R T TEHEE T A BB (B OLMERHEEIF I F3E)
BEN LTI ZA A% v VSR EYEBREOFHE & % OFIEMFICBE T 24858
(19KA2001)

TR A IE o R

AEWE

WFFE oy R

WroEms s etk

DOFEIEHEE A AT R 22 HTIER I B S 5
c HEWE A7 v FEAY) SEIEHEE (SR ] R 25T iERE 58

i

g
B E FEhi T 5.
7=, SFE, #i-ic

H, X561,

IZHOWT, F=X U U TRE>»ERTSH.

AR CTIL, A7 v FbA&Y (PFCs) Z#&t5L LT, BRianboe MEZEIZET 2
ZHET, EHEMZRIGHRIE & SHTRPFCsD
(D7 F A EIRE L PFASOBENE | KUY TPFASE Sh 43 T O 0 L
DOFFE) ZRERM L. £, K7 e~ o970 —% 0T A
ZHAWE, ENTHROSKEEMICOWTE=Z ) U Z7H{E LR, Wb EASEE O
RKEAE PR B AR EE H OPFOS & 'PFOA A HAES0 ng/L (& BIE) X0 bR\ &ERT
MBI, Wiz, BE=4V 7IZEMT LD,
DRI 2T 52 L & Lie. —FH T, BNy 7 77 2 R4 Delay Column T &
ATALER C DG YR &2 A T-. KL T,
FHMETTRE L B2 B . AL, AFiEZHAWT, FHEELOTSINEINEREZITV, a2t

St i

HEREr2HE L T

EE5HTE (LC-MS/MS)

PFBA N (’GenX % 1B L 7226 FE$HPFAS

BS g & E ERAUE0.1 ng/g & LT

A BFEE Y

2020 4F 9 H, BRI S22 2% R (European
Food Safety Authority, EFSA) 3#i7- 7224
M D FHE (Safety threshold) % # & 1 Per-and
polyfluoroalkyl substances (PFAS) @ Tolerable
weekly intake (TWI) % 4.4 ng/kg {RE/H &
LT, &fTo PFAS FIEENHAL S E
FDOEFE~DO Y 27 ICET AR IR R Y
HKELEY. KNEDRNT, EFSAX 45
® PFAS IV LiF =T Futs &
& (PFOA) , /X—7 )Lt a4 Z o AJLik
v (PFOS) , X—7)vAtnw /) g

(PFNA) , R—7 v Fa~FH 2 A )Lk
2 (PFHXS) IZIER L TW5 . ZiUlinz,
Multiple chemicals % %} £ & 9" % Mixtures
methodology HiEimdOxfg & LTWn5 2. &
7=, SRR OVNED PFAS 1Z< Bk DD
7 F BRI T D RSB T AT
HEML, TWIREICE-T-Z & 2B L,

(2018 4£> TWI RE ClILfh =L 27 =
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— BT LI TR DV RT 757 7 X —)
AEO TWIORRILE LTV 5.

PFAS I3MEE S D B~ DG R 5L
K, TEIZX2BMOFEENHIGYL,
APFETRRREEZRBL TS, KEERD
PFAS O£ i B AR D 75 g5 0 34k FH % i R 5
HREELINTND Y,

—J5C, EANTIE, 2019 4E1Z POPs 549
T, PFOA NftfEE AlCit#iani-2 L %
=0T, PFOS & [A] U < fb3VE O 5 —FkrE b
FYEICHRET b A ED TS (2021
E4 ALK . BRI LT\ 5 PFAS
IZDWTIE, BEMOKEEE D MY X
JREHELT O MRINLEMT TV D EEE
[Kl] & LT PFOA, PFOS, PFHxS, PFNA %
By B CitE2EmT L TETHD. &
AGHEE B 2020 4E 4 ), KEE T BAERE
HAZ, BEBEE%Z PFOS & PFOA O&
BfECT50ng/L & EDT-. S b E DA
ROFHl A E R K OERRE bt D Z &



NTBINS.

Z 2T, AWFZETIE, EFSA @ TWI &% E
(2 BEE 9 B SR I B T B 5 AN R
L OREE, T (2019 4£~2020 4 12 A)
F TD PFAS B &b 43T O A G SC DR EE,
EIN T AFATBEZR BB K D PRAS SEREG AL,
OB E 3G & 5% PFAS 04T D RE
L& AR 2 e 5.

B. W5t 0714

A OSCHAL - SRR R TPIERE LY X T A

BIIHHEDEHNWE.

PR A [E], et 5 & L7z PECs Dig4:,

a7 2R LITRT.

PE  RFEBRICHWERAEKIX, T R=F
U (BL7 A AFOEMEER), 242

—/v (BL7 AV AFOEMBEAR), n-~F

P (BLT7 A LRSS, 1 (8

T AV AFOEMELR), T E=TK
(& L7 A v SRR, FEfR Y &

=L (BEE7AVAREHEEERD) Th

5.

FEER IR O FE « REERIIA F ) —

Jb % VT, 1000 pg/mL (ppm) OFEUEF K

(AR U 7. MRS IR, S

JRIE B A% ) — )L THR L, 100 ng/mL
(ppb) DIRAREZTE L. ZD%, KK

R & BERERIC AR L, e A A YRR IR &

TR 7.

w0y BfER - H S74ES CF15RN

B E Y A4 ¥ — SPEC th # 2010

Geno/Grinder

BRI Z & BT A v AR

%I Presep® PFC-1I (60 mg/3 mL), Waters £t

#4 Oasis WAX (6 mL/120 mg)

LC #&& : Waters 184 Acquity H Class

MS #E#E : Waters L8 Xevo TQD

LC-MS/MS §&:4-1%, 212 F o=, £,
AILER ISV, K1 2Rd. AR
7B EIL 35 mL & L7z, REHIENTA
T AIREZ2 K 72 & % A =,
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C. WFFERE
C.1. U7 F U REIRE & PFAS OBEME
Al REMRIER A b & ITHFT %
9% Z & & L7=. Harvard T.H. Chan School of
Public Health 7> 5 @ PFAS X < & %
(Pathways of Human Exposure to PFAS) & fi
i % %2  (Present Understanding of Health
Effects) & LT, 20194 L B o — 5 X
iz D, RN TIE, PFAS DI < FBHERES
EFEEZENELDODLNTEBY, TOHTYH
I E N BET DRI ER LTV 5.
2017 FIZHE SN TW AN ERISR L LT
Systematic Review of the Epidemiologic
Literature [ZFBWTH, R, 7 LLF—,
BRYYE, WEOREMEEREL, VI T
X DPER DR ELZFELGRLE TN Y.
Wb, Dok & LT Grandjean 5
(University of Southern Denmark & Harvard
T.H. Chan School of Public Health #:[F]) 23
PFAS (X< BEE /NIRRT 7 F U HURIEE OB
EPEAEE L, S QBMGE DR KT
ik GBINGE D) OEBEFEIC L 2Rk
FHEICEDKTICE L TEEL TS 9.
LL722i3 6, AR, BEx A
BB o5 bbb (FlxiX, AF
JVIKER), BIERIRAR R L ALEAMT B D.
Granum & (%, = A — A% (Norwegian
Mother and Child Cohort Study) T, HPERED
REARIMH PFAS IR L/ NRDRZ D 7 F
X 2 PURMEN A OBRERH D Z L &
W& L7 D, S5, Stin b, KH
NHANES 7 — % (1999~2000 4 K T} 2003~
2004 4 12~19 %) &b &2, 1MH PFOS
K OY PFOA D FERETIX, JAZ & iifThE
HTIREOTKMENMET LTS Z &2
HLTWDY. 2FV, 2D 3203,
PFAS (< #%& (IMHREDNEHWSE) 13, U
7 F AT D PEIRE (P HUR DI
IKTFZRLTWD. D%, 20204, Y



ZUA (=7 &% v) o/hR 9»HK
W2 5%) ZXRHBE LI CTHFRET OR:
(K1 PFAS (iR ) & W92 O HLIRAE (KV)

IZEEEMESH D Z EERE L TWVD ). F e,

[T < 2020 42, FEAL (Breastfed children,
n=80) & A\ T.%%#% (Formula-fed children, n=21)
D1 WEREE Y 7 F T 58Nz,
LA LowmERH 5 10 205t
TIE, SHEEEEAREREME Z]E LT
G Mmth PCB, DDE, HCB, /K$E, & K
UL, SR ENRRARECEVME Z R L
729 2T, 52T PFOA L, ADR
BT A 7L % Hib (r = - 0.32,

p = 0.001), fif & & IgG (r = - 0.25,
p =001 KX 77U THIK (r=-023,
p = 002)%RL7. —F) T, PFOS &1, 1

7)Y Hib(r = —0.05,p = 0.66), i
EHEIgG (r = —0.07,p = 0.52) KXY 7T
UTHR (r = -0.02, p = 0.84) & T DRFHE
PEIT eV SRR TV s, 7, ftho %
KeELT, ELZETLHIZE (AZBDK
EEIA L PFOS K& O PFOA MHZERIERE) &
HBEETHHZ EHRLTWAS D, Structural
equation model HEaTTFE A AT, 7ak/R 464
4 0 PFAS 1E< #& (PFOS, PFOA, PFHxS j&
) EWATHEE TIREL RSB DU 7 F
N FRAT LTRSS, D708 & BRI MEN
BEIn=". 2o0—57T, @EADA
TN WY 7 F o (FluMist) & ML o
PFAS (PFOS, PFOA, PFHxS /&% () PFNA j&
FE) & LLERRET L7z AE R, £ o B I
HIdZ R TE o2 B, RERIZ, 1
TN P T T F DR LT PFAS
(PFOS &% O* PFOA ) & D Ba L A3 Bl 42
TERDPST-HELH D W, RADWATIE
HETFBEKLORZOT 7 F 2 L ORI,
ECBEEMEN R S, RFBEBEW
PFAS CTZODNH 7= L bR EIN
TWEL P ZNHOMLERIICELDS.
PLENS, PFASIEK FEE U 7 F U B I &
B0 A OBHEMEL, B NS DO
T, BIEMECIIBIfERASRITEE LY. 20
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HEIILTO®Y £ THS.

- B 2 R < % O @ CIE, University of
Southern Denmark A 8 Harvard T.H. Chan
School of Public Health 7> & I [RIAFFEIZ L
S HLOMEW. £, KED NHANES 7
—Z MDA TWS. oF 0, E CKkE
DIANDEZR E) &= — X RN H D72
AN
cRHERFOIRKELY L, HEZORALD
LIIATRBIZEDHEIZLD, PFAS %
D T FR R A S Y E o i R R AR
BRI TW5D. DF D, PFAS 72T miE<
BHEK ERET DI EITY A7 BE.

- PRSI &, S AMERICKE <
EAINRT V. £72, RATOA 71
T WU 7 F L TlE, PFAS IZ X 5 8 IHK
WeEEZLND.

*PFAS & U 7 F > OFEEIC X D et 7 mgt
NROHIND.

L L722n b, SRR EEIERTO
HEIIHZHmE S, bz on T
TR T DM ERH D 4. 2021 4R,
Florida International University 7> 5, COVID-
19 1253 DY, AR K DL T E
GG K 2 S Z ISR T TR b 228
o &AatER L7 19 PFAS TIZ,
University of Southern Denmark } (" Harvard
T.H. Chan School of Public Health D#f5¢F—
L%, COVID-19 & M8t PFAS i L A i Ax
L7, S—7 v 17 % i (PFBA; ¥
3) DI, A v R 177 L E (ICU:5.18) &
HIE LA mO TWAHEM RS D 2 & Rk
L7z 19 PFBA I, X 3 d X 5 ITRFEH
NELS (C4), Hler i T R <R S
L7280, HEVFEBINT RPN,
FCEEFET 2ME D% b2 2 &0 LIFRR
JRYLE ) A 7 7] L O AT REME A E T E 7200,
IHT, BaADLBBEHINTWDE (F
;- FEEPZZ 200~1,000 ng/g, wiw) bHdH
D20 SBITE=F Y U ITRRETDHHME
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PENd 5. F i, PFAS BT 5
Hexafluoropropylene oxide dimer acid (HFPO-
DA; GenX, PFOA Z M€ CmfERe~ v
FuR) v—2fET 5DV D
Bkt 3 2 ptE4 - X 3) HCEhE T 5
A549 Lung Carcinoma Cell Line |22 % 5. 2
LHELHY, THOLHERTLIMNEND
é 21).

-
—

C.2. PFAS & S/ O IR ST DR FE
PubMed % F \» T 7 PFAS (Per- and
polyfluoroalkyl substances)” & “Food(s)” or
“Exposure” DREZEAEH, 2019~2020 4F 12
H & TR 200 3R SN TS, ZOH
N, SHOBRME=FY U TICEELS
ZoN5HEEME L, RO LT
%. F7¢ PFAS ORMME=X U 7IZEL
T, XAIWZFEL D2, FETE, FIZ
M ER D=2 Y v TR < W
STV, FREERIGIE DI < 82
R E LT, FANMEICERE SN TWA =D,
TN D -T2 b D L Eb 5. PFOA &
UYPFOS Z FUMZ @y O TH+- ng/g (ppb)
LV THhD. — T, B=EERER
LV HEWVEAIZH D, h—H L PFAS (X
PFAS) T 100ng/g # x5 b DITFAE LY
Teblpinol (P AT85.Inglg Nl EE
26530, Fi2, BIEEIIREHOE N
PFBA 73 EEBGHO IR EE (69 ng/g?¥) OfE A A
Hoto. TRLAMTE, L ORED
PFOA T¥t ng/lg L~ EZ2 BN 5D, Hr
LT AHICIE, TETIIENARROEND
PFAS NHY S5 Al RetEs fif ST v
%20, Bz, 2021 4 3 HICKEEENE
H¥M (USDA-ARS) LV, &MMEEMG
PFAS (X< BBICEE T DA R E L, £ OH|
WEFRZTND . Eiz, ARFHTH,
7272 PFAS L EFEK I 5 GenX (X 3) %%
AL TWA. GenX I, ITEF Do
REBEREINTND O, F72, GenX DIF
MM, F-53B X° ADONA 7 EI3BEIC AT
THENGRE LTWDER, BEDS ORE

-
—

174

T, 7I Il (2012~2018 4F) 2B
T, PFOA O PFOS 120 2 THMTr % Fhiti L
TWD W YL EO#REEEFE 2 TEKT .

- B O PFAS IREE L~ & LT, 0.1~
10ng/g BEDERFIHIZE=Z Y 7T 5
VHNH D .

-« XPFAS £ LT, 100ng/g %25 Z &I
N EEZLND.

c RERAVETR E DT T AT v 7 AN
DIEYIZK B T2 P, oF 0, Ak
DARAF « EW 72 SICHLT DM ERD S,

=X ELT, OfaNE (A, B,

TERE) QRWE (4 K, ) OFFH (F
— X 7p PO @8 GEY, R &
HFLOIZRRETT 5.

‘PFBA . O* GenX Z 72l E =%V » 7xf
G35,

B CIREHOENL O, ANIEIIT
RBHEOENE OB SN DM H 5.

C3. KB D PFAS E=4 Y 7

WEARBE & CITREEE L 72 LC-MS/MS 7. % H
W, BT IR O OB £ dh DO F A 2 1 6D
5HZ &L Lz, LC-MS/MS HIESRMEEE 5
R E T, WINEICEGERORSE R A2 K 612,
MRM 7 i~ 7' J A& X 4125:7. Wi
b, BAF72fE B 245 TUv5 7%, PENA, PFHxS,
PFOS 72 & ClE, EBERENODOa ¥ I X
—Ta UPBIE I, SBROBREDRRD L
N5, AN, EERMEZZEL TE=
)7 REE L. KAFEEZHNT, H
NTAFAREZR AR FVEREIK (EWNEE : 14
FRFH, WEANPE  10FSH), ~> R FLAD
B (128, ¥a— (18 FEH) oW
TOEEm L=, TOE, WIinbE
BRAMELL FCTH-T-. £i=, EAEFEHE
ORJIKEEH BEREHH O PFOS KT
PFOA A 5E 50 ng/L (EIEBE) L0 HiK
WZ ERTRENTZ. 5% Y, e e
BRIZOWTHER D e &2 D D ME N
H5.



Ca. B D PFAS =) V% EL

T oahrkEothE
[PFAS & 50T O GG SC O KRG | & 1

F 2T, LC-MS/MS HriEDO R 7l AH 5
ZEE L7 ke LT, PFBA KON
GenX ZEBMMFITHZ L. F£i,
xRy 7T ReEMz, AlRERIRY
A IFx—varEHET S b E
L.

X 512, GenX D~ A AT NLE3d.
ESI-Negative &— NIZHBWT, MS XA ¥ ¥ >
T m/z 329 [M-H] & m/z 285 [M-COOH] 3 %
HENT=. & 2T, mz329—285 K (X m/z285
—169 zE=X VT4 F L LTHWD
ZEl L. WPTRIZBWT Y, BEICHES
LTCWD—FONEIZBINTESH 0 L H
WrL7=.

RIZ, PFBA I HTEEEBREED O DIHYLN
R S, ZTOHNEE R T DX D
REENEERRETH-7-. £90%, MEFE
£ TO LC-MS/MS H Bl 7 &1213,
InertSustain Cg & U NTU7=23, PFBA O
FRR#EETH-T-. £2T, 1T LE2KFE
mt L7243, TSKgel ODS-100V % v 7=
FHEIZBWT, WInb oo+ 5Z &
DTETo. ZD%, & FRICBEIME) 25
DBIZL DNy 7 7T RBBHEIEN,
ZOHEDE E T2 oo ETOREE, GL
A = 2418 Delay Column for PFAS ([X]
6) EHWDHZ L THEBENOT T 7 8—7
ERHS 2 EMERTE L. RIZ, AILEELE
BB DNy 7 7T REd Ml Lz fs R,
LC XA Y LDv 7% L, FERUK, AHETAHE,
TIAFy VB L, 2 < OFERE
BENOIHERENTWDZ NS Tz,
TIZT, Wiy, B X LET IV {E]
BH, FEEUKOIEMERIC X DR, &7
T AF v 7B OFHEIR, A%/ —nfk
Wi EZ2F L, EEME 1 ng/mL B— 727 58
FELL IR S 558 &= 30E L=, BlEk
BTNy 7 75 ROEY— 7 BEZX 7

-
—
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g, AlEl, EERAOKEL Ing/mL
EWERRE S LT, BNy 7 7T K

(Instrumental background) {% 7 <X T® PFAS
ICBWTHIRT 5 Z L NER T, —F
T, BLEE N> 7 777 R (Experimental
background; #EHZ T, X2 OEER FE
i L7= & & OFA) I2OWTIE, PFBA KON
PFPeA TE&=[RFURE (Ing/mL) 1Tk LT
1/2 #£%, PFHXA, PFHpA X% ' PFNA 1235
W, 15 REE THIRT 5 2 &R TE
o, SBITERLIMFZENML T, &R
U (BHE - 1 ng/mL, 3B 720 OFREE -
0.1ng/g) O 12~1/5FREDHIEA BT 2
LETD.

D. 558
AIRIELE, [0 2 F U 5pEI5% L PFAS O
BEIEME | KON TPFAS £ 54T O B i

DR &2 LT-. =25, 212 PFAS
DI FEalli 2 ke L, HFI/NREORERE
B & OFHI &2 F2hE L2 5 7 b 7an &
W CcE 5. Fio, R EE (HAAD
) & LT, B E (RFH{ DO E L PFAS)
KOS (JRFZEFLDHE N PFAS) 23 EH &
nNob0LBbns. &5, IEERS
NDHPEHMED L S, TOHEAEIZLD
THFYEREDOI L RO B D.

WEAEJE £ CICHESE L T & 7= LC-MS/MS 4
BriEciE, EWNTATTREZR AR & &t
GUZE=F VT EATSTE/MER, Wi
JEAEGHEE O KEE R BEREHEE O
PFOS } O PFOA &5 50 ng/L (& & H %)
X bEWZ ENR TSN FO—FT,
AFEERE LT ERERAME L D RV L~
TE—7 bBllEsnTEY CGEEL LT
ATLER OV DO A[REME L B 2), 4% bE=
ST EEDDVERNDH L. BT,
AHTEIZ PFBA XY GenX &M%, £
WA TE DNy 7 7T KK S
72 LC-MS/MS 3 HTiEDRRRBICEFT 5 2
Ll LT, ROWHETHE, BIEE CITHE
ENTWDLEMBYNHEEL, REHESg



75 0.1 ng/lg xEEBIFYE L EDH L &
Lic. KRFIET, WEASy 7 770 MMz
EEREFRE LY & 1/2~1/5 BREHIEZ B
=i B o R

E. /(h:l%él‘l'ﬁ

Kt LV, Tt Z &t x2Fwme 95, F
7=, 5%, "o 7T RERBSET-
LC-MS/MS ZoHTiEE BT H L L9 5.

* LC-MS/MS (2 L 508 Tlidk, 26 FEHO
PFCs D—HF0Hr & L7 5.

B SgIIR LT, BAELTHEREDT
[R% 0.1ng/g &35, £7=, AILEENS DR
v 77T RERRERIRY (EERAE—
JEREEED 12~1/5 FREE) KL T 5.
-, BF3E, FITEOEINENR E B & FE
L, WFhot't=421 VRt sEi+ 5.
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= 1. oHrxt4: PRCs

s & CAS 273 Molecular
mass
PFPrA Pentafluoropropionic acid 422-64-0 C,F5-COOH 164.03
PFBA Heptafluorobutyric acid 375-22-4 CsF;-COOH 214.04
PFPeA Nonafluorovaleric acid 2706-90-3 C,Fq-COOH 264.05
PFHxA Undecafluorohexanoic acid 307-24-4 CsF1,-COOH 314.05
PFHpA Perfluoroheptanoic acid 375-85-9 CgF13-COOH 364.06
PFOA Pentadecafluorooctanoic acid 335-67-1 C,F15-COOH 414.07
PFNA Heptadecafluorononanoic acid 375-95-1 CgF17-COOH 464.08
ipPFNA Perfluoro-7-methyloctanoic acid C;(CF3)Fy,-COOH 464.08
PFDA Nonadecafluorodecanoic acid 335-76-2 CgF14-COOH 514.08
PFUdA Henicosafluoroundecanoic acid 2058-94-8 CyoF,;-COOH 564.09
PFDoA Tricosafluorododecanoic acid 307-55-1 Cy,F»3-COOH 614.10
PFTrDA Perfluorotridecanoic acid 72629-94-8 Cy,F,5-COOH 664.11
PFTeDA Perfluorotetradecanoic acid 376-06-7 Cy3F,7-COOH 714.11
PFHxDA Perfluorohexadecanoic acid 67905-19-5 Cy5F3;-COOH 814.13
PFBS Perfluoro-1-butanesulfonic acid 375-73-5 C4Fo-SO5H 300.10
PFPeS Perfluoro-1-pentanesulfonate 2706-91-4 CsF11-SO3H 350.11
PFHxS Tridecafluorohexane-1-sulfonic acid 3871-99-6 CgF15-SO3H 400.12
PFHpS Perfluoro-1-heptanesulfonic acid 375-92-8 C;F15-SO3H 450.12
PFOS Perfluorooctanesulfonic acid 1763-23-1 CgF17-SO5H 500.13
PFENS Perfluoro-1-nonanesulfonate 98789-57-2 CoF15-SO3H 550.14
ipPFNS Perfluoro-7-methyloctanesulfonic acid Cg(CF3)F14-SO3H 550.14
PFDS Perfluoro-1-decanesulfonic acid 335-77-3 CyoF»1-SO3H 600.15
PFDoS Perfluoro-1-dodecanesulfonic acid 2386-53-0 Cy,F,5-SO3H 700.16
ADONA Dodecafluoro-3H-4,8-dioxanonanoate 958445-44-8 CgF1,0,H-COOH 400.05
GenX (HFPO-DA) Tetrafluoro-2-(heptafluoropropoxy) propanoic acid 62037-80-3 C4F,0C,F,-COOH 330.05
F-53B (9CI-PF30NS) 9-Chlorohexadecafluoro-3-oxanonane-1-sulfonate 73606-19-6 CgCIF160-SO3H 570.67

# 2. LC-MS/MS et

i

B

ACQUITY UPLC H-Class/Xevo TQD
(Waters#t #t)

TSKgel ODS-100V
(2.0x150 mm, 3 um, FE/—%t &)

vV CohSL(GLY A TV R)DPFBAD 4%

wEiMa

(Gradient A/B)

5 mmol/l BE T E=™Y LKA (A)*A4/—)L (B)
A/B :55/45(0-3 min) —2/98(14-17 min)—55/45(17.1-20 min)
vV EFiBT7UE= D LADREDER(NYITIUFET)
v GLY AT Xtt&EDelay Column for PFAS®D {5 A

0.2 mL/min
v R KME24 MPa(3481 psi) DIET

TIAE

10 yL

AAUALE—R

ESI RAT4TE—F
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#£ 3. U FUREINE L PRAS O BhEMEICRT 3 A Hieks

Investigation of PFAS exposure Subjects Immune effect regarding to vaccine Result Ref.

The birth cohort was formed from 656 consecutive Elevated exposures to PFCs were

Serum PFOS, PFOA, PENA, singleton births at the National Hospital in Térshavn, Tetanus and diphtheria antibody associated with reducgd humqral 'mr!"”"? Grandjean et al. 2012 [6]
PFHxS and PFDA response to routine childhood immunizations
Faroe Islands, during 1997-2000 .
inchildren aged 5 and 7 years.
There was an inverse association between
Serum PFOS, PFOA, PFNA and  Venous blood from the mothers was collected into Rubella and measles antibod the level of anti-rubella antibodies in the Granum et al. 2013 7]
PFHxS lithium-heparinized vacutainers 0-3 days after delivery. Y children's serum at age 3 years and the )
concentrations of the four PFAS.
we did not find evidence for an association
Population consisted of 411 adults living in the mid-Ohio " between self-reported colds or influenza and
Serum PFOS and PFOA region of Ohio and West Virginia. nfluenza vaccine respnse PFOA levels nor between PFOS serum Lookeretal. 2014 [14]
concentrations.
A cohort of 656 children was compiled from births at the If considering both the age-5 and age-7
Serum PFOS, PFOA and PFHXS  National Hospital in Térshavn in the Faroe Islands during Tetanus and diphtheria antibody concentrations of the three major PFASs, the Mogensen et al. 2015 [12]
1997-2000. exposure showed a slightly greater loss.
NHANES survey conducted by the U.S. Centers for Increased exposure to several PFAS was
Serum PFOS Disease Control and Prevention is selected of eligible ~ Rubella and mumps antibody associated with lower levels to mumps and ~ Steinetal. 2016 [8]
participants aged 12 years and older rubella antibody concentrations
The results of this study do not support a
Serum PFOS, PFOA, PFNA and 78 healthy adults to receive FluMist was selected. Influenza vaccine respnse reduced immune response o FluMist Steinetal. 2016 [13]
PFHxS vaccination among healthy adults in relation
to serum PFAS concentration.
Serum PFOS, PFOA, PFNA, Serum PFAS concentrations showed
PFHxS, PFDoDA, PFUnDA and 12 healthy adult volunteers were recruited. Tetanus and diphtheria antibody significant negative associations with the Kielsen et al. 2016 [15]
PFDoDA rate of increase in the antibody responses.
NHANES survey conducted by the U.S. Centers for Significant association between rubella titres
Serum PFOS and PFOA Disease Control and Prevention is selected of contained Rubella antibody (Sex relatioship) and PFOA was found in men but not women  Pilkerton et al. 2018 [11]
581 adult women, 621 adult men, and 1012 youth. and PFOS was not significant in either sex.

The present study documents that PFAS

. . exposure has reached West Africa and that
Randomized controlled trial (RCT) of early measles infants show PEAS-associated increases in

vaccination conducted in Guinea-Bissau from 2012 Measles antibody o . .« Timmermannetal. 2020 [9]
morbidity and decreases in measles-specific
through 2015 was selected.

antibody concentrations before and after
vaccination.

Serum PFOS, PFOA, PFNA,
PFHxS, PFDA and PFUNDA

Correlation between adjusted antibody levels
and PFOA levels revealed significant
Hib, tetanus and diphtheria antibody associations. In contrast, no significant Abraham etal. 2020 [10]
associations were observed in case of
PFOS.

Serum PFOS, PFOA, PFNA, and A cross-sectional study with 101 healthy 1-year-old
PFHXS children was selected.
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3 4. PFAS &/

SIMT DGR L D RS

Ref.No. E# b B ERRHER
PFOS: Mean 88-17.5 ng/g (TETRB12 ng/g)
22 Taylor, (2019) F=ZbFUT (RAYY - RA) O N PFOA: Mean 0.73-084 ng/g

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Mazzoni et al., (2019)

Bao et al., (2019)

Guo et al,, (2019)

Fair et al., (2019)

Monge Brenes et al., (2019)

Zhou et al, (2019)

Catherine et al, (2019)

Zafeiraki et al.,, (2019)

Kedikoglou et al., (2019)

Fauconier et al., (2020)

Vaccher et al,, (2020)

Zheng et al., (2020)

Choi et al,, (2020)

van der Schyff et al., (2020)

Berendsen et al., (2020)

Ruffle et al,, (2020)
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hE (BFTH)

hE (HiE)

SKE

(o 2A0 54 FH)
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i

(Fsm)

77V R (AXY ARG - KEFE - hiE)

FUp

FlUv

BT77Uh (FRFIN. TL—879Y)

BTHENTTTUH

NN RR - Hh7HERHES (1 FF)

KE

. (Alosa agone)

SEEFFEE - 50

B

Ry 7a-voBFL Y IREE

B

YA, TS

B BB R SR R BERLE

PFOS/PFOABH D BAE

b—2AZATy bRET 4 — (5281058
DIRBERR)

B

BROH

Iy (F-F) W

b

PFHXS: Mean 0.75-12.4 ng/g (# = T&%130 ng/g)

PFOS: 0.4~16.6 ng/g (Mean 5.0 ng/g)
f121.0 ng/glF

PFOS:5 0.77-1.6 ng/g

PFOA: $%0.21-1.5 ng/g, 5712-32 ng/g

PFBA : 8$31.3-69 ng/g, §P27-36 ng/g (&HfEH L)

—#. PFPeA, PFBS (£3) PFNA PFDA, PFBS, PFHxS (59) &

PFOS:<0.006~ 1.66 ng/g (LLEHIELY)

PFOA: <0.01~625 ng/g (&L E5HE)

e LT, Z1E (SPFASs: 118 ng/ g) > L—/LE (597 ng/ g) > H47 (288 ng/ g
> Y 7E (140 ng/ g > H¥ (099 ng/g)

PFOS: Mean 13.2-18.6 ng/g (i : 66.3 ng/g)

ZPFAS: 12.7~33.0 ng/g (£1k) 6.2~12.7 ng/g (K1Y &)

PFOA: 156.3+34-30.3+7.2 ng/g
PFOSIE TR, #R1K1£2005~2018F ICAF L7=b D

3 PFAS:ND-0.683 ng/g
PFBA (0.02~0.371 ng/g) R U'PFPeA(0.028~0.181 ng/g) »'EsBRE (TR
FILFRAL bR EFw S EYTHRE

PFTrDA : §4(1.36 ng/g) Mean 0.077 ng/ g)
PFAS: 0.007-0.218 ng/g, Mean 0.066 ng/g

ZPFAS: 0.3~85.1ng/g (1R, PFTrDA : 98%, PFUnDA : 91%, PFOS: 79%)

PFOA:LOQ~6.19 ng/g (Hiisk : 10%) i : 058~6.19 ng/g, 7iEk : 0.18~3.63 ng/L
PFOS:LOQ~5.80 ng/g (Mt : 28%) f : Mean 0.92 ng/g, 9 : Mean 0.81 ng/g
70—y TR

PFOS : 0.09~2.25 ng/g(fhH) . 1.5~27.96 ng/g (AThE)

PFOA : 0.08~0.67 ng/g (HF) . 0.54~1.48 ng/g (FFMik)

PFOS: Mean 0.28 ng/g (Max 10.44 ng/g) #H=E25%
PFPA: Mean 0.06 ng/g (Max 2.6 ng/g) #H35%
PFHpA: Mean 0.01 ng/g (Max 0.48 ng/g) #&H322%
PFOA: Max 0.13 ng/g & 32%

PFNA: Mean 0.01 ng/g (Max 0.09 ng/g) #RiZ18%
PFDA: Mean 0.04 ng/g (Max 0.89 ng/g) R H#E14%
PFUNA: Mean 0.03 ng/g (Max 0.54 ng/g) RiHZ18%
PFDoA: Mean 0.02 ng/g (Max 0.34 ng/g) #H=E14%

2 PFAS: 3.66~15.6 ng/g (Mean 7.80+0.263 ng/g)
PFOS: Mean 6.16+0.209 ng/g
1R & N 7-PFAS: PFNA, PFDA, PFUdA, PFOA, PFHxXS

PFOA: Mean 9.42 ng/g
PFUnDA Max 31.7 ng/g, PFOS Max 17.9 ng/g, PFDoDA 13 ng/g

PFUdA: Mean 2.3 ng/g

PFOS: Mean 2.0 ng/g

PFNA: 0.93 ng/g

PFOS, PFOA, PFNA, PFDA, PFUJAD# H3100%
PFOA: 0.14 ng/g

GenX < LOQ

SPFAS: 55~123 ng/g ({ TA—/8—F) | 12~178ng/g (F7A b7 4 v a) |
9.9~216ng/g (X7 +VX7)

PFOS: LOQ~19.1 ng/g

PFNA: LOQ~2.39 ng/g

PFDA: LOQ~1.17 ng/g

PFUNDA: LOQ~1.35 ng/g
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% 5. LC-MS/MS Z #1414

A=ty T H—t— JOa sk LOD LOQ IS
SRimey BEMN B&Fh 1712 (miz) A7 (miz) (ng/mL) | (ng/mL) "

C, PFPeA 263 219 0.4 0.8 13Cs PFHXA

Cs PFHxA 313 269 0.4 0.8 13Cs PFHXA

Cs PFHpA 363 319 0.4 0.8 13Cs PFHXA

R-COOH C, PFOA 413 369 0.1 0.2 13Cs PFOA

Cq PFNA 463 419 0.8 1.6 13C, PFUdA

C, PFDA 513 469 0.1 0.2 18C; PFUdA

Cio PFUdA 563 519 0.1 0.2 13C; PFUdA

C, PFBS 299 80 0.1 0.2 13C3 PFHxS

Cs PFPeS 349 80 0.1 0.2 13C3 PFHxXS

Cs PFHxS 399 80 0.1 0.2 13C3 PFHxS

R-SOzH C, PFHpS 449 80 0.1 0.2 13C3 PFHXS

Cq PFOS 499 80 0.1 0.2 13Cg PFOS

Cq PFNS 549 80 0.1 0.2 13Cg PFOS

Cy PFDS 599 80 0.1 0.2 13Cg PFOS

Cs ADONA 377 251 0.1 0.2 13Cs PFHXA

Other Cs F-53B 531 351 0.1 0.2 13Cg PFOS

£ 6. MM 2 AW T BN R SR
Recovery value + S.D. (%), (n=3) Recovery value + S.D. (%), (n=3) Recovery value + S.D. (%), (n=3)
Analytes for bottled water for for

35 ng/L 70 ng/L 140 ng/L 35 ng/L 70 ng/L 140 ng/L 35 ng/L 70 ng/L 140 ng/L
PFPeA 117.7 £ 0.1 97.0 £ 0.3 110.6 £ 0.2 102.7 £ 0.2 1184 £ 0.2 1188 £ 0.5 100.6 £0.2 93.8£0.2 80.4+0.5
PFHXA 103.7 £ 0.1 995 * 0.3 102.0£0.4 1095 £ 0.1 944 £0.1 1022 *0.4 101.2+0.1 99.0+0.1 98.3+0.3
PFHpA 953+ 0.1 1026 £0.1 987 £0.1 1145 £ 0.3 945 * 05 105.0=* 04 98.2+0.1 99.8+0.2 95.3+0.3
PFOA 955 + 0.1 101.7 £ 0.2 994 £ 0.1 106.6 £ 0.6 93.3 £ 0.3 103.0 £ 0.2 100.6+0.1 97.9£0.2 94.9%+0.2
PFNA 928 £ 0.2 93.8 04 108.0 0.1 832+ 0.1 843 *02 942 =03 93.2%0.1 95.1£0.2 86.1+0.3
PFDA 100.2 £ 0.1 101.0 £ 0.2 97.7 £ 0.2 995+ 0.2 911 * 0.1 1020 *0.3 102.3+0.1 99.3£0.2 85.7+0.1
PFUdA 994 + 0.1 99.7 £ 0.1 1010 =04 1124 £ 0.1 1015+ 02 97.8=* 0.3 99.7+0.1 94.1+0.2 96.1+0.2
PFBS 96.5+ 0.1 100.3 £ 0.1 1015 * 0.4 94.0 £ 0.1 91.7 £ 0.1 96.2 £ 0.4 97.3+0.1 83.7+0.3 89.7+0.3
PFPeS 1005 £ 0.2 984 £ 0.1 98.1 £0.2 99.3 £ 0.1 93.7*01 987 *0.5 955+0.1 99.5£0.2 88.6+0.3
PFHxS 947 £ 01 975+ 02 96.2 0.2 89.3 0.2 909 *02 858=*0.1 93.0+0.2 88.8£0.2 94.6+0.3
PFHpS 98.7 £ 0.2 102.8 £ 0.1 102.0 = 0.5 1044 £ 0.1 98.8 £0.1 95.9 £ 0.3 92.9+0.1 93.3+0.2 97.8+0.2
PFOS 100.1 £ 0.1 99.6 £ 0.1 999 £ 0.1 100.0 £ 0.1 995 £ 0.1 97.7 £ 0.5 97.4+0.1 100.2£0.1 93.3+0.3
PFNS 93.1 = 0.1 98.8 £ 0.1 105.0 £ 0.3 107.1 £ 0.1 1146 £ 0.1 1011 * 0.4 97.4+0.1 98.1+0.1 99.1+0.2
PFDS 98.6 = 0.1 98,5+ 0.2 100.6 £ 0.2 1105+ 0.2 1119+ 0.1 99.0 £ 0.6 97.2+0.1 99.2+0.4 98.8+0.2
ADONA 98.9 £ 0.1 100.9 £ 0.1 100.7 = 0.1 90.7 £ 0.1 81.7 £ 0.2 943 £ 0.4 100.2+£0.1 102.3£0.3 96.3+0.3
F-53B 98.1 £ 0.1 105.1 £ 0.1 106.7 = 0.1 100.7 £ 0.1 1035 £ 0.2 97.9 £ 0.3 100.0+£0.1 100.3£0.1 98.1+0.2
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Presep PFC-II (60 mag/3 mL. EX 74 JL LS FEZErT &)

AT 4= FERN=R)L 5mL
l 1%XEEH 7b=F)JLIZK 5mL

HoFYLs  1%FBEE 7ML (35 mL)
100 ng/mL I.S. ;E& A& 50 uL

o*xki FEr=KJJLIZK  5mL
304 Fz 4%

A 1% PUEZYLER 7EF=MJJIL 5mL

EESE (o - BB (A4/—)LIK=50/50 500 pL)
EETER{E 5~25ng/L

X 1. @EbKEXNRETHRILE O v ha—L

EETBER{E 0.1ng/g

BREAGI)
MeOH 20 mL
7|<=15~>’1-47<

BE5E;2 &5 (1,000 rpm, 15 min)

MeOH 10 mLI:
& 104> B (12,000 rpm, 20 min, 4°C)

}af—)bm&iﬁziﬁﬁ(a mL)

10¢m LART v (EFEEARER) = H &

[ aAVTFaa=oyg A2/—)L 5mL, BFEEEER 5mL
v 74)L53—(0.22 um)
Oasis WAX ﬁ>71{>7 W% 10 mL

(6 cc/120 mg " I
Waters#t &) #H&E  EFEABE®SmL K 5mL

| 30% 1%
BHE 0.1% FUEZTFEFAZ/—IL5mL

|
BEEE GRDEMSE — BBM# (A9/—)L/7K=50/50 500 pL)
B2 ®mEXREETLHANEO T e ha—L
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Perfluorobutyrate (PFBA)

F T OF
R OFC F
F OH
FF oL
F 0

Perfluoro-2-propoxypropionate (GenX)

[X] 3. PFBA & TX GenX Db =

2.8 PFPeA 2.9 PFBS 8.3 ADONA
100 a) miz 263219 %0 h) miz209.80 %0 0) miz 377251
8 5.34e% 8 5.49¢3 8 6.76e3
0 110.0 20.0 0 1100 20.0 0 100 20.0
Retention time/min Retention time/min Retention time/min
4.4 PFHXA . 4.6 PFPeS 120 F-538
100 b) miz313260 100 I) miz3a980 100 p) m/z 531351
3.90¢ B3 3.13¢ 8 3.11e
o 10.0 20.0 o 10.0 20.0 o 00 20.0
Retention time/min Retention time/min Retention time/min
75 PFHpA H PFHxS 100 45 13C5 PFHXA
1001 C) mzasaaie  197]) 7.0 7.8 miz 39980 a) miz 318273
& 5.14¢ &1 branched PFHXS - linear PFHxS 1.27¢ B 1.02¢
.
0 10.0 20.0 0 10.0 200 O 10.0 20.0
Retention time/min Retention time/min Retention time/min
10.3 PFOA 104 PFHPS 100 78 13C, PFHXS
100, d) mza1zase 1007 K) iz 44980 r miz 40280
& 1.13e* K3 6.2163 & 2.25¢%
o 110.0 20.0 0 100 20.0 o Lo 20.0
Retention time/min Retention time/min Retention time/min
PFNA PFOS 103 13C; PFOA
w03 e 1.2 5 mizas3a19 1007 1.5 w03 g miz 421376
o iDPENA PFNA . inoar pEOg M2 49980 - 5
B PPERA Il 1.05e 8 branched PFOS ne 4.70e? B 1.50e
S
o 100 20.0 0 100 20.0 o 10.0 20.0
Retention time/min Retention time/min Retention time/min
12.2 PFDA PFNS 100 1.5 13C, PFOS
1004 ) mzsiaae0 1207 M) 120 miz 54980 t) m/z 50780
L 9.446% 8 ipPENS 7.80e3 ES 1.50e*
0 100 200 © 10.0 200 © 10.0 20.0
Retention time/min Retention time/min Retention time/min
127 PFUdA 127 PFDS 127 13C, PFUJA
100 g) mizseaoste 0 n) miz509.80 %0 U) miz 570525
8.166% & 9.06e3 8 3.04e*
0 100 20.0 o /10.0 20.0 o 110.0 20.0
Retention time/min Retention time/min Retention time/min

Concentration level: 140 ng/L of sample (bottled water)

X 4. MRM 7 =~ 27T I (FOBDKIZ X 2 BRINEI 52ER)

a) PFPeA in m/z 263>219 b) PFHxA in m/z 313>269 c) PFHpA in m/z 363>319

d) PFOA in m/z 413>369 e) PFNA in m/z 463>419 f) PFDA in m/z 513>469
g) PFUdA in m/z 563>519 h) PFBS in m/z 299>80 i) PFPeS in m/z 349>80

j) PFHxS in m/z 399>80 k) PFHpS in m/z 449>80 1) PFOS in m/z 499>80
m) PENS in m/z 549>80 n) PFDS in m/z 599>80 o) ADONA in m/z 377>251
p) F-53B in m/z 531>351

q) "“C;—PFHxA stable isotope internal standard in m/z 318>273
r) “C,-PFHxS stable isotope internal standard in m/z 402>273
s) "CsPFOA stable isotope internal standard in m/z 421>376
t) C4y—PFOA stable isotope internal standard in m/z 507>80

u) C,~PFUdA stable isotope internal standard in m/z 570>525
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X 7. GenX D~ AART KL
ESI-Negative mode

(a) MS spectrum of GenX from m/z 100 to 500

(b) MS/MS spectrum (m/z 329) of GenX from m/z 100 to 400

(¢c) MS/MS spectrum (m/z 285) of GenX from m/z 100 to 400
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[—————>Injector

Pump

X 6. GL VA = 2ftdl Delay Column for PFAS
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PFBA standard: 1 ng/mL

PFHXxA standard: 1 ng/mL

a Experimental background

Instrumental background

1 Instrumental background

PFNA standard: 1 ng/mL

Experimental background

Instrumental background

X 7. EERF, BIQBEEOMEENY 7 77 ROMM 7 v~ K77 A
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PFHE)A standard:
1 ng/mL

( Experimental background

Instrumental background




