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L. FAEFEIEIC L VIUE L7 PFAS ® 5 © PFOS, PFOA } O PFHxS (B9 % SCik
T O DA o> BEsE§ 2 B3 72 SCigk & Mz,

TEEREOFE & LCTHRY EF 5Ty R A 2 MTOWTIE, A MR IC L 5
FHEE TR SN RARA » FNZEB L2, ZOfER. PFOS XY PFOA |(Z
DN R T Sz iiyE ALT OB, MiER o L 25 o — /LEDOEN,
HAERHAEOIR T, U7 F o HRE%E OFURINE DI & OBEILEE TE ev & G
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ﬁ#K%T%é_k\%gﬁﬁ%%#ﬁéﬂf“@w:k £ U T oS OPUR
JEEDIKTIZOWNWTIL, GHLOER 0 SICHERH D Z L0 h | BEEEDTZHO
TV RRA Y FELTERATAEDICEFON TR L AERUIA 5 THD Ll L, &
k\ﬁéﬁ%%®ﬁ?ﬁohf@\ﬁmﬁ\ﬁm$¢E%Gwmgiﬁ)ﬁ@%%
EWA LTEFRIIR O TR Y | HEZROREICKIETEEIZOWTIEEAHTH
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BHAREMEN & 5 XTI ORI A TH S Z & 75>E\ EMIHETITHNLNE D
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& DOBHEIZ DUV TIE, BRI ARSI — B 72 < | G TRERI CTh 5 &Il L7z,
PFOS & F.725A ., PFHxS & Blgns A M OFLA A & OBFEIZ OV TIE, GELEA 5
ToH D EHWr LT,

BUE S ORI RAZE DWW TR A RS B OFR R 2 FaT L7,

TV RARA » FZHOWTIE, PFOSIZHOWTIE, 7 v b 2 A0 - 384 MR
(Luebker et al. 2005a) T H L2 WEMIZ 51T A REBEININGIZ . PFOA IZ2W»
Tix, ~ v 240 - 4AFEMERE (Lau et al. 2006) TH 5 A7 IR W O RiIH K O 1%
DOIALFEEIE O BALEA I DR | HED IREMW) OMERGMEEL TN EN B LT, £
7o, MAREED S INE ~OHRITIX, Wl R CERM S e I E&H#EEHET LT
OFEEREZOE FHEA LT,

PLEDZ &t BinEFEZZ2OfEMIZ, TDI & LT PFOS % 20 ng/kg {KE/H



(2X 105 mg/kg 1K /H) . PFOA I 20 ng/kg {KF/H (2X 105 mg/kg (KE/H) & 7%
ETD LN LR L., PFHxS [2oWTIE, dHi 2175 o 2miisshn
TWRNT LMD, B S CIHEEEO R HIZNETH D & HlT L7z,

1272 UL SRRRIC A ORFEHTILA 14 Tl o 7= PRAS OREHEREI B 2 5
g%« AR RO Bk, BBOEAVOBRKRNES, FERCEES T 2 s
DR R MERS LT < AUE, TDI % RLEHHL & 72 5 FTREME IS 3 5,

[ENTD PFOS K PFOA OB EIZHOWTIE., Fhk 24~26 (2012~2014) 4F
JEIZR NS CRRAESNIZ h—F N A A Ty hAZT LK DIERICLD &,
—H b= OB AL, PFOS (LB~UB) 7% 0.60~1.1 ng/kg {A&/H. PFOA
(LB~UB) 7% 0.066~0.75 ng/kg (AEH/H L HEE SN TWD, HEESNTZ—HHZY
BRI, BURE A ORFER R RIS SV TERE L7 TDI (PFOS : 20 ng/kg IR
/H. PFOA : 20 ng/kg {KH/H) LT 5 LIRWRIICHLI D EEZX DD, L
2L, ENICE T 2L O PFAS IBESCEDRESAMICET 57 — 2 %, EHL
BOHTEICET HHERIIARE L TND7D, ZOHEFHEIZIZN 2 D OFRFEEMENH 5
ZLICEENLETHD,
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350E 0, B & OHEC R R B2 17 5 &5 26 LT\ 5, =00

GRIFITOVTL, [REEEMHESICBIT RN EEEZBEDH BT ) Bl
RGBS S OEDE 2 J7) (KA 16 4F 6 H 17 A R L 2ZE B RIRIE)
IZEESE | EROBEOREOREICHR D U TR MR EGHN D FhE DO 5L )
FWEBZOND b OEREEREMFHESNREL, BRMEZEZESNIEL TV
%

HH 7 v FEW TH 5 PFAS (Per- and Polyfluoroalkyl substances : /X—}&
QR Y ZF a7 v VE) &, K - SO mEEn) - PR E 2695
ZEnn BIROCHBBTHWON TV, LL, PFASO—FTH 5/3—7 LA
vt # AR EE (PFOS : Perfluorooctane sulfonate) . /X— 7 /A r 47 ¥
» g (PFOA : Perfluorooctanoic acid) K& OV N— 7 LA ~F 2 X )L7R Vg

(PFHxS : Perfluorohexane sulfonate) (&2 Clk, #5fRrt, &EREM L e b
RERBEIM~OEMELREZETHZ 0, ZRE 2010 4, 2021 FL O
2023 12, ALFEWHE OFE K ORGSO BB B9 2 1568 (HF0 48 FIEHH 117
Te LT MEFRIE] LW o ,) ICESE R E(bFWEICHEE S L, £0REK
O AR FHIZE L ST b, £70, KEKEIZOWTE, S 0#mLENOR
AR DL 2 E 2. 2020 4212, PFOS & O PFOA O/KEE B L ONL #5315 23 Bt
HENGKEEHRAEREHDIIBIT L, 2O E BIEED PFOS XU PFOA ®
ARETH50ng/L & RE S, 2021 4E(21%, PFHxS NERFHEBICHE ST
2,

BRMEZEFARIL., ZNOORNAERE 2. 2022 FE AL LM ETHAIC
LY. PFAS @ 5 % PFOS. PFOA % O PFHxS OFHIIZ B9~ 2 & & OFEA0H
RLOIEE - B ATV, 2023 42 1 H 31 A 887 HIRMELAZARRAITBNT
A7 v #bEW (PFAS) % H BT 9 B ET MO R L4252 & 2 IRE
L. 2023 £ 2 H 7 A 888 FIAMLAZRRBBICEWT THEY v RLEY

(PFAS) V—F v 7 7/ V—"7 ) ORBELRE L, HEFHRLHIGET L & L,

. FHEREMEBEOME

. PFAS B FHEDEZ LEHEIZDOLNT
PFAS 1%, A7 v FLEMORHTH Y . TOHFHEOERITELAFET 5,
K EBRES#ET (EPA) TliX. PFAS Master List of PFAS Substances 23T,

1

https://comptox.epa.gov/dashboard/chemical-lists/ PFASMASTER, 2021 4 8 H & #& 5T,

11



[PFAS 70 FHEDEF & L TIEMNOIIIRRERITR V] & L, FEOHHI G0
REIZID L bIFonT-mEEE#H L T\ 5,

RN e 2B (EFSA) TiX, ESNERARZBUKEDO T L XL R (BHFIE
C4~C16) LBKMEDOKREGE X 267058 (R-X) T, BUKMOEH ZII5ERITER
KPEDE 31X [R=F(CF)n-] XITHZHINC 7 v B SN TV DHEERH D |
ELTWA R,

PR JIBA R HERE (OECD) Tik, A7e< &b 1 HDFERT v HEL A TV LA
F L U RFEFT (H/ICUBr/T RT3 FEAE L TWen) 2887 v BILWE L EHE L,
—H RN ERE, DR b 1 oD —T v Fr AF L (-CF3) Xt 1H08
— 7 FuxAF Lk (-CFy) 2L FWEIL PFAS & LTWA(BR 2),

|
CFyf C 1—X
F

I-1 PFAS 2 FED—HRHITEE

PFAS O 4; FFEHIZ DWW TIE, OECD 2% 2018 FRIZH K L1z [NR—=K UK 7L
a7 X s (PFASs) 0¥ LWAFER 7 v — L7 — 4 X—2Z : Toward a
New Comprehensive Global Database of Per- and Polyfluoroalkyl Substances

(PFASs) | 124 % &, 4,730 O PFAS 53 FREDOFENHER STV D (B 3, 4),
OECD T &V #td S7z 4,730 @ PFAS 43 FHD 5 6 HRAYIZRESE - TEME
ELTHNONRTNDDIX 256 WEThHoTo W IHHE DL HDH(BH5), Gluge b
ICkD e, MEORAEIZLY 1,400 BA LD PFAS Z55E L, 2 b0 5 5 200 LA
EOFERADT TV OBERFE STV 5 (B 6), £ 72, EPA %3 ® PFAS Master
List of PFAS Substances (2 X % &, 2021 4F 8 HRi i COFULEY. it., /i
Wy % G e bR R R PFAS 13 12,000 (b6 E 2 5 & ST\ 5,

PFAS |21 Bk D X 512 < OFEEN H VD . Z A E 1D 7l 85 ST E H D FAER
EET LG, £, iMIFEREIC IV ERNERDL OO, Zih O PFAS 1%,
RV ~—, R ~—D200FEERITAVIZHITHND, IERY ~—D PFAS
Wi, S—=7 A a7 X (PFAAs), 74 asr N I~<~—3%WE, /X\—7 /L
Fa TN —T VKRR It a 7 VXV —T VNG EiD, /N—T A
2T VX VER T EE S FRIE T D08 i OO ER S T TN R S L, SEAR
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27 it L7z PFAAs ZilEffid 5 Z 35, PFAAs 1%, & 512 PFOS 20 /38—
TAda T LF )L AR R (PFSAs) & PFOA 20 /"—7 v 4 v 7 )L )L v
R (PFCAs) 2 b, Znbidtkx R E2H L TW5,

2. PFAS 7 FREDHM L A&

PFAS O FHEITWT NG, S LEELEIRGE- 7 vFE (CF) fEaxkEb, K
O3, 6O IR RS R B OGRS 6 U TS 8 5 (B IR 7-9), W< 20Dk
FIR T2 L0 | AR O M DN BRI e DM i 72 2 et & F R 6 (&
FR10), AR, FEIEEER], WEME - 8K - 7T AT v Y HORELIRR], A A
ASHANE, VAL, YEVE KA, EAREE, 7y RR Y v — LA, RISV
BWTHAENTHAHER 11), UTFEEIT-1ICTE PFAS &+ TH %5 PFOS,
PFOA X O PFHxS O b AR E OB 2 7~ 77,
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#=I-1 F7% PFAS # FEOMEBLZMEFHEOBE
NR—TnFuaFty s 2R (PFOS) NR—=T)Futr %t (PFOA) N—=T )t ua~FY o 2k B (PFHxS)
WE 4 TG R (T H e —1— AR ER) S =/ ] AL T A a (NFH L —1— ALK UTR)
IUPAC% 1717272a3737474a5757616a7777878,8'hepta' 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8'pentadeca' 1,1,2,2,3,3,4,4,5,5,6,6,6'tridecaﬂuor0-
decafluorooctane-1-sulfonic acid fluorooctanoic acid hexane-1-sulfonic acid
CAS &%= | 1763-23-1 335-67-1 355-46-4
la==N CsHF1703S CsHF1502 CsHF1303S
rreeereErre rEEERE 0 PrrrrEg
it IR R BN A B FoC—C—C—C—C—C—C—C0 BERREERE R
FFFFFFTFTFO FFFFFFF OH FFFFFTFO
IR 500.1 414.1 400.1
2N IR (ZHE 12) HE R (ZH 13, 14) B R (2 15)
B — 52~54(& i 13),
als (°C) 190(% 1 17)
AU v AH  >400% (2R 16) 54.3(% [ 14)
] 189(% 1 13)
W (°C) 249(% 1 12) 238~239(z: [ 18)

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) (Z 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)

3.16*(=H 18)

log Kow
5.43*( M 23) 5.11%(% 4 23)
log Dow 3.05*(& 1R 23, 24) 1.58*(& 1R 23, 24) 1.65%(& M 24)

* HEEME L ORLHED Y
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(1) PFOS
PFOS (21T E $45 J Y “/\u& S DI O BMARPFE L, RERE TER G2
A LTIREETAER S TO%IXEEA . K9 30%(X 7 IEEEA CTh 5 & OiE

75%6(72% 25), Eéﬁi@ u&ﬁéﬂ DWT LB, BEm, BEREBICHW S5
BAIR OFUER E LTHOLWSBRTWS, 2o, [EEY aﬁﬂlmaﬂﬂﬂ&%‘éf
REWE LT PFOS Z3Flixfg & LT\ %,

2000 F1Z K [E 3M L% PFOS ORLENRE HIHGR T2 E DR EL L TV H(E
2 26),

(2) PFOA
PFOA |ZIXE S} OV I 888 O E D BRI FAET (B 27), Z D
D, EHERGESE ORISR TlE, B L OIS OEAEY & L ToO PFOA
MR E LTS
KENZFWVT, 2008 Ei‘f PFOA DHEH Z 2 ~—2T 95%RA 1255
. 2010 FETICHEZEMRL T 220ICIY M EOEEN TPFOA
Stewardship Program| & LT EPA & DuPont fLZ XU & L7z 8 DDOEFEIT
BE SN, 2016 FORFR T, LW OPOHBTHEHN SN TND
(%[ 27,28) ., PFOA 7 v & =7 A (APFO: Ammonium perfluorooctanoate)
27 7 v CEEREOBEALICHW AN LEEA] (emulsifier) & LCHWHILTW
7223, 2015 FREECTREIZBWCOEZ O AR TORMAIELA EMICP ST
% (SR 27),

(3) PFHxS
PFHxS 137aiH KA (PFOS OfUF) oH—~Sy NREAEHF, BhiGtER E
Al LTHOWONTE (B 29, KEICBWT 3M #hiE, 2002 % TIZZD
BLEIRFED O B EMICHGRT 2 B % 2000 25 S LTV 5 (2 26),

3. BARUVERNIZE TS INETOR

PFAS ©—f T 5 PFOS O KRORLESEE Th 5 KI[E 3M #1723, 2000 FIZH
TR R A PEE LR R ZATV(S IR 26), FESMNESCEBHERIIC IS W TR, 2Lz
A7 FHmBED HiTE T,

EPA (%, 2000 4{Z PFOS B#EYE | BREBE KOt b ~OFEREO AN A
WHEOFHERHLIZ(ZR 26), 2002 FI12I13H EMEYE B H L (Toxic
Substances Control Act) (Z1E & 2L FEIZ PFOA 235329 5 2 DWW Tkl 4
PG L72 (B 80), D%, PFOS KU PFOA 2D\ T, 2009 4FIZA /K iisk
DF 3 WIEYE M Y A b (Contaminant Candidate List) ~OUL&# & OVE E
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TR FEEN S D ZHE R, 2016 FATEEIKICER  RERENSEDO AR, 2021 4 12 H
(ZECBPK LB D EL G2 AT . 2022 4F 6 H IS 7o 7efdt ) S O RN, 2023 4
3 HIZI3% Ak K ANC 6 fi%Ho PFAS (PFOS. PFOA, PFHxS, /{—7 /L
dwv g (PENA), =7 A4na 7 % 2k (PFBS) NI ~FH~7
NAu7r v FF v (HFPO) &KL OZEDT =0 LM (GenX)) %
ELAREITH>TND,

EFSA /%, 2008 4£{Z PFOS K& 1" PFOA ORI E REA N L=, 2020 4
x5 9% PFAS 4y FHi% 4 > (PFOS, PFOA, PFHxS ) PENA) (ZJA1F
ERFHEREZARL, ZNOORMPOIEEEZ 2023 4F 1 H S HfT LT
%(ZHR 31),

Z DA, 2010 B AY A=A R T VT « =a—T—F » R FEHERKRS

(FSANZ) 7% 2017 Fi2 ¥ — FEHlE, 7 7 AR anBR 5 57 @ L 2 27

(ANSES) 78 2017 IR @S REICR L BRE, 7T ZIrE4E (Health
Canada) 7% 2018 AR ICHEKAKE A KT A > OHEFLEZFZH L, TNENME
BEREZ R L TWAER 32-35),

[EEHERE CTi%, OECD #4% 2000 £ X ¥ PFOS (2 L BBREL N E F ~DOAfg HERE
IR D IERINEICE T L TE D 200242V — REHMliE L2 AR L TV 5 (2 36),

TSR ERERS (WHO) 13 2022 429 H |, BRBHKAKE T A KT A AANERRD T2 D
B OCE TR 0 PFOS KON PFOA | O & REEHEERZO T T, £ EREAIHERE D
AR A2 2B, BREFEIFOHASE LERE LBEERE AR L TWDL (SR 37,

ENIZHB W TIEL, PFOS X PFOA I oW Tl ¥R, L OARE
KB ~OEMFNEEZAT 52 L5, ZREh 2010 4L 2021 412, 1k
TR S E R EL W E IR E S v, & O K O A 23 FRIES 1 ST
W5, £72, PFHxS b, 2022 I A kv 7 RV ALK (POPs 5:8) MiEE A (B
) (BN E iz d, 2023 4 12 A IALFEIC KRS < B —Fffr e b S EICHEE
iz,

7k5_7k’f*f ZOWTIR, VA OB AIRCE N OF R A B £ 2. 2020 12, KEK

BiF % PFOS KO PFOA O/KEEH EONMED T N EMRFEE L AKEEEH
Tnxﬁiﬁa IZRBAT S AL, OB E BB R E S 4L, 2021 4121, PFHxS 23 2R
FEBICERES LTS,

. FHMEDERNE X H & RO EFH
4Bl PFAS O& M EFEZEGHT 21T 5 | éﬁio“(‘i UTFTDOEICEE L],
AFHMIC IV T, [EFEHERE ., & EBUOFHEEISEIZ 351 5 PFAS O & SRR 25T
ML FV B AT R 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 » ZiRakiR
ARIM-2-1~F T -2-4 |[TRT(BH 38, 39),

LW ERETEREHAIC R T 5 T —REREE) 13, THIIFEEGOBMELR ., Pt 0FE O E
DOPEHIR OB 2 i < #ill & 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),

=D AR, RERRREIRE EREB OELZ AN E§5 2 00 JRAIE LT
FEOFAE M A OB TIT O TV 5,
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3= I -2-1

KE (B : ng/l)

=R 39)
FE i i) - = T B [Fr ] i HH A
g i oo RORE O ROME S e ek s
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 75 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

£ 2) 2013 KON 2017 £ 1% PFOS & O PFOA DA 13K £ i,
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 TIREL EES FRAN., trXix, X OENEE FIRMEAN, M FREMN 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 %% : BE (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 FIRMEARN., 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% : BFF (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 TFRM EEE FRAR. trXiX. X OENEE FRMARR. B FRIEL ETH
HZ EEEWT S, nd: M TERA

T 2) 2009 4EEE 1L, RIS 2RI ESMEZ RO, £ OB EEED S 2SO & L E
R,

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,

1) trc B FERUL EEE FIRAR, tr@OIL, X O E & FREARM, M FIRELL ETh
HZEEEWT D, nd: B TFERA

T 2) 2009 FFEEIX, AHURIC T DEINEME A RO, £ ORMTFEIED & AR O R X E
RO,

£ 3) 2013 F KN 2018 F£ 1T PFOS KO PFOA DA 1IR3 0,

1 4) 2014 FELEOR KT, MEMAKR CHEGRENZEFT L&D, 2012FEET
Dl F & MEETED 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, BFoc~2 (2019~2020) FEITKEREIZBIT 2 A7 » FLEW
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 LT PFOA OARET 50 ng/L) %L
TEV ., 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 HimIZIs\W\ 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, HITFK 0 317 HiR) THENESL, £D 5 H 13 FHEM RO 81 HuR

(GPJIl : 38 M, WITE - O M, ¥R 0 0 s, M Tk @ 43 #i5) 1BV RS

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 N DHEEEDRGEIZ ) DTEEICK 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) 4FEEIL, 47 HEFIRO 47 #iS0
WL W8, sk, HFK, Ak E SR E LR O R, PFHxS B (EHK
F OS5 I 88 R DB EAE) O F)ELE 57 ng/L (/M 13<0.1 ng/L., K fEl% 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)LAAT7ILFILEEYDHIFEE (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)LAOF7ILFIIELEMDERST R FHREE (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 THRLTng/L & LTk LT\ 5,
1) Zoffh, 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)AAT7ILFIEEMDEBKRLAIIIKEEE (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)
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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
PIFEE)
(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 4EICH VT Y —D 2 DDEIKFHI BN TIFIK KL OV K 2 BB Lo Lz
& = A . PFOA K IYPFOS I3k H & 372 h> o 7= (Alberta Environment and Water
2013),

2007 £ 4 H7) 5 2008 - 3 HETOMH . Xy ZIND T i O KGIZE
WT, FUKKOWKE 84 MIETOEELL7- & 2 A, PFOA 13¥KkfE (MDL

(Method Detection Limit) : 0.3~0.6 ng/L) ® 75% CHiH &, RfEIX 2.5
ng/L. wAMEIL 98.0 ng/L ThH o7z, FKOREFRE PRIEIZZNEH 55%&
2.0ng/L T, MRHFELREFRAIIIF KOS NEKREL Y b Eh->72, PFOS 135
KigRD 52% (MDL0.3~0.6 ng/L) THeH S, FHRAEIL 1.0 ng/L (e KAE I
36.0ng/L) Th o7z, FAKDEER L FIEIZENZEI 40% & <1 ng/L T, &
FEREPRADIF RO ST BIFEAKEL D HEN->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 RKIREOHRHEIZB T, BEICK 4 BREFREI NNy T
7 —TCUIE LTl (n=39 &, 25 59 4) T, PFOS L~ L3 T T
R (<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 hEN LY Y 2 — [ME) Thiatish,
KD TT AFEJe O F-HH THJPRFE 5.9 pg/m3 Th o7z (2004 FE0H 7Y
7") (Fromme et al. 2009, Buttetal. 2010), PFOA (ZBJL Tix, N> 7 — 31—
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 YA LY — MNE) THREBEORENHE Ii, FERE (RN
AR OWEF) 1X 1.4 pg/m3 TH 7= (Stock et al. 2007) (i 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) [RIARIZ WL S 40
TWNEEBEZOLNTVD, v A% AW Tld, BEOR S PFOA D/ A
2L77/\4’ TEUT B ERIFTTZEDNRBINTEY, KEKRE L TERLE

BEMRE Lzt PFOA ORI NA AT XA Z )T 1 (BRI

) 1L 4.3~69.0%ThH Y, BREFFIFEZE L PFOA OIEXHINA AT XA F 'Y

L TIT A OBEDERD ST (/] 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) ng/g, ¥T 3.2 (2.3) ngl/g. HT 1.8 (1.2) ng/g Th-o7-(ZM] 53),

B, INLOHRPLTIFICL > TH LR EHZ B 2 HEMIZ, LT Lb—
FRAER &S D W TIB Y IR D ERARNIC I 1T 5 PFAS D434 & KB L TV 2R W 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
TV % PFOS, PFOA } ) PFHxS AHAMKICE D IAE I, F 7= B0 R BRI T Al
b,

PFOS. PFOA U PFHxS (31, F:EL. RFWE OFLIE o mig iz & 51E
THZENRDOLNTWAS,
b MZBWT, PFOS. PFOA KT PFHxS O ffi i & R4 M5 1 B 11X E OB
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BB D, Inoue H (2004) (X, ALBRHTOFFE T L7- 15 £ 128 1) D4 M iG
IRHA MG PFOS JREE LD FEHIMEIT 0.32 (HiPH : 0.23~0.41) 7oz &AL TW
% (2 59), Appel & (2022) @ X Zfig# Tix, PFOS. PFOA } U PFHxS Dfiff
M RHARR X Z 24 0.80 (19 7Bk, #iPH : 0.58~1.33), 0.44 (21 3Bx,
#iPH 0 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),

feEH1 > PFOS J O PFOA D FE IR OEITIZ WA 5 (5] 47, 48), P
FOS & O PFOA D I&#E H/RHAR MG IR b i%, £ 24 0.326~0.460 K ) 0.048~
0.749 OFPATdH 5 (SR 47, 48), PFHxS DA% T/ RHAIM IE 12 R HiX 0.429 (#uPH
0.239~0.661) Th > 7-(ZMH 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. e
b a4 < OoBfE TlL PFOS, PFOA KON PFHxS (X EITRICHEE S 5
2. 7 > b TiE PFOS XU PFOA D3kt PFOS O PFOA 0 #2752 Prifitig
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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 MBS PFHXS OB 7 U7 T v A1k, —REMTIX 0.027 (95%CI: 0.018
~0.037) mL/H/kg TH Y (ZH 66), BEMIXL TEEZIT TV TIL 0.023 T
Hol- (67, b MIBITAPFHXS OB 7 U T T ALT7 v b & H_TH®D T
KV,

t k&M Tl PFOS. PFOA . Uf PFHxS 3R I 2/ L CHRIRIC, H
PERIIT AL Z N L CHIRICBATT 5, Tl PFOS\ PFOA &% O* PFHxS

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

5. JHEXFRHA

PFOS. PFOA XU PFHxS OEA&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 OIS 13 Tl 2~4 FEfE. #ETIiX 4~6 H, PFHxS D%k
PR ilﬂﬁfi15~235 HETIX15~32 H & &N T, ~ 7 AIZEI1T 5 PFOA
I IR BT 17T~19 HTH Y, v CldtEicEbL 53 5
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~T7 IR¢fH] & B0,
—Ji. & MZEIT D PFOS, PFOA X% U PFHxS Oy =X B4R & # L <
F<, Flo, ZETIEBMHIVE, ZOMRNC X D@L, Rl oHR 3 5%
L TNDEEZLND, EFSADWE LT —#12 LD & PFOS Ol -5
1Y) 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 -JHI1L 1 11.4 45 (6 3B, #i
D 4. THE~25F) ThoTlo(BH 1),

EPA %, Li & @mj)aﬁ%ﬁziét}V"TéPFOS&UﬂﬁDAONH%¥
B (FNFH344HEL 2.74) &, POD 2> 51E< BRAHG T2 -0 0&yHE)fE
TFTND/NT A=A LTV 5 (B 47, 48), EFSA (3. EFSA CONTAM Panel

(2018) AR L7zt MMZHEIT D PFOS LT PFOA ORI H (2 Eih 5.4 4
& 2.34F) &, MIEEETRENTZ POD Mo IE< & & 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 OHRIEREEEL TV D LB X BTV A (R 69, 70),

V. BEREZZICEATSHMREOHME

AR EF T BT, WS ORI S 1 %?ﬁﬁéilktﬁﬁFﬁﬁﬁiﬁiHjODi_ﬂ%TFEI
M ST 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 S PR R B AT 21T o T

F7o. T OX G & D EBEEEIZ OV TIL, A ORI %I X 2 5HIE L
BiE 2 T, FEIZ 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,

2E. RBWEIZON T, KSTREICB 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, METiX 5 ppm
PLEDOBGHET, ANZEF OO R O B R & OSHR e & o BRI af i 281k, 20
ppm 5 T/NEEROHED IR O RIS | a0, R LE K O~ 7
07y —UORE, HETIE 2 ppm ML EOEGEET/EAROEDO IR, 5
ppm L E O ERETHAMR O 220 b, 20 ppm 5-1E T/NEEF OO MR E o FE
RLRAFERPEZE AL B OV SE IS W NS AR O BIE B BlEt S Tz, &5 53 E O
M 20 ppm F 5 RHEDO MG ALT 8 (83+84 IU/L) 133k 58 (54+66 IU/L)
FOVAERIZEMLIZbOD, £ 1 LT O0REEHELZRET L 3416
IU/L, 45+5.1TU/L & 72> 7= (B 72),

=7 AP (M, SBE 4~68) (2 PFOS (VU v LM : HliE 86.9%) %
26 HR (182 HRE)) #&os 7 EA#5 (0, 0.03, 0.15, 0.75 mg/kg KE/H) L
7o B 5544 183 HE D IMIE PFOS & O-EME (B ZE) 1%, S HRGEEOME
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, REROFER, 0.75 mg/kg REH/HEGHEICIBWN T, HET 6 ILH 2 PLFET
L. WERECAERIME] . FFIEAR e RN, SO CNIET AT
NERE A ZE M b K OVIER) | B EE D AR 5 - i, EIGEFE, 7Y a—7 &8
RO A T A — ) VIREER T, i CRFIRE & &% O, idAE xf 5 58l
CICA~EZ B B ABIE Sz, iE ALT EiIMEHE s & I E R EnE 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 D22 fa 280 ) OMEKIZW T D~ 7 A THBIE I N (BE 74),

b. PFOA

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

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

SFlEAE S E RN, 10 mg/L LA Eo# 5-4 Cifyis ALT i3 0, 50 mg/L LA Lo

PG CAREI NS Mg AST BN, ATHINE O BERAL K OHi e B At e 1

LI N RERFAIRLO B, 250 me/L 58 CRFIRO JRBEFEI & 5 OVl
JHFEENBIZE SN (2R 75),

Kunming ~ v A (., %#f 4 VC) |2 PFOA % 14 HREs&a#fIR 0 &5 (0. 2.5,
5. 10 mg/kg KE/H) L7=fE%. 2.5 mg/kg (KE/H LI EO & 5#ECiiig ALT &
Hm & & HITHFIBARXTE &I, g o~ e P77 e RREOWEN, I
DOFAFEZE AL (AR SR A% & O ELAL, AL oD BE 2R IR | 22 B 254 S OVBRR BB AE
PAEMEMINIRTE) . 5.0 mg/kg AE/ALL Lo G TlyE AST i, ALP & O}
LDH {0 I K OFMILTE# AR e B 0D $ NS OV i ade e K S i BE O 38N
10 mg/kg N/ H £ 58 THHlB O BEE 2 1Ak Z b, Tk 1 CRP M OY IL-6 i
FEDHEIMAFRD BT (2 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 EOEGRHE CTHTIRE &OHMNA . 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 (%56
~8 E, MERIOFHE /2 L) 12 PFOA (7 rE=vAaH) % 7 HIWMFEHRE DS
(CD-1~7 A :0, 1, 10 mg/kg {AE/H, SV/129 ~ 7 A} N PPARa / v 7 7T
7 R A0, 1. 3. 10 mg/kg {K&E/H XX Wyeth 14,463 (PPARa 7 & =X
R) 50 mg/kg (AHE/H) L7-, #5587 24 BRI 81 5 1fLiF PFOA & D
Yl (BEYE(R 722) 1%, Wyeth 14,463 # 58 4 frR\U N2 & 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 ZE il
INEER S U728 Wyeth 14,463 358 Tl 22 b8l S 12(B R 79),

CD-1 7 A, 129/Sv (WT) ~ 7 AKX PPARa / v 777 h~T A (WTHh
Hiff) 12 PFOA (7 &= LM : fliE>98%) Z4HE 1~17 B HICHflR 08k
AK$eH (CD-1~w A :0, 0.01, 0.1, 0.3, 1, 5 mg/kg K&, 129/Sv <~ & :
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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
B STz, £io, EEBEELE LT, PFOA XL B|IZ L B A — 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 AD Filff k" PPARa / v 7 7 U b~ 2D Fy Hf
(&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),

c. 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 THo7-, F£7=. HH 21 HHDOMES
> MZEIT 5 IMIE PFHXS JREOFHHE 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 Th o7z, BROFE, HETZ » b TiX 3.0 mg/kg KEH/HLL ED
B 55 C g/ B K S/ AN EE & Lb o g hn . /NEE OB AR R O HE A, 10
mg/kg RE/ARGRECTHIE RN Y 7)Y NEEORDENCmEET V7 2 o,
BUN KON ALP EO¥INBIEZ Sz, Lol Mg ALT fEOA B ZENIFE
D BRI T2 (B 81),

@ @5 - EREE TR E
a. 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),

b. 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 STV A (R 82), FEEE, PPARa ©»/ v 7 7T
U h~UAKOE 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 LU UL E M) & OBEICHOWTIHE -, BPER OO s
EOWHE (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 Lifnyg ALT 51X 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 EOSINEIZIRE L, MiF PFOA JREEIZ K 0 WAL 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 LA E U LY ) & OBEIC SV TCHi#E
ENToo HENRA T~ —T—DPREEN T5 N—F U Z A VB LV Sl & 7o BRI,

(EfE) & LTe, MIEREORMEXIE (95%C) KO JLAE (U5 &tkHH

(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/ 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)
(X2 5 2 WARE (IEREARH) DL ETIREBEEO A >y XA EF- L (56
2 WU ifE : 1.46 (95%CI : 1.16~1.85) . # 3 WU iE : 1.74 (95%CI : 1.35~
2.25). &5 4 WAMNIEE © 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 & & OfffTic BT,
WE VIV E S EED Ay ZAE 2 WD EF - Le (G 2 WU ACEE @ 1.44

(95%CI : 1.12~1.84), (55 3 U/ALEE : 1.65 (95%CI : 1.25~2.18), (5 4 4
SIACEE : 1.51 (95%CI : 1.06~2.15)), L L, [fiF PFOS, PFHxS IR/ & 1fig
ALT & & OB IEERD 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 T 5.5 (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 U 72 PFAS IR 2 -T2t T, El#EICHB VW T4, PFOA
&y ALT fE (8=0.070653, p<0.01). IiF GGT fE (8=0.074422, p=0.03)
FO%a e U rEer (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 fET vy =7 "BMED S L, TN A~ — I —DHIESE
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 L)oo, PROAZ X D RFIEAER, ARIAIF, FFEEZ K OV To
RO Y A7 R Z2RIFHMISE D> 72 (51 89),

71 ZERERAE (CHMS) @2 1 (8] (2007~2009 4), %5 2 (6] (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) ZffH L CH& S L7z, 7o, #EEFET 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
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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/