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Abstract

The main objectives of this study were to investigate 1) the occurrence of polyfluoroalkyl phosphate esters (PAPs)
in cosmetics and 2) the behavior of PAPs in wastewater treatment plants (WWTPs) and 3) to estimate of the inflow
load contributed by cosmetics. Cosmetic samples (n =23) were purchased in Japan and other countries, and field
surveys in WWTPs (n =5) were conducted in August 2016. The total concentration of three types of diPAPs
(6:2diPAP, 6:2/8:2diPAP, 8:2diPAP) detected in cosmetics were in the range of 1,030 to 58,500,000 ng g-wet".
Fourteen diPAPs were detected in cosmetic samples by liquid chromatography mass spectrometry (LC-MS/MS). The
concentrations of the three diPAPs were 479 ng L in primary sedimentation tank sludge, 123 ng L in biological
reaction tank effluent, and 269 ng L in return sludge. The total mass of the three diPAPs decreased in the biological
reaction tank. The inflow load contributed by cosmetics was estimated from information on amount to use and
population. The inflow load of £3 diPAPs ranged from 67 to 1,180 mg day™, which contributed 144+2% of the total
load. The findings reported in this study suggested that special attention should be paid to the above kinds of new
emerging pollutants.
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Fig. 1 Chemical structure of PAPs and PFCAs.
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Fig. 2 Research scope of this study.
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Fig. 3 Chemical structure of cosmetics ingredients.

Table 1 Information of wastewater treatment plants.

Wastewater treatment plan’

X prefectual sewerage management

Y municipal sewerage system

A B © D E
Collected area (ha) 16,900 2,440 9,130 2,140 1,470
Treatment Capacity
5 243,000 16,400 121,000 52,500 88,400
(m day )

Treatment process

Sewer system

Nitrified Liquor recycle Single-Sludge
Nitrification/Denitrification Prosess
Separate sewer system

Activated sludge Prosess

Separate sewer systema)

a) A part of combined sewer system
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L, A%/ —=nTY Y ALTHhLMH L. RiLETH
W2 REIE T RTHEMB T, 2 ¥/ — VI LC-MS H
W7z,
(1) ALAE SR

ALHE Sl 3R O BV 5 B A BE R O T Y 1SRt W,
—HE R L TIF o720 KALBEEZ 100 mgFPEL, 15
mLARY) 7oLy (PP) #oOELEICHAL, 25/
— V10 mL iz T, 3WEMHIRE 59 287 (EYELA).
B 2L L7z L MK, Wil 1 mL 2500 15 mL
WL IR L, 9T %A% 10 mg & L7z, FA
N @ ik 4 12 0.5 M Tetrabutylammonium hydrogen
sulfate KEE{LF bV &7 ZKEHZ VT, pH % 10 12
AL 72), 025 M REES b U 7 AR % 4 1 mL R
ML 726 Metyl tert-buthyl ether (MTBE) % 3 mL /il
ATtk EOEERRIC 3,000 rpm T 5 B2 2 KIC
#) 3 mL @ 1A MTBE Jé % Bl O b8 1250 L, [
BAIEZ#R DR LAT o720 7 BLL 7286 mL & MTBE (2%
FTNXN=TUr L, HEHLZWEHIIIRAFY =)V % 3 mLik
MU7z0 F#EEL 3H# YKL, MTBE 2°5 5 mL @ X
Z )= VICEH Lz, 7= T7y 7L LT02um ¥
)Y 7407 — (Agilent) TH# L, ENVI-Carb™
(250 mg, Supelco) (2K L, HwMAEMIZ5 mLICHERL
W e Lz,
(2) TFKER

TEAIK, AT K, BBt A 5 A Ak
HeAM (Whatman © R 725 1 um), SOILEIGR,
AW BSOS TR, AR5 R O A & T T AT
REARL & ISR 3T, et ik, ROk &
BRI DA L L7z,

EAFEAR ORI LEICEI L C, 0.1%NH,0H % &1 £
% =10 mL, A% /7 —)10 mL, Milli-Q /X 20 mL T
FLarvF 4 vazZ vk L7z Oasis*WAX (Waters)
A—bY)vITarkryrlb—%— (Waters) IZi%iE L,
wAARERE 50 mL) 5 mL mint TH— 1) v VIl
RERTz mOTEIRRE VTR E72%, A5 /) —
V1 mL, 0.1%NH,OH % &t 2%/ — 1 mL OMIZH
WU 7z, ALBERRF ERBED 2 ) — > 7 v TR ATV, &
FX—=TT1 mL F Tl LI e L7z, R EHT
HAEHZIEFE (EYELA) THZE:S 72, 15 mL @ ki
W (51 1 05 g-dry) ER5mLOAY ) — )z
AL, 300 MIRE 9 372, Lo HERIC 3,000 rpm T
S5 HIMNT 28812, Rk 2 ) =T v T HAT572, [
PR L2 MM D R U728, @#F /=Y T1lmLET
A LB & L7z
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TV, LCIZ1200SL (Agilent), MS/MS 26410 Triple
Quadruple (Agilent) % vy, 25 X BEHRIZHE -
729, R REREE I X Y 1T, 0.05-10 ng mL™
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@ R2iEix 0995 BLE T o 720 diPAPs DARZEE D547
MBI TR (IDL), B2 FHRME QL) %
Table 217873, EmAGR LD, BEINEFEEEEL TPAPs
& PFCs i g% k72 IDL T OMEIE 1/2 IDL &
L, IDL PLE2 IQL LFofix 1/2 IQL & L CTHM
L7

3 WRBLIVEE

3.1 PAPs # & UF PFCs ®EIITE

1LBE B MPECs BUE#RIE 79~82% TH 1, ZH)
HUE 14~29% Tdh - 72 diPAPs ORI 23~26%
THY, ZEMREIL8~15% & RN EZZEL TV T
AKAED MPFCs O RN IL 63~113% TH 1, ZE)HR
BB A ED MPFDA (31%), MPFOS (34%) % Bw»
T 20% K TdH > 720 HEH D PFCs ORILEEH P TD
diPAPs 5#7 & ikr 72728, diPAPs O RIHRIZIEAEREAS
9~19%, BWIEDN21~37%TH Y, ZLERED 9~59%
EMEIZ X 5 TRE L o720 BEAIEICBWTD,
TP OFH R (BRERE) (2B 5 6:2diPAP, 6:2/
8:2diPAP, 8:2diPAP @ EII# 1L 23~60% TH 0, ZH
P8 22~43% TH o 7o L L TWw A0, FAREE®
diPAPs DT HEIZOWTIIE 2 2REDVLETH 5
A%, AWFZETld PFCs & [6] Uik H @ diPAPs D& A &=
ICOWTEEL DL EICER L2720, AENEE
WHL, DBEomEziEor-,

3.2 {bESE D PAPs DIF7EERE

ALPEAE R @ 6:2diPAP, 6:2/8:2diPAP, 8:2diPAP O &
£ =% Fig. 4 12783 X3 diPAPs 1Z 1,030~58,500,000
ng g-wet! TH Y, FYLfEAT 416,000 ng g-wet! TH o
oo 77 v T—vay, ALHETH, HEETIEDHOEH
=X, 6:2diPAPs¥780~12,000,000 ng g-wet™, 6:2/8:2
diPAPs %% 226~39,900,000 ng g-wet™, 8:2diPAPs %% 19
~6,590,000 ng g-wet!' THY, ¥=F 27 LKL TH
GHERETH -7, MBI LT, Zabaleta, L et. al., |2
X5 EMTEMDDS 6:2diPAP 23K H FERMELLT

Table 2 Analyzing conditions of diPAPs by LC-MS/MS.

MW Precursor ion Product ion  Coliision Energy IDL® IQL®

(mz) (mV) (ngmL’")  (ngmL™)
6:2diPAP 790 789 15 0.03 0.09
6:2/8:2diPAP 890 889 25 0.02 0.05
8:2diPAP 990 989 25 0.02 0.06

a) IDL :Instrument detection limit, b) /QL :Instrument quantification limit
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(N.D.) ~17 ng g, 8:2diPAP S N.D. ~2 ng g, &>
TaA— Ny Z b 8:2diPAP 2512 ng g THRITE AW,
AWFFEIZ BT LR O diPAPs 3B SHETH - 720

— 215 PFCs:Maxmum:8,170 ng g-wet'! 6),20)
verage:2,240 ng g—wet"]
Median:1,150 ng g-wet'!
Ty . ' Liquid
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Concentration of X3 diPAPs in cosmetics (ngg-wet-)
X diP APs:6:2diP AP, 6:2/8:2diPAP, 8:2diPAP

Cosmetics were made in JPN: Japan, THA: Thailand,
IDN: Indonesia, FRA: France

Fig. 4 Total Concentration of three kinds of diPAPs in

1LBE S H O PECs D& A 813 Y 15 PFCs 28 417~8.170
ng g-wet!' THh o720 TOWRE L T PFHxA 7% 39~
2,170 ng g-wet!, PFOA %76~1,960 ng g-wet”, PFOS
H34~28 ng g-wet”! Th-o72 (AARREOBIZEH LTI,
BEH® % 51H)o Fujii et. al., 12X % & PAPs THIfi
WUBR L 7z BB (PAPs @ 5 BR: 95 (Wt %)) o
PFCAs (C6-14) o&AEX, 2,500~35,000 ng g' TH
D' PAPs 3 PFCA & L CHEA & TH % @)
RENTz.
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LC, 31D diPAPs 34T B TR TRRAESL 1
TH O KETITEERBITHAEEL TV S REEDVURIE X
N7z,

TFKAESG OB T AN BT 5 3D diPAPs O
JE% Fig. 5127”89 o X3 diPAPs ORI, #AKDT32
+8 ng L7, ix W)L B 15 e 2% 479+ 361 ng L™, 35 #0 i Bt
Ui K A 3724 ng L7, A KOS A8 o 1 2% 12331
ng L7, &bt Ak A35+1 ng L7, &% 75 A 269 +
12 ng LY, Wit k»5+0 ng L TH o720 A~ DALY
2BV T 3FHD diPAPs IZT5RHIC B EEICAFAE L T
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B WWTP
700
600
500
400
A WWTP C WWTP D WWTP EWWTP
300
A~
25 200
?é :]D 100
QE
=7y DLHHHL:IDLM.ID_I__JLJI_J_
N 300
<2 200
=) —
& 2 100 I
% 0 - —E0 I— == B[ I—

300
200
100

6:2diPAP
(ng L'

3

1234567

= 0]

1234567

.=_=_-_=_—J_—_
1234567

_ N _m |

1234567

.=_=_-_D_—j_—_
1234567

1. Influent, 2. Primary sedimentation tank effluent, 3. Primaly sedimentation tank sludge
4. Biological reaction tank effluent, 5. Final sedimentation tank effluent, 6. Retumn sludge, 7. Effluent

Fig. 5 Concentrations of 3 diPAPs (6:2diPAP, 6:2/8:2diPAP, 8:2diPAP) in wastewater treatment plants.
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LI L TIRWEIM Z R L, ARSI X B 0TS
N7z. Loi et. al., 1%, Hong Kong \Zf/ &9 5 T /KWL
(n =4) 2B} 5 X3 diPAPs O 35 A KD 7~12
ng LY AN 1~7Tng LT EMELTEB VY, HED
WFZefs R e Mla—E LTz, T7215RP o £ 3 diPAPs
DU IRER Y720 O R0 EH D 62=20
ng g-dry?, K% TGIRH 448 ng g-dry™, EW RS
HKA41+£12 ng g-dry! TH o720 TZFOHNRE L
TR E 1L 6:2diPAPs 28 13 ng g-dry™, 6:2/8:2
diPAPs %26 ng g-dry™, 8:2diPAPs %32 ng g-dry' T
B o770 B RICAE T KL 6:2diPAPs 2°12 ng g-dry™,
6:2/8:2diPAPs 7% 18 ng g-dry’, 8:2diPAPs 7% 18
ng g-dry! T 72, Hong Kong |2 & § % T AKULELY;
DIEPRHNZ 122 +42 ng g-dry ", Ontario IZ.E S 5T
TRALERYS D75 HIZ 30 ng g-dry Y THEIEL Tz &
WESN TS,

TAREOER LA 7 v FibaWHET O 3FO
diPAPs O fF1EEI A % Table 3128 T o AKDI 256
%, AL KA 20 £7%, IR TEJEAT 66 £ 20
%, AW SOSHEGEH KDY 45£5%, AL KA T =
1%, LG RAS7E8%, WMmAKA5£1% TH - 72,
diPAPs 1275812 PFCs & LKL T, ®mWEIE THAE
T AHWHEMEDRIE S L7z,

TOKMBLTARNC BUY 5 diPAPs OiEE L iiE 2 U
THEMEZHINL, SR YWEOEH IR L . =3
diPAPs IZB LT, WAKDOFA M &#1E 375~8,840 mg day™
THY, wALEICBT) 5~ AT v 23— L,
AT I 43~98% T o 720 LW RISHIC BT
% diPAPs @ B30, A LB & B < 4 LB C
6:2diPAP 2% 4~48%. 6:2/8:2diPAP 2% 5~63%. 8:2
diPAP 734~49%TdH 1), EWIIAE T diPAPs 235
T B REMEATURIE S N7z IS TR I it O FU A i 1 60
~1,860 mg day™ » 0, Mtk E L TEEPAPEH S

FUHRAICER T 2 GMAVRIE Sz, D AHESICH
T % 8:2diPAP & PFOA O Efif i D% % Fig. 6 \2/R
Fo WS MR %123V C, 8:2diPAP 7% 2.780 mg
day™ 75 2,656 mg day’', PFOA %707 mg day™ »* 5
751 mg day! & o 7ze TR KB OHRE 72
iR X 1, 8:2diPAP 25 @ PFOA DA
HEANTBYY, FUHEOEYUHE TRICEWT
8:2diPAP 75 PFOA OO R FH I 7z,

3.4 PAPsEEMEBEODRV)—=27

TAREREE R ICEEM @ PAPs 20 5 F 4 L 72 MRM
(multiple reaction monitoring) §f4:(2 & % 28 Ffo> diPAPs
(n:2/m:2diPAP, n=4, 6, 8, 10, 12, 14, 16, m=4, 6, 8, 10,
12,14,16) DA Z ) ==Y F5Mi & T o 72e A RELO
WGP 5O L7z diPAPs ® 7 1~ b 75 A % Fig.
71R%, 9ffo diPAPs (6:2diPAP, 6:2/8:2diPAP, 8:2
diPAP 20 2, 6:2/10:2diPAP, 6:2/12:2diPAP, 8:2/
10:2diPAP, 6:2/14:2diPAP, 8:2/12:2diPAP, 10:2diPAP)
EFRENDLE—= 27 2R LTz RO TED
diPAPs O RFFERIAT—F L T2 2 &h b, BT s
N72¥— 2713 diPAPs TH AW HEM DB WEEZ BN,
¥ 72 D’enon et. al, 1%, 5Hi® diPAPs (6:2diPAP, 6:2/
8:2diPAP, 8:2diPAP, 8:2/10:2diPAP, 10:2diPAP) A%
iz el LY, RFFETIEH721C 40 diPAPs %
ML 72,

LM EURL 2 WA L RE & AR D 50T 2 4T - 7255 1R,
6:2diPAP, 6:2/8:2diPAP, 8:2diPAP 2N z, 14 fi &
diPAPs (4:2/6:2diPAP, 4:2/8:2diPAP, 4:2/10:2
diPAP, 4:2/12:2diPAP, 6:2/10:2diPAP, 4:2/14:2
diPAP, 6:2/12:2diPAP, 8:2/10:2diPAP, 6:2/14:2
diPAP, 8:2/12:2diPAP, 10:2diPAP, 6:2/16:2diPAP,
8:2/14:2diPAP, 10:2/12:2diPAP) L FHEN b ¥ — 7~
EH7HERE L 720 ALRES (2 =23) W 28 Flid diPAPs
DS/ N (¥ FTFN/ 74 X) 8B LLHEE FIC

Table 3 The contribution ratio of diPAPs in measurable perflurorinated compounds.

Biological Final
reaction sedimentation Return sludge Effluent
tank effluent tank effluent

Primary Primary
(%) Influent  sedimentation sedimentation
tank effluent  tank sludge
This
study® 25+6 2047 6620
Loiet. al.,
2013)® 4049 - 95+2

4545 7£1 57+8 5+1

- - - 23423

(a) > 3diPAPs/( 15PFCs+>3diPAPs)  (b)> 3diPAPs/(> 9PFCs+> 3diPAPs)

(a): 8:2diPAP
Inf. Eff.
952 373 2,656 72
—>| Primary Biological Final
sedimentation reaction sedimentation
2,427
40 | 37| 2,430
Return sludge
Sludge
treatment

Fig. 6 The flow loads of (a): 8:2diPAP and (b):
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: PFOA
Inf. ®) Eff.
348 370 751 486
Primary Biological Final N
sedimentation| '% reaction sedimentation
337
32 0.5 T 337
Return sludge
Sludge .
treatment Unit: mg day-!
PFOA during wastewater treatment processes.
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4:2/6:2diPAP, 4:2/8:2diPAP, 6:2diPAP,
4:2/10:2diPAP, 6:2/8:2diPAP, 4:2/12:2diPAP,
6:2/10:2diPAP, 8:2diPAP, 4:2/14:2diPAP,
6:2/12:2diPAP, 8:2/10:2diPAP, 6:2/14:2diPAP,
8:2/12:2diPAP, 10:2diPAP, 6:2/16:2diPAP,
8:2/14:2diPAP, 10:2/12:2diPAP & PR Eh B ¥ — 2
(S/N>3) R L7720 ZDOHTDH 6:2diPAP, 6:2/8:2
diPAP, 6:2/10:2diPAP, 8:2diPAP, 8:2/10:2diPAP ®
S/NIZ10LETHY 23 WEF 2085, [7rv4o

(C9-15) 7ua—nY vl [7vto (C818) 7
T—Y) YR, [8—7 0t uTFuy) JEEDEA] @
(LRES R D ERALFWETH D 2 LATRIE S Tz,
3.5 {tHEBEROTKAAEREDHT

AR AE B & OV F KALEE A 2 & AL & FH R o
diPAPs O FRA BT E 2R Lz REFEFEED [
Al - ALRES S (RS EEAD) (RAHE R 12X 5 L,
fLbEd, EIEMOBE PO E IS E LTS
NHHOTHY, FEIFHNTOHERIILRWEEZ SR,
FITHFOW BB CREPICHIHN T2 &£ LTw5Y,
{LRESHIC B 2 KA OPEERIZ 100% & S h, B8

S AT (N) ELTwa2n, ARFICBWTS Tk
789 > 443 A 6:2diPAP BT % b &S A SR OHEE 24T 5 720
0 - ARLELESZ B B LR S KO £ 3 diPAPs O A
LY B ORI A7 % E % Table 41273, X Ho AL
889 > 443 k 6:2/82diPAP 121,419,000 AT ) (2017 48), Z DNLPEA 716,240
0 - AT ), ALHES % M 240 2 AU S5 15~64 5%
L= _ CEFEERI L) 75422,830 ACdy o720 v =% 2 7 %L
L A 6:2/10:2diPAP SERBLT, —RHOMBRISVETFHENLT 7 >
0 F—y 3 v LA FROSRE 2, 77 Y F— Y 3
& _ v AT RO —HOMIAEY 01 g™ XL, 77
N B ﬂ 82dIPAP F—va v b LML P g i, A,
§ 10 15;!;*{5 krﬂiil,f:o(diPAP)s %é‘ﬁk??&égff%ﬁ
= . msriE [7v4a (C9-15) 7iva—iv) Yl [7
E 1089 > 443 ‘A SRACZIE VAo (C8-18) T a—LY Vgl [/S—7rtu7
< 0 soca )\ VELY VEEDEA] & Uiz, Lo 3HOUHE GRS &
150 _ G (LB I3 698 Bihd VP, 33 diPAPs D& A HI
N R '\ SIS 0.06% (Ffi) Tah-7z0 33 TRLAEH 1, AL
H1d ¥ 3 diPAPs 1Z 1,030~58,500,000 ng g-wet! &1E5H
40 _ DEFRE VD, Ll A TEE L7, A LELY
. 189 = 443 (-2/142diPAP 2B 5 WAL T 795,000 AT ), X B4k 56%
- - e %572, Table 4 ® Equation (1) ZHWTHH L7
e P P L 113% T3 diPAPs O A SR O A1 1,180
0 : : mg day!' TH o720 8:2diPAP O I3FE DTN 112
" - = HUETH DY, 6:2diPAP OBEXIGIEH DL S %
. s HEE S TBYY, LR 5 TFK
| 102diPAP R 2 COPMIEEIRL 0 & Lo A LIBO T3
A . — 8_ = ‘10 diPAPs Ot A B OFERMEIL 8,770 mg day TH 1,
Table 4 ® Equation (2) % i\ CHH L 72bHE SR
Retention time (min.) D X3 diPAPs Ot AR 1L 134% TH D, B~ERL
Fig. 7 Chromatograms of 9 diPAP in sludge sample. B ClE 10.6~15.9% TH - 725
Table 4 Estimation of the inflow load of diPAPs contributed by cosmetics.
Symbol Contents Value  Units Refelences
P The number of women (15-64 years old) in X pref. 443,000 Person X Pref. HP (2017)
A Amount foundation used per day 0.1 gday™! LEBIESIL,
Fopaps The ratio of foundation which were contaied PAPs in all of foundation 9 % Cosmetic.info.jp 20)
C34ipaps The total Concentration of 3 diPAPs in foundation (median) 0.06 % M easured value
P awwp The population ratio of A WWTP in X pref. 50.7 % X Pref. HP(2016)
LC 35paps Estimation of the inflow load of 3 diPAPs contributed by cosmetics (A WWTP) 1,180 mgday” Calculated value
LW s4ipaps Measured the inflow load of 3 diPAPs (A WWTP) 8,770 mgday Measured value
L 34ipaps The ratio of inflow load of 3 diPAPs contributed by cosmetics (A WWTP) 134 % Calculated value
LC3aipars=P X 4 X (I'paprs/100) X (C3dipars/100) X (Pa wwrp/100) X 103 Equation (1)
Lidipaps=(LCsdgipaps/L Wadipaps) X 100 Equation (2)
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bBE RO Ry 70 a7 F V) VBT AT VO FAWBEC BT 2285 X O ABM RO

FRL e RO T T A LB IC BT B ALRE S o
PFOA, PFHxA Ot AAMEDIHEE Z 1T 5 720 B
w2 XY, PFOA &t & g S B bl s ko iE Eid
D3OI Z, [78=7nvF+na (C4-14) = bF¥
VAFar] (Fig.3) £ L7, Lo 4fos% &t
1bHE I 794 B B 02, PFOA O 4 %1% 0.00005%
(FpULfi) THo7z (—F, BEHY oz 51 H). 1bhEm
H13kD PFOA Ot AATTEOHEEIZ 1.2 mg day' ThH
D, AMLFLY; o PFOA @it A B A& o J2 Ml 1% 3,070
mg day! TH o720 LLEX 0, AbkESiHEo PFOA @
WABAMHIL0.04%TH ), B~ EMBYETIZ0.03~0.07
% Tdh o770 72 PFHxA I LT, BEOEMED 25,
PFHxA % &t & fHE S A bMEM RS Lito 4 o
Bz, [2X=72rvrar27F V)b F3 V5
v ] (Fig. 3) & L7, BSOS % & bk
1,243 853 TH D *, PFHxA O&H %I 0.00006% (rho
fii) THotz (—i8, R oizs1H) 1Lk Stsko
PFHxA Ot A EOHEEMIL 2.2 mg day ' TH Y, A
WLEL Y o PFHxA @ i A B A & o 92 3 4l 1 11,400
mg day! TH o720 XD, fLHEmEko PFHxA O
TABMEIZ0.02% TH Y, B~ EMFHTIX0.02~0.04
% Tdo7zo ALMENHED PFCAs O IEIER 2 AT
Lo, TRKLHEFEIZBWT PAPs 2*5 PFCAs
DEEBFHEIND 120, LRSI AERN % PFCAs 15
BeDFEROOED L 7 BRI R E 7z,

4. #E:G

AfFgeTix, fLhEmEkRORY 7 vFa T ey v
BT A5 VE (PAPs) O FAMEENC B 5558 % {8
THEEHII, FoOMAAMBEOMHEE EHIEL, H
BrFER LTz LNIZ, ERMRAERT,

1) EWNALO LS (23 #4h) H1 X3 diPAPs OREH
1%, 1,030~58,500,000 ng g-wet! TH o 726 T D
W ER 1, 6:2diPAPs 2% 780~12,000,000 ng g-wet™,
6:2/8:2diPAPs %% 226~39,900,000 ng g-wet’,
8:2diPAPs %% 19~6,590,000 ng g-wet? T & D,
PFCAs L IR L CHREHETH o720 F/27 70T
—Ya v, ALMTH, HEFEDIZBWTEEART
B B HMATR E N7z

2) TFARME (5 7)) 12BIF 5 T3 diPAPs D,
ALETGRAS479 ng LY, 3R %15 RAY269 ng L, 4=
YOS KA 123 ng L TH D, HIRPISE IR
JECHIEL TWizo AKD X3 diPAPs D& &
375~8,840 mg day' TH 1), MHBREIIBWTHR
ANOEROWREEDSS TSN, ZoAMEIIAEY RS
TR TWAMEIAITH - 720

3) LC-MS/MS % Ji\v»C PAPs B E# DO R 7 ) —=
TG EAT TR R, FIHERT»S 6O
diPAPs, {LPEah22 5 14 flid diPAPs & FREEN L Y
— 7 DR S Tz

4) AbhE S H kD T3 diPAPs O A& 1% 67~1,178
mg day!' TH Y, TOWRAAMFIIEARD 14+2%%
5o, HYFEE L THETERWEIETH o720 —
77, AbhES kD PFOA, PFHxA O E#BN AR
ML 0.03~0.07% TH - 7228, EWILHETHICLD
PAPs 75 PFCAs 4K 3 A2 W HeENDH 5720, 1L
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MEMANEIEN 72 PECAs OERIETH H Z EAREN
720
SHBOEE LT, i o PAPs 22 5 O A
K% &7 PFCAs DA = B2 MICEHE L, FAULEE
TRENOEGTFMEIT) Z EMEEIN D,

B
AWFFECld, [BRIEMIIEREHEER (5-1653) | DB
BEU TEEM - wIIKEREEE KRB
OPEEZTE Lo AFREREBEREN L v & — B
FRK, BB CK, 7YV Ty ouY—HAE
HAEAMBRZ IO E LEREE O D) 4 D%
WA %2EL, CZREHoEERLET,
(FEfasft 201746 H 1 H)
(EifazB 20174E 11 H 21 H)
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AWFZETIE D) ALHERICBITA2EY 7+ a7ivF ) VBT X7V (PAPs) OFTEEEOINR, 2) T
TRALERZ 3507 5 PAPs OZEoMiEr, 3) {bbihHD PAPs O AR RO EY HIVE L7z ERSLD
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