/plate (-/+S9)
FFLEARSE G 2 U 7o e o IR B 5 AR
- NH,* F A =—ANBA L —FIHANE (CHO) i
(98.7%) 75~200 pg/mL (-S9); 125~750 ug/mL (+S9) -
. NH* F oy A =— R b A S —FEH (CHO) o bt
(95%) 30~300 pg/mL (-S9); 75~825 pug/mL (+S9) -
7 Na+ b ]\ U »\//\O}Sk é\“l\i
(98.5%) 25~300 pg/mL (-89); 50~402 pg/mL (+S9) -
o Na* F A =—ZANLA X —FIHEAN (CHO) .
(98.5%) 50~498pg/mL (-89), 75~600 pg/mL (+S9) B
In vivo ‘B /MG R
(95%) 200, 400, 800 mg/kg (HLIEIE M2 5) -
0 NH.* e CD-1 (ICR)~ 7 % .
(95%) 150, 300, 600 mg/kg (HAERR O #5-) -
(98.5%) 250, 500, 1000 mg/kg (H[EIFE O£ 5:) -
in vitro FETEE AR
19 NH4* C3H 10T1/2 #lifz o
(95%) 1~200 pg/mL =

-/+89 : AEHEMALR (89) DIAFAE T M OMFIE T
* o ERORBRIC BT, MR R THIEROS R A b T,

TK #fi 2 vy C PFOA @ 4 FBALERIC X % in vitro @it 23 L7=, =
Ay MR K OVIMEZRBR TIE 125, 250, 500, 1000 pg/mL, TK #Efs 1225828 Hi
RBRCIE 125, 250, 375 pg/mL & ALHE L 7= 4B 58, /MERER K O TK 1815 1-225K
BHEBEBRTIIEEThH 7208, 2 A » MR T TH - 72, PFOA & PPARa
7oA A=A b EOPFHAEETIL, PFOAFEI 2 A v b &Y S, & ERE
OEABIH Sz, L7zdi-> T, PFOAIC L% 2 A2 v FOiE%ICiX, PPARa %
LT A M L ADEE1RE 2 b2 (B 209),

HepG2 iz Hvy, 2X107M~2X105M @ PFOS (i 98%). PFOA (fifi
FE 95%) XX PFHxS (Rl 98%) @ 24 BE{ALFRIC L % DNA HEMA 2 A
FRBRIC K W R LT, RBREEE X PFOS 100 pg/mL, PFOA 83 pg/mL X
I% PFHxS 80 pg/mL TH o7z, WITNOWE bIREMKFH 72 DNA HIEELZ R
U, F20EMEmBEROEARING RO B2 OB ERFMEIZARE Tl oz
(% 210),
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PFOS % 48 B§[E[#IE T Wistar 7 > M 4 BF5RHIRE 085 (0.6, 1.25, 2.50
mg/kg AAE/H) L, BRI 2/ MVEA TR O DNA M (=2 2 v MR
BRIZK D) et Lic, ZORER, HEMKAEIZ, M2 AT 22 4R IERD
WML Na Ay NAaT7 OEMBALNTZ(BE 211), kil F CRBRT 5
A N K o TRBMIZ I T 2 /MEFHR MM O DNA EM (=2 A v MBRIZ XL %)
FRETLIZRBICEB N T, & bICBEE R LTZ(2E 212),

PFOA (100, 500 uM) DM 1EIFA #ikBR % S. typhimurium TA98, TA100,
TA102 & X TA104 Z Hvy, RENEMELRATE T L OFEAFAE T CIHEME L 7o R5 5.
patk T o7z, £z, Vero Mz W 7ZFRb A b L AIZB3 2 MF Tk, 500 uM

(200 pg/mL) CIEMEEERE O PEAIEINEZ R LT-(3 MK 213),

(2) @5 - ERFHEOFTEME
B2 A FERERS (TARC) 1%, PFOS IZoWCIEEHEi 2 L TWwh vy, PFOA (1
DUNTIE 2016 FOFHM (Volume 110) (23T, EHEM B RmEETF 28 S
RNET LV B D Z & BREA b L AR LT IEE BN DNA 5%
RTHAEANNL O0NdH D Z &b, PFOA I LA ENAMITELEEEICE D B0
TIHRWETEHLBEOIAH S, & LTWDH(EEH214),

EPA 13 2023 4ED i (Draft) (28T, PFOS I2HOWTITEEFE AR T
SREZRFEHLI WS OO BERZREATF OO L DL LTHEIXLE RN E
LTW5%, PFOA IZoW\W Tk, BRIFMIT/WI EAVURER IS, DNA 15
Ol TEZTHRER DD L L, ZOWFITBEE TIZMONTE 5T, Araet:
HEWL OO, BREEEZGE LI NN E LTINS (R 47, 48),

EFSA 1%, 2018 EDFHIIIZH VT, PFOS K PFOA 1% & & I B 70 & s
FEZ R TIHUEI R NH OO, FEEA B L RAZSIZEZ T WL OO H %
NG, BEEMEICOWTERITIHEE RN E LTV (2R 82), 2020 F0
FHICIL. PFOS & PFOA 2B L CIRE#EN 2B EEE 2 /R 7R /2 &
fEEmftiT Tna, F72. PFOS KO PFOA LI4k®D PFAS (ZOWTIET — # MR
ENTWVWDHDOD, PFOS EMENIAIL TW5 PFHxS (2B L Tid, B
BEEMEO A REMEITR VL & LTV A (BIR 1),

ATSDR 1%, 2021 #DOFAfIcB VT, PFOA IZ2WTILZ DNAEELA 5| & 2
THOD, MlaEtEEg S E I SRWVIRECTIIZRFEEEZ2HE IRV E LTS,
PFOS {22\ T in vitro THIlAEE iR 2 5| S = L7 A, in vivo T/
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TR LI ENER 1 Rb -7 b DO BinEME 2 R I 5L &
LCW5, PFHxS IZ2W T, flio> PFAS 43 1-Ff & [k, FnALABR STV S

& L. in vitro T DNA {5 K ONEMEERSEFE D PEA 2 7R S 720 & O (Eriksen
et al. 2010) ZFEJr L TV %(ZH 16),

Health Canada /% 2018 fEDFHIIC IV T, EinF. JEafk T DNA I
BI9 52 < D in vitro XN In vivo iR O RICIE-S %, PFOS KU DI
Cffﬁ%‘ X7z & L7z EFSA (2008) K O Health Canada (2006) O

BRE L. ZRLABEORF O LI Z Offamz XFF L TWDH, & LTW%, PFOA
2oV, BIEFEMET —%X—2 (EPA, 2005; UK HPA, 2009; Environment
Canada and Health Canada, 2012) (k2S5 &  ZEREM IR, —RICEGES
ML E LT 5 (2 34, 35),

FSANZ 1% 2017 4EDOFHIZHB VT, PFOA (IZoW Tk, EFSA (2008) K O®
IARC (2016) O Rf#, F72bH, L) DNA 512 X 2 M Einsmttz
HT5ZELOBEPAMITEEFEEICE DD TIER W E TN DD OFEHL
WD EESIHO L GHLOBEATTIZ L0 BEFEEXRVE LTS, PFOS
IZ2oW Tk, EFSA (2008) & TYEPA (2016) #5|HD E, BElia@EiEixne L
TW5H (i 32),

ANSES 1%, 2017 FFOFIIZEHBWN T, WTHLo PFAS 4 TR L T4 s
FMEICET 25 21T > TV 7RV (R 33),

(3) BGEHHDOFLD

SCHRAE M ONfgAt - [EIBREEBE ORI 2 B £ 2 5 &, MREIRIZH D5 H DD,
PFAS OB nmERBERIIUTOLIIZE L OB D, B, KD T v ME

BEX ORI IMIZ I 1T B/MER Y= A > MERERBGMESRN RS IR 211, 212), I ONTHE

IR 2R B BRE M (S R 2131%, BBRT A1 v, 7 — AT IC IR
WD, FELOBEAITIE N EFE X T,

PFOS LT PFOA & &1T in vitro TlE, BAn 722582 Hallik Thatt:, Yetafkd
15 (YRR /IEZ) B Ttttz R L\ in vivo T3/ MERER CRatt 2R~ LT,
—J7. in vitro ® DNA #E#EH (yH2AX Xid=a X~ F) CIEBER RO ®E

MO HAL, TV, IEEREEFEOMEA LB L T\, PFHxS IZ2W T H A
EkDfgm (in vitro T® DNA 85 OVEMEEESBFEDPEA) DAL,

D\J:O) — 5. PFOS. PFOA O PFHxS X in vitro \ZBWTEE(L A kL

TS DNA #5279 b 00, EHENEGEEEZ A LR &)
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Wr L 7=,

8. EMNAM
(1) BYEER
@ HFEHLA

a.

SRREER

(a) PFOS

SD 7 > (R, & #E 65/60 VEXiX 55/50 PT) 12 PFOS (71 w7 LM
FE 86.9%) % 2 FMIREFES (0. 0.5, 2. 5, 20 ppm) L7z, &5 102 XX
105 38 H o 1ifi{f PFOS JRE D) (BRHERZE) 1L, S5O T, 0.084

(0.134) pg/mL, 4.35 (2.78) pug/mL, 20.20 (13.30) pug/mL., 75.00 (45.70)
pg/mL, 233.0 (124.0) ug/mL. & 0.012 (0.010) pg/mL, 1.31 (1.30) pg/mL,
7.60 (8.60) pg/mL. 22.50 (23.50) pg/mL. 69.3 (57.9) pg/mL T -7-,
AR OFER ., 20 ppm & GHEIZ BV T, HHIAERIE (hepatocellular adenoma)
DFEEBPENTHEFHHNSA B2 (B - p=0.046, #f : p=0.039) M EIEL =N T,
JiFfmfagEE (hepatocellular carcinoma, HCC) # 20 ppm #&#5-F0OMEZ ~ F o 1
BlCBlEE sz, THI OGO ER L 10% st &L LT, T v
k TiZ BMD1o 18.2 ppm. BMDL1o 7.9 ppm. i~ > s Ci% BMD1o 16.7 ppm.
BMDLo 8.0 ppm 235 H S 7= (Z R 72) [F8B].

(b) PFOA

SD 7 v b (MR, &8 60 VT, HERGEEOA 180 PL) |2 PFOA (M 98%
LI b) & 2 EMIRAE S (RPEM (Fr oA A% o&k 5 A&  Fi i 0/0,
0/20. 300/20, 0/40, 300/40, 0/80, 300/80 ppm. F;itf : 0/0, 0/300, 150/300,
0/1,000, 300/1,000 ppm) L 7=#5%, AFIEMEG I A MBI SNz, T v
N OFFARIIES (3 AR ARIE) (2R AMEDFENRFELE L CRRO BT,
—J . W7 v FofFfilaRE (HCC) OFAHENMNIL, PFOA 5-& OBE 1S %
5D EBELRLTWAH (R 215),

(e¢) PFHxS

B BT A_EHAIE o7,

114



b. B - EFEHEREOFERIE
(a) PFOS
EPA X, ¥»BXAAv—77 7 7 % — (cancer slope factor : CSF) 205 HIZ

bbb T, BBRAMED 5 BEREFHME 21T > T\ %, PFOS I25W T, Thomford
5 (2002) K& U* Butenhoff & (2012a) D#ENDMET » HIZIS 1T 2 HTHEHD R
JE N DN g O 38 AR BNz 255 % . BMDL1o % 19.8 mg/L, PODugp % 2.53
X 1073 mg/kg (AHE/H ., BEHIBRBENA AT —T T 7 7 #—% 39.5 (mg/kg &
H/H)TEREE L T2 (B 47),

EFSA (%, EBREW O3 D AMERBRIC B W T, PFOS X > D
FFglz 8 C PPARa # 0 L7220 A7 et —4—+ L TERHT AL LTS
D, ZOAH=ALT, B MIAIHTITELRNE LTHAEEE ),

ATSDR (%, PFOS 2o\ T, 2 EMOIREEHEIZ XY . WD T » MIRTF
HMARRRAE O I3 NN FERD Sl & LT\ A (1 16),

Health Canada %, PFOS (22T, F0S A & OB 2 7R~ 4~ 5 AfF 9845 S
WEEH DL OO, AN THERERA AL TV RN E LTWnD,
PFOS I X A EEOFE BT ITETZMHA I N T RN DD, ZAETILHED
NTWAHHEIRTIE PFOS I3EERFMALAM THD Z NSRBI T
L2805 TDI 77 u—F %4752 L, kb B LEAEKCBEREZ R
> Butenhoff & (2012a) (25152 SD 7 v MMZRIT 2 FMAIEEIZFE S\ T
BMDLio % 0.276 mg/kg {&8/H,. PODurq % 0.028 mg/kg &&E/H. TDI %
0.0011 mg/kg (KH/H & HH L TW 5 (ZH 34),

(b) PFOA
EFSA (. FEBREMWOEMEFEMEREBRIZIN T, PFOA 13T > WD ITFIEIZ
PPARa # /M LT7eENATRE—F—L LTEAT L) ZEITEAL T
5(ZR ) [HHE]

ATSDR /¥, PFOA (Z>W\ T, 7 v h~® PFOA DiRfEHK G L 58T » b
OFFAIIEERIE DS A M s Shiz e LTS (& ] 16) [FHB],

20 HfiEAZ—AEJE (70 ) ERLEGEITHENT 528 BAME (Y R7) LERIND, I
3. HMTFEVE~DIIBEOLPIRE THEN AT DR (VA7) THD,
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(c) PFHxS
B ER ORI A% b & ICFHMIE 2 B LTV DR I3 e ho 72,

@ R A
. XEREHR
(a) PFOS
B BFa_&mIT7enoT,

Q

(b) PFOA
SD 7 v (MEHE) |2 PFOA (R 98%LL 1) % 2 AEMIREER G L 7o ib &,
R D RELIZ R AL MG NS BLER S VT, BET > - DRENRIS 22 & 7 i B o0 s
FEARINIFE N AMEDFED72FELE L TRRD bz, —J7, MET > ~ DORERgIC
B VT B ARG DRSS DI AL, R AMEDIRERZRFEIL & B 2 B %
EELZLTWD (2 215) [HH],

(c) PFHxS
Y BT A_EHAIE o7,

b. B4 - EFRHEEDOFTMmBIE
(a) PFOS
BWABRIZ IS T D RS v e b LSRR E 2 R H L TV 2 8B I3 e o 72,

(b) PFOA
ATSDR /%, PFOA (25T, £EH#EH TPFOA LX< TS NIZHET v M
PO THEREMIEESE S il Szl LT 5 (ER 16),

(c) PFHxS
BB OPENR A A% b & ICFHMIE 2 B LTV DR IE e o 72,

® WEHA
a. XAEKEHR
(a) PFOS
O B~ & AR o7,

(b) PFOA
SD 7 v b~ (MERE, 458F 16 L) (2 PFOA (7 &=V L) % 2 FREEE#
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5. (0, 30, 300ppm (90, 1.5, 15mg/kg/H)) L7=fE%. 300 ppm 51
THED T AT 4 v BB AERMPBIE SN, 74T 4 v e HlaEDH
FIITIEB L H IR T OHEE SN - (2R 216),

(¢ ) PFHxS
Y BT A_EHAIE o7,

b. &4t - EFRHEEIDFTMBIE
(a) PFOS

YRR OKERB AL S LICFHEE 2 F M L T B~ 7o,

(b) PFOA
EFSA 1%, EBREMW) O 18 14w tEaBR 58 03 AERER IV T, PFOA LT » b
DT7AT 4 v el PPARa 2 LENA T BE—F—L LTEHL TS
N, ZOAB=ANTE FTEHTUTELRNE LTWA(EH 1),

EPA %, PFOA (ZOoWT T4 7 « v B MBIEIZ SOV TR ANTED ATREM: &
RTINS D & LTV A (B 27),

ATSDR (%, PFOA IZ>W\W T, 7 v h~® PFOA OIREEH G IZ L AT »
DITAT 4 v e MMIEORATMPHRESNTZE LTV D(EE 16),

Health Canada (%, PFOA (Z 2>\ T, EBREMW TIX, 214E0ESD 7 v M &
Tz 2 OB MERENE - BB AMERBRIZEWNT, 747 « > e Ml HEs
ENT=Z LB 2D H 5 Butenhoff & (2012b) DakBifE RIZH-5 &  NOAEL
% 1.3 mg/kg KHE/H . PODurq % 0.076 mg/kg fAK&E/H. TDI % 0.003 mg/kg
KE/H EHEH LTV 5 (ZH 35),

(c) PFHxS
YRR OB RN A Z S EICFHMIEZ R H L TV A8 I3 720~ 72,

@ HNAM BYRBR) OFLO

B TIx, PFOS TR LTIt MERESD 5 v k& AV 1 > #: -
R AMERBIC I\ C . IFFAIIESI O R AT ST B A8, AR A f OO B
DANZEI L TIEELY BT 2 _& IS LTy, PFOA IZESL Tix, SD
Ty R A 2 SORA AR50 T L TR R . TR 5 A N i e
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(2
®

a.

KORTAT 4 e HlAEOFEREIRINTEY oM EITEBNTH 2 D
BEOFHFMERHETRE SN TV D, PFOS KT PFOA (2 X 2 B AMEICEE LT,
PPARa., CAR ZDOENZBROIEMALORE, PFOA 1T X DBERMNAMEICE L
TlE, PPARa OIEMHEALOBE G2 RIE E T %, PPARa X° CAR %41 L7253
METy MEEAICROONHEETHY | B MNIIMETE S AMEEMHEITIRVWEE 2
LbNLEHDD, ZTNHD AT =X LDOEGOFMIARHTHY | 4% ORBFEH &%
o5, PFOAILLDT7A4T 4y eHilEIZSEHETCOHERTHY, Tu~s
— B OFHEIT LD IEEREIER D AT RHEE STV D5 AHTH Y |
B MIAMETE 2008 5 DIZHOWTIZHIB T & 720y, PFHxS (22W Tk, Tl
DA, NSNS A0 S OB DS AUIZBA LT B 2 _R&EAAITHE STV,

) EE

A AY A

X AR EHR

T < — 7 OHjR & 23— MMi%E (Danish cohort Diet, Cancer and Health)
([CHRWT, NN AEE (674) ROV 7 ak— hxtilE (1724) o —2 =
A— MIFZEDBMTONIZ, M4E PFOS iE (FRAE (5~95 /N—t XA /1)) I,
fFlgs AR 31.0 (15.8~62.9) ng/mL. *IEEE 34.3 (16.2~61.8) ng/mL. I
i PROA 2 13/ VB3 5.4 (2.5~13.7) ng/mL. %t 6.6 (3.0~13.0)
ng/mL To - 7=, M4 PFOS EE 10 ng/mL & OMALAE PFOA 2 1 ng/mL 247
Y @ incidence rate ratio (IRR) IZAE Tid/e <, Il A & OREEITA L7
Mole, FHDITAMEORA & LT, MkEBIX 1 BITH L5720, BHICHT
% MAERR EHER LM L TV W RTREME DS & 5 SR & 221 TV 4 (B3R 217),

K[EH O TIAHT M OB KB YL I I C 351 F 5 a7 — MFSRIC B\ C, #EE Mg
PFOA B L FHgERN A D Y A 7 ICBhEIXI A Lo T2 (R © OZET T2 AR
DOEERICOVWTIE kD LBD) (B3R 218),

KEOFETH T PFOA 121X B ENT- @A IO\ T ORFZETIL, AFlES
ADFETHNE 10 1T, SMR OF B IEA Lo Tz (FEH D OFITFTZA
WF2e DB ESIZHOWTT R L B80) (B8 219),

KED APFO (PFOA 07 & =v LlE) R & OFFE APFO fldhgk o
PEEBE O aR— MIRIZBWT, FFENAY 227 (9 JEF) & OBEZ KRG,
APFO DXL FE L MBS A DY A7 \ZBH#IEA bR oTe (FEE L OZET TR
WD ERIZOWTIE Bk L 50) (B 220),
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KEOIHY T REMIE 1T 5 2k — MRS W T, #ERfEmE PFOA 2
FE & RS A B I A ST o T (FEE D OZE T T AL DR E ST DWW T
T bR tBY) (B 221),

K [E @ Multiethnic Cohort (MEC, 1990 4-{SHIEE/N D ANT A OB Y 7 4 v
=T TITONTWLT 7 U IRKEAN, 77 UFRKEA ANTUARER, HFRK
EALOCHANERG L LzhimE ak— ) IZBT% a7k — hNIEFIR PR T,
A AR (HCC) BE (504) & =av br—it (504) ([2Bi)
% Im4E PFAS (PFOS. PFOA. PFHxS, PFDA, PFNA &k O PFUdA) R (&
IV-3) & HCC L OBFHEICOWTEMfTEr P RT ¢ v 7 EURSIT 21T o 72, 1M
5 PFOS IRE D& (>54.9 pg/L) 1%, EU A L AVERFMls (HCC) VU X7
EREBENH -7 (OR 4.50 (95%CI : 1.20~16.00)), —J7. 4% PFOA &
e (>8.6 ng/L) XU PFHxS IRE&E (>4.3 pg/L) 1%, 3BV A /L APERTHA
B (HCC) @V A7 LEE LD 2Tz, FEH DITARMIFEORS L LT, JEFIHE KL
ORHREEOE N Z R 50 4 &7 < ANFE, MR, BMIL, BERIFEZE OO Y
AV RAEBETDHZENTE ol m, £2, PFAS 1T < @ITRIFHIZEAL
FTHOITx L, MIEREREUL 1 B ORTH o 7o RE 2T TV 5 (B 222),

#=IV-3 PFAS &7 FHEOMIBBZEE GEMITY GEMMZERZE)) (ug/L)

TR HCC JEHI
PFOS 29.2 (1.95) 29.2 (2.37)
PFOA 4.78 (1/89) 4.21 (2.13)
PFHxS 2.07 (2.25) 1.84 (3.11)
PFNA 0.827 (1.85) 0.844 (2.05)
PFDA 0.278 (2.84) 0.27 (2.97)
PFUnDA (75 percentile) X 0.89

K BRIAD 40% L EVNRHIRFLL T CTh - 7oloh, FHR Loz,
(1 222)

. st - ERREE O FHE B R
O A DRI Z b L AZFHIE Z S H LTS BEBIE e o 7o,

B A

. XERER
KIE 10 HH T R(EFEER (55~T4 %) & X512 1993~2001 H1Z/)F TiThi
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7= The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial
(BT 2 = A — FNRERIE FRAFZE T, BRI ISR S A7 B R
324 4 K OSKHHRRE 824 4 & xt5 L L. IfiiE PFOS, PFOA, PFHxS, PFUnDA,
PFNA.EtFOSAA.MeFOSAA ¥, (X PFDA % & B g’ A & OBE A Mt L=,
Z OEM O MIGFEE 2 RKIV-2 ITR-7,

ZOREF., MiE PFOA JRE O HENSEIEMUY T 0DV A7 RNELl b &
(ORcontinuous 1.71 (95%CI : 1.23~2.37). p=0.002) 73/~ Z4v., & ORI,
fitho> PFAS TH#E L CHREEETH o7, —J7. IiF PFOS J=EE & QNG PFHxS
TRFE D THERTEEIN G 720 OBIEA AV 27 L IEORENRFED L=, o
PFAS CTili#9 % LER LT,

FHE DT AMEORM L L CiliE PFASIEEIZ 1 ROADHETHLZ L&
TN 5 H, £< O PFAS RO EEHNITE < . BRI IR E 2 HIE L
TWVDEFEIZB D TEHADMHREIILZE L TWAHZ b, 1EOHDH
EEIZEMMICOE2 X BEENML VD EEZLNDEL, ar ha—/Lit
D 3 WA TOMIE PFAS IBE A5 L7z (R IV-2), £7=. ABfEOxSITHEE
AN=Zy T FRANTH ST LG, PFAS B & B g2 A OB IR D NF 2
DER % LT & 727> 7273, oo NHANES ORFZEN 6, e 2= v 7 R A
ANEHELTT 7 U IRKEADIE O DY PFAS BEREH W ENHLATND
L& KERNTOBEBNSARBRIIAFEZEZNHY, 77V WRKEAREG N &
MEBILTND Z &b, ERHMENLLEND L LTV EH(ZH 223),

KRIV-2 a2 bO—)LEOIME PFAS iRE (EfIFE (95%Cl) (ug/L) (N=324))

PFOS PFOA | PFHxS | PFUnDA | PFNA | EtFOSAA |MeFOSAA| PFDA
1993-1995 33.1 4.0 2.7 0.2 0.6 1.2 1.3 0.2
(25.2-43.6) | (3.1-5.1) | (1.8-4.0) | (0.1-0.3) | (0.5-0.9) | (0.7-2.0) | (0.9-1.8) |(0.1-0.3)
1996-1997 35.0 4.3 2.5 0.2 0.7 1.1 1.4 0.2
(26.8-45.7) | (3.4-5.5) | (1.7-3.6) | (0.1-0.3) | (0.5-1.0) | (0.7-1.9) | (1.0-1.9) |(0.2-0.4)
1998-2002 35.5 4.6 2.8 0.2 0.7 0.9 1.6 0.3
(27.4-46.0) | (3.6-5.8) | (2.0-4.1) | (0.1-0.3) [(0.5-1.0)| (0.6-1.5) | (1.2-2.1) |(0.2-0.4)

(2 223)

KIE DA NA AN O TGV S OB AKTE YR 5 BfE VA hoX—D =7
JND 8 BRIZIUVNT, 1951 4E) Bzt H £ TOFEGBIHEE iF PFOA L (BRbR
FBTLRCHIBE R A2 WD TR EO KRG O R KH PFOA R & 22 i o (1
JEIEHRENDHEE) &, DABERT — X ZFH LIRS AR OB A2 G L7z,
ZOEM (10 L EOSEEEICRE) OHEE M PFOA #EEI1% 3.7~655 pg/L
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ThHv, 12.9 pg/L & 30.8 pg/L D 3 i m KNI E DaAmn 6 R E  HEiiz
110 pg/L LA ko 4 7 —7 (L THEW (Very high), @V (High), $fEE
(Medium) , &> (Low)) IZ438E L 72, 1996~2005 4FIZ, A/ ~A AN T 7,869
JEF], 7 A RN— =TT 17,238 SEFIN, DA LW STz, 18 LD MN
ADTEBFNZDONT, BT e FOMF%ET PFOA & OREER STV D F
Bk, g, FEE. FFIBZ BRSO NAERBREE LCTHERH L O Lz, £0
FER, FRIX B GEBYKIR) &bl L, #EEmiE PFOA BN [Very
high (110~655pg/L) | %O THigh (30.8~109 ug/L) | OHURIZIW T, Bl
DADU A7 NEh-7- (Very high : OR 2.0 (95%CI : 1.0~3.9). High : OR
2.0 (95%CI : 1.3~3.2)), F7=. LlolEsisc, MEE, =883, K
WA, BIYRE, B, AT 7 —~ ZRMEEHEE, VRN A, BER AL BN
NA, FURIRDS AUy FEERBAATHOWTIE, BENSHE IR o7z, — T,
FEFRTX YU NEHIL [Very high] KT [Medium| TVYU X7 BEr-oT= (Very
high : OR 1.8 (95%CI : 1.0~3.4), Medium : OR1.5 (95%CI : 1.0~2.2), #&
FHOIIAFFRORA L LT, cHBEEE UTHM L7 BIES A, NS A RS
Aoy TS AV LSS D3 /v PFOA 1X< 88 & B L TR & iGE L COT 217
ST REFT TG, £io, KRI MBI BRES L OB ABEFN V2L 3
EENROLILTIY (B, MR, BUERE, REMARDLOA) . o U R 7 K-

() 2 1E . KBS ANCE L CHARTOMERLVE L BE) IOV TTE R R
ARECH 7= 2 & MIEREHETE ISR W CITEEMIZE S EHEE L2720,
KRS B 72 2 Hs ] C O BB L 0 MIEREFEOSENEL S 2WEERH Y
B/AHZEBEORA L LTWA R 218) [FH#],

KED T A MR—=T =T IMIZH D DuPont #0515 C, PFOA (21X < &
ENT=FEHE 5,791 £V T, 1979~2004 4FE £ TOHE#E 1,308 4 D MLiFT
—HZHEDW TR INTZHEXSFE~ MY v 7 X (Job exposure matrix) %
FWTHERE SN 72 1fiE PROA JRE L AR R & OE A Wit L 72, #E & fjE PFOA
IEDH)E 350 ng/mL ThH o7, By ASET 11 51T, DuPont fEDO o T.
BCORTHRT —ZITHESNT SMR et L7 s 2 A, IX<END 20 FRD
T TR A DEARE L7258 (20-year-lag analyse) (Z351) 2 BEHEE ML1E PFOA
BEOKIK 4 /50 (0~<515,000 ng/mL-years) ¢ SMR 7’ 1.34 (95%CI : 0.28
~3.91) THo7DIZX LT, &M 4 7L (>1,819,000 ng/mL-years) ¢ SMR
1% 8.67 (95%CI : 1.48~7.57) L@mh->7=m8, % 2900 (515,000~<1,057,000
ng/mL-years) @ SMR 1% 0.46 (95%CI : 0.01~2.55). % 3 43z (1,057,000~
<1,819,000 ng/mL-years) ® SMR (% 0 (95%CI : 0.00~2.03) Th-o7=, F7=.
A, BidsA, FERTF U Nl BERS AL BINZIRDS AT DWW T, BE 3B
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T2 roTe, FE DITAMEORA L LT, Kak— MBS 5B AR
BEEDN DR BB BRONTWD Z & 251 T\ 5 (B 219) [FE].

KEI 2V ZMND APFO (PFOA 7 & = AH5) fliEhsR & OV FE APFO il
SR DIEFER 9,027 44 D 2R — MFRIZE W T, EERN—RADOMEMNITHE~
~U w27 A (Job exposure matrix) 7225, #2FH APFO X< ZBEEZHEE L. Bk
WAV A7 (35 Ef]) & DB A MRET L7z, APFO I <& STl
SR &t U CRE IR A b v o 7o, F70, BEDS AL BISLIRD A & OBSE T
BHRE Cld 2o Tz, FHH BIX. KIFERIZEHE W TN AUMRERE KOS »
RN, MO R E DR EETH 7= & LT 5 (Z2H 220) [F#E],

MiF PFOA ¥R & BlgA AT 2B DO HREIZOVWT, LRRowim & 27k
— MJFFE 3 f@ (Shearer et al. 2021, Vieira et al. 2013, Steenland et al. 2012)
12, 2005~2006 4D IfiLiF PFOA fE % I 7-HE BAIX < & 1992~2011
FEONAOBEEZ BT L7z Barry & (2013) S OHFEEINZ T2 4 FiD A X fEHT
WFZECIE, HEEIME PFOA #EE d 10 ng/mL #4720 OBEN A DY A 7 8
HEtHE SNz, ZOR5E., Steenland © (2012) O#HE TIX 1.08 (95%CI : 0.89
~1.30) THE2BHEIZ 7222 > 72723, Shearer 5 (2021) D45 TiX 1.74 (95%Cl :
1.51~2.00), Vieira & (2013) ®O#E TiX 1.04 (95%CI : 1.00~1.08), Barry
5 (2013) OHETIX 1.03 (95%CI : 1.00~1.05) & IEDORIHEZ IR L, A X fEHT
DOfESF, MiE PFOA JEE @ 10 ng/mL #1472 © @ average increase in cancer
risk (% 16% (95%CI : 3~30%) T o7z, HH DIIAHFEDORA L LT, AR
ZFRRTIZ BT, FEFTICH W2 W DO RIZEB W T4 & 3 5 RERICE
RONHDHZ L FHIIIHEEINTE PFOA JBEST — 2NN Z E 2% TV 5
(2 224),

b. &5 - EFFHEEOFTEHE

IARC 1% 2016 40 PFOA OFEflli (Volume 110) (2B T, & b DOBEA A
B9 2 4 fROFHLIEFH TEX DL EZ20ND 50D, BIR, A T AR OAHED
AIREME 2 BHIRMEME A b o TRV T D Z I3 TE R0 & L, Bligs A DOfE R
EOGHUIRERN TH D L LTS, ok, 8RB TIZ. 747 ¢ v e flilig
JE R e B e N O PR AR R 23 Z > BIZHA BT WD D, = 7 A DWW T
IFIAATRE 72 T — 2 13 e otz & L, BiBR O T D A OFHLIXIRER T 5
ELTWA (B 214),

EPA |3, BN AAR—T T 7 7 2 =5 HICH T, FE05ANED TR %
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{T>TCW%, PFOA (22T, Shearer © (2021) O#HEIC LD b FEHIaREIC
B3, BhAhAa—T7 577 Z—0 95%EHE LIRE% 0.00352 (ng/mL) !, %
MDA —TF7 577 H—% 0.0293 (ngkg (AAE/H)T EHH L, T Mk LEN
IMED S D RTREVER B D | LR L TV 5 (S 48),

ATSDR 1%, PFOA [ZB L T, BEIZ< R XL 2B A & o BEE 2 -4
HWFZENHH L L TWAH(BH 16),

Health Canada (%. PFOA [T 2\ T, KREIBLREFHIEIC X Bl A & D
BIEMEDN RSN TWD DD, MO —BEDORINRLT — X ORMENIITED |
POD oEHIZITHW SN2V E L TWAH (R 35),

Q@ FB/EHMLA
a. XENEER
KIENZF T 2 TIGAHT & OB R IB Y s 2 351 5 2R — MMFFFRICR W T, #E
E 1% PFOA 2D [Very high| HUKDREEN A DY 2 7 REWMEAR & - 7-
(OR 2.8 (95%CI : 0.8~9.2) (FEH L DOFEIFT-AEOEE SIZOWTIE Bk
DEEY,) (218 [FHiE],

KEOFE T T PFOA 21X B ENT-H@E OFZEIZHBNT, HBENAD
FEEHNL L FlOZHT, SMR OFBERBEINIA SN T- CEELDET A
o E SOV T ERo Y ,) (R 219 [FE],

KEOIHY T Ml 2517 5 C8 Health Project 214 (69,030 4) & PFOA
TR a7 — FBINE 25212 PFOA & 21 DA A & OEENHAE S
72 PFOA T3 TEIW T W RO — R (28,541 4) & . PFOA T3
TR (8,713 4) 7% 2008~2011 FFOFHEIZS M LTZ (Gt 32,254 44), HCOH
HEENTZBATONT, 1992~2011 DR ARG TR L, ZNLLRTO N Al
PR CHER LT (FeE L72A3 AUiX 2,507 1/2,361 44) . 2005~2006 4= (I E
ATz iyE PFOA JREE OB 1T — (LR (28,541 44757) 24.2 ng/mL (JFE&G[H -
0.25~4,752 ng/mL) . T5HE¥E (1,881 44y 21) 112.7 ng/mL (JEEHIPH : 0.25
~22,412ng/mL) Tho7o, ZOT—HX % H &121952 CUFFEAEH) ~2011 4
F£ TO PFOA OHEE RAFHIE < BIRE X OHEEFEMIZ BIREL R T L2, log &
#1470 oHEERBEME PFOA REIL, HEANADY 27 5 (HR 1.34

21 1 D 1,832 453 DIMLIFR LTS S TR0,
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(95%CI : 1.00~1.79), p=0.05) ELBHHE L7=, 7=, ZOMDIMBADONA (B
Bt B, BaEs, e S, AR ERG. A, B, BiE, L ML U oS,
Bl O, PR BENE. AR, KGR, B RDIRER. FEEED 2w
TIIBE R 2o T, FHH DIIARFZEDIRA & LT, C8 Health Project Z/IkF

(2004~2005 4£) LDARTICNABEDRLT LIZAREMENH 0 . EFROEK OB A
&, ARG SNLDAREMER S H Z &, £o, BADHRIISNE OB
CHEHEICESNTWD 720, KEFE (ERRN) OFTREMERH D Z & 2% T
% (%M 221) [FH48],

Mm% PFOA LHEERA Y A7 IZOWT, HEHFIICH BEREOBENRH 72 1
S OB 22 Do T2 TR DEF 2 8 2 A & AT L 7= #E 5. iiE PFOA @ 10 ng/mL
HEINY 7=V @ average increase in cancer risk 1% 3% (95%CI : 2~4%) Tk -
7= (EH D OET RO E RIC >V TIE ERo L3 0) (B 224) [#48)],

KEZZFE OB IBE D~ 1,000 T AL EOWEZT —4 (1988~2017 4F) %
ﬁHb\Tﬁot:T N PSE A % A4 (Pj%ﬁﬂﬂﬂﬂ@ﬂiﬁ (TGCT) & (ABxi%
feiE) 530 4. FE TGCT B3 530 4) (28T, i PFAS (PFOS, PFOA,
PFHXS\ PFNA. PFDA, PFUnDA KO} MeFOSAA) JEE L TGCT O RBIH 35/
I, MKIX 1988~2017 FFIC A E R b F WIS (1 EE), 9
5 374 4 (TGCT % 187 4. 3E TGCT BHE 187 4) 1IZ D 5 HF%LMRIZ L
mahsz (21H), miE PFOS, PFOA &1 PFHxS JEE O Rl (25 /X—F
VA AL TE =% X A V) 1 X, PFOS @ 1 1] H 29.3(18.3. 42.2) ng/mL,
2 [H 21.2 (13.2, 33.5) ng/mL, PFOA @ 1Al 5.87 (4.45, 7.85) ng/mL.,
2 [FlH 5.65 (4.25. 7.55) ng/mL. PFHxS ® 1 [A/H 3.6 (2.1, 7.0) ng/mL., 2
B H 3.7 (2.3, 6.2) ng/mL Tholz, FHEFE T RAT ¢ v 7 Blwatr (FEk,
AL, oo Myl PFAS JREE TIREE) 21T o 7ofER. 2 [ H ol PFOS &
D% 1 WaAi#E (<13.2 ng/mL) (Zx4 255 4 WA (>33.5 ng/mL) TO
TGCT Y 27 DA v R EH- (ORqu 4.6 (95%CI:1.4~15.1) . p for trend=0.009)
L7223, 1Bl Mg PFOS B &%, E7-tho PFAS & & HERBEITA LIV

o 1o (B 225),

b. @5 - EFEHEREOFERIE

IARC 1% 2016 4 PFOA ®FEff (Volume 110) IZF W T, E F @%*%zﬁ
B3 262872 2MOFHLIEH TZ 2D THY | A T ALK L - T EED%
SINDHAHEMEIIR W E LoD, DARVIEREIZ LD b @Ti@éﬁ%?g?ﬁﬁ L. &k
HIIBRENTH D & LTV D (B 214),

124



EPA iZ. PFOA (Z2>W T e MIxtLENAMENG D[RR SHSH] & LT
HN. RN ADENL AT =TT 7 7 Z—3FHH L TWRUW(SIE 48),

ATSDR (%, PFOA (Z oW THRZEIX S RIC L DHEEN A & ORSE 28 &3 D
TN HE L TWD(EK 16),

Health Canada I%. PFOA 22\ T KEALZREFLMIIC L O FEERN A & DR
HEINRINTND SO, MO —EHEORINLT — X DRHENSITLD
POD 0B HIZITAW BN E LTV A (S 35),

@ E.HA
a. XEKIEER
KIE D TG o OB K TG Ge il 2 3 1 2 2 A — MFSEICR W T, #EE IMTE
PFOA IREE LB A DY A7 IZEEIT A B 1o (B DT T2 AL D
BELSIZO W E kot k0,) (B 218) [HiB],

KEDOILF T T PFOA 11X < & SN2 BF ORIV T, A DI
CHl 4 1T, SMR OF ER¥EINIA LN 2Tz (GFEH L OZET T2 AR
HESICoW O ko B0 ,) (B8 219) [HiB],

KED APFO (PFOA O 7 & =0 LlE) R & OFFE APFO fldhugk o
PEEB O ak— MFZEIZBWT, ILNAY 27 (62 4ER]) & APFO (21X #EiZ
BRI GEE D OFETEAMEO-ERIZOW T Edo sy ,) (&
R 220) [FB],

KEOIHYE T EMBIZBIT 5 ar— MFERICBW T, #iEBEME PFOA &
JE LB AIZEEITA B NIRRT GEF O DT T AMFE DO B RIZ DWW T
FRorsn,) &R 221 [FHE],

1996~2002 1288k S 41 2010 4F F TEMF S N72K 10 T ADIEmZ x5 & L
o7 v~ —2712B T 5HM & 2k — MMiF%E (Danish National Birth Cohort
(DNBC)) 28\ T, WP omiE PFOS. PFHxS., PFOA, PFNA., PFOSA
IR & Z D% ORI A & OBEIZ DWW T, 2R — hNIERXHRIFE 217 -
7= (AL ABE (250 4) & XHREE (233 44)). AR PFAS &4 T FE O MLk
X PFOS. PFOA. PFHxS. PFNA. PFOSA T*i £ 30.6. 5.2, 1.2,
0.5, 3.5ng/mL Th o'z, v AT 4 v 7 EUFEHHTORE, i PFOS, PFOA
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IR LA L OBEIT A o 72, 1MIE PFHXS IREEIX, 6 1 L AriRE (<0.76
ng/mL) &HA~_T, 84 HOMRE (1.12~1.835ng/mL) ([ZBWTHANAD U A
7 LADORENHE S, HEOME LD 5117z (OR 0.38 (95%CI : 0.20~
0.70>\ HEED OR 0.66 (95%CI : 0.47~0.94)), HH LIIAFEORAL L

T B AJEFI O 2 DEFRIER (BNADKE S, U BRI, BRI
TIEHA LS~ — T — FIRES) B7enizd, PFAS < ELEANADY T ¥
A T ORIHEIZOW T DN BN AR AIEE T - 728 &2 21T TV 5 (B[R 226),

1925~1950 fEIZAEENT= 7 T 2 A Nzt (98,995 44) ZxiR L LicHim & =
A — M % (Etude Epidémiologique auprés de femmes de 1’Education
Nationale (E3N)) ® 27— s PNIEFFFRIFIEIZ IV T, BIRZ LN A B (194
%) ERBEEE (194 4) 12OV T, FftEr Y27 4 v Z7EREET VIZ L D
Wr&47 - 72, AL O PFOS &K PFOA OIiEREE (FhJE (#FE)) X, 1994
~1999 A |ZERIM L7z 1f{E T, EnEh 17.51 (5.83~85.26) ng/mL K1 6.64

(1.29~21.39) ng/mL Toh-7=, MiE PFOS EBE L HANAEKR, = A b s
ZHME (ER) B (o) ABRAK T e P27 a 28K (PR) (=) ILBRA LD
BHHIIRE O DL o 7223, 3 1 WU AR (5.8~13.6 ng/mL) #f & Fhik L T,
% 4 W AREE (22.5~85.3 ng/mL) #IZHWT ER Bk (+) ILAAAKD PR

(+) ?Lﬁvv@)x& CEIEDORERH -7 (ER (+) FL23A : OR2.33 (95%CI :
1.11~4.90) . ( ) LA OR2.76 (95%CI : 1.21~6.30)), If.i& PFOA &
LA AE {Z!K R (+) IANRALOPR (+) DAL OBIHEIL/2 > T=y, 5
1 EI%11L/}§E(1.3~4.8 ng/mL) ¥ & el U C 565 2 U7 L (4.8~6.8 ng/mL)
FIZBWTOAER (=) KOVPR () HAADY 27 L OBERHE SN (ER

(=) F23A : OR 7.73 (95%CI: 1.46~41.08) . PR (-) $LA3A : OR 3.44 (95%CI :
1.30~9.10)) 3% 3 PUSNIRER OV 4 U IEE CIZRE IR A D e o T2, #
#FolX, ER (=) ABRAKDPR (=) A AAZDWTIHEGFIE D D 720 T2 DX <

BEOHELZFARD Z N TE T CIOENIANT EICEENSLIELE LTS,
F7o, MEEREUT 1 BOHTH 72— T, PFAS O FRHINE . BRETIHY
REZLBEERLEZEXONDZ LG, —BREROMHPREETELUIH D
EEZLND, EBLELTWDH(EH 227),

FEO BB HE A — I —ORBE Z x5 & Lzhim 458 THh 5 Dongfeng-
Tongji (DFTJ) =tRh— MIBIF D —Aak— MIZEICBWT, 7 ak— k&
L CHEME RN IAEZ U722t 990 44 & 2018 K £ TD 9.6 4 THN
P FIE LT Mt 226 4 (7 2k — FND 13 4 & & 1) OILNABRE XI5
& LT, 4 PFOA, PFNA, PFDA, PFHpA. EPFCA (PFOA. PFNA. PFDA
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} O PFHpA ®4 %), PFOS, PFHxS & XPFSA (PFOS KUY PFHxS O &
#1) AN ZPFAS (ZPFCA }. () SPFSA O &5 BEELHANA D A 71250 T
Barlow-weighted Cox [ElJfE7 /W X A ifHr 217> 7=, M4 PFOA JREE (o
it (25, 75 N—® L ZAN)) XY 7 am— |k 14.19 (9.57. 20.46) ng/mL. .
N AR 15.20 (10.31, 20.71) ng/mL. M4 PFOS #1397 24— k 10.36
(6.39. 15.67) ng/mL. ANAEED 10.91 (6.81. 15.88)) ng/mL K OMfLkE
PFHxS R 7 24— K 0.76 (0.52, 0.81) ng/mL, F23 A5 0.78 (0.50,
1.12) ng/mL Toh o7z, MHE PFOA IREITILNS AL EOREZ /R L7z (1-unit
increase HR 1.35 (95%CI : 1.03~1.78)), —J7. M4 PFOS. PFHxS =% & A
N ANTNIBE N 22 o 72, 3 I, ME PFAS IR IX 1 MO AHOFHA & 72 - T
W5 23, PFAS Ol L BREEP L EMNND 1 RO CHo B2 b, &
ZELTWD, o, YIRER, 55— FHAERFORBOFR, =2 ha/ fH,
T A MaFUZRIRE A T EOZIER IO TOEEN R FHAERATHETH
Sfcm, BEIHEA =D —0iBEEZ R E L TWd, MRE T 52 &
L VE, A BEOENBR O TV S EFEORR & L TR T D
(2 228),

b5ODT —FRX—=ZANLIREBEINT, Tor~—7, KE, 77X, BR, HF
E., 7 4 U B EOEE TiThiviz PFAS (PFOS. PFOA, PFHxS & O PFNA)
EFMN AT 25T 11 #REx A 2t L72imsCTlE, PFAS S #. A DOMICE
ﬁﬁ%\_’mu&)é 6w (Lo Feng & (2022) #&de), ROMEZRD D 11K, B
HOFRO B2 4 fF (iR Bonefeld-Jorgensen © (2014). Mancini &

(2020). Barry & (2013) Z&de) 3RGRE iz (BRITRBAMAE 1995 4F
~2022 410 H), ZOFER. VT PFAS IOV THEN A & OBEITFED
HIRino T,

EHOIL, BRI & IS ATB RO L 0 5872 5 2 & /R T D
WL PBR L W RO L L TET T 5 (S 229),

b. @5 - EFRHEE O EEIE
EPA (25T, PFOA, PFOS & AN A & OBEIZOWTIX, #F3ET VA > D
M, FERIC—EBEMEERAONRNZ EROABRAT T Z A T THENRALND Z
kc_ou\f PFOA O A I =X LDOWABA+rTHH Z %D, PFOA L3
MCBET DREE - DFEGFRIIAE LN TN E LTnD (B 47, 48),
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® EBEBtAA

a.

b.

B AN

KIE O T4 K OB KT YL I IC 38 1) % =2 As— MFSRIC I\ T HEE MLYH
PFOA R L JEMEDS A D U A 7 IZBEIEZ b ie o To GEE B DT TZAMSE
DHEERIZONWTIT ko LBY,) (B8 218) [FE],

KEOLFETH T PFOA 121X |EENTFHEE OMRIZEB T, BN A D
FETHIE 10 1T, SMR OF B /ZR2BEMTA Lo T CGEE D DT AL
DREEEICONWTIT R LB0,) (/K219 [FHiE].

KED APFO (PFOA o7 »E=v L) &k & O9E APFO flLiE sk o
PEEB O 3R — MIFRIZIBW T, BEMESAA Y 27 (83 JER]) & ORI ARG L.
APFO X< 8 LBEMDS AU A Z BT A Lo 7o GEE B OZEIT T2 AR
DEERIZOVW T ERD LB ,) (BE 220) [FHig],

KE DG Y TR B 1T 5 2k — MFFRICE W T, #ER R A MG PFOA i
JFE LMD AT BEEII A DIV IRin o 1o (FFE B OZET T AMHE D ERIZHOWNT
T ko Lsv,) (221 [FH]

T — 7 O —RAaR— MFRIZEBWT, BB AESE (8324) KW 7
AR — bt BREEOIMAE PFOS RO IE (5~95 /S—& & A L) 1THEMED A
A C 32.3(15.2~58.0) ng/mL, ¥ 7 =t 7k — k&t HEEE 34.3(16.2~61.8) ng/mL.
4% PFOA V2 Tl VB 6.5 (2.7~13.4) ng/mL, V7 27— kxR
6.6 (3.0~13.0) ng/mL T&» -7z, M4t PFOS 2% 10 ng/mL K& O 4E PFOA &
£ 1 ng/mL %4720 @ IRRIFAE TR, BN A L O EIIA LN 5T

(FEE S ORT =AM EDOREERIZHOWTIZ RO L B0 ,) (B 217 [Hi8],

Bt - B Tl E

ATSDR (2021) (X, PFOS IZB8 L THEEIZ < #RIC K DBEMEA A & DB 2
HTOMRER DL HDOD, —H LIMFERRITA BT —fR(ERD PFOS (£<
BRI\ & 2 M N 2 W MR R b — B L LT D (B 16),

® FEMLAM (FEF) DFELED

PFAS & A & OBEIZOW T, #Eh - [EEEE ORI W bz if9t2 2
Z\Z, BT, #EEFH A2 G el PFAS IREDIEHRN H 5. HillA & BFIE 2 OIS FH
L7,
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JHFIg 23 ANZ DT, 1 PFOS ¥R & OBF#IZ DT, SEFIEA D 72 F4E
1 #m CBEN A BTy, O A EZ W4 5 720 OFEUIAR 0 ThH D & &
Z 5D, PFOA KON PFHxS & JFli&23 ACREH# & 0 &3 28581372 o 72,

BN AN DN T, fLE PFOA JREE & ORFEIZ DWW T 3 fRDOIMENH Y |
A ZRHTOFERTHEDOBEINREINTWD OO, ML FHEE N EEF RSN D
HEEF STV A IFE(Z I 218, 219) Tl IX< B O EMEE, BB A - Bl
A FEERDN A« DS AV DIAN DD AU BB 2t R & L CBREIC L TV D F%E(S
IR 218) Tlid, #HEOBRIROBEEINEIIREN TR D, & DI, HEGRER P
TR WA (B 219)%°, APFO ORREMEIZ< &L BAA Y 27 & OES
Rt L7c 28— MR CRIE Z O e VWilEGE ] 22008 H 0 | KIS —EMER
HOHNIRNT LD | BURE R CIIBE O A M2 M9~ 2 72 O OFFHLIIRER Th
HEFEZBND, PFOS KO PFHxS & B ACEESH Y &3 D 05813720
77,

FERS AT DWW TR, i PFOA IR & OB DU T, Bl A CRid L7z
D L [FEEEDO ARHEFMEDIED, B ORETHl-> TRAEZEE L TV 5 72HIERIC
RS D AREERH 2 2 LD Bl CIEBIEOAH M2 1~ 5 72D OFEAL
IIREMTH D B2 D, PFOS KON PFHxS ERENAICEESH Y &5
WX 72 o T2,

HBR AT HOWTIE, 1iE PFOA 2 & OBEIZ SOV T, 2 fRDOIFEEE CITIE
DORFHEN I ST, MO R & O—BWRH BN hoToZ &b, Bl
RCEEEOFEA T2 L IRN#ETCHL EEXHNLD, PFOS kWX
PFHxS 1%, 1 i CORBEN BT, B 2 W42 72 0 OFELIT A5
ThdrtEZLND,

BEEDS AN DN TR, IfLiE PFOS X O'PFOA £ & ORI 72 o T2,

(3) MNAMEDFEELED
PFOS. PFOA KU PFHxS & 5873 A & OEIEIZ-OWTIE, el &k O
WFRIZBNTHRE SN T DB ADEML (lgdy) Z&XROWE LIS, mA 2%
ML,

D I ENHR
BhakBR O kI IE, PFOS % PFOA & JFIEAS Ao TN AS A R OSKE B8 A &
O RE A2 R THFERE DN B o T2,
FEFMTE O SCERD B . TS AL Bl vy FEEEDS vy FLS A S OERE S A &
DBEEIZOWTRHEREZEH LI L 2 A, BlED A KUK D AlL PFOA, TE
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AL PFOS & .23 A3 PFOS, PFOA KON PFHxS & BN H D & DML R H

77,

a. BTiE

FRBRCIE, 7 v M EAWTZRBRICE VT, PFOS 12 X 2 M IRIE D #73E
PFOA |2 & 2 i i & O #ifags (HCC) DIEAENR ST 5, PFOS &
O PFOA (2 X DN AMEIZBE L Tix, PPARa X° CAR DN FIEDOIENE
{EOBE N R STV %, PPARa, CAR %40 L7203 AidS - hEERA 1258
DOHNDHHETHY | & MIIMATE 2 HEEEITERVE DD, ZRHDA =X
LOBEEOFMIIAHTHY | SHOBHFNBLETH D,

JFRBEDS AN DN T DR FRFZE Tl 4 PFOS /& & OBEIZ SV T, 1w
DRFSE T RIS 22 & AT AEFIFL A D 732 < | B O F HE 2 W3 2 72 8 OFERLE
RtmThdbeExbND,

b. B

iR ClX. PFOS. PFOA X% PFHxS |2 & % &g’ A o BE % it i L7
A B AN

EFEAE I, Iy PROA IR B SUIHEE M PFOA IR & OB EIC ST 3
ROMENDH D . A FETOMETHIEOEBEIN RENTWS, L, BENR
RSN T, R, MPRENEREFRENLOHE TH D Z
& BN A - ENEDS A« KEBLDS AU - IFREDS AV ISR D28 AU BREE 2 FRBE & L Tk
ELTWDT DR BEEORIROBWYINEI RGN DD Z EENRHEFEEL LTH
Do Flo, IEKBE LR ENEE X ONDHBEMEITX T L OBEZHRF L=
B— MR TIEBIRS A & OBEZBORNETI2HMELH D | RIS —EMEN
HOHNIRNT LD | BURE R CIIBE O A M2 M9~ 5 72 O OFFHLIXRER Th
Do

c. PR
B CliE. 7 v FEAWERERICE TS PFOA (2 X 2 R AL R E A
WEINTWD, PFOA IZ L AR AMEIZES L TiE, PPARa OIEMELDRE5-
DRIE X TWD, PPARa 2 LTERNAIET v NERIZHEO LD ETH
D, & MIAMETE D AEREEIIENSE DD, 21D DA 1 =X LD ORI
FAATHY , SBROBEDBLETH 5,
Y22 CTlid, PFOS, PFOA X3 PFHxS & DS A OB E DR 1L 2o 72,
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d. {58

R CIE. 7 FEHWERBRIZBWT, PFOAIZK D 7147 « v efilg
FEDFRAEDNREIN TS, PFOAICK D747 « v efilalEix, mAETOFHER
ThHO ., T7Tr~Z—EOHEEIL L DIFRBEMERD AT IHEE SN TV DG
AMIAHTHY ., B MIMAETE 208 5 MO TTHBT TE 220,

EEFIE TR, iE PFOA IR B SUIHEE Ml PFOA JRE & KA A DB
DN, BFENA TREdEl L7720 L RO ARHEIEZIEDIE), B E RS THll- THA
JEZHYE L T D 72 DR ISR S 2 FREMEN & 5 2 &b | BURES ClIBdE
DA A2 W5 72O OFEHUIIRERI TH D,

e. IE

#ikER Clx. PFOS. PFOA XX PFHxS T L D H. 0 A S L7-aF5eid 7
Y,

FESAAE Gl L1 PROA A & 3175 A D BIHHZ S\ T IEOBIEA R B i
HED 2 b BN, ORI L O — MR H DRSS T T Eh | B
TIZREEDO LYW A2 72D DFEUIRER TH D & HE 2 6115, PFOS KT
PFHxS 1% 1 i TOABMAH HALEAS, BEHZ MW 2 7= OFEHUT R 4 T
hBLEZLND,

f. ORBERE
#hikER Clx. PFOS. PFOA XX PFHxS IZ L AN A ZHE LT DIk
VAR
YEEAFFE I, MyE PFOS &Y PFOA 2 & BERE2S A OB EOE 1L 72 h>>
776

ARRE L2 Tk, @iakic & E2itst & Tid, PFAS ERHE N H D & #
HEINTWDRAUDIAEANN R > TS, TOHERKE LT, EREWLE L
ETIHER (1T<E) EED Z &, MR R E <0 BRITKCERIC
LIEWDRHDH T LR EITL DRSS, ERIWE L FTORBAAT =X LD
BEWENEZ DN, BT WA Z L T+ BEEIL TE o,

@ HMEZLOMR

a. PFOS
BB ClX, PFOS 8512815 7 v FOFMIEROFERZ R THENRH 5,
7 v s ORI HIRIEL D% A ’%LT&I?MM%%MR“@#W%E%@%@%
OGN TRBEINTW5S, PPARa, CAR Z/ L7=RNAIET v MREAIZIRD
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NHHETHY, B MNUMETEZ L ARBMEIIERNLOD, ZNHDA D= LD
BE-OFEMIIAATHY . SHRORFAPMETH D,

T ClL, PFOS BN AL OHANA EDOBREND D E T2 ENDH D
LoD, BEOFELE AW 52D OFHUI AR+ THD EE XD,

b. PFOA

Bk TlL, 7 v MZBWT PFOA #5012 K 2 iTilla i | iT#ifasks (HCC) |
R AR RIE N YT A 7 ¢ v EMlEIEOFE RN REN TS, 7272 L, TIARC
(2016) IZLAuL, BRBRCIET v FOBRITBBAMENRALNLTED, v 7 X
XA BAVTW RV, £72, PFOA IZ X 2 R BRE & OV #ifayE (HCC) o
ANZB L Tk PPARa, CAR FEDOBNZRIKOTEMALORE G, PFOA 1T X % B
FEHEIEARIE D A2 B L Tl PPARa OIEME(L DR G203 "R X4 TW %, PPARa
R CAR N LTERRAILT v MZRAICRO LN ETHD . B MITE5
ARV DD, FRHD A D =R LAOBEOZEMITIARHATHY . 5B OK
NBBETHDL, £/, T4 7 4 v e MREORAEICEL X, mHAERICE TS
T rv 2 —EOFEHRICLDIFBEFERD AT ORHEE S TW D23 FEMIT A
HTHY ., B MTBWTHAROBET 25 5 0T HIEr T 220,

e Tl PFOA &N v, KRB AK TN AL L ICEERH D LT 5
WEND D, BB AIZONTIE, BEEL R LI, 22, M
HIREDNEFEEREND OHEFTHDH Z & DA - ER A - FEED A - HFIES A
VIS DS o BBE Z b BREE S L CRE LTV 5 72 D5 BB ORI o i UM 12 &
WD ENAHEENEE LTETOND, £, BEEHEII<KE L ORF#E ARG L
7oAk — MR TIEBES A L OBELRORWNWETHMELH Y . #HRIC—H
PRI BV, FEED AT DN TR, BIES A TRl L 72 NS DI, B
O Tl > TRERE 2R L TO A OB IR S 2 \TREMEN H 5, I
ANTDOWNTUE, 2 iROWFFEERSC CTIEDBE N bz s, oM FERIR & D—8
(VAP NS (WA IREe el

L EDE, PROA IZOWTIE, BRI A, B AL OFLN ATEEOIFFE T
BLENFED 5D OO, FERIC BN 2 WO BHEOH 2 HW T 57200
AFHUIRRER TH 5,

c. PFHxS
EhERER Tl IS A, DS AU R OB B3 AVIZRE L CTHY B B~ & Jn i
(ECCISY (I QAVAS AN
PR T, BIRS AL OIS A & OB S\ CRIE DA 2 4 495 7=
DOFHUIAR 73 THD EER D,
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LD Z et PFOA & &g A, KB A K OIS AT OFE T T
BN DD b OO, FERIC BNV, BEOFEZHWT 579
DFFUIIRERI CTH D, F72. PFOS & fiFg2s Ak OFL2 A, PFHxS & & figins
PO A & DBFEIZ DN TIE, B O f 2]k 3 2 72 O OF LT A 14 T
»H D,

V. F<EICEATIMEDOME

b ME, PFAS ZfEMH L7=FEEAM. &, fBK, BREFEO SRR NG
PFAS ICIX< BET DN H D, &b MIBIT DEEMEIT BLAORENG O
Fx 72 PFAS I3 < BRI OME 2 V-1 127 (B3 ] 230),
E N KOS T, 13 BIRRCIE BEOHHRD 720, & 5-CHCEK D75 YL EfE
A, R OEBUC & 212 < BEOHEE K O EE 2% O AR EIC X 21E<
TEREHESEM TR TV 5,

— Th—
¥ o Consumer Products

l, Human_Exposure

i 1 ] «'s
Industry ‘éﬁ: K
Waste Infrastructure @f &

N

Transfer to Infants
* Breast milk
» Cord blood

Environment :
BV-1 EMIBFI2BERELBLUNDOERENSD
¥k2 73 PFAS < ER OB E(SER 230)

1. IIKEBRCLEDFSERAETE

—fEIIZ PFAS (< O R KR OFFRIIWACRKRE A L D b REFIC X HBET
57, X< BROHI R T HE T, Hillk & & o N DERCCERIZ L0 KigIZ
Wipp LI Tns (RV-1) (B 230),
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= V-1

XHIZ K DA D PFAS [ BRDIEEF 53 (%)
(BH 230)& Y PFOS R U PFOA T —% Z k¥ L TIHE

PFAS o2 ) e KiEAK BAEE BAXSE BREZ<E o HY i 3T ik
66 10 7 2 Gebbink et al., 2015
81 15 4% Trudel et al., 2008
PFOS 72 6 22 <1 <1 Egeghy and Lorber, 2011
96 1 1 2 Haug et al., 2011
93 4 3%l Tian et al., 2016
100 <1 Shan et al., 2016
47 8 12 6 27%1  Gebbink et al., 2015
16 11 56 14 2%2  Trudel et al., 2008
85 1 H3 4% Vestergren and Cousins, 2009
PFOA 77 11 4 Haug et al., 2011
66 24 <1 <1 Lorber and Egeghy, 2011
41 37 291 Tian et al., 2016
929 <1 Shan et al., 2016
1ML T
X2 —~v h

X3 M (Consumer goods)
X4 gilk{& (Precursors)

ATSDR. EFSA } (! Health Canada OFFfliE Ti%, B K OEEISOR 01X
SEIRE LT, AMARE - RIEEN L OBITCREOR DB, Rl a2 {bFa
HMTINE A=y NOKEEOEEHMNODFEZN LIZO~OBITENH
HELTWD, Fi2, BROELS BLUANAOIEL BREEE LT, BRADOKEN DO
NZLBENZET LN TWH(BH] 1, 16, 34, 35),

2. BE - KM OROELE
(1) B& - 8¥/Kkbo PFAS BE
® ERN
BEMOKPEA 1T, Rk 24~26 (2012~2014) EEIZ, ~—47 v XA v b
KL D =N T ATy NRAZT 4 ZFERET H2D, H, K, 4 EEEKD
@D 4 HiEz BT, BT L © PFOS KO PFOA OEEZHIE Lz, B
HTCOMAIL, ERER - EHED 17 &0 F G, WhIE, mobE - Huk
FE, B, RS, WP, ROE. oo ZME. EE. M. W ImE. A
. OMAEE. ETHE, BAECEHE L OFEL - FYEHE) 2R T L /MM OE
ZEAN D BB K B U, MBS U CHiBE - N L%, {HE | LI- &2 RS -
BB L THMr Lic, EOREE, 5 &mEE (OB, WFEEH, S0 28, B
BHE K OECRIK) I RRE MRS . BEREGREN NI W EHE SN2, KK,
AR EOEM TOMRAIL., T2 I12, 2nd 5 BRFEELR< 13 B0/
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AN L, FARIZOAT LT, O R A2 £ V-2 KK V-3 1TRT, MBI L
. PUEUSANOEILEET PFOS KT PFOA 7 LOQ R DiE T - 7-(B W
231).,

KV-2 BEmBEICEENS PFOS OXMHER (B : ngkg) (B 231)

. ELESP I SR fE

Bt bt B T LOD LOQ
A 4 0 8 3~20 9~40
AR 1 02 20%2 20 40
ks - HEEHA 1 0%z 20%2 20 30
TR 4 0 8 4~20 9~40
i I24H 4 0 9 5~20 9~40
By 24 4 0 8 4~20 9~40
I 4 0 10 4~20 9~40
DK 1 02 20%2 20 40
FEFH 4 5 15 3~20 9~40
Vi 4 440 440 3~20 9~40
RES 4 10 17 4~20 9~40
e 4 0 14 5~20 9~40
FLIA 4 0 8 3~20 9~40
THAEE 4 0 6 3~10 9~30
B 4 0 9 4~20 9~40
W& I B 1 0%2 20%2 20 30
PR - R 4 0 10 4~20 9~40
LK RS 1 0%2 3%z 3 8

%1 LBIXLOQ KON HHEZ 0 & LCHI L, UB X LOD KD /y#HriE % LOD
LRMEE LT, LOD LLE LOQ Ko mriE4s LOQ & [RME & L CHH

2 1 HUE TR R & Fr

#3 A A0 B K OVUKIE K

KRV-3 BmBCEFEND PFOADHHTHER (B : ng/kg) (B 231)

. ELESSSES P fE
At I, 1B TB LOD LOQ
B 4 0 14 6~30 15~170
AR 1 02 30%2 30 70
OFE - R 1 (1 20%2 20 50
[FE 4 0 14 6~30 15~70
il I 4 0 14 6~30 15~170
iy A 4 0 14 6~30 15~170
I 4 0 19 6~30 15~170
XD 1 072 30%2 30 70
PR 4 36 44 6~30 15~70
Vi 4 45 69 6~40 15~90
RE 4 0 18 6~40 15~90
e 4 0 16 6~40 15~90
FLAH 4 0 16 8~40 15~90
AR 4 0 16 6~40 15~110
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B 4 0 17 9~40 16~90
& AT ECRHA 1 0%2 20%2 20 50
AR - A B 4 0 16 6~40 15~90
|/ ¢E NG 1 0*2 2%2 2 5

%1 LBIXLOQ KO HHMELZ 0 & L THHE L, UB X LOD KD SHrE%EZ LOD & [FfE &
LT, LOD LIk LOQ Ko #riE % LOQ & [AMfE & L CHH

¥2 1 HUE TR A S

%3 AL FEIK K UVKIE K

F7-. EBMOKEER X, 50 3~4 (2021~2022) 4FEEIC, EPNJE LKL TEPE -
KRBT ENTKEY (T2, TV, hLA, UFX, ~&FA, h¥x) FlcEE
% PFOS LU PFOA O %17 > 7=, &7t 80 MOREHZ DWW THHT &2 T o 72
AR V-4 17T (MR 232),

RV-4 KEHOD PFOS XU PFOA EHERERR (B : ngkg™) (B 232)

LOD LOQ TEE | CPE
WEA | RS | ORER | BoRiE | (LB (UB* | sifii | LOD | LOQ
£ £ ?) 3)
PFOS 2 4 {2,700 468 469 345 10 20
PFOA 53 76 110 5 43 - 20 40

#1 pgkg THEINTWS2Y, 1,000 2% U C ng/kg & L Citdk,
¥2 LB L LOQ Al & W5 SN mobrfiia 0 & LCRHL
%3 UBIXLOQ HKiifi & A S iz obriE %2 LOQ &R & L TR,

HE 513 6 %D PFAS (PFOS. PFOA, PFHxS, PFHxA, PFBA % ) PFUdA)
IZOWT h—=FNVZ ATy NRAZT 4 OREIO ST Z21T o7, FF1 3 (2021) 4
FEICTHB L H R R ORI D =2V E A =y b A X T 4 ORI EZ &0
BER (1 BE oK - RINLAL, 2 BF - KRS OBHA - FEEHH - WHHA, 3 B : Wb
FE - BEBAL ARECDARME. S RE: B - ENTAL, 6 BE R - Ryt THEE R
AR, 8 B OB SMA - & = - MRS, 9 BE VRJE - WEAFECRE, 10 BE
FOTRE, 11 B AJE - UPE. 12 8F - AL - FLESL . 13 B FARRELR O 14 BE - K
BEK) 12 LC-MS/MS (2 Tolr L7z 22, ARk 284 & V-5 12777, LOQ % 100
ng/kg & L CHHT L7=fER, 312 PFBA,PFHxA & U PFUdA 23 &1, PFOA
IPEBMEE (LOQ i) Tt =7z, PFOS XU PFHxS I3 LOD (H&EFIC
BEOFTHEZ L) KiEiTh 72 (5H 233),

22 KOHHED =2 NE A Ty A2 T 4 OFREHIE T 5 PFAS AT OZ LRI RHEE TH 5

72, TR RITEEMTH 5,

28 S ERORAT ng/lg E7RoTWAH NN, 1,000 T C nglkg & L CH#E L7,
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RV-5 F—RIULEFALATY FREATAoDEE (BEE - KR) D
PFAS EEE2REMKE (TEE) (B : ng/kg) (SH 233)

17 | 2FF |37F |47F |6RF | 60F | TH |SHF |OFF | 107 | 110 | 127 | 137 | 14 7
PFBA |UK | UK |UK | UK | UK | UK | UK |[UK | UK | UK | UK | UK | UK | UK
W |PFHxA | ND |[<LOQ| ND | ND | ND [<LOQ| 150 | ND | ND | ND 110 | ND [<LOQ| ND
JX|PFOA |ND | ND | ND | ND | ND |<LOQ| ND | ND | ND [<LOQ |<LOQ| ND | ND | ND
PFUJA | 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
KX|PFHxA | ND | ND | ND | ND | ND [<LOQ|<LOQ| ND | ND | ND |<LOQ| ND ND ND
x| PFOA |ND | ND | ND | ND | ND | ND ND | ND | ND |<LLOQ| ND | ND | ND [<LOQ
PFUJA | ND | ND |ND | ND | ND | ND ND |ND |ND |1,850] ND | ND | ND | ND

1) ND: R#et (LOD Kiiii) . UK : B S T2 235 il A1
1 2) BRSSO 2 HTFRIZ SOV TR T N TORMFECIBWTND Tholz,

EEGIXFE U< A% 3(2021) 4 28 U 7= BAVE Hi X 030k} ( Lk D 52 5 (2022)
&R R MEED BECEIK ZBR\\N 2 1~13 Bf) % VT, PFAS J2 O PFAS 143
AWt 15 fE (PFHxA, PFHpA, PFOA, PSMHpA, PFNA, ipPFNA, PFHxS,
PFHpS. PFOS. PFNS. ipPFNS, GenX. ADONA. F-53B X% U* 8CI-PFOS)
[Z2WT LC-MS/MS TH#r L7z 24, iR 8% K V-6 12777, 6 #F (RE -
Fi) 251X PFHxA 23, 10 #f (#40%6) 72>51% PFOS 28 LOQ (W3 b 50
ng/kg) UL EDOERE TR ST, LOQ K Th 575, JEBEE (25~50 ng/kg
) TRt &5 PFAS & & - 72 (M 234),

RV6 F—2ILFATY FRETOEF (BAEBER) O
PFAS EE=2REHRE (TTEE) (BAI: ng/kg) (B8 234)

VRE| 2BE | 3E | ame 5B | 6| THE | 8BE | 9B | 108 %i g 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 | 780 | ND | ND | ND 25 50

ND
1) ND : Rt (LOD Aii)

E2) EFEUSO 11 IS OW T TR TORMEFIZIBWT ND (LOD : 256~75ng/kg) TH

277,

A3 (2021) EEOKEMRFHT L DKEDREKERAKF O PFOS &KUY PFOA
ORHRDL EV-T) b, FRERSE ZOREMETHD L, 421,247 JIEH
S 2 HUS CEE BEEME (PFOS O PFOA A #FE LT 50ng/L) Z#Ex TV
7= 26(Z% R 235),

2 KOWHED b—F N T ATy N ZAZT 4 OREHTEIT D PFAS O UMEIIRIER TH 5

72, SHTRERITEEMTH 5,

25 EEROHENAIL ng/lg £ 725> TWHA, 1,000 23 U T nglkg & L TH#E LT,
26 WE HEE AL TOIZHSICBW TR, KIEOEIE 2 M Thh T\ 5,
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RV-7 #KE/KTO PFOS R PFOA DERERR (RE(E) (S8 235)
X43% (ng/L) Z & DOHuEH

e

HiL K ~5 ~10 ~15 ~20 ~25 | ~30 | ~35 ~40 ~45 ~50 | b1~

KA

EXUN 1,247 | 1,101 94 21 8 7 5 3 4 1 1 2
Fi K 331 313 10 5 0 2 0 0 0 0 1 0
AN 64 49 12 1 0 0 0 0 1 0 0 1
Rk 608 | 529 45 10 7 4 5 3 3 1 0 1
F D 244 | 210 27 5 1 1 0 0 0 0 0 0

¥ KERE EOXASOHAIT mg/L & 72> TW5 A, 1,000,000 #%F U T ng/LL & L7,

@ @

KEEMEEMLT (FDA) X, 2019 06 h—FLH ATy NAZT 4 D—
BRELTNESINTEMIZE £11LD PFAS OMBEZIT-> TV 5D, T 5 TiE
VTN L DRAER OISR MYT T L DREIC LTS, 2021 FO4
EVE LY I X A AL, 2018 EICIUE ENT- 167 A A RICE N S
AL, 16 ffHD PFAS27Z 3 L7z 2855 2R, 164 ;SBT3 4110 PFAS b &
7oz (Method Detection Limit (MDL) : 17~344 ng/kg), PFAS 23 H
SNTEBMT AT VR LB T 4 v 2 AT 4 v 7 I NT ¢ (PFOS
33 ng/kg. PFNA : 50 ng/kg) . K&~ 7=~ 7 1 ok#EE (PFOS : 76 ng/kg.
PFDA : 72ng/kg) Kk O\7' a7 4 /3y % — (PFOS : 140 nglkg) Th - 7= (S
236),

F£72. FDA X, XETHEELZWEME TV Y, h= v/, =t 7
ATET 2T, P—F L ROARAT FUFT) Z2xRI2, 2021 4 5 H~2022 4
3AICTY Y Py DC.THRENTWE-INbDAMNE NTHhEET) 23tk
& LT, PFOS (B OVl o A5F) . PFOA (EEH K OV gl o &
1) K OVPFHxS (B DA) 2&Tr 20 FED PFAS OEE 24 L=, 4
FERERV-8 LRKV-2Z7R-T, 28, 21D OREHI DWW CaEEN B AT FE~
® PFAS BATORIREM ZfEGR L= L 2 A, 56 OEEED > BT ivd PFAS 25
TN Te Z e D BEN S BN EH~D PFAS OBATIZ R o7& LT
% (S 237),

27 PFOA.PFOS. PFBA, PFHpS. PFPeA, PFHxA, PFHxS,. PFHpA. PFBS. PFPeS, NaDONA,
HFPO-DA. PFDA., PFNA. 11CI-PF30UdS. 9CI-PF30Ns
28 FDA 1% THEEW e fEina iz 78 A4 ARWPHATWS] L LTW5,
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£V-8 FDA DIFEIZK B 2021-2022 FANEY > TILhdD

PFAS B (388 237)

# PFAS 2% (ng/kg) *1

o . - e (A
7YY () 10 100% 4,000 ~ 23,000 FRE(10)
5= 11 | 100% 160 ~ 2,200 é;/}“*i/7x9x A=
. , 5 A(5), =77 ), i
~7na (iF) 10 | 100% 83 1,750 7 L)
. A KR 76). 1> F@3)
0 >.<2 ~ AY Y
Tk 10 10% ND 27 e L(1)
— — FE), FrP= T A201)
= % Ko~ B > N
TA4TET 10 30% ND*z 90 )
FEG), 741 A7 F@).
2Z 10 80% ND*2 ~ 960 v =—(2), K[E(2) #3,
FodEZze L (1)
” FU@), I -—4). B
—F % 2 o~ R *
VA NS 10 80% ND 45 J-5(2)
o ” KE(6) 4, FE1), KA
A % ¥ ~_ o N
FhUXEZ 10 90% ND 730 (D). e L)
1 U CIE pglkg T STV A, 1,000 3 UC ng/lkg Trid L7,
%2 ND : 2 To» PFAS 7 MDL i
X3 HETINLENTWA LD, FERIIKRE
%4 OB 1 AEFEPTETIHTENTWS OO, JFERITKE
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T PFBA
N PFPEA
T P
I FFHoA
- PFO&
— PENA
o PRDA

Clam Crab

26 . 18
- o
1854
g
=] I
=
- FFDoa 10 -
- FFTIDA
- Tl |
-— S 8 1 ! I L
- FFHRE i I |
- FFOE 1
[ R = o ol e l 4 ' ; :

o e o a0 G i Yo i i Yot S | e

_ngky

£

Pollock Tuna

LR 1 8

T PFTEDA !

N PFES 084 s

A PF S

— e |- A ] LT
IS S e el

Cod _ _ Salmon

14 4

-l B '

aa

d’p;@'l 'biag,leaﬁﬁeogﬁ % pd P LU TR TP L T, e .
> AR s e e

Tilapia | Shrimp

BE - a8

B ST e e e G
) 77 7 OO AL nglkg & RFLSNTWDH, GRSCATTIE
pglkg LR S AL TV D,
V-2 FDA DAEIZL S 2021~2022 FANEY 2V TILFD

PFAS BE (U35 7) (B 237)

EFSA 13 2020 = DOFHMEIZ VT, 2010 4 12 A5 2018 4 5 H £ TIZ 16 »»
EH (A=A V7, V¥ — TR Fxa, Trv—T, T4 TUR,
TR, AV, XUy, TANVT R AZVT, w)VE VD x—,
AR =T AL ROHEE) HHEEH SN 11,528 SOE &K Ol
PFASIREED T — & (97,448 3Bh) Z Mt L. &R D) PFAS i 5 4 5

140



L7z, BiEET Lo PFOS. PFOA., PFNA & O PFHxS O45ATiE R (AFEE R
) ZFRV-9I7-T, £7-. BT PFASIEBEDOE N> T-FAHEICOWT, A L

DFERAZERV-10 IR T (R 1),

RV-9 BEMBCEDFHPFASRE (BREZMRC) (B ngkg™) (B8 1)

PFOS PFOA PFNA PFHxS
7 Pyt 3 7 Py ft 3 SF Pyt 53 7 Pyt 3
S| LO(%) el S| LO%) PR S| LO%) el SO LO(%) 2 Rl
LB UB LB UB LB UB LB UB

07 SR OV SN T | 477 95 3 150| 489 86 6 160| 275 96 1 120| 274 98| 0 100
B R O IN T f 143 77 27 250 144 63 9 260/ 98 73 11 170 94 84] 22 160
ES ) 461 93 28| 170| 459 96 28 170| 348 99 0 140| 222 100 0 90
BHBA 169 99 9 130| 185 98 2 150| 170 100 0 140| 130 100 0 110
FEHAILE () 574 71 940 1,590| 572 91 380 1,230 33 100 0 670 28 96 15 680
FLALE 13 85 1 120 13 85 1 130 13 92 0 100 13 92 0 80
RIARFL 235 96 1 140| 236 100 0 150| 111 100 0 110| 126 100 0 100
G R O 174 92 270 350| 177 92 106 210| 124 100 0 98| 107 97 0 60
W IR 38 90 4 110 38 90 2 110| 36 100 0 120 53 97 0 102
7L = — L 6 100 0 2| 6 84 10 14| 6 100 0 5| 6 84 6 7
FORRAE? 451 88 0.1 3| 452 78 1 3| 449 99 0 2| 449 85 2 4
FLE LA R 11 100 0 24| 11 100 0 150, 10 90 126 240 10 100 0 240
fa B O £ PV 495 80 870| 1,180| 452 94 92 360| 285 84] 87 320| 170 99 140 520
FERREI D £ TPV 903 4{214,000(215,000| 898 58| 5,480 8,180 105 10[ 9,770| 9,870| 105 99 10| 2,520

1 FEME P OEHMEIT ngkg THE SN TWH 28, 1,000 ZF U C ng/kg & LTI L7z,

%2 Left-censored (LC : ZZfI#TH 8]0 | LOD K XL LOQ Kiii) T b5 HriEDHIE

%3 LB L LOD A X1 LOQ A & W S = mo#rfEa 0 & LCHEM L, UB % LOD A & s S5

WriE% LOD &R, LOQ A & s S - /arfE s LOQ & [FIfE & L TR,

¥4 ZOZHEEED,

%5 ZRLRFLAORIMEEE T WRADOAOKE ST,

%) 8:2FTOH, 82DiPAP, EtFOSA, EtFOSE, FC-807, FOSA, 8:2MonoPAP, PFBA, PFBS, PFDA,

PFDoDA. PFDS., PFHpA. PFHpS., PFHxA, PFHxDA, PFODA, PFOSi, PFPeA, PFPeDA, PFTeDA,
PFTrDA, PFUnDA IZoWCbHT—ZH 1,

x®V-10 AERVAOHEDOTH PFAS BRE (BAL : ng/kg™) (B8 1)

PFOS PFOA PFNA PFHxS
T R I 1 ) e S (o) N S [ ) M N 1 T
A LO0) T | A LOC0) ™ oo A | L) T L0 ™ o

= 288 74 320 620 290 96 16 380( 243 90 23 380( 237 99 0 380
ATV~ TV 14 0 4,730| 4,730 28 64 101 370 14 57 84 530 14 64 14 450
TrFar 5 0 580 980 13 62 44 120 - - - - -
Y7 kO~ A 574 88 310 830| 521 95 130 630 522 100 3 700 365 100 0 630
WX 125 79 360 930| 136 81 310 880| 129 96 4 740| 122 99 1 740
~Jn 21 39 160 260| 34 100 0 1201 17 100 0 130 17 100 0 110
2 ROASA 174 67 470| 1,050 145 93 12 740 130 92 16 780 27 100 0 530
4 ka !7%" 487 71 260 810 106 99 3 300( 487 100 0 770 487 100 2 690
aA 145 14| 14,120| 14,210| 149 32| 4,100| 4,330| 125 65 840| 1,470 126 97 66| 1,010
)X 164 35| 9,230| 9,440| 177 96 71 680| 54 91 980 1,660[ 58 98 7 730
£ DMk 208 83| 3,380| 4,990 208 100 10| 3,510| 204 99 11| 2,410| 202 100 31| 1,650

X1 FHMEEFOTHMI pgkg THE SN TWAH A, 1,000 23 U T ngke & L CRE#H LT,

%2 LC ThLuMEOEE

%3 LB X LOD Kl % LOQ K & E SN 7= #riE%x 0 & LTHEM L, UB X LOD K & #iE i

HriE% LOD & [FMfE, LOQ A & s SnzoirfEs LOQ L RMEE L THEH,
¥4 BT AHETARA L a3 vREOWEKA,
7¥) 8:2FTOH. 8:2DiPAP. EtFOSA. EtFOSE, FC-807. FOSA. 8:2MonoPAP. PFBA, PFBS. PFDA,

PFDoDA, PFDS, PFHpA. PFHpS. PFHxA, PFHxDA, PFODA, PFOSi, PFPeA, PFPeDA, PFTeDA,
PFTrDA. PFUnDA IZ2W\WTHT—4H 1,

RIVM % 2012~2016 FF 0 4 T » X 2EEEHEETHA (DNFCS) T#HE I

-7 A EESEROEE N — TSN T 2021 4F 11~12 HICHEA L&
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G MY 2022 YT T LI CBK O PFAS B E 2504 L7-, &4 TlE 17
FH 29 fRCEI/K T 20 F 300 PFAS Z#HIE L CW 5, iR 2 £ V-11 IR T(=
1 238).

x®V-11 BRREUVEHKPOTY PFAS RE (BAL : ng PEQ/K™) (S 238)

i IR | SE3% PFAS A
AT N—TF T I ah H % LB UB
B— 5 5.2 47
RS R QMR BF 32 = 5 2.6 46
Py A E 15 0.91 18
JYVRTLHER 5 3.8 28
Fal— 5 23 46
BEWY) T3 JYATVLEAPIND L Z A 5 50 71
A 10 30 53
NAF—T KA T 10 5.7 50
. o " Tryal— 5 21 82
R 777 T REX BT 5T — 5 0.005 12
i 3R B3 ¥ 12 8.2 47
. AR a4 10 12 57
B -
T Ry 4 0.79 22
Xavl 9| 0.00089 42
g e 11 2.9 46
<~ FEOTF b= b 10 0.43 45
E 32 X 11 3.4 46
EDTH < ab— A 10 38 82
HEE X RS O EH 4 0.010 20
FRE—— B TLUFTIA 3 0.35 19
HEE X ITHERE O = Ry 2 7.2 30
AA — bk a—1E 9 0 45
Y O VL j;z 18 ii ig
INZ= 5 2.4 44
) =RE F 5 1.5 36
FOMDENBE~RBN | N 10 2.7 47
ARYLLY)
] <~ B 5 0.48 42
itk T 5 11 42
U O o 1 0.98 o9
T D;.E; i — Kz 10 4.3 83
NER 11 6.2 86
TR~ —HY 6 0 102
~—HV 5 0 99
— FV—TF A 11 0 98
e B BT R E— T 9 16 124
V=2
b~ Ui 10 3.1 91

29 PFOA, PFOS. PFHxS. PFBS. PFHpS. PFDS, PFBA, PFPeA, PFHxA, PFHpA, PFNA,
PFDA. PFUnDA, PFDoDA. PFTrDA, PFTeDA. GenX
30 i T RIS & LTz PFAS1T 43+ & U ADONA, PFPeS. TFA
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27 10 1843 2737

HEB77A 10 613 1251

NI G AR T AFET 8 21 743

AR OIS | — R A 4 17 745
hEs—er 4 870 1578

AF— P —F 3 21 746

~7u 9 586 1309

o] 2 40 189

A 13 4.4 155

. o OEA 12 20 173

A KON T 5 — > 5 50 233
A 8 30 179

WiH& —t— 5 64 221

a—b— 12 17 48

LK (M 7K R 3R) — 1.5 50

/¢S — BOBFK (R R 2ke) — 9.2 27
IRTNT A — 7 0.42 3.4

S 13 16 44

FLAL — =) 8 19 72
B — o 9 78 241
TohE — ToHE 10 0 29

X1 WEFTTIL pg PEQ/g (PEQ : PFOAequivalents) THE ST 5723, ng PEQ/kg & LTt
#HLTWD,

%2 ‘A PFAS BEIZHOWT, LB X LOQ KD a#rfE% 0, LOQ LL I limit of confirmation
(LOC) Hiin/3HrfEz LOQ & LTHI L, UB X LOD &KiiD/o#rfEiz LOD & [FfiE, LOD
ULk LOQ Ko o#riE%z LOQ & [FfE, LOQ YLk LOC Kifio/s#rfE%d LOC &RMfEE LCH

li:t'lo

FSANZ 13 2021 4, PFAS ~DI< BICH G- LT\ 5, XULF G35 alREMEN
HOHEMEOHE (A=A RV 7 THEINTWARENZ2 LD EET) 122
VW 30 FliE 310> PFAS JEE 2 HIE L= & 2 A, PFOS LISk ® PFAS |33 _ToD
i (112 8 H) TR EnehoTo, BT o PFOS IREZ K V-12 [TR-T (S
iR 239),

£V-12 BRPOFH PFOS BE(SE 239)

N IR (nglkg (KiZ ng/L)) *12
=] =
A5 K RH T H R LB MB UB

SN 16 6% 6.9 30 54
KB O & 16 6% 11 35 58
= N 0) 0) s
i?%{ﬁ@ %;@ i X 16 81% 630 640 640
HEE AT E 16 19% 18 38 59
~ 7 a DKELGE 8 50% 70 83 95

31 10:2 FTS. 4:2FTS, 6:2FTS, 82 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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ffﬂu%mﬁ”” REBE ] 940 0% 0 25 50
VISEY Y AONITT VN 24 0% 0 0.5 1
1 HEETIE pglkg OKIF pg/) THESILTWD A, 1,000 % 3% U T ng/kg UKL ng/L) &
LCHER L
%2 LB (% limit of reporting (LOR) Klii®D/3#rfE4 0 & LT, MB I LOR Kiii /3 #rE %

LOR @ 1/2 »fE& LT, UB % LOR Kiifi D53z LOR &AM & L TR,

FDA 28 2016 2V > kv D.C. THIIR SN TV =R D BB K 22 M5 % Y
RNV [REE/AK 8 SOV T, PFOS KT PFOA OEE ZHIE L-FER, 7

TOREHZFB T PFOS L PFOA DWW b &2 hv o 7= (<4 ng/l) (&
R 240),
KEHEMIEAT (United States Geological Survey : USGS) 73 2016~2021

RICEREL L7 KE N 269 HUTOFARIT KON 447 HS O ALK DAKEAKIZH
T 78 RO PFAS JRIEZ JE L7 49 30%DAEAN B 72 < &b 1 FlH
@ PFAS A SHL, Bl S Ki#KICHST 24 PFAS #E1E 0.348~346
ng/l Thote, i, WERKREZ b LIOREDHEKIZHY 5 PRAS #iH 4
ETMCEOHEELIZE ZA. K 46%DHEIKN S 1 FFHLL LD PFAS 23 H
SNDAHEMED B 5 LHEE ST (B 241),

(2) BENLGDIEKEE
@ ER
BRiEAEIE, R 23 (2011) EEICER L XA AT AL CH ET 51k
HEDOAN~DIRERET =41 7E] (BT, BRI XY EREAO
» FEEWERELZNE L, 2011 48 10 Ao 5E (MENE - R,
EPIIEII © AU OTUN PR - T HIE 54 5 44) D 3 Ao TO RS

54

H1> PFOS LT PFOA &4 HIE L,

(B 242),

—HN Y OEEEZHER Lz (RV-13)

KV-13 BERBAOI7VRLEMIENEDOHHE (B : ngkg KE/R)

(BH8 242)

HEME - A | REE - EATHE | U R - R e ESSE =

(n=5) (n=5) (n=5) (n=15)

PFOS | SE¥fE 0.77 0.30 0.64 0.57
TR A 0.62 0.41 0.47 0.51

g fE 0.77 ND 0.53 0.53

FipH ND~1.7 ND~0.80 ND~1.2 ND~1.7
PFOA | E¥fi 0.93 0.73 0.40 0.69
TR 2= 1.1 0.43 0.27 0.70

L fE 0.62 0.89 0.51 0.62

i ND~2.9 ND~1.1 ND~0.69 ND~2.9
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#1) ND : BFEH o PFOS X% PFOA RE A B T IRME (PFOS : 7.4 pg/g (=ng/kg) . PFOA : 9.3 pg/g
(=ng/kg)) KiliThH-7=bD
15 2) FHME N OFEERZEII ND 2 0 & L CEHR L7,

BEMOKPER 1L, Ak 24~26 (2012~2014) EEIZH R, KR, 4 HERLORE
[ D 4 HURICIBWT, v—F >y "2y FFRUTK D b=V F M=y F A H
T 4 B EM LT, A RAEEO PFOS KON PFOA O (iR o Bk ES (2016)
DT —4) IZONWTILLOQ KD HHE% 0 & L7 D% LB, LOD KiiidD5y
HriE% LOD & [FEfE, LOD LA E LOQ KD #riEs LOQ LRfEE L7z D%
UB & L 32, BB EICOWTIELFER 23 (2011) FEEERMERFE - REFEOT
—ZEZRANT, FERBMEENDDO—HY 20 OFEHERELZHE Lz, T ORI,
PFOS (LB~UB) /% 0.60~1.1 ng/kg {A&/H . PFOA (LB~UB) % 0.066~0.75
ng/kg AHE/H Th o7z, £z, BAEHDIZS BE~OFGREEH LI Z A,
LB L UBDOELLEZEATINTHREICERSTmbOD, UB #HW=5HE
XS BN TS L CWVD Z LR EN T, A EO % 5-5:1%, PFOS (LB
~UB) TI%97.3~52.4%., PFOA (LB~UB) Ti%89.7~12.1%Ch~7= (FV
14, V-15) (B 243),

x®V-14 HEFHERE (FR24~26 (2012~2014) FERERER) (S5 243)
HEE B R (ng/kg (KE/(H))

LA
PFOS PFOA
LB 0.60 0.066
UB 1.1 0.75

#®V-15 RERBEDBELER (F 24~26 (2012~2014) FEREHER)
(B8 243)

R AnHE PFOS PFOA

LB UB LB UB
IR 0% 5.7% 0% 14.7%
AR 0% 1.8% 0% 3.9%
fibkE - HUREHA 0% 0.2% 0% 0.3%
[EK 0% 0.7% 0% 1.8%

32 AR E M Y B D ST ET Tlid. PFOS KU PFOA &t i i & Heilge L T LOD & O} LOQ
23 < . LOD A 3% LOQ Rii D AT ENR Z N2 & 2v D LB I & 2 BEEHEE Tl haE
i, UBIZ X 2 BEEHEE TR KRG & 22 2 ffREMER H 0 | EEOBIE K OF 5 L2 0T
LHREL TOWRWE CICHEBENNETH S,
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il 524 0% 0% 0% 0.1%
B 3HH 0% 3.5% 0% 9.0%
R 0% 1.7% 0% 4.9%
DM 0% 0.5% 0% 1.1%
B 0.2% 0.3% 10.3% 1.1%
I 97.3% 52.4% 89.7% 12.1%
| 2.5% 2.3% 0% 3.6%
YA 0% 0.8% 0% 1.3%
L 0% 1.6% 0% 4.8%
il IEe 0% 0.1% 0% 0.4%
A 0% 0.4% 0% 1.0%
& L BB 0% 20.7% 0% 30.6%
AR - FEHE 0% 1.4% 0% 3.4%
/CEVIN 0% 5.9% 0% 5.8%

1 RFEROVAREL 549 kg & L THEIRELHEE X2 LB L LOQ KD HE% 0
& LTHH L, UBIXLOD Koz LOD & [FfEE L <., LOQ A D /i
Z L0Q &Rl & L TR
%2 LOD : fitkl’k PFOS 3 ng/kg., PFOA 2 ng/kg
B K LIS PFOS 3-20 ng/kg, PFOA 6-40 ng/kg
LOQ : ficklk PFOS 8 ng/kg, PFOA 5 ng/kg
EHK LA PFOS 9-40 ng/kg., PFOA 15-110 ng/kg

@ #5
WA CTHE SN TWAEEND O PFAS OEBREHEOEREA2FV-16 ITRT,

#=V-16 BHNZEITH2EEHNLD PFAS EERMSHTERR

[ 3 sk 25| Sy -Fl & 5| Lk
J1F 127%Ll | PFHpA, PFOA, (# PFAS ng/H) (B 244)
PFNA, 2{K : 250
PFOS,PFDA, BPE (12-19 #%) : 290
PFUA, PFDoDA, | sipt (20-39 #%) : 480
PFTeDA FPE (40-64 %) : 340
B (>655%) : 200
et (12-297%%) @ 170
P (20-39 7%) : 200
oMk (40-64 7%) : 240
it (>65 %) : 120
EU 23 2 [E PFOA, PFNA, AR IR B (B 1)

PFHxS, PFOS LB (/M- SR K i) 2
UB (/M- R Kfil) 2
(i PFAS nglkg A/ H)

- R ERE

FLIE :2.39-4.87-12.19
42.77 - 71.44 - 114.62

hi :1.47-2.94-6.51
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61.20 - 74.17 - 112.09

F&H 1 0.84-1.54-3.07
38.50 - 53.23 - 81.78
HHE 2 0.42-0.84 - 1.52
20.59 - 26.48 - 41.45
KA 1 0.55-0.92 - 1.34
13.54 - 15.94 - 21.97
ElE :0.71-0.89 - 2.08

11.51 - 15.07 - 18.77
HEE :0.42-0.86 - 3.10
12.56 - 15.41 - 19.85

< AR (95 N—k U H A L)

FLIE : 4.50 - 13.65 - 27.88

92.77 - 122.25 - 224.84
hig :3.35-7.55 - 13.69

100.65 - 134.01 - 229.04
FEE 1 2.66-4.21-9.69

78.97 - 109.03 - 165.31
HAE :1.27-2.13-5.22

44.17 - 57.04 - 89.40
KA :1.30 - 2.29 - 5.04

26.29 - 32.78 - 62.70
EkE : 1.76-2.37-5.58

22.96 - 28.77 - 46.73
WBEwE - 1.82-2.23 - 9.93
21.90 - 28.32 - 42.03

KA

- VELS*3
>0.5 - 5 7%

- NVST *#4
14-80 7%

PFOS, PFOA,
PFHxS, PFNA

SEME-50-95 /S—& o Z A L
(# PFAS ng/kg 1R H/#H)

- VELS

>0.5-<15% : 20.4-19.3 - 45.2

1-2 7% :20.4-15.3-49.5

3-5 Ik :18.3-13.1-44.5
- NVSTI

14-177#% : 6.2-4.3-17.3

18-64 7% : 8.0 - 4.4 - 19.8

65-7T4 1% : 8.5-4.4-21.3

75-80 5% : 8.6 - 4.4 - 16.6

(&R 245)

1-79 7%

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

LB-UB (ng PEQ/kg {KH/HE) *56
AL T K Sl fIER K

EHIE : 4.6-26

FfE : 3.3-23

95 /’N—F U HZ A ) 12-51
BRI SRR K

I : 5.9-22

Pl : 4.6-19

95 N—t L Z AL : 14-45

(&R 238)

F—=AZ2r7 Y

2 Lk

PFOS*7

LB-MB-UB (ng/kg {K&/H) *8
EHME : 0.011-0.83-1.7
90 /X—F % AL :0.032-1.3-2.6

(&R 239)

st ]

PFOS, PFOA

(ng/kg AE/H)
- PFOS
1-2 %
3-6 7%

: 1.552
: 1.527
7-1275%  :1.120
13-18 5% : 0.747
19520 E : 0.915
- PFOA
1-2 %

3-6 ik

1 1.499
1 1.534

(&R 246)
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7-12 %%  : 1.310
13-18 5% : 0.992
19 LA E : 0.817

%1

%2
%3

%4
%5

%6
x7

%8

T A2 »HERM) . SR Q2 »HALLE 36 22H KM . £ (86 22HLLE 10 kM) . H4 (10 Ll 1
18 k) . KA (18 3% LL | 65 s Zekim) . milind (65 mklh b 75 Ak . @ansE (75l Ek) & 1T
3%,

At o PFAS 25\ T, LB i LOD A5 1% LOQ Kiifi & #iE SNz oz 0 L LTHEIE L, UBIZ
LOD i & 5 S 7= 50E 4 LOD & [FAfE, LOQ HKiwi & #iE S h-oirE4 LOQ & FIfE & L TR,
VELS (B EIHEOAMEFEFEO 2D OB ORFEIREMNE) ORMERET —% 26 A,

NVSH (3 2[5 R4 YV ERFEFE) ORMERET — ¥ 2/,

BT PFAS IREEIZOW T, LB X LOQ K03 #rE% 0. LOQ LA - limit of confirmation (LOC) #:ifi
Do %E LOQ & LCTHEH L, UB X LOD K43 #7rfE% LOD & [, LOD LAk LOQ A D 4347 %
LOQ & FfE, LOQ LAt LOC K434 LOC & [RfE & L CHEH,

PEQ : PFOA equivalents

BIREHETEIZH - 0 &AM O 305D PFAS O 5T %217 > T 5 28 PFOS LIAMI M S /e h - 7= (LOD:
0.0040~0.35 pg/kg) Z & 735, PFOS ORI HOWTHRIREBHEE 217> TV 5,

LB i limit of reporting (LOR) KDz 0 & LT, MB X LOR RO #rfE % LOR @ 1/2 Ofi &
LC, UB /% LOR KD 547l % LOR & [EIfE & LCHRHL

EFSA 13 2020 O FHIIZIW T, 19 20[E 35 OB MIHET — X &, 16 D
97,434 OB HOIFYERET — X2 M LEREHE LTV LB v U Akt
DR RMBED T ERERD T2, ZOREFE. PFOS IZHOWTITAKUZE Do I
HOFTERP R bm <, IROTIILOIIERLE . RO R, FrcsE (12~36
DH) AZOWTIERYD L ORI O T 5 PR E D> T2, PFOAIZHOWWTH AN
ZF DDA, JI K YRR DN K WL D B RN E Do 72— 7,
Tl R N LS B 3 N OV SR 3 QNS BRERK & A 58 K& 2o 7=, PFHxS
IZOWTIE TR L O ELGL & SRR BRI E S L C\wWe, £72, FHilk
OERIE (K AR OGIER) OVEHERED 7T 7 %K V-3-1~KV-3-3 |29 (&
R 1),
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3 B Vegetablesand vegetable products {including fungi)
W Starchy roots and tubers

m Other foods

m Milk and dairy products

W Meat and meat products (including edible offal)

M Fruit and fruit products

B Food for infants and small children

M Fish and other seafood (including amphibians, reptiles, snails and insects)

Eggs and egg products

m Drinking water (water without any additives except carbon dioxide; includes water ice for consumption)

m Alcoholic beverages |
0||I||||I ||I| | I

A AT ABEACZADEADKAEE AES AFIAFRAGBA HRA HU A IE A IT ALV A NLA PTA ROA_SE TBETBGTDETDKTEETES TFI TFRTGB T_IT T_LV T_NL T_PT

P o
= u N v

Mean LB Exposure ng/kg bw per day

o
w

) A RN (7 7ML, 18l E 65 ki) . T $h'E (ZFZ7 74HM., 12/0AE36 AR, AT: A—A U7, BE: V¥ —, CZ:F ==, DE: F4AY  DK:5>~v—7,  EE: =
Ab=T7,ES: AX(V  Fl: 74K, FR: 79 A, GB:%E, HR: 7 u7F7, HU: "o BV — IE: TANLT R, IT: A%V 7, IV: 7 +E¥7, NL: A7 %, PT: K
LVEHNL, RO: V—<=7_  SE: AT x—F

BV-3-1 LBSFUAIZHEIT2BRER PFOS FHIECBEE (B : ngkg AE/H) (B8 1)
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0.8 W Vegetables and vegetable products (including fungi)

M Starchy roots and tubers
m Other foods
07 ®m Milk and dairy products
B Meat and meat products (including edible offal)
M Fruit and fruit products
B Food for infants and small children
® Fish and other seafood (including amphibians, reptiles, snails and insects)
Eggs and egg products
m Drinking water (water without any additives except carbon dioxide; includes water ice for consumption)
M Alcoholic beverages

o o o o
w ~ wn o

Mean LB Exposure ng/kg bw per day
o

0.

1= i==il Illlllllllll
_G

A_AT A_BE A_CZ A_DEA_DK A EE A ES AFI A FRA_GBA_HRA HU A_IE A_IT A_LV A NL A PT A RO A_SE T BE T BGT_DE T.DK T_EE T_ES T_FI TFR T.GB T_IT T_LV T_NL T_PT

H B
H N e
HE I .
Il = EE
H N N
1 =
1 N
1 I EEE
H I
HE S e
[ -
I
]
N N
|

W) A KA (7720, 185i%LL E 65 aeail) . T $hid (77 74H M, 12202HL 36 AR, AT : A—A V7, BE: V¥ — CZ:F==2, DE: K4V DK:7v~—7, EE: =
Ah=F7 ES: 2_A4 v Fl: 745K, FR: 75 %, GB: %[EH, HR: 7 u7F7, HU: "o H IV — IE: TANLF R, IT: A%V 7, IV: 5 htv7, NL: 5%, PT: &
JVEHL, RO: v—~=7, SE: Av=z—F

KV-3-2 LBIFUAFIZEITHERER PFOA EHECEE (B4 ng/kg KE/R) (BB 1)
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_— m Vegetables and vegetable products (including fungi)

W Starchy roots and tubers
i m Other foods
®m Milk and dairy products

m Meat and meat products (including edible offal)

o
w
o

M Fruit and fruit products
0.3 m Food for infants and small children

m Fish and other seafood (including amphibians, reptiles, snails and insects)

0.25 Eggs and egg products
m Drinking water (water without any additives except carbon dioxide; includes water ice for consumption)
- m Alcoholic beverages |
- I I I I I I I I I I I I I I I I I ! I |
0 I

A_AT A_BE A CZA DEA DKA EE A ES A_FlI A FR A_GBA HRA HU A_IE A_IT A LV A NL A PT A RO A_SE TBETBGTDET DK TEETES TFI TFRT GB T_IT T_LV T _NLT_PT

Mean LB Exposure ng/kg bw per day
o

o
=

w0

W) A KA (7 77M, 185l E 65 mAii). T : $hil (/7 74HM, 12200HL 136 2HAKG), AT : A—A MUV 7, BE: V¥ — CZ:F==2, DE: K4V DK:5>v~—7, EE: =
Ab=T, ES: ALV  Fl: 74T K, FR: 79 A, GB: %E, HR: 7 u7F 7, HU: NV AV — IE: TANLT R, IT: A%V 7, IV: 7 7, NL: A7 %, PT: K
LR HL, RO: v—~=T SE: AV =z—F>

BV-3-3 LB UFITHEITLHEBMEA PFHXS FHIX<KEE (B4 : nglkg AE/R) (B8 1)
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RIVM (% 2012~2016 =04 7 » ¥ 2EREHEEFA (DNFCS) THEIN
7oA T A EREBROWEE X — S E 2021 4 11~12 A A L= &0
K 2022 Y 7Y 7 LIEEIKIZOW T, PFAS OE< FEEHEE 2 i
L7z (KV-4), fEWVKDOZFH-21X, LB > U A2 L0 &5 & O K kO
BIAKZHEE LT25E1E 6%, B K OREKHESROFEIK ZHEE L7T-5HE1E 27%
Thotl, £o. BMEEMOFEGRIT, LB U FICBT 52 85Mm MO F/KH
SOEEIKIZ X B HEE Tldfa OB O 53R 30% Thie b < . 2 % BIZAK
Bl (BEIKZBR<) @ 23%, 3 & BITFLEMLD 17%, 4 F HIZA K TR O 8%
Tholz, £7o, LB vV FI2BIT 58 LOETKBEROEIKIZ X 2 HEE

. R ORI DS 24% D F 5 R T, b II<KBEIIHFS L TBY . WO THE

(BB ZBR<) A3 18%, FLELMAY 13%, WER WL 6%DEH5R Th 7=
(2 238),

Rest 11% Fruits (and Rest 6% Fish and fish
Vegatables Cereals aermﬁ]I o products 11%
5t Fish and fish cereal Orinies Loxdl
products 6% rinking
Meat and praducts 30% water) 11%
Food and meat products Vegetables
. 8% 7%
drinking / 77 ;
z] 7 2
water from Y Meat and 77 7
groundwater Dairy 17% y meat products 7 _
7 D . . o
Drinking water B f Drinking water
6% water) 23% Dairy 11% 3%
Rast . Rest
- Fruit d nuts
12% e f;;, nuts) e Fish and fish
Meat and products
meat products _Fish and fish Cereals and 13%
6% products cereal .
24% Drinks {axel.
products
EO_CI?(_and Tt - drmkl?égq;vater)
rinkin Dairy A —
9 13% 7 ;// >
water from Yy 7
surface water % 7 Prinks (excl.| oo ctaples 7
drinking = .
water) E%M £ and _ Drinking
Drinki 18% eat an water
l:;l:;g meat products Diairy 21%
279 10% 13%
LB scenario UB scenario

V-4 SREKERUVEBGBOFEE(SH 238)

FSANZ I 2021 45, PFAS O BICH G LT\ 5, IH 5T 5 aTREMEN S
HEMMEOEE (A=A M7 V7 THESNL TWARENLLDEET) 1NHO
PFOS OIX BEMEZ FEi L, BEMNOFLGLREHH L, TO/RER, Fh5%
M B% AR HFEEBRAEMIT~ I r OKELEFHEOT —Z L VR, F53 53%) .
5F (19%) . WFLE O N (ClgAFR<) (11%) . Mk (11%) R OHEH (7%)
T, ANEOHFGEREGET DL T1% Th - 72 (S5HR 239),
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3. EYFHIER

(1) mARE

® En

BREA 1L, ERk 22 (2010) SEEE CEEL CWe (XA AT U FHEZ T T D

& T D FE D N~DERE AN T &

=L

S He

A IZRBWTIIE L 3 5

F (CFRE 20~22 (2008~2010) ) sy D4l PFOS & U PFOA R 4|
Mt 1] K OV bige U7z, #itgn] Tldk, PFOS, PFOA & % (2 AUk #
HiE TR FED ) < | s & I RTEHERI A EZE (p<0.01) 3 bz (RV-17),
HKHINT EeRg: L7252, PROS TIXIBEAT X DR EEA s < . AP, JRAT X
W E bRtRHFIIAEZE (p<0.01) &b/ —75 T, PFOA TII#iXE DA

BEITIALNR -T2 (FV-18) (K 247),

®V-17 3MEFE (FERL20~22 (2008~2010) FE) O=M+ PFOS - PFOA RE
D#EHE (MhigA]) (BfL: ng/mL) (S 247)

e sl | B EER | dugdtherss | FENE FUIH i eS|
(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
ERERE | 19 3.7 8.6 4.6 2.6 9.2
i 4.8 5.4 7.8 6.2 5.6 5.8
b 1.5~150 | 0.73~28 1.0~71 2.0~28 2.2~12 | 0.73~150
PFOA | ¥l 2.0 2.2 5.4 2.4 2.0 3.0
T HE (R 72 1.1 1.1 4.5 1.5 0.91 2.9
i 1.9 2.0 4.1 2.1 1.9 2.1
b 0.63~7.9 | 0.52~8.6 0.37~25 0.65~13 | 0.42~5.2 | 0.37~25
#£V-18 3ME (FRL20~22 (2008~2010) £E) D&M PFOS - PFOA EE
DIREHE (HXF) (BAL: ng/mL) (S 247)
AT X SR I X TR X eS|
(n=270) (n=135) (n=204) (n=609)
PFOS | F¥fE 6.4 6.4 11 7.8
FEHE (g 72 5.4 5.0 14 9.2
gl 5.4 5.1 8.0 5.8
b 1.0~70 0.73~28 1.5~150 0.73~150
PFOA | F¥fE 2.7 3.4 3.3 3.0
TR (7 2.0 3.9 3.1 2.9
gl 2.1 2.6 2.1 2.1
HapH 0.42~15 0.50~25 0.37~19 0.37~25

BB R 23 (2011) AEEICEM L= A X VAL U D &I 510

WEDN~DgGEET=2) T

A M OVNERE 24 (2012) FFEED B i LT

DACEE D A~DITL BEE=F ) 7 EICBIT 5410 T PFAS DR
HAEV-19 [T RT (2 248),
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&KV-19 Tk 23~28 (2011~2016) FED LM PFAS iREHKRE (ng/mL)

(SR 248)
AR | BRiMEA R GEH SPRTRR | EME | RS | R E i
WO 23|50 (864 PFOS | 5.8 3.1 48 | 15 ~17
(2011) 4E (514, &tk 356 4)
I 104 TS 50.1 55 PFOA | 22 14 | 18 | 066 ~9.6
oopk 25 2013 4 83 4 PFOS 5.1 2.9 4.5 1.3 ~16
(2013) 4|10 71 | (BHE38 %, Kik454) |PFOA | 3.2 2.4 2.5 0.27 ~13
=4 SRR 52.4 7% PFHxS | 0.63 0.43 0.54 | ND*1~1.8
TRk 26 2014 45 814 PFOS 3.0 1.6 2.7 0.29 ~11
(2014) # 10 A (BrEs4 4. % 474) |PFOA 1.8 1.1 1.6 0.43 ~8.4
54 SEEIAEHRG 49.3 % PFHxS | 0.44 0.24 0.42 | ND*1~1.1
EoRk 27 2015 & 77 4 %2 PFOS 2.9 2.2 2.1 0.44 ~11
(2015) # 11 A (BrE89 4. ik 384) |PFOA 2.3 2.1 1.6 0.27 ~12
B SR 49.1 7% PFHxS | 0.24 0.18 0.22 | ND*1~0.80
SE gk 28 2016 & 80 4 PFOS 3.5 1.8 3.3 0.63 ~11
(2016) # 10 A (BiE44 4. %% 364) |PFOA 1.5 0.63 1.4 0.36 ~3.4
A SERJE R 49.1 5% PFHxS | 0.31 0.13 0.32 | 0.071~0.76

%1 ND: #H TR (PFHxS (Fik 25~27 (2013~2015) 4EJE) : 0.063 ng/mL) A
%2 4t PFAS I OWTIT 16 40 DfE RATTH#H L T 5

%)

*1
2
7E)

Rk 24 (2012) FEILT — & 72 L, ¥Rk 25 (2013) 4FELIRRIL PFHxA, PFHpA, PFNA, PFDA, PFUdA,
PFDoA. PFTrDA. PFTeDA. PFDS I 2oWWT b i & £l

F72. Rk 30 (2018) FEE~SFn 4 (2022) IS LIALFWE D AN~
DIF BERE=FY VTHE O oy NEE 33) 2B 541 PFAS EED
TR AFV-20 I (ZH 249),

&®V-20 /40Oy MREICEITS2MAF PFAS RERKR (ng/mL) (/,“ 249)

FAEFE | BiEH KR SINTRR | M | AR | hE i e
2 80 4 PFOS 1.4 0.84 1.2 0.48~4.2
(2020) f(lz;? (B 274, &% 534) |PFOA | 0.86 0.45 0.77 | ND*1~3.4
FE AR 39.7 PFHxS | 0.22 017 | 021 |ND*1~0.81
SF0 3 121 4, %2 PFOS 2.1 1.4 1.8 0.65~8.5
(2021) 32}; i (B 594, & 624) |PFOA 1.2 0.56 1.1 0.23~3.5
PE FEIAED 43.2 % PFHxS| 056 | 079 | 041 | ND¥1~6.3
SF0 4 89 4 PFOS 1.8 0.98 1.7 0.49~5.9
(2022) ?ngfﬂ (BME434, ktt464) |[PFOA | 1.1 0.44 1.0 0.23~2.2
FE PR 44.7 7% PFHxS| 030 | 022 | 027 | ND¥1~1.2

ND : #MH T (PFOA : 0.17 ng/mL, PFHxS : 0.14 ng/mL) A

2 1fi 1 PFAS EICOW TR 119 A0 OFERAFEH L T D

Rk 30 (2018) 4EFENK OV Fnot (2019) 4EEEIXS—# 72 L, PFHxA, PFHpA, PFNA, PFDA, PFUdA,
PFDoA, PFTrDA. PFTeDA, PFDS (oW T & 4 % Fhii,

3 ARFHAEL TRk 29 (2017) FEIZHED H Y I7 e CEERITRAE O RFHIBE T 2 MET 2170,
Rk 80 DI, AW IE DY 70— FFEOFE N AR ISR 5 MR oYW H

L& &R @Tﬁnf%ﬁﬁﬁk LicAmy MEE LTHEBL TWD, £OD, iEH DEE

ik, FAERIGRE OFERENRRI-> TE LT, @EE ORIER R & O ig-CMiAE & O igixA
HTHLRICHETHLNERH D] LENTWA5
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ZOfth, EPNTHE STV D SCHRIZREHR D & 5 MG/ PFAS fREZ KV -

21 1T,

xV-21 BERIZEITAMMFE/MEE PFAS EEDAITEHEE
ik - PSRRI NI - AR PFAS £/% (ng/mL) 51 STk
JbUREALR TN O 19k | i 447 4 JiiRGR 3553 (B 116)

U7 v— N
2002 4 7 A
~2005 4 8 H
(dbgE A2 25 ¢ ; FLIR
aR—b)

25 /X—F% L H A JUfHE, 5O /X—F o HF A JLH,
75 28—t v & A AE

PFOS : 3.40, 5.20, 7.00

PFOA : 0.80, 1.30, 1.80

JbumEALWRFN D 37995 | IFiE 2,123 4 MR %1 (B 250)
bz ST, RN ESME, S ME, o, 5
U7 — N <25 %% :183% KAE
2003 4E 2 A 25-29 1% : 607 4 PFOS (n=2,123) :
~2012 /£ 3 A 30-34 7% : 882 4 4.96, 5.74, 0.81, 4.96, 30.28
(b 2 25 ¢ dbiE | =35 m% @ 451 4 PFOA (n=2,123) :
HBat— k) 2.06, 2.64, 0.25, 2.00, 24.88
PFHxS (n=1,732) :
0.34, 0.37, <MDL 0.33, 3.39
(MDL : 0.2 ng/mL)
A FIET 131 4 AR R H2s (&M 251)
2013 4 (B 87 4. &Mt | Pl EHERZE) |, 5 /3—% v ¥ A HE, 50
94 £) IR—t L HAIVE, 95 X—F X A VIE
SR 63 % PFOA : 4.63 (2.45) , 1.17, 4.08, 9.03

%1 PFHxA. PFHpA. PFNA. PFDA. PFUnDA. PFDoDA. PFTrDA., PFTeDA (ZoWTHTF—F H 1,
%2 PFHpA. PFNA. PFDA. PFUnDA. PFDoDA. PFTYDA (ZH5oWTHF—& H Y,
%3 F—H T pg/mL TRHEENTWEA, o2 1,000 THL T ng/mL ([ZHE L7,

@ imst

WIS B M PFAS IR EEICRE 3 2B 2R V-22 (2R T,

=V-22 @NZHITHMF PFAS EEDBIEFER

HEE | sE | A¥ | #E | JFE (ng/mL) 1 RS
(/¥ (National Health and Nutrition Examination Survey : NHANES)
2017- 12 7% 1,929 4 MmiE | &M (95%CD (50 S—t v XAV, 95 | (BR
2018 e R—t L HA)) 252)

Bk 952 4 - PFOS (&7

Lt 9TT 4 U 1 4.25 (3.90-4.62) (4.30, 14.6)

ik : 5.36 (4.82-5.97) (5.50, 15.8)
12-19 7% : 313 4 LM 3.42 (3.08-3.78) (3.30, 13.3)

4

20 % LL I 1 1,616

12-19 7% : 2.68 (2.31-3.12) (2.60, 7.30)
20 m LA L 1 4.50 (4.15-4.89) (4.70, 15.1)
- n-PFOS

A 1 2.94 (2.70-3.21) (3.00, 10.4)
BIF . 3.67(3.32-4.06) (3.70, 11.3)
7R 2.40(2.14-2.68) (2.30, 9.30)

12-19 %% : 1.92 (1.66-2.23) (1.90, 5.70)
20w LA E - 3.11 (2.86-3.38) (3.20, 11.0)
- Sm-PFOS

2R :1.22 (1.10-1.35) (1.28, 4.50)
Bt : 1.61 (1.40-1.84) (1.70, 5.30)
otk : 0.944 (0.854-1.05) (0.900, 3.80)
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12-19 %% : 0.722 (0.609-0.856) (0.700, 2.00)
20 #% LA L ¢ 1.81 (1.18-1.44) (1.40, 4.60)
- PFOA (&Fh)

Ak . 1.42 (1.33-1.52) (1.47, 3.77)
B : 1.61 (1.50-1.73) (1.57, 3.77)
Lo :1.26 (1.17-1.36) (1.27, 3.77)

12-197%% : 1.18 (1.06-1.31) (1.17, 2.37)
20 m LA b - 1.45 (1.35-1.56) (1.47, 3.87)
- n-PFOA

NN - 1.32 (1.23-1.42) (1.40, 3.70)
Bk : 1.51 (1.40-1.63) (1.50, 3.70)
o :1.17 (1.08-1.26) (1.20, 3.70)

12-19 4% : 1.09 (0.976-1.22) (1.10, 2.30)
20 LA | - 1.36 (1.26-1.46) (1.40, 3.80)
- Sb-PFOA

2R : - (<LOD, 200)
Bk : - (<LOD , 200)
ok : - (<L.OD, 100)

12-195% : - (<LOD, 200)
20 5% LAk : - (LOD , 200)
(LOD : 0.1 ng/mL)

- PFHxS

ESXON : 1.08 (0.996-1.18) (1.10, 3.70)
Htk : 1.48 (1.32-1.67) (1.50, 5.10)
A : 0.805 (0.747-0.868) (0.800, 3.10)

12-19 %% : 0.866 (0.732-1.02) (0.800, 3.40)
20 m LA 2 1.11 (1.03-1.21) (1.20, 3.80)

2013-
2014

3-11 7%

3-55% : 1494
6-11 5% : 376 4

JlIRE)

MTEHE (95%CD (50 /X—& > ¥ A )\, 95
N—f A

- PFOS (&3P

2K :3.90 (3.49-4.35) (3.84, 11.8)
B 1 4.05(3.45-4.74) (4.07, 12.4)
i 1 3.73(3.36-4.15) (3.53, 9.61)
3-5m% : 3.37(2.99-3.79) (3.39, 9.10)
6-11 7% : 4.18 (3.70-4.72) (4.00, 12.4)
- n-PFOS

4k 1 2.53(2.28-2.80) (2.45, 7.78)
BIR . 2.67(2.27-3.13) (2.67, 8.83)
L 1 2.38(2.18-2.59) (2.17, 6.98)
3-5m% :2.22(1.98-2.51) (2.11, 6.19)
6-11 7% : 2.69 (2.41-3.00) (2.59, 8.83)
- Sm-PFOS

A& :1.24(1.07-1.43) (1.28, 4.10)
BIE 1 1.26(1.03-1.52) (1.28, 4.25)
I 0 1.22 (1.03-1.44) (1.29, 3.92)
3-57% :1.02 (0.863-1.20) (1.00, 3.14)
6-11 7% : 1.86(1.17-1.57)(1.41, 4.45)
- PFOA (&3P

28 :1.96 (1.76-2.17) (1.95, 4.23)
B 1 1.94(1.74-2.17) (1.88, 4.14)
i 1 1.97 (1.74-2.24) (2.00, 4.24)
3-57% :2.04(1.77-2.36) (1.82, 5.86)
6-11 7% : 1.92 (1.73-2.12) (1.97, 3.99)
- n-PFOA

218 :1.85(1.66-2.06) (1.83, 4.15)
BIR :1.83(1.63-2.05) (1.76, 4.07)
I 0 1.87(1.64-2.13) (1.91, 4.15)
3-575% :1.91(1.64-2.24) (1.72, 5.79)
6-11 7% : 1.81 (1.63-2.02) (1.84, 3.77)

(&H
253)
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+ Sb-PFOA

44k . -(<LOD, 230)
B .- (<LOD, 220)
# - (<LOD, 230)
3-58% :-(<LOD, 280)

6-11 5% : - (<LOD , 230)
(LOD : 0.1 ng/mL)

- PFHxS

21K :0.831(0.729-0.934) (0.790, 3.56)
B :0.916 (0.780-1.08) (0.870, 4.59)
R 1 0.744 (0.655-0.846) (0.720, 3.04)
3-5m% : 0.707 (0.600-0.832) (0.700, 1.61)

6-11 7% : 0.898 (0.784-1.03) (0.810, 4.59)

#1774 (Canadian Health Measures Survey : CHMS)
2018- 3-79 % 2,514 %4 MAE | AT FEME (95%CD (&H
2019 (PFOA @ % i (10— Z AL, 95 %—k L XA | 254)
2,513 4) %)
- PFOS
HBPE ;1,253 4 2 1 25(2.3-2.8)
Lotk 1,261 4 2.5 (0.97, 8.3)
(PFOA ®# B 38.1(2.83.4)
1,260 4) 3.0 (1.2,9.8
Zofe 1 2.1(1.9-2.4)
3-5 % : 482 4 2.2 (0.85, 6.0)
6-11 7% : 504 4 3-5%% :1.4(1.3-1.6)
12-19 4% : 508 4 1.3(0.71-3.9)
20-39 1% : 330 4 6-11 5% :1.5(1.3-1.8)
40-59 1% : 346 4 1.4 (0.74-4.7)
(PFOA 7 345 12-19 7% : 1.6 (1.4-1.8)
4) 1.5 (0.81, 3.6)
60-79 25 : 344 4 20-39 % : 2.3 (2.0-2.5)
2.2(0.95, 6.2)
40-59 % : 2.9 (2.6-3.2)
2.9(1.3,7.9
60-79 7% : 3.9 (3.5-4.5)
3.7(1.9, 13)
- PFOA
Ak 0 1.2(1.1-1.3)
1.1 (0.60, 2.9)
Bk 1.3 (1.2-1.5)
1.3 (0.69, 3.2)
Loy 1.1 (0.9701.2)
1.0 (0.53, 2.5)
355  :1.3(1.2-1.4)
1.2 (0.75, 2.7)
6-11 %% :1.2(1.1-1.4)
1.1 (0.77, 2.8)
12-19 7% : 0.96 (0.86-1.1)
0.92 (0.59, 1.8)
20-39 5% : 1.0 (0.92-1.1)
1.0 (0.45, 2.8)
40-59 7% : 1.2 (1.1-1.4)
1.1 (0.60, 2.8)
60-79 7% : 1.5 (1.4-1.7)
1.5 (0.83, 3.1)
- PFHxS
AR : 0.76 (0.69-0.85)
0.72 (0.25, 4.0)
B :1.0(0.91-1.2)

0.99 (0.37, 4.3)
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Lo : 0.56 (0.49-0.64)
0.56 (0.21, 2.1)
: 0.52 (0.48-0.57)
0.49 (0.21, 1.6)
: 0.54 (0.44-0.57)
0.44 (0.22, 3.8)
: 0.53 (0.45-0.62)
0.50 (0.21, 1.8)
: 0.70 (0.59-0.84)
0.66 (0.21, 4.4)
: 0.81 (0.69-0.94)
0.80 (0.27, 2.7)
: 1.1 (0.95-1.3)
1.0 (0.45, 4.3)

3-5 %k
6-11 7%
12-19 %%
20-39 7%
40-59 i%

60-79 7%

RA (

German Environmental Survey

: GerES)

2014~
2017

3-17 %

1,109 4

i %

BEEE (95%CD
R (10 =& X AL, 95 /8—F L F A
JL)
- PFOS
2.487 (2.413-2.563)
2.41 (1.41, 6.00)
- PFOA
1.124 (1.075-1.176)
1.2 7(<0LOQ, 3.24)
(LOQ : 0.50 ng/kg)
- PFHxS (E84)
0.355 (0.339-0.372)
0.38 (<LOQ, 1.26)
(LOQ : 0.25 ng/kg)

Em
255)

FA >

German Environmental Specimen Bank : ESB)

2009,
2013,
2015,
2017,
2019

20-29 7%

£AFE 20 £
(3B Le#% 10 4)

i3

Mgl (e IMIF- I3 KA
» Linear-PFOS

2009 : 4.7 (1.7-8.5)

2013 : 2.3 (1.0-5.8)

2015 : 2.2 (1.1-5.1)

2017 : 1.7 (1.1-9.9)

2019 : 1.8 (0.9-4.3)

- PFOA

2009 : 3.9 (2.2-14.0)

2013 : 3.0 (0.3-5.4)

2015 : 2.2 (0.3-6.2)

2017 : 1.5 (1.0-5.0)

2019 : 1,9 (0.9-3.3)

- PFHxS

2009 : 0.8 (0.3-1.8)

2013 : 0.6 (<LOQ-1.2)

2015 : 0.7 (<LOQ -3.2)

2017 : 0.6 (<L.OQ -4.6)

2019 : 0.5 (0.3-1.2)
(LOQ : 0.25 ng/mL)

(&H
256)

W BRELH R USR5 NMEDHES

EL<EEE

(&S <Y R 7 FHl AR OBRFEIZBE 3 2 0H5E)

2017-
2018

6 i~
88 %

IR
6 7%
TES .
7-12 %

842 4,

IR 94
Tk 249 4
HAE L 303 4
A 281 4

1

Pl (/M- e KAH)

- PFOS (447} OV iR o A7)
$HhIE  : 3.86 (1.89-6.53)

FE% 1 4.16 (1.25-14.10)

HA4E ¢ 3.26 (1.19-13.20)

A : 6.98 (1.40-84.60)

- PFOA

$HIE 1 3.22(2.21-6.03)

(&R
246)
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HAOE FE% :3.68(1.10-24.70)

13-18 7% HAME ¢ 2.92 (0.70-12.60)
DY B :5.29(1.03-21.00)
19 i~

88 %
#1 NHANESK O'CHMS® 7 —# [ Ipg/LCHE I T 2523, ng/mLE U TRE# L7z,

ATSDR % NHANES (281 5 —#%1072 PFAS O I iERE T — ¥ % JHA 4 H5
(ZEHE U755 1999~2000 4E7> 5 2017~2018 AEDMIZ, 1fLiE PFOS #EE 7
e EIL 85% LA I, 1 H PFOA Ji= B D A 70% LA B LT

(XV-5) (& 257),

35
30
25
20
15
10

5

0 p— —

1999- 2003-  2005-  2007- 2009- 2011- 2013- 2015-  2017-
2000 2004 2006 2008 2010 2012 2014 2016 2018

1) i . NHANES ¥ 7 1
fitih - fLiF PFAS JEE GRS, BAL @ pe/L (=ng/mL))

K V-5 3KE NHANES T#Hbtf- PFAS OIHEEDEREIL(SHE 257)
Health Canada 78, CHMS (2817 A Ifif4E PFAS IBE T — % ZiH& 1 7 /LB

(ZEl U7 R SRR/ B BMER N A BTz (P<0.001) (KV-6) (&
1 258),
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10 sEes | PFHxS

2_
- ] --—
- 04
T T T T T T T

1
2007-2009 2009-2011 2016-2017 2018-2019 2007-2009 2009-2011 2016-2017 2018-2019

& PFOA

2_
1- --
0,_

1 1 1 1

2007-2009 2009-2011 2016-2017 2018-2019
) AL m AT PFAS IR (AEH), BAZ - pg/L (= ng/mL))

V-6 574 CHMS THLN1-M%E PFAS EEDRHZEL(SHE 258)

ATSDR 1% 2021 FOFMIZIBNT, I —y FOFRESCUIZIT H AN
1% PFAS &4 80 & BBICHA T 240 F 21T 5 NI, 2D OB~ DR
E<ENTRIND E LTS, —&IZ, 7y FEFTHICEE T2 AL, 15
BREETCOIFEIZEL T, —BRERLY b PFAS OIMERENE Zeo TS &
LTW% (3M 2007b, 2008b, 2008c., Barton et al. 2007), F7=. 7 vH#E{LF
THGRERDIAET B A Z RS E LTFIE Tl BB R IX BERE TH D 2 &
PRI TS (Emmett et al. 2006a, Holzer et al. 2008, Wilhelm et al. 2009)
ELTWA(ZH 16),

ATSDR %, TN b6 Dkkx RIE< BEMTHIE S vz PFOS, PFOA MY
PFHxS DI HREIZDOWT, KEO—EERDOT —% & LT 1999~2000 4,
KUY 2017~2018 - NHANES (25T D i HREZ W Tk L Tns (KV
-7) (B 257),
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Manufacturing Workers, Decatur, AL, 1998 (1)
Little Hocking Water Association, OH, 2005-2006* (2)

941

I 3.5

Decatur, AL, 2010 (3) 39.8
General U.S. Population, 1999-2000 (4) | ] 30.4 P FO S
Montgomery and Bucks Counties, PA, 2018 (5) I 0.2
Portsmouth, NH, 2015 (6) GGG 5.
Newburgh, NY, 2016-2017 (7)  EEEG—RG 161 bR apdakian
Westhampton Beach/Quogue Area, NY, 2018 (8) NN .6 WExposed Community
General U.S. Population, 2017-2018 (4) = 4.3 WOccuggtional Expostirg
1 10 100 1000
Manufacturing Workers, Decatur, AL, 1998 (1) 899
Little Hocking Water Association, OH, 2005-2006* (2) 227.6
Decatur, AL, 2010 (3) I (.3
General U.S. Population, 1999-2000 (4) = 5.2 P F OA
Montgomery and Bucks Counties, PA, 2018 (5) I 3.1
Portsmouth, NH, 2015 (6) NN 3.1
Newburgh, NY, 2016-2017 (7) IS 2.7 RY:5: Ropulation
Westhampton Beach/Quogue Area, NY, 2018 (8) I 1.5 W Exposed Community
General U.S. Population, 2017-2018 (4) [ 1.4 B Occupational Exposure
1 10 100 1000
Manufacturing Workers, Decatur, AL, 1998 (1) 180
Little Hocking Water Association, OH, 2005-2006* (2) I 5./
Decatur, AL, 2010 (3) I .4
General U.S. Population, 1999-2000 (4) [ 2.1 P F H XS
Montgomery and Bucks Counties, PA, 2018 (5) I -.6
Portsmouth, NH, 2015 (6) I 4.1
Newburgh, NY, 2016-2017 (7) I ©.9
Westhampton Beach/Quogue Area, NY, 2018 (8) N 3
General U.S. Population, 2017-2018 (4) 0@ 1.1
10 100 1000

*OONE b OIXFATEE)  (BAZ @ pg/L (=ng/mL))

V) BRI PRAS BEHE (0P85,
RV-7 #A2ZEERETAE SNz PFAS O iR E(

Z i

S8 257)

(2) BfAm, EFLRUVBEFEE
Inoue © (2004) OWEHIZL D &, IEA X T ¢ OFLIE 2R — FSMNEFED 15
AT FBNT 38~41 1 B OREBLO IR & HEE A% O Jf7 i 3817 2 I i 2 1
ELLEZA, WThoY 7 unbt PFOS Bt a7 (FV-23), £/,
RHAIIE & A G I23517 5 PFOS JREDOBEMEZ TR/ L Z A, mWIEDFH
B (r2=0.876) AL (KV-8) (B 59),

£ V-23 BHEMEEBELEICHSITS PFAS BE

(BE59)ZEH &IT1ER)
oy 1 HE okt T R (ng/mL)
PFOS 1 hit i 775 100% 4.9~17.6
JER 13 100% 1.6~5.3
PFOA 1 ht i 3 20% ND*~2.3
JER 45 13 0% —

*ND : LOD (0.5 ng/mL) A
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PFOS concentration in
cord blood {ng/mL)

0 5 10 15 20

PFOS concentration in maternal blood (ng/mL)

HV-8 BkiiEEEFmED PFOS REDHEE(SHE 59)

Okada © (2013) OWEICL D &, WEERA X T ¢ OIEE =2 A — M T
% 2003~2011 FFOREH (R4 30 4% 7 > X A, 51 150 4) O PFAS
(PFHxA. PFHpA. PFOA. PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA,
PFTeDA, PFHxS &' PFOS) BEDFEMRME(LIZONWTHT LIz 2 A, &
EMNTD T DA (—4.0%) DAL (KV-9), £7o. o FENOMEm E L
T. PFOS XU PFOA 3/ 7] (PFOS : —8.4%., PFOA : —-3.1%) M4 bHih
=—J7C, PFNA KU PFDA |38 f#E 7 (PFNA : +4.7%. PFDA : +2.4%) 23

F BT (SR 259),

35
) . o o
E 3 ' .
0 D i |
§ 2 25
w s 2 l
0, E s ™
ARCRE: » 2
25 1
Q2
& 0.5
o
0
2001 2003 2005 2007 2009 2011 2013
Year

KV-9 B{ARMmiZFE PFAS EEDEFEIL(SER 259)
Fujii & (2012) 28 HA, §&EE N OHED B L7z 90 SO REEALEEHZ DWW T
PFCA (PFOA. PFNA. PFDA. PFUnDA. PFDoDA % O PFTrDA) & %
E LTofE R, BARIZE T 550 H PFOA IR FE O H YfE X 89 pg/m1(0.089 ng/mL) |
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Z DO E8 PFCA OGFHREE O F Rl 95 pg/mL (0.095 ng/mL) THh -7z
(£V-24) (B 260),

=V-24 HBIEH0OPFASEE (B 260)%+ &IZ/ERL)

R REF RfE (ng/mL)
PFOA ftho> PFCA O&#f
HA 0.089 0.095
i [E] 0.062 0.052
=] 0.051 0.033

1) WSCTh AT pg/mL & 7225 TWAH A, 1,000 TH:
L C ng/mL & L Cit#k,

ATSDR 1% 2021 FOFHIIIZI VT, BRI O PFAS OFEIX. b0
EMPMEREMZEE L, ZOMEE LTHREMZSBET HAEERH D 2 L &R
BLTWnDHELTND,

F RIEFERTOMRICBWT, £< Oy > 7 h 6 PFOS & O PFOA
PR SN TS (RV-25), & BT, ML SUTMTEH 25 PFAS 25 /A < 1
HENTWD, B, ZOREITRHMAMIBRE & RBEN LY IR - 7

(% 16),

£ V-25 ATSDR (2021) DFFMEIZH S Ni-FEFIT PFAS BE(SHE 16)

A A GRA A%

s

EE (ng/mL)

51 3Lk

KE
BT F =T M
Yo7 I7 U Ra

+ PFOS : 100%

+ PFOA : 56%

- PFOS
A ¢ 2.27
95 N—T o H A )L
4.35

- PFOA

R SELIE - —

95 R—k o H A )L
1.68

Morello-
Frosch 2016

ANLFET (n=229)
(Baltimore THREE
Study)

- PFOS : 99%

+ PFOA : 100%

- PFOS
KM - 4.9
e KAE : 23.8
- PFOA

K EYIME - 1.6
e KA : 7.1

Apelberg
2007a,
2007b

KA (n=11)

+ PFOS : 100%

+ PFOA : 100%

- PFOS
FPOLfE : 13.0
- PFOA
HfE ;2.6

Midasch 2007

2~ (n=66)

+ PFOS : 100%

+ PFOA : 100%

- PFOS
/IME : 0.53
BRAE - 4.71
- PFOA
/IME @ 0.60
BAKAE : 10.56

Manzano-
Salgado 2015
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- PFHxS : 88%

- PFHxS
f%/IME 1 0.05
BORAE : 1.93

5 ~—7 (n=50)
(Danish National
Birth Cohort)

- PFOS : 100%

+ PFOA : 98%

- PFOS
I - 11.0
- PFOA
SEYIE ;3.7

Fei 2007

% LOD LIk, LOQ LLE, XIZLLOQ LA EE 2o milBt oG

ATSDR IZFE#E STV 2 TR OREFLF O PFAS 2 E 4 3£V -26 IR T (5[

16).

£ V-26 ATSDR (2021) DFFMEICEH SNI-FBEH D PFAS EE (S 16)

A A I (A RO

R

EE (ng/mL)

51 A 3k

PN
P F a—t I
(n=45)

+ PFOS : 96%

+ PFOA : 89%

+- PFHxS : 51%

- PFOS
fx/IME : <0.032
SEHOME - 0.131
BRAE : 0.617

- PFOA

i/IME : <0.0301
SEHE ¢ 0.0348
KA : 0.161

- PFHxS
/Ml <0.0120
EHME - 0.0145
B RE - 63.8

Tao 2008

A =—T
(n=12)

+ PFOS : 100%

- PFOA : 8%

- PFHxS : 100%

- PFOS

SEYE 2 0.005
TEEEFDH © 0.060-0.470
- PFOA

EEE  —

TEEEHIDE © <0.209-0.492
- PFHxS

EEIfE 2 0.085
D : 0.031-0.172

Karrman
2007

AT z—TF
(n=20)

- PFOS
1997 - -fE - 0.237
2007 FEEME : 0.122
- PFOA
1997 - F-fE : 0.138
2007 -2 : 0.086

Sundstrom
2011

J v z— (n=9)

- PFOS

R 2 0.11
TEEEHIPH © 0.028-0.36
- PFOA

PoefE :0.05
TEEEEIPE © 0.016-0.19

Thomsen
2010

FE (n=19)

+ PFOS : 100%

+ PFOA : 100%

- PFOS
PRSP © 0.045-0.360
- PFOA
TEEEHIDE © 0.047-0.210

So 2006
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+ PFHxS : 100%

- PFHxS
FEEEHIPE © 0.004-0.10

ANE L EE T - PFOS : 94% - PFOS Al-sheyab
(n=19) SE¥IfE ¢ 0.085 2015
FEEEEPH : 0.006-0.18
- PFOA : 100% (LOQ : 0.01 ng/mL)
- PFOA
SERME :0.14
TEEEHIDH © 0.024-1.22
7 A (n=48) + PFOS : 98% - PFOS Antignac
SR 2 0.092 2013
P - <LOD-0.33
(LOD : 0.05 ng/mL)
+ PFOA : 90% - PFOA
EHE S 0.082
T EEEIPH - <LODs-0.22
. PFHxS : 100% -(ILDgng'SO'% ng/mL)
SEEIE 2 0.049
TEEEHIDH : 0.040-0.066
752 % (n=61) - PFOS : 82% - PFOS Cariou
SEHE : 0.04 2015
TEEEFIPH « <LOD-0.376
(LOD : 0.04 ng/mL)
« PFOA : 7% - PFOA
EHIE : 0.041
T EEEITE - <LOD-0.31
. PFHXS : 15% .(;EEX.SO.OS ng/mL)
SEYIE : 0.026
HEEEHIPH - <LOD-0.217
(LOD : 0.03 ng/mL)
~LF— (n=84) + PFOS : 100% - PFOS Croes 2012
EEIE : 0.13
- PFOA : 100% - PFOA
SEIME : 0.08
« PFHxS : 20% - PFHxS
SEEIE : —
AXZUT - PFOS - PFOS Barbarossa
(n=37, 2 BYIFER | FIER © 90% WPEME  SEEIME : 0.057 2013
21, #RPENT 16) TP - <LOQ-0.29
PEPERT © 62% PRPELR  EHME - 0.036
TEEEPH © <L0Q-0.12
- PFOA (LOQ : 0.015 ng/mL)
PEEMT © 81% . PFOA
WM SE¥IME : 0.076
FERENG  69% PR« <L0Q-0.24
pEm  SEHIME : 0.043
TEEEEDH - <LOQ-0.1
(LOQ : 0.024 ng/mL)
iE (n=264) - PFOS : 98% - PFOS Kang 2016
HhfiE : 0.05
- PFOA : 98% - PFOA
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HRfE : 0.072
F =2 (n=50) «- PFOS : 100% - PFOS Lanvoka
E¥fE : 0.033 2013
TEEEFIPE © 0.007-0.11
+ PFOA : 100% - PFOA

EHE - 0.05
TEEEHIPE © 0.012-0.13

KA e N H Y — - PFOS : 100% - PFOS Volkel
(n=170) /M 0.028 2008
B RAE : 0.639
- PFOA : 16% - PFOA

£%/IME : <0.200
BRAE : 0.460
¥ LOD UL EXIZLOQ LLEE 2= EoES

(3) RHPRE
NHANES @ 2013~2014 O S NF (2,682 44) DIRIZE 1T % PFAS (n-PFOS,
Sm-PFOS. n-PFOA. Sb-PFOA X% ' PFHxS) O aH H Lk e £ V-
272, Fio, My PFAS IREOT — 2013 5 2,273 £412OWVW T, MR
JRICE T MR & ik L7455, n-PFOS. Sm-PFOS. n-PFOA } 0} PFHxS
DOMIEIZB T AMERIT 98%LL ETH o722, RHPICBITA2HmHERITIVITND
0.1 %AKiili TH - 7= (2R 261),

&V-27 6BMULDRKE—MBERICEITHRD PFAS #HERHER VIREDEHE
(B 261)Z L LIT/ERD

oy FAEFL = ki R (%) EERPH (ng/mL) *23

n-PFOS IR (Z65%) 0.05 0.07~0.6

>12 7% 0.05 0.07~0.6

6~11 7% 0 0.07~0.07
Sbh-PFOA 2K (=6 57%) 0.06 0.07~0.1

=12 5% 0.05 0.07~0.1

6~11 7% 0.2 0.07~0.1
PFHxS IR (Z65%) 0.03 0.07~0.1

=12 % 0.04 0.07~0.1

6~11 7% 0 0.07~0.07

%1 Sm-PFOS KO n-PFOA T2 ToOREHZB W TR S Lo Tz,

#2 pug/L THE SN TWAA, ng/mL & L Cit#i L7,

%3 LOD (0.1 ng/mL) Kl DGAE 1L, KEENLIRER G % — (NCHS) 232559 % LOD
% 2 OV HFRCEI > 728 (0.07 ng/mL) (Z@E#L L CTRoH,

EFSA (X 2020 FOFHliEICB VT, EEOMITIC X 5 R+ PFAS IR % @5
L (FV-28), —RMNCTEEIZENE LTWAH(ZHE 1),
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FV-28 EFSA (2020) DFFIE(CFEEH S iR+ PFAS O&EHAKR
(BR1)ZL EITER)

A G (V7 PR 5 DR H LRI 51 STk
R MEDT YT n-PFOS. Sm-PFOS. n-PFOA. Sb- Kato 2018
(50 #) PFOA. PFHxS I S,
HEO LY (5-135%) DOJRE | PFSAs I3 &7, Kim 2014
MK DT Y 7L PFCA IZ PFPeA (JRH>LOQ 3 70%)

EROCTEA ERB ST,
HRENTIEE DR & MR O_T Y | JRAOJEEEFRAE, b (g e | Zang 2013
7L (86 ) PR EE)

PFOS : 0.025 ng/mL, 760
PFOA :0.019 ng/mL, 163
PFHxS : 0.0011 ng/mL, 1,320

PEORE MIEOLT V70 | ehits sl e (G R  JR e ) Li 2013
(64 #H) PFOS : 125
PFOA : 175
FEREO S PFAS IZ< BE O | koIl b R s - fys ) Wang 2018
WENEEE (55 #R) PFOS : 0.0006
PFOA :0.003

PFHxS : 0.0003

(4) ZDHDEMZHIIEIZ
EFSA %, 2020 AEOFHEIZIHB VT, fMOIEREEMEAYFHFEIE L L TEER
B OTGREF R OBEZ AW RERNH D08, ZNLORERE D X 9 IR
HINIEEHOLTR > TRV E LTNAEH 1),

4. FKEICATIHEDE LD

b MZEIT D PFAS DX TITHONWT, ZOREK L L TE BF L OHEHIIN .

AR DORE IR, I —y MO ED D OREH - BN R END D
WA DOHAEIZ L D &, PFAS OIE< Fix, AFRESICL W ERLZ L0, BFIC
LOBBNRERRE THLHEEZEZ LN TV

RO PFAS JREIZHOWT, ENTIE, ~—F v bRy FHFRICE D F—
ANEA Ty NAZT 4 OI2bOREZHWEZRAENMTHONTE Y, PFOS it
PFOA 78 LOQ VL E TR S /=& MERT, A, BE, HETh-o7=, L)L,
SRS D7 BT O PFAS IBEIZOWTCHT A 7-00T7 —4 & L TIIAR+
7T D, BRI IT B8 K OB 25Tt Bz B Tk, PFOS T PFOA 2
JFEITRIEIC BV TE < FFREM O - NIBEICBE WD THmWIREREO b TN D
EBI DB IRET — Z 2 OW TR, KELOEINOFEIZ BN T, B fﬁk/)b\f
—HROBFEROPREFERNAFK SN, 2. T X OREBICBOTIEA S
PO E Z & OFBERRNARZINTWVDE LD, AESNT-AFIIRE LN TE
D, EEEEFHMET S IIET =X IXEEA S TH D,

FCEHKIZ DWW TIE, A7 U X OB T, Bk (7K B 3k M OV e 7K
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k) OFERHRE SN TWD, EROKEKIZOWNTIE, BEA@E Y E R IRE
% PFOS . O PFOA OAFHE LT 5H0ng/L L% E L T\ 5, 2023 FFOFHAIZIB U
T, fa7kiek D PFOS & T PFOA IRE DG FHEDY 50 ng/L 2 #8 2 TWo Dl 1,247
s 2 RS2 Th o7, ALV EERFEELBEZ TV 5581E, KIEOY)
B 2 TEVERALBRE DM TION TV 5,

t MBI S PFAS OBREHEEIZ OV T, BN T, 2012~2014 FFD~—
Ty "Ry hERICKD =NV T Ay NAXT 4 DOLOKEMEED
PFOS KU PFOA JREE & | [EERMERE - REREICK T DK BMEENSDO—HYZY
DOFHEREOT — X AW THEE X T Y, PFOS (LB~UB) i 0.60~1.1
ng/kg AAFE/H., PFOA (LB~UB) 1% 0.066~0.75ng/kg {AF/H & ShTW\5, *
7= TR FEHE 4 B D /3 M H AR CUd  PFOS & O PFOA O& /LRI IE & il L < LOD
FONLOQ 23 < . LOD #iii X% LOQ K D/ HTHEN 2\ Z & 5 b HEEE O #ilH
MRE L, LB IZ K 2EBEHE CIEFEEOBINE LV b/ aHli, UB IZXL 5
BEHEE IR KR & 72D, FOEMOL LI OFiR%E EFSA IC X2 ERE
Mg &bl d 5 &, LB 2 WA fEIZ, PFOS IZoW CIEAERE, PFOA (IZ25W\W T
IHE< . UB WA 1fEIZ, PFOS, PFOA & L& -72, LirL, ZThbown
PTHOHEE RS FIECHEEREIC L TR ZEICHERLETH S,

1M AR EEE DAY FRIFRIRIZ DWW TIE, EWNICBIT 2 —RERZ R & Lok

FERICEDE RONTT =2 TIEH DO, ENICEIT 5 —ERD PFOS &
O PFOA iR B 1%, BLRDOWES O MEE L FRE TH D EHER SN D, £z, M
H PFOS K O PFOA IR SRRl LTV DI 2 m TR0 & 2 03, B
TOR—®BIZEB T IRHETILRWN T & R OEFEOFEIZI T D Hullk> AE D R
ERTHDLZ LD, IR ERO—BERICEIT 5 M REOHR & K Lzt O
ELTHADICIIEET A2NELRD D,

PFAS DR BIRIRA~DIRE 2T L7270, BB A R~ORAZIT LIz
FEEUIZOWTH AMREMEN R SN TV 5, ERAORIERRICE D & R PiR
JE & bl U T I o 0 PFOS & O PFOA iR EE VLRI EE /N2 K 0 AR, F 7z,
EMIZR T 5RO PFOA RED L~LiX, s L TRIRRETH L LB DR
Do

R PFOS, PFOA XU PFHxS IR EEIZ OV TIE, SKE K OB O Fa A R
K5 & MPREIZHEAATERD TR . MERMENE SR THDL ZEnb, 4
FHFEE L LTORMICTE S Rnb D EEXBND,
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EANTIEL, BfE 5D, PFAS X< BSNELEEOT 2N ARELTEHED
KE M EESZRET AL 2 —~v o N FE=Z U U 7 BT TR,
F 72, PFOS X° PFOA O il 7 I EAEIZ D= 2 RHIM TH V| IRNEIREIZ D0
TUIIAEFER BN Z WD | MHREORE RS PFAS 28I L&, H25WiHE
SESINT-&, R, MRS 2T 5 2 L 3B O CIINEETH 5,

VI. HEHHETIL - FEOBME
PFOS ¥ U PFOA OIRNENEIX, i L b k& TIIRkE < B 5720, BB
BTN EAEZTEREZZOEEE MIETIDDZ LIXTE R, £,
JEFRZEICB VT, PFAS OFBRE - (3K BELATET LI ENEHL, £<0D
WFFETIE, M/ E PFAS J 2 o0 FERME S IHERHE 2 W72 0 T T %,
Z D7 S FHIASEIIC X B RHBIZ BV Cid, RFD SO fIEE 2 H H T 5 729012,
R OAE R D HED 2B 3 2 A&HEGE T L0, BHEIEORFIZOWT
Mg/ MR GEIE - X< BEEAHFH T2 HEHE =T VAW T, BElE L
L C® PODugp NHEH STV D, LUTIE, E2RM MRS 25 7 A B HER T
TR ORFEOMETSH D,

1. EPAICKDREHEITETIL (B 25, 27, 47, 48)

(1) EREMOANEREETIL (PFOS)

D RE#HFETIORE
EPA Ti%., PFOS 0o#WiENEhEAHEE T 5ET VD6 PODuED ZRET 5
72912, Wambaugh & (2013) @ PK 5 VA EARET L E L TEHALTWS
(EPA 2016), ZOEREEM E LT, 1) M55 3208 (v, 7>
FEO~ T RA) IZBWT, PFOS OMEEZ B E 2 ToRRE R ONREZ (LA Tl T
el &, 2) ETARBRICBEONZHLNT —FEy MZBWTHIESE LA
NZEEUNCTFRITE /2 8, 3) i - R & BEET RIS BT D HEEO T
RN Z2BIMTEA5Z &, RETENLTWD, ZOETNMEEELITIORT (XVI
-1) (Wambaugh & (2013) 764 %), ZOE7 /A TlE, THaFnME O B I
MBEINTND,
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Second
Compartment

(Vtv Clissue)

k12T 1“21
Kk

Oral Dose _a’ Central

(Agur) Compartment
(VC’ Ccentra\ ’ fplasma)

ﬁ
IV Dose ‘
ql 2 T Ky
| |
| |

Filtrate Q
Compartment —
(Vfi\' Cfil)

EVI-1, RSNz PK ETIILOBEEER (Wambaugh et al. 2013)

Wambaugh & (2013) 1%, & HIX< 8 7= PFOS O K40 o3 s 12 FE T
% & LT, Andersen & (2008) DFETFTI/ILDWL DNDIRT A —F OHEEE O
PHICIRAE 2 3% E LT\ 5, Z O Andersen & DET /L, th A 2-a 23— |
AVRNETATHY, H1 a8~ A2 MIME, §2 32 83— kA2 NI
JEL & L COEE M TH D, Wambaugh Hid, fik=>X—F x> FoH
A ZMLEED 100 5 2B 220K 9 B8 F O mAER (V) IZHlf) Zm T 7,
F7o, MRS ME~OBITHEDORD D IZ 2 DOEEOL () : £25&) 2
HEE S, MG DA~ OBATHE b HEE S 7z, #VI-1 12, Wambaugh &
DET NV THWONTE/NT A—FER LT,
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— O m—
KVI-1 PFOS OEZKXPK ETILD/NF 4 —% (Wambaugh et al. 2013)
Parameter Units CD1 Mouse CD1 Mouse Sprague- Dawley Rat Sprague- Dawley Rat CynomolgusMonkey
(F)* (M)* (F) (M) (M/F)*
Body weight® (BW) kg 0.02 0.02 0.203 0.222 3.42
Cardiac Output® (Q.) L/h/kg®’™ 8.68 8.68 12.39 12.39 19.8
Absorption rate (ka) 1/ 1.16 433.4 4.65 0.836 132
(0.617-42,400) (0.51-803.8) (3.02-1,980) (0.522-1.51) (0.225-72,100)
Central Compartment L/kg 0.264 0.292 0.535 0.637 0.303
Volume (V) (0.24-0.286) (0.268-0.317) (0.49-0.581) (0.593-0.68) (0.289-0.314)
Intercompartment 1/h 0.0093 2,976 0.0124 0.00524 0.00292
transfer rate (kiz) (2.63 x ¢ '°-38,900) (2.8 xe - (3.1 x ¢1-46,800) (2.86 x ¢71°-43,200) (2.59 x ¢1°-34,500)
42xeh)
Intercompartment Unitless 1.01 1.29 0.957 1.04 1.03
ratio (Ryz-va1) (0.251-4.06) (0.24-4.09) (0.238-3.62) (0.256-4.01) (0.256-4.05)
Maximum resorption pmol/h 57.9 Llxet 1,930 1.34xe*® 15.5
rate (Taaxc) (0.671-32,000) (2.1-7.9x &%) (4.11-83,400) (1.65 x e719-44) (0.764—4,680)
Renal resorption pumol 0.0109 381 9.49 245 0.00594
affinity (Kr) (144 xe5-145) (2.6xe529x¢Y) (0.00626-11,100) (4.88 x & 1°-60,300) (234 x &5-0.0941)
Free fraction Unitless 0.00963 0.012 0.00807 0.00193 0.0101
(0.00238-0.0372) (0.0024-0.038) (0.00203-0.0291) (0.000954-0.00249) (0.00265-0.04)
Filtrate flow rate Unitless 0.439 27.59 0.0666 0.0122 0.198
Qe (0.0125-307) (0.012-283) (0.0107-8.95) (0.0101-0.025) (0.012-50.5)
Filtrate volume (V) L/kg 0.00142 0.51 0.0185 0.000194 0.0534
(44 x¢1"-6.2) (3.5 x ¢1%-6.09) (8.2 xe¢7-7.34) (148 x e-5.51) (1.1 x e7-8.52)

Notes: F = female; M = male.

Means and 95% credible intervals (in parentheses) from Bayesian analysis are reported. For some parameters the distributions are quite wide, indicating uncertainty in that

parameter (i.e., the predictions match the data equally well for a wide range of values).

#Data sets modeled for the mouse and rat were from Chang et al. (2012, 1289832) and for the monkey from Seacat et al. (2002, 757853) and Chang et al. (2012, 1289832).
* Average bodyweight for species:individual-specific bodyweights.
¢ Cardiac outputs obtained from Davies and Morris (1993, 192570).

EPA (2023, Draft) Ti%. Wambaugh & (2013) OFEARTT V2R, 5.

HEAL R DEPE 2 BT 5 71

ﬁﬁbﬂ‘oﬂjﬁﬁi’@k L. f

o, WEMI N 1- 3//\“—1\)‘/1\9:7260‘(1/\

5 (2022) OWEIZETL TEHY ﬁfﬁ)ﬁ/fA“’L@%Tﬂ/iU\—F@ﬂiE - SS I @A

Do

- IERD B HPEE TO/L A
- AWM T o REY Ok E X Kapraun © (2022) |
o RHAMIE & RSP O PFOS AR LRI RE

a:ot DETNLTE 5,
- JREMW R U7 RELF o PFOS 1 100% %I S5,

- REick

&Ebfmé

(VI-2)., %ﬁ%/\@ciKé@
Z D J7 kT Kapraun

2V RHAIMT

FLRAFRA I L v iES D (RVI-2),

- HESLIE O VRN O FEHERS 1T Wambaugh £ LI LV
RE) = R— K X b VA fEL
(%VI'2)O

AP

et al. 2012) MEH I TV S
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HE VAP EE & RHAIREEDHIT—ETH 5,
iéﬁi%ﬁiﬂ%ﬁblﬁéo

FLo AR

T DR TZ DR EIZIE L, B T L ICE A E A R

BEFFTRETH 5,
(Kim et al. 2016, Chang



Gestation Lactation Post-weaning

St“f‘;’_ Second Compartment | St‘:,d‘ Second Compartment
ot V,C,) H Oral dose RO e v.C)
dem dosing 3 t dosing .
scenano H ( ’\r”' infaat) scenario
. .
l ] Riinc
entral Compartme! | . entral C i 4
Oral Dose k, C L”‘("\‘vl (‘f‘“E “1;“~ nt ! Infant Oral Dose k, C \-|||Ir\|‘| ((o:nrrm:n-.m
, C,, free | 5 '« C,, free
) i Fetus il (Vg Ciogad (Ag)
" F——— | e R, b3 3
Qu LT K = l Q | T %
Filtrate Compartment Qu i Filtrate Compartment Qu
(VC) — Elimination Ve Co) —
(1)

Model parameters for three-compartment model are the same as those described earlier. Pup-specific parameters include milk
consumption in kgmi/day (Rmilk), infant-specific volume of distribution (V4), and infant-specific half-life (ti2).

BVI-2 SA4ATRT—UFTIVEBED-ODETILIEE (EPA 2023, Draft)

=RVI-2 ERARELEAICE 1745 PFOS MIEN PK /X5 4 —% (EPA 2023, Draft)

Parameter Units Rat Mouse
Maternal Milk:Blood Partition Coefficient (Pnix) Unitless 0.132 0.32¢
Fetus:Mother Concentration Ratio (Ryp) Unitless 0.83% 0.41f
Elimination Half-Life (t,2) Days 40°¢ 36.878
Volume of Distribution (V) L/kg 0.284 0.268
Starting Milk Consumption Rate (r%mi) kgmin/day 0.001" 0.0001"
Week 1 Milk Consumption Rate (r!mix) kgmin/day 0.003" 0.0003!
Week 2 Milk Consumption Rate (%) kgmi/day 0.0054" 0.000541
Week 3 Milk Consumption Rate (k) kgmin/day 0.0059" 0.00059%

Notes: PK = pharmacokinetic.

2 [nformation obtained from Loccisano et al. (2013, 1326665) (derived from Kuklenyik et al. (2004, 1598132)).

b Information obtained from Lau et al. (2003, 757854).

¢ Average of male/female half-lives reported in Huang et al. (2019, 5387170), Kim et al. (2016, 3749289), and Chang et al.
(2012, 1289832).

4 Information obtained from Kim et al. (2016, 3749289).

¢ Assume same Pmix as PFOA (lack of mouse data).

Information obtained from Wan et al. (2020, 7174720).

¢ Information obtained from Chang et al. (2012, 1289832).

" Information obtained from Kapraun et al. (2022, 9641977) (adapted from Lehmann et al. (2014, 2447276)).

Information obtained from Kapraun et al. (2022, 9641977) (mouse value is 10% of rat based on assumption that milk ingestion
rate is proportional to body mass).

@ FAMEE FAE & DL

EPA |, 2016 4£®» HESD (Health Effect Support Documentations) ¥&H%
A S NT AN ORBRAEREH O TERET VOMREBEZMRIEL TWD
(EPA2023, Draft), Kim » (2016) & Huang & (2019) @7 v hOF—H 2%
il 41, PFOS ORFEHERIZEE T 5 /3T A — X CRIF R —En A LN, —
. A LU TR T —Z 3o lalzh, /X7 A —Z OREISE
fl&i7=7 —%# (Changetal. 2012) OAP(MEH S, — T 5 Z LRz,
S5\, IR EZ M-S BEET VIZONTH, 7y D PFOS (%<
BT ORE R (Luebker et al. 2005b) (ZiEH LT, R#EiM & K& D PFOS %

172



B OB LZmUIc PRI c&E - LTW5b (EPA 2023, Draft).

Q@ HAEHHETILOREEM
PK E7 VO LB ONEILS LNV OHEEIZDOWT, LLFO X D 22 A
F L RUZ OV T OGRS STV 5 (EPA 2023, Draft),

LIS EBVIL ORT A =X TEWRE T L I2H D — DO EOFERIZ I D IRE
ENEZZETHD, INHD/NRT A—=FORMEEMNIL, 2D ORFZERE R
LkTﬁ%ﬁf%@ FFZERI DI 5 D & RCHFZET A OEWITEE SN TV

o 5212, —HRD/NT A—F OEEFRENE (identifiability) (280D K& 72 R

FEHEEELTWLZ LTS, HlzxiX, AlansE (VA (&, 1y PFOSY)}.%F?J:
DORENMEPME NS 7o 7o, MiET — X DA EFEH L TREINDIGE. £ DRE
FEITEL 25, RPBEZOBMEEOHEMMBE S i \_®A7%~&
%&mfé@_&j% RIS N D, &EIZ, ZOET VT, FELE

IR - BB O PFOS HEIEGHEOREREZFEA L TT7 A—Z{bshTnb
:k?%éfﬁ%ﬁ%ﬁ@qﬁ%%&@ﬁﬁﬁwPK%?»%%K%H%PHB
DB T A =2 PREA SN TS (FVI-2), Wambaugh & (2013) OET /L
X, WL ODDOREEMOEREW A A= PFOS 70T —Z I L <#EA Lz
ﬁEHytimE%_L%ﬁé IZWLODDORARZET LN TND,H 11T,
JEFER DR W NIREE IR 2408 L 7o BRI 72 Bl 2 0E L TR 0, lRiE~D
VAR—H—EI Lt%%@T PEZBELTWWRNWI & 56212, BERLATO R
o VT T A E, B0 ElIc ES < R TH D EES L, RIS
PE S AP AL ELIRIC BT D PFOS O8I &0 & 5 B4 5.2 5 )
IR THD L, %3& PFOS I RHAMIE D & REFL IS ZERICEITT 5 &
RE S, HMTI T DREEI 2L DR, PFOS OHITBATICIIT 2 #EIF
%%m&%ﬁbfw&m:kf%éo

(2) ZRBYOAERBEETIL (PFOA)
D HAE#HFETILORE
EPA Ti%. PFOA oEWkNEEZHEE T HET /L2025 PODuep Z IR ET 5
72912, PFOS OA L IREEIZ, Wambaugh & (2013) @ PK &7 /L& FEARR
EFETLELTERMALTWS (XVI-1) (EPA2016),
Wambaugh &%, (1) ® PFOS OIE Titdk L7z £ 512, PFOA T% Andersen
5 (2006) DET DN DNODO/NT A —FZ OHEEEOFHIZHIFKI 25 E L, E
TIVEAER L TV D, £VI-3 12 Wambaugh &5 DET /L THWLILTZ/NT A —H
N LTz,
F 72, PFOS O34 L [REEIZ, Wambaugh & (2013) OET VI3, IR, %L,
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BEAL % DB ZZEB L TR SN T\ (XVI-2) (EPA 2023, Draft), M
PFOS DI TR L7 TH D, Wambaugh & (2013) OHEHEITINZ T,
F£VI-4 OFEMEH LTV 5,

& VI-3

PFOA DEKXPK ETILD/NT A—4 (Wambaugh et al. 2013)

Sprague-Dawley Rat Sprague-Dawley Rat Cynomeolgus Monkey

Parameter Units CD1 Mouse C57BL/6 Mouse
(Fy? (F)* F)° M)° (M/F)®
Body Weight® (BW) kg 0.02 0.02 0.20 0.24 7 (M), 4.5 (F)
(0.16-0.23) (0.21-0.28)
Cardiac Output® (Q.) L/Wkg"™ 8.68 8.68 12.39 12.39 19.8
Absorption Rate (k)  1/h 290 340 1.7 1.1 230
(0.6 — 73,000) (0.53 — 69,000) (1.1-3.1) (0.83-1.3) (0.27 —73,000)
Central Compartment L/kg 0.18 0.17 0.14 0.15 04
Volume (V) (0.16-2.0) 0.13-23) 0.11-0.17) (0.13-0.16) (0.29 - 0.55)
Intercompartment 1/h 0.012 0.35 0.098 0.028 0.0011
Transfer Rate (ki) (3.1 x ¢1"-38,000) (0.058 - 52) (0.039-0.27) (0.0096 — 0.08) (2.4 x e 35,000)
Intercompartment Unitless 1.07 53 9.2 8.4 0.98
Ratio (Rvava1) (0.26—-5.84) (11-97) (34-28) (3.1-23) (0.25-3.8)
Maximum Resorption pmol/h 491 2.7 1.1 190 39
Rate (Tmaxc) (1.75 -2.96) (0.95-22) (0.25-9.6) (5.5—-50,000) (0.65-9,700)
Renal Resorption pmol 0.037 0.12 1.1 0.092 0.043
Affinity (K1) (0.0057-0.17) (0.033 - 0.24) (0.27 - 4.5) (B4 xe*-1.6) (43 xe7-0.29)
Free Fraction Unitless 0.011 0.034 0.086 0.08 0.01
(0.0026 — 0.051) (0.014-0.17) (0.031-0.23) (0.03-0.22) (0.0026 — 0.038)
Filtrate Flow Rate Unitless 0.077 0.017 0.039 0.22 0.15
Qi) (0.015 - 0.58) (0.01 —0.081) (0.014-0.13) (0.011 —58) (0.02-24)
Filtrate Volume (Vi) L/kg 0.00097 7.6xe” 26xe? 0.0082 0.0021
(3.34xe?-721) (2.7 xe'0-6.4) (29xe10-28) (1.3 xe*-176) (33 xe’-6.9)

Notes: F = female; M = male.

Means and 95% credible intervals (in parentheses) from Bayesian analysis are reported. For some parameters, the distributions are quite wide, indicating uncertainty in that
parameter (i.e., the predictions match the data equally well for a wide range of values).

 Data sets modeled for the CD1 mouse were from Lou et al. (2009, 2919359), for the C57BL/6 mouse were from DeWitt et al. (2008, 1290826), for

the rat were from Kemper (2003, 6302380), and for the monkey from Butenhoff et al. (2004, 3749227).
b Estimated average body weight for species used except with Kemper (2003, 6302380) where individual rat weights were available and assumed to be constant.

¢ Cardiac outputs obtained from Davies and Morris (1993, 192570).

RVI-4 1ERARELEBEET 5 PFOA D PK E
(EPA 2023, Draft)

—_

F

JLDEN/N

SA—4

Parameter Units Rat Mouse
Maternal Milk:Blood Partition Coefficient (Pmix) Unitless 0.112b 0.32¢
Fetus:Mother Concentration Ratio (Rgm) Unitless 0.42° 0.25°
Elimination Half-Life (t1,2) Days 2.23¢ 18.58
Volume of Distribution (Vq) L/kg 0.184 0.28
Starting Milk Consumption Rate (i) kgmin/day 0.001" 0.0001!
Week 1 Milk Consumption Rate (r'mix) kgmin/day 0.003% 0.0003!
Week 2 Milk Consumption Rate (r’mik) kgmin/day 0.0054" 0.000541
Week 3 Milk Consumption Rate (r’mix) kgmin/day 0.0059" 0.00059¢

Notes: PK = pharmacokinetic.

 Information obtained from Loccisano et al. (2013, 1326665) (derived from Hinderliter et al. (2005, 1332671)).

*Information obtained from Hinderliter et al. (2005, 1332671).

¢ Average of male/female half-lives reported in Dzierlenga et al. (2020, 5916078), Kim et al. (2016, 3749289), and Kemper et al.
(2003, 6302380).

dInformation obtained from Kim et al. (2016, 3749289) and Dzierlenga et al. (2020, 5916078).

¢ Information obtained from Fujii et al. (2020, 6512379).

Information obtained from Blake et al. (2020, 6305864).

¢ Information obtained from Lou et al. (2009, 2919359).

" Information obtained from Kapraun et al. (2022, 9641977) (adapted from Lehmann et al. (2014, 2447276)).

! Information obtained from Kapraun et al. (2022, 9641977) (mouse value is 10% of rat based on assumption that milk ingestion
rate is proportional to body mass).

174



@ FRME & EAE & DLLER
EPA (2023, Draft) Ti%. PK EF/LOMESEICHI T L TRV AEENY) O 3R ER
EREFALC, TOHEZKRIEL TW5 (EPA2023, Draft), 7~ MMIBIL T
iZ. Kudo & (2002). Kim % (2016). Dzierlenga ©» (2020) OF — ¥ % ffH
L., —E@HbiTng,
~ U AL TL, WY T =N o to o, BT BRI L7z Lou
5 (2009) OF —XDOFIEAWVTHRIEL, THIEE EREO—HNRBD b,
IO\ IR LEEE N2 2% BET V%, 7 v ; (Hinderliter et al. 2005)
&~ ZADWFFE (White et al. 2009) (23 L. FFEhiy & WREN) 0 1 BE ORI
LN FRITE D Z L 2B LIz LTW\% (EPA 2023, Draft),

QR HREHFETILOREEME

EPA TIL.PKET VDR LB ONTIZ L~V OHEEIZ DOV T, PFOS
DA ERERIZ, LR O X 9 2 RSN L ROV TO#ERS ST 5, 5
112, VI3 D/NT A=K TEWFE T L 12H 5 — DO ORE R %2 FIZRE S
TEBY., HFERBOIZS D ERHIZET A L OEWVIBE SN TR, F 212,
—EROFEMERNDFERED/NT A —Z DREFREMEIC LY | KRE R RHFEMEE A&
CTW5, Bz, PFOS OIE TR AEEE (Vfi) 1ZZoRETHD, &
BT, ZOET ML, FEENR - BGAENY) & V- PROA B [RIBE 5528k O fE 5%
HALTARI A= TW5D,

Wambaugh & (2013) OET /LT, WL OO E O PFOA #3207 — ¥
IZ L <HE L7, PFOS LRERIC, BEEMICHEMT OO S 572 5 R 20T
ST (VI 1. (1) @),

(3) EFECBEBLARILHEDE-HDERNE;EETIL (PFOS)
D RE#HFETIOBE
EPA (2023, Draft) TiX, & D= RRA v b & FET 5B LMmIGHREN
WO R EPNIES BL-VUURIE L SND 2 &b, oMz R— A2+ &
B2 WHMZARET VRMEHTES L LTS, £, BT AVERRIZBW T,
IR R R AN BT 2 F~DIELBELET METE L2 &, EHICKIT S
REZMEIZ X D MTERE ORI ZBHTX 5 2 &, LERBRIR/NNET
HHZENEETHDLE LTS, ZHHDOEEN G EPA X, Verner © (2016)
ICEvEINT 1-ar = AU NETAEEARETVE L TERAL (EPA
2021, Draft) ., W< DN DEIEZTT>TW% (EPA 2023, Draft).
FITIE, FEAEMRR A DR E R 2 K E R T Bt o % — (CDC) OF A4
D ET —4 & EPA Of% A\ D Exposure Factors Handbook O (Kuczmarski
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etal. 2002, EPA2011) ([ZEESSEIEN SN & HIRT OREBOKEZIC
B9 5052 (Portier et al. 2007, Carmichael et al. 1997, Thorsdottir; et al.
1998, Dewey et al. 1993, EPA 2011) (2D W TR OREDNRE SN2
& FEln D & ORFAERUEE X EPA @ Exposure Factors Handbook @ 95 /38—
T A NHEEE (EPA2011) (RS EHAROHRELRZY TERSNIZZ L, T
b5,

S BT, FREH, VA KON L & BRSO PFOS #REE & OVRERL & REAK
MiFD PFOS WELBEH SN T WD, /ANTA—ZOEFHITED | BHRMTE
PFOS EEOTHIE, £% 1 FMOF &b OMIFEEO FHRIEIX, EhEth
Verner © (2016) OfEDHKI 60%. #J 80%IZ 72> 7=,

BEARET NVOREZ K VI-3IZ EH LIREN /T A =X 2R VI-5I1T7RT,

Elimination
Intake Mother In(2)
1 v )
Intakemomer X BWnother (th = Intake — Elimination (Hurf .':'[L') % Cmacher X Vidmother
N
>

= Placental transferainer-fetus
+ Placental transferyopusmother
— Breastfeeding

Placental transfer Placental transfer Breastfeeding

Crotner % Keranst Cenita % Keransz Vinite X Crotner

X Ptk jptasma

. Elimination
Child
Intake (after 6 months) A @ e xvd
e Intake — Elimination Half life child Genitd

Intakenmotner X BWenua t >
+ Placental transfermaener—fetus >

— Placental transfersos-motner
+ Breastfeeding

KVI-3 E FPKETILDEE (BFDH|. Verner 2016)

#®VI-5 PFOSDE FPKETFILIZEITB/INS A—4 (Verner 2016)

Parameter Updated Value Original Value®
Volume of Distribution (mL/kg) 2300 230
Half-life (yr) 3.4° 5.5
Clearance (mL/kg/d) 0.128¢ 0.079
Cord Serum:Maternal Serum Ratio 0.40° 0.42
Milk:Serum Partition Coefficient 0.016f 0.014

*Verner et al. (2016, 3299692).

® Thompson et al. (2010, 2919278).

°Li et al. (2018, 4238434).

4 Calculated from half-life (t12) and volume of distribution (Va). Clearance (CI) = Va * In(2)/t112 .

¢ Average values for total PFOA Cord Serum:Maternal Serum ratios (see PFOS Appendix). This is a similar approach to that used
by Verner et al. (2016, 3299692), but also includes studies made available after the publication of that model.

f Average value of studies as reported in Table 4-7. This is a similar approach to that used by Verner et al. (2016, 3299692), but
also includes studies made available after the publication of that model.

PFOS @ Vd fEIZ > Ti%, Thompson » (2010) DA L5 230 mL/kg 23
BHEN-, 2B, 2o VdfEiX. Andersen H (2006) VLD PK E£5 /LT
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DIRT A —ZFHETHTZ PFOS & PFOA @ Vd D% T2, PFOA @ Vd &
MOHEE STV D,

PFOS O, X< B L MELS, lEE1R%2 < BEEHEA RN, —
R OMEENHRINS N, 84EDEH I (Lietal 2018), Z OfElL,
FICBLKIG YL 61T 5 106 44 0D 2 AR OBEMIRIZ 31T 2 ke AR 515 6
Nt oThob,

s i e OSREARIILIE > PFOS 8 B Lbl ONZ BEFL & OREHARIILTE FF > PFOS
LT, SCER T AF I RERED FEIZE DSV TRE SN TV D,

@ FRME & EAE & DLLER
EPA (2023, Draft) Ti¥, HENZET V%, BEEZOTEE (4% 60
AND 6 BET) OXTHRIEEZET 3 DO ask—F (Fromme et al. 2010,
Granum 2013, Mogensen et al. 2015) (ZiEH L7= & 2 A, /NEDOME PFOS 2
FEOTREITREME < —FK Lz LTWD,

Q@ HAEHHETILOREEN

BHESNEET VOARAHEELEE LT, UTFTORNEN#Em STV 5D,

FP R E Vd OWREEICKGFET 527 VT 7 A%, & hO—EMTH
ETDHZENHE LN L TH D, K12 PFOS DA, PR NEVLZ & i<
TN 72 72 DI R E R < BRI A ET 5 Z L BAREETH D, Lieh - T,
PR OREMBDOIX LD ENEMNDOEEDOIXS DX 2 KWL TV D ENE
FATHD, £z, RIFKBREICEATIHEREZLELT L2000, B RO Vd
BT 2HMEDBRRELTWVD, Vd ZEREIX BIERNORET 20TH L, 1
RO AE (Thompson et al. 2010) (ZHKfEL TW 5,

B S 472 Verner & (2016) OE 7 /LTl ., VAELOENR HIZHEK
T2 V77 AEFT e T —EThDL EIRESNTWVD, L,
IR KR OVNRIZE T B PFOS OHEIHC DWW T Ic B S T 59 FeE -
FRRAZE D B b T AR —Z —OEE) BHERE DFERHK I R B L L YN F Xy
fEAE (BRI T) 12, PFOS OFEIHCEZ L, PFOS OHEHHT/NE & A D
W CHRARDREMEN D D, 2. MR TIHERRNO K ERBZENTZ D IZBKEY
BoOMfEmmHnREL b e, EEROMIEIZE->sTHLNATND

(Fernandez et al. 2011), PFOS %, # >/ 7'F & OFAERANRIEFT TR\
D, FOGAAIITNCH VR TFES LRI LVIRESND L OO, (KWK R
DENH/NRIZEIT D PFOS OOAICE 2 DB A gL 5 Z LIIR#TH 5,

PFOS O IZZ < @5 1H 553, PFOS OHEMEE < BEHIRRGE L T

b MG FIREDOZEIT/ N E Wi, ZLBEORIEDOKEE I NHEEOIES>Z 0
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KD 15 THDHEEZLND, b O 1 OOfEIL, PFOS ~D1E < BT
R TEZTHAL D D720, BIEEREEHIE S BE Z - TV 5 ATREM: &2 @ 5
WCEELWE  FHREICIEONRAS T AN T-63N5DZ2 ETHD (Russell et
al. 2015),

£ L7- PFOS @ Vd fii%. PFOA ®t FTO VA EIZES X, icBiT 5
HE DN LFEA SN TVWA 23, Thompson & (2010) 1t FE bt FUSNDOEER
HOT—ZPbREHELTWAZ NG, ZOEIFZYTHL EELZLTND,
R, B &7z Verner & (2016) 07 /L1, AT 1 FERIFLZT T
BTOND Z &, BHAMIE & £:3L0 PFOS L —E OB Z R T2 & | B
IFAE%Z 1 FORR TEERNAN LY RIXSELH 52 REICHMMICEI Y Bb 5
BB THDHZ DL DICEIZHEASNT WD, ZORAMEMRNITER LY &
BV, ZAHICHE Y B BRIARFHROEYRIZBERIVBREVEEZ LN
LH720, RFIZRET A THY | X VKW PODuaep 235 5415 & STV D,

(4) EFILKEBELRILHETD-ODARNEFEETIL (PFOA)
D FAEHFETILORE
EPA |X. PFOS OIH TRisk L7 B & FEROBH T, & h® PFOA X< &HE
FFET L E LT, Verner HbIZ X WG SNz 1-a 2 X— KA MET L (XVI-
-3) (Verner et al. 2016) ZJEAET /L& L TGEIRL (EPA 2021, Draft) . W<
OPDOBBEITWEFH LT 5 (EPA2023, Draft), i SL7oREH)/ T 2 —
ZIILLTF D EBY THD (FRVI-6),

#RVI-6 PFOADE b PKETILIZEITBH/INT A—4 (BHEI - BEHE)

Parameter Updated Value Original Value®
Volume of Distribution (mL/kg) 1700 170
Half-life (yr) 2.7¢ 38
Clearance (mL/kg/d) 0.1204 0.085
Cord Serum:Maternal Serum Ratio 0.83¢ 0.79
Milk:Serum Partition Coefficient 0.049f 0.058

Notes:

Vermer et al. (2016, 3299692).

®Thompson et al. (2010, 2919278).

cLietal (2017.9641333).

4 Calculated from half-life and volume of distribution. C1=Vd * In(2)/t12 .

® Average values for total PFOA Cord Serum:Maternal Serum ratios (see PFOA Appendix). This 1s a similar approach to that
used by Vemner et al. (2016, 3299692), but also includes studies made available after the publication of that model.

f Average value of studies as reported in Table 4-7. This is a similar approach to that used by Verner et al. (2016, 3299692). but
also mcludes studies made available after the publication of that model.

PR IR, IX<KBE LUK RSN L < B ARV, —RERO
WEMEN OGBS TED, PFOAOYEME LTLL & (2017) OHREFITHD
2TENEIRINTWD, ZOfER, BEKIGYMIEIZ IS 1T 5 437 4 ORI S
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BHONTETH 5, VA IZ DWW Cid, Thompson © (2010) D#HEZ & 5 170 mL/kg
MEH SN TNOD D, #REOENBEEITEFTREICH S Z & IX<EITE M
WDIBGGEREIAK DI LD Z & FREIKN DX BEDONNA T T XA TV T o
1£91%TdhH 5 Z L. PFAS OFEiiIL 2.34FETH D Z & (Bartellet al. 2010) %
DOHERUNE EN TS,

st 1 K ORI 0 PROA J2J HF ONE REFL K& ORI @ PFOA 2 Lt
%, XK CAFFBERIEDO I ESNTRES N TV D,

@ FRME & EANE & DLLER
EPA (2023, Draft) Tit, RO EMET LV E B 20T EH (4 6 >
AMS 6 ET) OXTHRIEEET 3 DO =ad— b (Fromme et al. 2010,
Granum 2013, Mogensen et al. 2015) (2 L7z & = A, /MNED Mg PFOA 2
FEOTPHMEITREE L K< —&|LlL I TnD,

Q@ HAEHHETILOREEN

BHSNEETLVORHEEL LT, UTFTORNEN#Em ST\ 5D,

FP. R E Vd OREEICKRGFET 527 VT 7 A%, & hO—EMTHE
ETHZENHLNI L THD, K2 PFOA OBA ., HEHEE NV Z & & ikt
FIIE < BEDTZOIZIE L3 O JIE 2 3 L,

B S 4u7- Verner 5 (2016) OFF /L TlE, R, VA ELXRFNSIZHFK
227077 AMEE - Flmr b - EThD EREIN TS, Lol
PFOS TlERH TV Ao &[RRI, ALK OVNEIZEIT S PFOA DA
WA RN & B2 D RIREMENR & 5,

PFOA D213 % < 0236 2 23, PFOA DR 3E < KM M#kE L T
b MG IR EDOZE I/ NS WTe D B EDORIEOKNEE S NIEMEOITH oD
FRD1OTHbHEEZLND, 9 1 OOMEIL, PFOA ~D1I< FEITZHRAR
B TEZTHAEL D D7D, U 7 ARBIFIIES B Z > TV D AIEEMEZ
WONZEBE LW E | BHICIEONRS T AR TEH ENDH 2 L ThD (Russell
et al. 2015)

PFOA Ot F®D VA IZOWTIEIZE A SHENR 2V, ZhiE, VA ITIiE< #&
BEOFREVLELTH20, REIIKBEDPORET DHZEDPRNETHLT-OTH
%o EPA 73R L 72 Thompson (2010) & OAEIZHN % T, Dourson and Gadagbui

(2021) 1%, E&EAZET —4% % HWTPFOA Ot sV % 91 mL/kg & #55 LT
WD, ZIUIBOSAMIREZ R L TEB Y | BRI & I T L
W Z D EBEZ BN TS,
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2.

%2, BRI &7z Verner (2016) OEF /L, HIEIE 1 EMEHIZ T CTE
THNDZ & FHEDMIE & 13,0 PFOA L 1T —E OBIEM 279 = & | B
I3AH% 1 FORERTCREERAPOERIZSBENH 2B FICHMOICEIV DS
HETHDHZEEDEL DIEICHESNTWD, ZORFHEMRITERLD &
UV, ZAHICHEY B BREIARFHROEFRIZBERIV LREVEEZ LN
L7, BREFRET L THY . K VIRV PODuep MFHNH & LTV 5D,

EFSA & 2HEHHETIL (BE1, 82)

(1) AESHFAETILOMHME

EFSA (2018) TlX. Loccisano & (2011) OET A EIEARET L E L TEH
LTWb, ZOFETNVOMEZXVI-4 |Z77, Loccisano 5Dt hET /LI,
Andersen & (2006) DOET WAZEESWTHERR SN2 L OET AN BIMES
TEY ., SEVKN LI EIRE D PFOS, PFOA ({5 Y S VI KE A /A A M
Little Hocking & KA > @ Arnsberg DfER DT — X2 LV Z OMEREDHRGE S 1
TW 5, Loccisano & (2011) |X PFOS, PFOA Ol & L CENEIL 5.4 4F,
23 FEEM LTV D, £2, ZOET /A TIEBIRICIK T 2 HRIL S MK ST
Wb,

Gut Oral dose, drinking water

[ ocu

HI

QLiv
Fat

QFat
Plasma
i ==
QSkn

Free
fraction

Rest of body

urine

PBPK: physiologically based pharmacokinetic (model); Kt: affinity