HPKERET U BT D F Y v R LEMOERE

=

I B A, LE EE dpEe
(8L TR FAGH IR

=
=]

AR FAIZIT 187 R ba¥ (PECs) 13 T /Mr& Sl L= 2 A, BIED —OPEAS 100ng/L (2005 4%, %
JEE) 1 H BFFEZ 31T 5 PROS “PHJHE) AR % DI TR L QO AU o7, £7, PICs OMINBIZIT HHiEs 253
T o0, N T DRINERETo7e, ZORR, SISOV WY E i IRE T DB H D 2 & AVrh i,
Flo, FOUBIZER L CODAEEEL (A A) 4500 L. PRCs IRIEDRMFZA LA BT 2 & & biT, Kkl 7—4 & bk
T 2T, RS JONRSH PRCs OAERA~DZERHE SOV TR A1 T 72,

F—U— R AT oIS PFCs), MUK, el 7 AR5EFR, F8H PRCs, 45 PRCs

1 [FLHIC

MIFSEFTCIE, SNETEEINEAL T 41—V R E
LC. ABE7 v FEOH (PRCs) ORI L 70 2 3T
DIEREFRI V2 2 b B & & 1T, {REM72 PFCs Th D
SR—T)FaF s B AR (PFOS), /S—T LA
m A 2 U (PRON) O BIHICHELE RIS BN A 5
ZALZBHR L CE 2%, ZOfER, PROS, PFOA X, Th
2 POPs FATKFGIEL ~DIBIN VI 5 H, KIE EPA
Z KD HREHI T = 7 Z 2 VR E =T WIKIZ s
D PPEDS KW Uiz, Lo L, WSRO &G RA & B
720 HUNKIZRADREIR T, BRSNS LRI L
WS WA B 272, BIETH, #BNT PROS 7%
100ng/L (2005 4FEE, &)1 H BPEIZ 31T % PROS 128
WD) Z A DI TR S LD HUEAMFEE L TV 9,
FE 72, PRCs I3, BHEIRFEDI K E <72 DIT LTz,
JEE R~ DOERER 3 < 2 D03 5 L5 i
ENBD, O T 1HEH T LIRZA i U C PFCs
DOHEF~ORFEIZIT DA B LTz, & HIC,
BICAER L TWDAERE (A X%) &0 L, PFCs
DREIG 2D Z & T KBRE~DOPL#IC BT 5
REIC DWW TE L AT o 7o, 7o, MU KIZHsIT 5 PRCs
FEREFHALIT 2010 4FRHEZ B ekt L T & 7223, ARIS T,
2013 ARLEIZ5EME L7 B8 MimioD T —# &3 2 & & Lie,

2 WEAHE
D) WEXSE

HIE G 23 1R, HIER G L PROS,
PFOA K O ZHLOSERAEL (L T 24120 TPFAS )

[PFCA ¥) L 9,) GF 13 METH D, HEMEIT
Wellington 4o FEYE ik (PFAC-MXB @ 4% ik 4>
2ug/ul : AZ ) —IVER) LN—TINARNTH R
VAR B (PFHPS) A% — VSR (50w g/ml) A IRA
AR, UG A 2 ) — VIR (£ 200ng/mL) %
U7, PEEEME L, TR U < Wellinton #LALOATHE
7w FACEN T ~SIABIRORGEEHERIR - (MPFAC-MXA
KRRy 2 g/ml A B 7 —)VERIK) B A B —/VTHRIRL,
WEBFHEIR S A & — VISR (£ 200ng/mL) A FREL L
7
(2) #P i T KRB DI
pr7e—7Z 1 (7, @B (K 250 ml) (2D
RGN E 10 u L IR, A JSkiEARLTIRE] A
WL EAEE (AIR) & TRETE (AREOZRH) &L T,
T EOWRFR L B — MY » DRSS EHED
TR LC THMTT LB HME L 72 Y | T O R
IO FKE B0 5 5720 Th D, BT E— T —IC
B U2 IREEE A X 7 — /Tl Z 2 [l
DR U IR E R REIIN Z 7214, Sl AV CpH 4 12
FE L7z, pH4 (ZiliEtL, Waters tHROBFAL— kU
AT I Oasis—Wax Plus % W CHigE 5 nl/min T
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£1 BENEWE—E (LE: PFAS#. TE : PFCA$8)

WA PFBS PFHxS PFHpS PFOS PFDS
BAR IR 4 6 7 8 10
ERAA 299>80 399>80 449>80 499>80 599>80
HeB A 299599 399599 449>99 499>99 599>99
PSS 1802-PFHxS 13C4-PFOS

W4 PFHxA | PFHpA PFOA PFNA PFDA PFUnDA PFDoDA | PFTrDA
e 6 7 8 9 10 11 12 13
EEAAY | 3135269 | 363>319 | 413>369 | 463>419 | 513>469 563>519 613>569 | 663>619
THesRA A - - 413>169 | 463>219 513>269 563>319 | 663>419
P

- 15Cy-PFHxA 13C,-PFOA | BCsPFNA | 13CoPFDA | 13Cy-PFUnDA 13C,-PFDoDA
R 21T o 7o, B 2 Clki, B2 RE L C %, 0.5mm A v aD5HWITIH L, P 20mm DX

WeAR Y e B L B N OIS N2 T T A s
BAHOREMITW A LT- PRCs Z¥sHEE 5726, pll 4
EMAKERIK AOmL, SEPEfEtE A % /7 —/L 40 mL THAR
PaN T2, etk [ER O ClEAH D 7 22 L7z,
AR 7 DI 1% TUE=TERAZ ) —/V

S5ml /w7 7Ty aylIL VL, PRCs & &M
U7oo WEHIRITERRE IS L 0 g, K A%
1 RATIET 1 nl ICER LT,

| IKEF |

A e EEMER S
ORI ER SRR

AR/ — L%

. LEITEE
BE R [
AR /—)L10mL 209 X 2[A] FEE pH4

E4B4hH [0ASIS-WAX Plus
EHD%E |

%T7UEZTER
AR/—)L 5mL

ERWEMT

—)L=1 :

[ BEnExS

FEEKER S0mL I
FEEEEEAS/—IL 30mL

AR /=)L K=1:1IKiBK
imL

1 sfoo— OkERD
(3) :HEH T N IR

[—1

&

PECs K& & HIC HERAIRET D RO EH) 2 #5434
BHizsh, 1IEEZFE LT H T AH T M PFCs KIFik &

Wi S, WL T L ORGHE Z oldiE LTz,

B e — 2@ EIER L W DR A ) T8 TH

T AR T MR ATHI LT, FHOEIE 17em F2E &
Uz, Foli L7z Tz st Ccoti L. AR CoRlExt
KCh 5 13 RIS PFCs KEEHKR (4% 50 ng/L) 1Inl %7
7 A LJEIcan Lz, 20k, K ZIERIES Adu,
FARIE T SR/2208 549 20mL Fo0D 7 5 7 3 g A5 T
TERIL - oW AT o 72, FriE,. (2) LR LTI
it U7

E |

M2 $EHSLEZERRES
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(4) AU IT DI OKE., JEE. 4:4) O PFCs

fAELH

PFCs D 9 %, /=7 )b a 7 # v Z LR ik (PFBS)
RoN—=T ) F s H W (PFHXA) O LD 7B s R#R
D 4~6 FEEEDRIFI PFCs & /=T )LFa RF 0 g
(PFDoDA) , /R—7 A1 7 597 L (PFUNDA) &1
S 7217 10 L EOESS PRCs T, ATk 23 Ok
/A B —IVESTAREL : LogPoll 55) ANEEZ2 0 10 gk
BIC ORI WE OVEEIIE U TET 5 Z &N
B2 b, £ITTC, BEUEICAER LTS A XX 4 ]
WTHONIEATV, ARNIZEIT 5 PRCs ORLEREIAS,
TR ERRORAFAA L2 B2 & & bl KRBT —
4 &Pl % 2 & T PRCs OfIiE & & DA RER EIC D
WIS 21T 572, A XX 04 sk, BHEA(L
LWEERETILHERA LTI\ T, 2003 AR Hiffkiee L T
SOV PRk L CERIL L TN D, BRIL 72 A X
FlE, K& EWNT 3~5 I A—F 55T =14, i
REV A A LT, BEICERE L7 HZ B LTk, @
WERAT L ST ORI AR L7,

PR 7 v — %X 3R, Bk QR R
10g FRED) \CPEEMEMENR AR 10 u L 23, 7/v
71V 53fifE (2 mol/-NaOH 10mL, 80°C, WM 3 IRFfH], ey
40 min) ZA{To7z, SyfRALERE OFRRERAIRIZ BT b )
7 AREMEK 10 mL, 7 R T T FAT =T LARIK
(TBA ¥%) 5ml, t— 7F L AFLx—F )L (MIBE) &
AL = 101 FR (2 BIHLRE MIBE D X)) %
10mL Nz, BB & O BER TV, BB E Sy
U7z, fhHiE 3 AT, SrHus oo B A MK fiie
FRU T LEMZTHAKL, B—F Y =2/ \RL— & —
ERWTZOWRERM L, A% /7 —/1 10 nL iz T
S SIS LTz, iR ) YT 4 L —IZiE LT

F2 LC/MS/MS IZ & BHrsett

HPLCER

=B Waters®! Alliance2695
A FN LY EEHEBT AR L-Column2 ODS
(@ 2.1mm X 150mm., $i11%3.5 4 m)

B EE A 1OMMEFBE 7 B LAE B: 7HAZRJIL
0—5min A:B=55:45
5—10min  A:55—5 B:45—95 linear gradient
10—15min A:5—55 B:95—45 linear gradient
15—20min A:B=55:45

mE 0.2mL/min

HhILBE 40°C

APUEAR ouL

MSER

Z=E Waters®! Quattro PremierXE

AF ki ESI(RATATE—F)

BIEE—F MRM

AAVIREE 120°C

R B R 350°C

250 mL AL KIS, FEET pl 4 12,
Mt 21T > 7o, OB ORI FAKROSE & RERT
b5,

< b mmmerans

| 7rousm |
1 o
| | mawms | | Na,CO, B EH
: : TBA
. BOHE  MTBE
L e ee—=== = -

<
a—4—I/\RL—%—
shws

OASIS-WAX
A—FUYINSA

1%FPUE=T7ER
A8)—

wE | KA/ —=1:1KER
1mL

LG/MS/MS

3 Hfr7o— (EWEH)
3 fEREEE
(1) #PHE RGO &

R A £ 31TRT, PRCs @ 9 % PROS %, v TLJE
JIITC 100ng/L B2 5L THRINE TV =23, POPs
SRAT OB A > TRPE DS KM L, BUEIE
10ng/L FREECHERE LT 5 ¥ ZAUSKT LI FK T,
BITETH 100ng/L A3 5 MDA E L TR0 | [FS
FREMZIZRW TS, RIEKOYAE R | RE B
JEDMEIR L7 Wiy dh B Z & D3y iz, ZAuTHt L,
THIRFEE 10 PLETH D/ =T F a5 h v AR v
g (PFDS) <o/8—7)Ld v kU570 4% (PFTrDA) %D
RB{ PFCs 1%, BRIHIRIEAMKLS . FRHORE S 205
7o ZUHOPEE, B - i A RORE T RAEDY] 57
TIERWFEENZ WS OO B IRERDIRE 72Dl
U723 HHEA~ DU S AE Y REIE DS 7 < 72 D 8T1A)
2% T, M FIRB OB B PRCs 13 IR S
THAREMED B X BT,
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&3 MK PFCs iRE—E (ng/L)

=% PFBS PFHxS PFHpS PFOS PFDS PFHxA PFHpA PFOA PFNA PFDA PFUnDAPFDoDAPFTrDA

R X 5.2 5.6 N.D. 52 N.D. 6.5 7.6 16 (1.5) N.D. N.D. N.D. N.D.
BX N.D. N.D. N.D. N.D. N.D. (0.5) N.D. 0.8 (1.5) N.D. N.D. N.D. N.D.
HERX 75 N.D. N.D. 0.7 N.D. 2.8 24 5.9 N.D. N.D. N.D. N.D. N.D.
XRX N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.4) N.D. N.D. N.D. N.D. N.D.
BHERK 5.8 24 N.D. 38 (0.4) 19 14 35 11 3.9 N.D. N.D. N.D.
THEER N.D. N.D. N.D. N.D. N.D. 0.4) N.D. (0.5) N.D. N.D. N.D. N.D. N.D.
11 N.D. N.D. N.D. N.D. N.D. (0.6) (0.6) 29 N.D. N.D. N.D. N.D. N.D.
BERX 19 N.D. N.D. (1.0) N.D. N.D. (0.5) 1.3 N.D. N.D. N.D. N.D. N.D.
XHEKI1 (0.8) (1.1) N.D. 6.3 N.D. 2.8 26 6.3 34 N.D. N.D. N.D. N.D.
KHEHEK2 2.1 (1.8) N.D. 17 N.D. 14.7 20 37 7.1 6.2 (0.6) N.D. N.D.
HEAXI1 (1.2) 2.6 N.D. N.D. N.D. 5.9 (0.6) 1.7 N.D. N.D. N.D. N.D. N.D.
HASX2 2.1 3.4 N.D. 3.2 N.D. 2.2 22 8.4 25 N.D. N.D. N.D. N.D.
H#HEAASKX3  ND. N.D. N.D. N.D. N.D. (0.6) N.D. 0.7 N.D. N.D. N.D. N.D. N.D.
HEAX (1.5) 25 N.D. 89 N.D. 35 20 61 480 N.D. N.D. N.D. N.D.
FEFX N.D. (12) N.D. N.D. N.D. 2.0 (0.6) 22 (1.1) N.D. N.D. N.D. N.D.
B 25 13 N.D. 21 N.D. 3.8 26 6.5 25 N.D. N.D. N.D. N.D.
2ERX N.D. N.D. N.D. 31 N.D. 1.6 1.2 6.7 N.D. N.D. N.D. N.D. N.D.
X N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.3) N.D. N.D. N.D. N.D. N.D.
EINX N.D. N.D. N.D. N.D. N.D. (0.3) N.D. 1.1 N.D. N.D. N.D. N.D. N.D.
RIBX 2.1 25 N.D. N.D. N.D. (0.6) N.D. 15 N.D. N.D. N.D. N.D. N.D.
RIBX (1.1) 20 N.D. N.D. N.D. N.D. N.D. 0.8 N.D. N.D. N.D. N.D. N.D.
HERXI N.D. N.D. N.D. (0.9) N.D. (0.5) N.D. 0.7 N.D. N.D. N.D. N.D. N.D.
HERX2 N.D. (12) N.D. (1.4) N.D. 0.7) (0.6) 2.1 (0.8) (0.6) N.D. N.D. N.D.
RBIK1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.4) N.D. N.D. N.D. N.D. N.D.
RIIX2 N.D. N.D. N.D. 32 N.D. 20 25 9.7 3.9 28 1.4 0.7) N.D.

BIX3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.6) N.D. N.D. N.D. N.D. N.D.
EHRX1 N.D. N.D. N.D. N.D. N.D. 0.4) N.D. 0.9 0.9) N.D. N.D. N.D. N.D.
BiX2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.3) N.D. D. D. . D.
IR N.D. N.D. N.D. N.D. N.D. N.D. N.D. (0.5) N.D. N.D. N.D. N.D. N.D.
SIEJIIK2  N.D. N.D. N.D. N.D. N.D. (0.6) N.D. N.D. N.D. N.D. N.D. N.D. N.D.

ZEMKX PFBS PFHxS PFHpS PFOS PFDS PFHxA PFHpA PFOA PFNA PFDA PFUnDAPFDoDAPFTrDA

NEFH N.D. N.D. N.D. N.D. N.D. (0.5) 0.7) 25 N.D. N.D. N.D. N.D. N.D.
ST 1.7 10 N.D. 45 N.D. 2.8 1.8 43 1.7 N.D. N.D. N.D. N.D.
REsH 1.9 5.7 N.D. 7.1 N.D. 4.2 2.3 12 5.3 N.D. N.D. N.D. N.D.
=REh (1.3) 38 N.D. N.D. N.D. N.D. 0.7) 1.0 N.D. N.D. N.D. N.D. N.D.
EHEmH (1.1) N.D. N.D. 10 N.D. 1.2 1.3 7.9 4.0 N.D. N.D. N.D. N.D.
s 47 30 N.D. 29 N.D. 8.0 45 10 3.7 N.D. N.D. N.D. N.D.
BEH 15 N.D. N.D. 49 N.D. 1.4 1.0 48 N.D. N.D. N.D. N.D. N.D.
S N.D. 6.4 N.D. 7.0 N.D. 43 2.5 6.6 N.D. N.D. N.D. N.D. N.D.
INSHTH N.D. 0.8) N.D. (0.8) N.D. 1.3 (0.5) 1.4 N.D. N.D. N.D. N.D. N.D.
INET N.D. 32 N.D. (1.6) N.D. 1.4 (0.5) 1.4 N.D. N.D. N.D. N.D. N.D.
AEH N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
E=RILTH (1.2) (1.1) N.D. 6.3 N.D. 11 3.0 7.2 49 N.D. N.D. N.D. N.D.
EoFh 3.1 5.8 N.D. 5.3 N.D. 3.8 2.2 741 2.6 N.D. N.D. N.D. N.D.
Esfas i 7.0 56 N.D. 85 N.D. 19 7.8 14 11 N.D. N.D. N.D. N.D.
BET 13 110 40 150 N.D. 23 14 43 45 N.D. N.D. N.D. N.D.
AL 55 22 N.D. 45 N.D. 41 17 15 21 (0.6) N.D. N.D. N.D.
BAM® (1.5) 3.6 N.D. 5.7 N.D. 3.8 40 7.1 4.0 (0.6) N.D. N.D. N.D.
EET (1.4) 3.2 N.D. 6.1 N.D. 4.7 43 9.4 3.2 N.D. N.D. N.D. N.D.
HABKT 2.1 6.0 N.D. 15 N.D. 3.7 1.8 3.3 4.7 (0.8) 1.1 N.D. N.D.
HEEsm ND. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
LEH N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.3) N.D. N.D. N.D. N.D. N.D.
R N.D. N.D. N.D. N.D. N.D. 1.4 15 6.9 N.D. N.D. N.D. N.D. N.D.
PR (1.1) 2.1 N.D. 6.9 N.D. 5.1 3.9 741 12 N.D. N.D. N.D. N.D.
hEHHEH  (1.1) (1.4) N.D. 10 N.D. 3.0 2.2 9.5 34 N.D. N.D. N.D. N.D.
FEERT 8.0 47 N.D. 67 N.D. 22 9.7 15 6.5 N.D. N.D. N.D. N.D.
ImAE AT N.D. N.D. N.D. (0.8) N.D. 2.5 N.D. 1.4 N.D. N.D. N.D. N.D. N.D.
BOHET  (0.9) 36 N.D. 5.0 N.D. 1.2 1.1 40 N.D. N.D. N.D. N.D. N.D.
BEE N.D. N.D. N.D. (1.5) N.D. 0.8 1.0 1.9 N.D N.D. N.D. N.D. N.D.

O NOEKAE : BT IR _EE & T IRMERGS

PFBS PFHxS PFHpS PFOS PFDS PFHxA PFHpA PFOA PFNA PFDA PFUnDAPFDoDAPFTrDA

BHTRE 0.6 0.8 0.7 0.6 0.4 0.3 0.4 0.3 0.8 0.5 0.4 0.5 0.5
EETER{E 1.6 2 1.9 1.7 1.1 0.8 0.9 0.8 2.2 1.2 1 1.3 1.2
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BEE(ng/L)

(2) HHh T NEFR

THED T L TOREEFRRZ K 41277, PFBS R
PFHxA SEDAIEH PFCs 1%, THEORE 23 < 3l L7z,
FRE R 10 LU EORES PRCs 12, 75 27322100 %
THKE (2L#K L) RIS o7z, =K
PFCs |%, AR & 359 LogPoW 23K E U=, THEIZk
BT RDEBZOND, KEOH T ARETYH,
FefH PRCs ORISR L, LIS PECs D HitS K X
DDIRN T EDG (£ 3), K PRCs X IcE L,
PR L O D LB X Bhud,
3,000

PFAS#
2,500 -
.~ PFBS(4)

- N
[2] [=3
o (=3
o o

PFHXA(6)
1,000 { |«

500 - /

PFHPS(7)

PFOS(8)

PFCAS
1,500 -

JREE(ng/L)

1,000 -

500 +

2393 &S
4 PFCs 1iEH 5 LIZBERRIER
(LEE: PFAS#E. TE:: PFCA%R)
MERED () RBIEF. BERERE
(3) HUEIZIT DI OKE, EE, £ 28T
% PFCs TFAEL D5 R
HRGEIZAER L TO S AEYEEE (X X%F) Hod PECs
F—H|ZHOUT, 2003, 2005, 2010, 2012 4FEEDSY %
Yy 7 w7 L, PFOS 73 POPs Gf0LZiBN S 4172 2009
AER LOPFOA O L 1 2775 WS FERN & HTz 2006 4ED
RIS DL P L REFRAND Z & L L, fiit%E
X 517777, 2003 AFEELIRE, PFOS JREEDS MBI 7%
LTW5, Zofsd LT, AR PROS Sl
¥ThHoT 3M FEA 2002 HLUMEOREEZ HIET 5

L& BT, ENTHILS - AR L TEZZ LR
EZz 505 (2002 4R £ 10.2 hr, 2007 4EFE - 6.1 k
vL 2008 4R 5.5 hu) W E/e, 2009 4FE5 HIZA k
v 7 RV LEAIDMEE B Fd B BmES =2 L
LV 2010 FFIMLFEDOT 1 MRS WEITHRE
SN2 EICEY, E5ICPROS Ol « i H b
U, B~ S EAVD 7R o Te 2 LN 7
LLTERDND, i RGO D/R—=T 7
=/ J U (PENA) B EONE HIZREHD PRCs 1%, PFOS
& B2 0 RIS OWCD N L B e o Tz, TORERIE,
ZEENNZAERT D 2 A RN OERLIR I A TR L7
Wit & GBL T P, B PRCs DENICEIT 5
T - B AIZBI LT, PENA, PFURDA 72 1%, 7— &%
PRNTZ O ARWITZIN ALHRERE U b P4 T & % PFDoDA,
PRTrDA [&, 2010, 2011 4EEIZIWTIE T b 2 T
B0 2002 4EED PROS DIHH L I 5 &/07ewy, L
MU, AR . AEIRPEREEN Y & BRI
HIEEEL 2D Z LD, PROS @ X5 1 ZHEHHIE O %h
RITHUIZ W T LSRR STz,

SO, AYERBHRIE T & 7 - Hu i3 2 K8,
GBI AT, B PRCs 77— % & DT
Rl Uz, & ORR, £, EHEHI RV T, PROS
& & BITERIRRE L DL RO R PECs FADFAERIG
BT &3y Do 7z, PRCA FIZBI LTl BiiREK
MRE L 72BIZ LT, LogK,, M3 < 72 AR 5 0
W EBKK- TR O R E T L T A Tk
RFEFDRE VT E TR OFENEGL 225 &
IME P b D, AUk L TKREIOY G, PROS,
PFOA & & 1T, PFHXS &\ o 78 PRCs OEIE DR E
D30Tz, FEBE PRCs 13, KA~OEMED S < B ~D
BREMEDRNE WS HERH D, 2Dl ENAD
FHESHTH, PFOS, PFOA O E LT, b0
P ashE - L TG, FRRofiid, 2hd offs
ML CWD EEZ B,

F 72, PFNA 2D B4 PRCs 1%, RidRed EPA 45 BT 2 &
T ADOFREMTHH LT, A% bZ Ok AR
L KAEAEDRE IR O IOV T b FE 22 A3
VEThHDHEEZ D,
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4 F&O

(1) #RNHE R K 10> PRCs JREEFEREAFAA LT & 25,
PFOS 3BIFETH 100ng/L & 8 2 D MUSFAET D — 5.,
PFUNDA, PFTrDA 250> PFC iU , s L~ L
E BT T2,
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