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TDI (B E1) (1 ¢/kg K E/H) 0.3 0.15 0.08
HH i COT (2006) EFSA (2008) US EPA (2009)

COT(2006) : COT statement on the tolerable daily intake for perfluorooctanoic acid. (COT statement 2006/10).
(http://cot.food.gov.uk/cotstatements/cotstatementsyrs/cotstatements2006/ cotstatementpfoa200610)

EFSA (2008) : Perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA) and their salts. (Scientific opinion of
the Panel on Contamininants in the Food Chain. 2008)
(http://www.efsa.europa.eu/EFSA/efsa_locale—1178620753812_1211902012410.htm)

US EPA (2009) : Provisional health advisories for perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS).
(http://www.epa.gov/waterscience/criteria/drinking/pha—PFOA_PFOS.pdf)
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0.00021| 0.00026 0.000082| 0.00035| 7.2.E-063/3 ZHEL | 2005]10)
JEE(AIEH KR
K- 1K) TR,
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VR T2 TR AN L1 TN AR AL 0.5 1 g/L
KNI 5 TR AN X AT TEI B AR FE 5.0 1 g/L

BB AR HEE: 0.3 ug/L 4B

> € TDI % 0.3 u g/kg/day &L C, /K 10kg D1t (1 5%) 2348 H
IL DREH . FEK NS D% 5% 10048 LR H

BRI BRI R A BN D& 1.0 u g/L 8
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K (7E) :0.0122 1 g/L

K GATJ1) :0.006 1 g/L
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% 3-2 PFOS & A BEIEM OS5 RALVER I PN UAPE K SO D H %2
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IREED
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HEK

2pg/L

S

3mg/kg

PEAKIZRE 9 28EH B EEORRFHI S 7=~ T, PFOS XUIZ DA & e dE /K DAL
MEEX D OHE S AV ALK A3 HL T K IR B L, ZHA BT 5 I LA 2
HERE LT,

TP — HEIEIZOW T, EEEICHSOIDRHIIE D 72003 BREEE OBREE
Y7 IR (L E OBREEV AV SN 6 &) ) CEAL 20 42 5 ANZIBWTHE
SNT-HR— A EE™ (ADL:0.3 u g/kg/day) s R A DOFCERK LU TH D
REEFREHIE DARILL 72 5 ME 75 M B (NOAEL=ADI:0.10 1 g/kg/day) % HL#k L €, &4
lTHB 0.10 u g/kg/day Z T, UL FORBEEZIT-T-,

R K i B 0 B %2 = ADI X (R E(50.0kg) X K ~DFREEHEL45(0.1) + — HEKE
(2L)

=0.10 u g/kg/day X 50. Okgx0.1+2 L

=0.25u g/L

=0.2 ng/L

TERLIZ, KEIGEN LRI T AP R ER OB 2 FIcE % AR E
10 2L C,

=0.2 2 g/LX10

=2pg/L

PSRBT 28k B EORFHI S 7--> T, PFOS XIIZ D4 & T S(BEAIFR
S 5 E HHEERIL, INEEEADNER T LUK E ~DO A BT Tk
INENDZ LTI D NDOREFER BB LT, PEKEEREC, FFA— BEINE0.10
g/kg/day & FHV T, THEER BRI HI S ~== 7 VOERR 20 42 1 H 17 BEREES
KKK ERBE R IR B R R B A HH )] [2B1T% POPs BEEIKOBRETE Hfg
FHEOFEITIEFICESX | FRSFIRELZRFE T LU TOLEY,

FRSHREE D HZ=ADI (0.10 u g/kg) X R H(50.0kg) X T HE~DFEHKALS3(0.1)+
(A ESEHE)— H R A B (108.6m)+ AR JE 14— H 338 Pz 12k & (463.8) X LI
#(0.1)}

=3.2mg/kg

=3mg/kg

BT A= DB ERIUILLFOEEY,

SRS H EEERE= (—H TEEREEH)Q00mg/H) X 6 (F)+—H
TEEE A B A)(100mg/ H) X 64 (7)) -+ A= JEAFE (70 4F)

AP — H LR RE R =R S AR 4 0 — H LR E(0.5mg/m?/ H) X
J T R (- f£)(2800 em?) X I K =R(0.6) X B4+ T it d 3R (- H)(7/7) X
6(4F) + RS A M — H e 8:(0.5mg/m?/ B ) X & S A)(5000 cm?)
X IR E(0.6) X BANC Uit 23O N A2/ 7) X 64052) + A JEFE(70 42)

RN PROS D ENDDOWNUT D 72N ESD M, IERIZBE T A1 RS0
TV ed | 22T, KEREE R THOWLILTWD T 74 L MEZE VN,

Hi#:U. S. EPA. RAGS. Part E. Supplemental Guidance for Dermal Risk Assessment. Interim Guidance. 200

Hill: PFOSE A BEFEM O B3 DR A R0 S0 IH (H22.9, BRELH KEUH EBEFED) - VA7 /L REHER)




3. 2 KRTOXBHDELZEELI-EEBHREDH

PFOSOARAN TO -3 1%, PFOSO EEHEEFR EIZREFR L TWDH, U AEMREIZ L > TEHLL
HIpo5 TS, ZORHI DL, U.S.EPAICE D ERHM (p1 L2 FR) Ofth, OECD (R85 14 /1 B %%
FEFE) <o b # BB T (Environmental Canada) TH, AEEEROFTENFNLL FTDOIAZFE LT
l/\éo

® OECD ® ik

VAN 7.5 H
H=I AP DI 200 H
AND I ST 8.67 4F (2.29 FE~21.3 4F  fEHE(R 72 6.12 4F)

Animal studies show that PFOS is well absorbed orally and distributes mainly in the
serum and the liver. No further metabolism is expected. Elimination from the body is
slow and occurs via the urine and feces. There are species differences in the elimination
half-life of PFOS. The half-life in serum is 7.5 days in adult rats and 200 days in
Cynomolgus monkeys. In humans, it appears to be quite longer. A recent halflife analysis
was conducted on 9 retired 3M chemical workers. PFOS samples were collected over 4
time periods spanning 180 days, measured in triplicate with all time points from each
subject analyzed in the same analytical run. The mean half-life for PFOS was 8.67 years
(range 2.29 — 21.3 years, SD = 6.12).

H # . HAZARD ASSESSMENT OF PERFLUOROOCTANE SULFONATE (PFOS) AND ITS SALTS
(OECD,2002)  http://www.oecd.org/datacecd/23/18/2382880.pdf

® TS ERELT DILHK

fa 15 H
Zvk 100 A
fi 200 H
N BT

Estimated PFOS BCFs (assumed steady—state conditions) of 1100 (carcass), 5400
(liver) and 4300 (blood) have been reported for juvenile rainbow trout; the 12-day
accumulation ratio was 690 (carcass), 3100 (blood), and 2900 (liver) (Martin et al.,
2003a). A laboratory study with bluegill sunfish gave a whole body BCF of 2796 (US EPA
OPPT AR226-1030a042). In addition to information on PFOS, the US Interagency
Testing Committee estimated BCFs for N-EtFOSEA and N-MeFOSEA using
structure—activity models to be 5543 and 26 000, respectively (Giesy and Kannan 2002).
In the study by Kannan et al., (2005a), a BCF of 1000 (whole-body) was calculated in
benthic invertebrates. Species differences for the elimination half-life of PFOS in biota
have been determined to vary significantly: 15 days (fish); 100 days (rats), 200 days
(monkeys) and years (humans) (OECD 2002a; Martin et al., 2003b).

Hi#fL : Perfluorooctane Sulfonate — Screening Assessment Report (777 % 8255 7)
http://www.ec.gc.ca/lcpe—cepa/default.asp?lang=En&n=98B1954A-1&offset=4&toc=show

PFOS O ILHEAEER EIZBWClE. EREEIRT T PFOS ORI D& \WVEZ BT AL H 5,
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http://www.oecd.org/dataoecd/23/18/2382880.pdf
http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=98B1954A-1&offset=4&toc=show

EARZIZ, eREEI D PROS P L0 S df% £ (Extrapolation Factor)Z % H L Eh#) 5EER C15
BT~ NOAEL e~ A2 R 5, 22 Tl USEPA OFEHZH L2, AMFRI R F %
FAWTZE E BN S E O E HFIEIZ DWW TORT,

USEPA IZE D @ B 5 E L, TR SEHEFE TS,

NOAEL X BW X RSC
UF X EF X WI
T,
NOAEL 75 §:(=0.03mg/kg/ day)
BW {KE(=10kg O 1-HEA4E7F)
RCS Tt %5 5-2=(20%)
UF AW FARE(M a4 F I A% 3 X AR 10=30)
EF PASTH e
Wl KO &(=1L/day)

Fo BT PRFOS ORIl (retention time) 23 5725728 | AN FARE DM R AL
ErDZYT 7 A CLIml/kg/day lb &0 E SN DIMTLEEZ ZEL T D, 200 CL OERITLLT
DEBVTHY, B A, B EEH TV OIFWE OP LR EZ R T & THD,

CL=Vd X Ke <o (1)

ZZ T,

V,[ml/kg] 434 28 (volume of distribution)™?
Kell/day] V423 E %X (elimination rate constant)

(L DM TIZEBRICEVESL, EhO VA ELTH LT LD VA(=198ml/kg) 24l i T& 52
EH D> T D(Olsen et all, 2007), -3 T = 0n(2)/ Ke THHZEEZBE T UL, CLIT FRLD
RHTE2,

CL = on(2)XVd/T
Lo T AMFREL BF 13, LT &R0 &S,
EF = CL(#/L)/CL(ER) = T(eR)/T(EH L) = 1971 days / 150 days = 13.14
LLEEY | PFOS O E 28RN S I TR D L BV ES LD,
(0.03X10kgx0.2) /(30 X 13 X 1)=0.2ug/L

WRSEA 0.77 1 g/ke/day ZFIHITHZLATES,

L h v a7 A Toxicodynamics., {6 2F)E DEER g ~D Bzt DEE & 72 506

T2 AR AR T AL A B DS IR R B LRI CHRFE TR L QOB LE LT L EIT S 8 2 1475
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3. 3 ANERERL-EEEREDH

KERI RV ZMZBNTIL, PFOS O/KBREE R T UEE L LT, #lsl [E A D HAE(E (site—specific
criteria: DL R, TILYEME &), VAR EL TV, [RN T, BoBb K I AR D i FE R $HE (0.3 1 g/L)
DO, 2D —EREX X LR — A DO KEIZHOWT, BLF ORI EH S Tng Y

2)

o

[ HEfH]
O H LA OEREE2Z B LT UG (JCC: Drinking water Plus Fish Consumption Criterion)
QADERDHEEE LT HIEE(ACC: Fish Consumption Criterion)

ZNHOEEYEAE I, 2007 4212 Minnesota Pollution Control Agency (24> T, Minnesota Rules
7050.0218 Supb.6.A IZHEHLUMIES 7 (3R 3-3),

3 3-3 WHIVE KON 1 D Ml i A7 D S YA

HE X dgk Hivak [ A 0> FEHEE
dfcc NET =) 6ng/L
(BALROER) | By L A— ) 12ng/L.
fCC FNET e =) 6ng/L
(FRADERED ) VB e LA — 1) 12ng/L

IRV TIL, M A O FEAEE DA AN AE O PRFOS JREEIZISCT- fUBHDOHELE L &
H(Meal Advice)bIERL TS (% 3-4), TL T, RHOYEIEHEITHE IRV ZINTHEV D3RI HE
IR ) INZ DN T, ZRENOHESHE R BEBEL 0D 7,

3 3-4 PFOS JEEERHELEE 2 &

IR IE PFOS %% (ng/g)
#i#il72L(No restrictions) <38
1 P&/ (1meal/week) >38 - 160
1 P&/ H (Imeal/month) >160 - 700
EA&ZEE (Do not eat) >700
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dfcCRU rcenE =,

Qdrcc

dfcC DEFENIL, L FDEEYTHD,

RfD xW x K
AD + AF X BAF

dfcC =

[T A—4]
RD &R H E(=0.000075mg/kg/day)
W AR E(=T0kg)
K IX<FEL(=0.2)
AD 1 H VR #(=2.0L/day)
AF  fH 1 B 4VEREE0.030kg/ day)
BAF A& RERH(=2,802L keI, 5,737L/kg()11))

R H R R, LT ER D,
W dfcG,,. = (0.000075X 70X 0.2)+(2.0+0.030 X 2,802) = 0.00001220mg/L = 12ng/L
T dfCC,,., = (0.000075 X 70 X 0.2) <+ (2.0+0.030 X 5,737) = 0.00000603mg/L = 6ng/L
@rcc
CCOEERIL. LLFDEBVTHD,

RfDxW xK

cC =
f IW + AF X BAF

[T A—4]

RID 2 M A #(=0.000075mg/kg/ day)

w pic N B HEIR H (=T0kg)

K IX<FEL(=0.2)

W BFEI 7K 53 B L (=0.011./ day)

AF FB 1 B VR &(=0.030kg/day)

BAF Wi E(=2,802L/kg(IvR). 5,737L/kg(Al)I1]))

ERUES TR R, LT DLBYTHD, Zbit, SRAZ B E LTz dICC DELIFIZFT
EIZ 72> CTERY, OB RICIAEENIEN THHZLERL TV,
WA 1CC,,. = (0.000075X 70X 0.2)-+(0.01+0.030 X 2,802) = 0.00001248mg/L. = 12ng/L
W fCC,,., = (0.000075 X 70 X 0.2)<(0.01+0.030 X 5,737) = 0. 00000610mg/L. = 6ng/L
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BAFIZDOUNT

AWEFREREC(BAF) X, Minnesota Department of Health(MDH)IZ LY 2006 G512 Fh Sv7- i 2
RIS xR ESNE Y,

FRENII R ZMNDIT e — )1 5 EFTES v LR — i 1 AT CEMEAZ, BAF OFRAHE
%%% 375 a:i_\né—o

3% 3-5 W EFELR R (BAF) ORI AR

BAF(L/k
A (Latin Namej%flmmon Name) HEAE B g)'é(éﬁﬂzi@
N (D Lepomis macrochirus/bluegill sunfish 4,060~16,541 6,761
(Pool 3) @ Morone chrysops/white bass 3,259~5,789 4,861
DEQDEA -1 - 5,737
Fy/LAR— Lepomis macrochirus/bluegill sunfish 1,645~3,391 2,802
RIZDOLNT

ARV IO I R IE T DERORI ES A TND RID (X, Minnesota Department  of
healthOMMDH)IZ XY, B =7 A PN D [ E G- HEMERBR RO Y,

RERIX PROS HU D At EEH-5 0, 0.03, 0.15, 0.75mg/kg/day 7 /L—71ZX04T0k ($ 54
182 H) . 0.75mg/kg/day D2 /L—7"C., 6 Blkr 2 BARAS5E 1 Ol PREBUD | IR RO,
1y = 27 w— U | PR AR R B O fafb (R ) 23 DALz,

0.15mg/kg/day TlE. PEOS |2 EDA E /R BN LS U~ T-7-8 . 0.15mg/ke/day & 51 =27 AW
LD NOAEL L7,

20 NOAEL DfEIZHE-SE, PFOS OHRIIZDUVN T, ENG.4 41971 F)EH=2AY/1(120 A)
DFEDD (O FBIEAH =7 AP0 20 fFLIUE) | BN F 5%l # 1k f % NOAEL+
20=0.0075mg/kg/day L. SSHICRHEFAREL 100GEMEE) 1525 3XHiZE 10 X EBratS) CRL-
0.000075ng/kg/day & RfD L Tu\% 99,

—  BI¥D Health Risk Limits for Perfluorochemicals (2008,Minesota Department of Health) 2 fi#
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4. PFOS B8 EHE

T HERBET ClE, PFOS K OV DORIBRME 2 LL FOLEIB0 ML Td, (HL ., BREEH RN
TIIAF L DIERE TIEET DD b — R LS TS,

O PFOS a1
@ PFOS f# (PFOSH)
@ PFOS #
@ perfluorooctanesulfonyl fluoride (POSF)
® PFOS BHHEW)E D H A )
® HIBEE
# 4-1 PFOS BHHYE O3 Fa 0 (RiEEYE 2 Br)
7¥8 | CAS No. — x4 WE 4 [ a===:
D 1-Octanesulfonate,
ey PFOS anion 1,1,ﬂZ,2,3,3,4,4,5,5,6,6,7,7,8,8,8—heptad CgF,SO,-
ecafluoro—
Fi%sllgféictanesulf 1-Octanesulfonic acid,
@EEA 1763—23—1 01:1)'110 acid) 1,1,2,2,3,3,4,4,5,5,6,67777’8)8)8_heptad C8F17SO3H
fluoro—
(also called PFOSH) |©¢®
PFOS potassium 1-Octanesulfonic acid,
2795-39-3 p 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptad | C;F,;SO,K
(K+) salt 1 1
ecafluoro—,potassium salt
PFOS ammonium 1-Octanesulfonic acid,
29081-56-9 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptad | C4F;SO,NH,
(NH4+) salt k
ecafluoro—, ammonium salt
@ . . 1-Octanesulfonic acid,

20457-72-5 ||} OF lithium (LF) 1) 179 5 33 4.4.5,5,6,6,7,7,8,8,8-heptad | CyF-SO,Li

ecafluoro—, lithium salt
PFOS 1-Octanesulfonic acid,
. . 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—heptad | CsF,,SO,NH

70225-14-8 |diethanolamine 1 > 4 with

(DEA) salt ecafluoro—,compd. wit (CH,CH,OH),
2,2-iminobis[ethanol] (1:1)
@ 1-Octanesulfonyl fluoride,
POSE 307-35-7 POSF 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptad | CgF 30,5
ecafluoro—
1-Octanesulfonamide,

1691-99-2 |N-EtFOSE alcohol |N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8, | C;,H,,F;;NO,S
8-heptadecafluoro—-N-(2-hydroxyethyl)—-
1-Octanesulfonamide,N—ethyl-1,1,2,2,3

4151-50-2 |N-EtFOSA ,3,4,4,5,5,6,6,7,7,8,8,8—heptadecafluoro | C,,HF,;NO,S

@ _
] 1-Octanesulfonamide,
ARk o 3 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—heptad

24448-09-7 |N-MeFOSE alcohol ecalluoro-N—(2-hydroxyothy)-N-methyl C,HgF;NO,S
1-Octanesulfonamide,1,1,2,2,3,3,4,4,5,

31506-32-8 |N-MeFOSA 5,6,6,7,7,8,8,8-heptadecafluoro-N-met | C,H,F;NO,S
hyl-

&£} : Perfluorooctane Sulfonate — Screening Assessment Report ()& BibsT)
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PFOSORTERVEIITEZ < OME DL U L T, BARBNTIZLL F OISR E T

Lo (# 4-2),

7% 4-2 PFOS ORIEEME (516 T PEOS 225 AWE) (D 1)

WE4 CAS No.
NTFRFHINFaF B -1 - ZIVRAET VTR 307-35-7
ARDYNBE2 - [T N[ (NTEZTF T NFatrF V) ZVR=L] T3/ ]=F )L 376-14-7
TIINEE2-[TF N[ (T EZTFT 7 NAatsF ) ZA)VR=]T/)]=F )L 383-07-3
TIINES- [N-ZF )b - (T BT T NFOF I F VAN R=L) T ]=F )L 423-82-5
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~7ZFT 17 VA u-N- (2- 7 a~X=)L) - 1-F I X A)LETIR 423-86-9
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F AT 7 )V Ama-1-4 7 X AR T IR 754-91-6
N, N, N-RNAF)L-3- (T EZFT BT )NAaF I F)VANVKR=)VTI)) T asX-1-TI=gh-I—IR 1652-63-7
N-x=F/L-N- (2-tFa¥sxF)1)-1, 1, 2, 2,3, 3,4,4,5,5,6,6,7,7,8,8, 8~FTXFN7 1691-99-9
NFa-1-FIE L A)VRT IR
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F ZF 7 )V Aa-1-F 7B Z)VR 1763-23-1
N-TF)L-N- (NI H T H7 A at I F VAN KR=)V) TV 2F v 1869-77-8
N, N, N/ -[RAZA=YPU MR (FF-2,1- 24 VAL) TN A(N-TF L - 9950-08-8
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-~FZF I 7 )L Fa-1-F 7R AR TIR)
N-79/1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—-~T X T H7 /A1 -N- (2-eRaf L =F )L ) -1-F I H
. 2263-09-4
VIR T IR
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F ZF a7 ) Aa-1-F I X Z)VIRA R )T I 2795-39-3
N-Z=F)L-N- (T EF 7 VAatsF )L ZvR=)V) TV v 2991-50-6
N-Z=F)L-N- (T EF 7 VAatsF )LV RZAViR=)) TV T A 2991-51-7
N-x=F/1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—-~TF ZF 7 )LA 1 -N-[2- (RAKR /A F) =F/)L]-1- 3890-83-5
FI B AR T IR
N-TFI)L-N-[(~NFEZF 7 )V adrF V) Z)VR=)L 17V F R 7 A 3871-50-9
N-=F/1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~T X T 7 )V A a-1-F 72 2R T IR 4151-50-2
N-[3-(AFNLT))7ar’n]-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~~T XF 7 )L A4 a-1-F I H A
. 13417-01-1
SR T IR
AZIINFE2-[ (AF V) (AT ET 7 NFatrF ) Z)VR=] 73/ ]=F )L 14650-24-9
N-(2-bFaX%s /L) -N-AF/1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F BZF a7 )V Awa-1-F &
. 24448-09-7
ANVRTIR
N-(2-7m~_=/L)-N-=F/-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-~F ZF H 7 )L A a-1-F 72 ALK
. 24924-36-5
VTIR
T IV 2-[N-AF)L-N- (T HZF 7 )VAat7F )V Z)LR=)L) T /) ]=F )L 25268-77-3
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~~F AT 7 )LAva-1-F T B ZIVIRABET =0 L 29081-56-9
FAT-eRax -7 N7 r-[2-[=F N(TAat T ) ZViR= VT =T )V ]-R) (FF-1,2-
29117-08-6
TR A)V)
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~~F B F AT VA aA I & -1- 2R FEYF T A 29457-72-5
72L:01,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8~~TF #T H 7 VA B-N-[3-(VAF/LAFTRTI)) 7 ar’ 30295513
NWI-1-F 7B ZVIRR TR /]
DABET =g LER[2-[2F IV (T HT hTNAad 7F )N A=) 73 ]TF )] 30381-98-7
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~~F ZF 7 )V A a-N-AF )L -1-F 7 Z L Z)LR T IR 31506-32-8
3-LLNTETHINARE I T /) ANEZNITI]N, N, N-NAF A LTS TI=gheral |0 o) o
]\“
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-~FZF 7 NA-N- (F == )V AF)V) -1-F I ZL Z)LARTIR 50598-29-3
FAT—eRax -7 N T 7-2-[[(~NTHT hT7)NAatsF ) Z)LR=)L]7at /L7 )]=F )L ]-RY
R 52550-45-5
FFv-1,2-= 2T A)N)
N, N, N-N=xF rxx7I=r1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—-~FZF 7 )L A a-1-F K&
56773-42-3
AJVARF—h
2,3,4,5-71857am-6-[[[3-[[(~NTEFHTNAFIF V) ALKV A F ] 7=V ] T T HL 57589-85-2
A=V R BEFBAVY I
T BRA-[[( T ET HT NG adt 7F V) ALKV AF VT )] T F )L 58920-31-3
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# 4-2 PFOSOREIERM'E (451t L CPROSIZZ2 AN A HLME) (£D2)

WE 4

CAS No.

2-AFNT O 4-[[( T EZT T NA 0t rF V) ZVR= V] AF LTI T F )L
N-z=F1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—-~T X T h 7 LA -N-[3- (N AT Y N) 7 ae /L] -
- H AR T IR

N-z=F1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F X T 17 /LA -N-[3- (N 7ol J)) Fae L ]-1-
IR AR T IR

N-z=F,1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F X T 7 /LA 1-N-[2- GRAK/AF) =F)v]-1-4
IBRANVKR T IR T =T A

N-[3-(AFLT)/) 7’ v]-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~TFZFT h 7 )V Aa-1-F 74 A
AT IR R

EZL2-[ZF [ (=T ) Fu-C4-8-T LF L) ZLR=)L] T I )| =F L] AT )L - (4-AF )L-1,3-T =
=L V) B R-ILRI TR

-[L(ANTEFTHTNAaF T )v) ZNAR=)L] (3-Z)LRF 7 ae’ L) 7 /]-N- (2-tRafy =
V) -N, N-UAF)L-1-T X 7I=0 A

2-(AFNL(T T HT7NFA X TF)) AR V] T2 F N -2-7at ) oA =F I 2T T N-2-7 1
AR 2-[AF N (W F A7 NFa~F L) ZVAR=A] T ] TF L -2-Fat’ LAk 2-[AF L
[(ARETATNABA T )N) ZAVR= VT |2 F N -2-7 0t ) TA 8 2-[AF NV (VF T AT F
W) AR N TR 2T )-2-7at ) TA NAFH T VNN -2-Tae VA 8o [[(~T X T 7 A m
FIF ) ZIVRZ VAT LT I ] F ) -2-F a2 A MR~ — AT )L AT )L 2~ R
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—-~TF X T 7 )LA1-N- (4-tRuaF > 7 F)L) -N-AF)L-1-F4 7 X
ANV T IR

3-[LNFEFThTNAut s F ) AVE=L]TI/]-N, N, N-NAFL-1-T s 7= 5 /9
—JR/ToE=T, (1:1:1)

- [ZF N[ (AT EF I T NFAaFTF V) ZVR=NV]T I ]ZF I -2-AF -2-7at’ ) F I 2T
UN-2-FaE ) A NRY = — 2~ a iR

2-(AF NN T HZ N Fa~F ) AV V] TR o F N -2-7 0t ) A S-2-[AFN(T T h7
WA TR TFIV) ZVR= VTR T -2-T 0t S 2 AR 2- [ AF N (R LT A7 )V a~TF ) A
WA= VT ]2 T N-2-T7 8t J2AR2- [ AT N (VT I AaT T ) AVE= V] T ]=F -2~
7ut’ ) AR 2-[[(~NTFEZTF I NFatsF L) ZVR=)VIAF LTI ]oF )L -2-Fat’ J oA MR~
— T F VT RAT )L 2-T a iR

2-[=F N[ (T T HINFa_XF V) ZVR= VT I ] mTF )L-2-AF )L -2-7at’ ) oA —F T 2T
JL=2-AF )L-20-T7at’ ) AR 2-[=F V(N T H 7 )V Fa~F L) ZA)VR=)V] T /]oF )L-2-AF )L
-2-7at’ )AL 2 [ZF N (NRUFTF T A a~TF L) ZVR= V] TR T L -2-AF )L-2-TF 1
v A2 [T N (T AaT F ) ANVR= V] TR - T L-2-AF )L -2-7at )= A MR~
— 2 [mFN[( T EZT hT A a7 F V) JZIVIR= VT R )] F )L AT )L 2-AF )L—2-T 1~ ik
2-[(AFN(T T HINATR T )N) ZVR= VT ]2 F N -2-AF N-2-Tat’ ) =F T 5T
JL=2-AF )-2-7at’ ) A 2-[AF N[ (N F BTV Fa~F L) ZLR= V] T3 ]=F jL-2-AF )L
—0-7Fat’ ) AR2-[AF N (AN BT BTN Fa~TFF L) Z)VR= V] T I ]=F N-2-AF )L-2-7 1
AR 2-[(AF AL (VT TN AaT F L) ALK V] TR )] F L-2-AF L-2-Fat’ J oA R <

— 2-[[( AT EFHT A IF V) ZVR=ZJVIAF LTI )1 F )L AT )L 2-AF )L—2-T 0~
LU-AF LR 4-AI T VBB R GHEEY) N-ZF L-N- (ERaX v = F L) =T LA
2,C4-8-T NV H 2 AV T IR

HRIAF VR T 2= AT ARAT TYVT va—)u N-=F)1-1,1,2,2,2,3,3,4,4,5,5,5-7 >
BT NFa-N- Q- Rk oF L) - 1-~_H o Z VR T IR N-2F v-1,1,2,2,3,3,4,4,5,5,6,6,6— U
FH7 N Fa-N-(2-tRaXT TF L) - 1-~FHh L 2R TIN,N-=F )L
1,1,2,2,3,3,4,4,5,5,6,6,7,7, 72T 7 VA a-N-(2-tRa% s mF L) - 1-~TFH L A)LR TR
R,N-=F/1-1,1,2,2,3,3,4,4,4- /F 7 )V A a-N- (2-bR a3 =F L) -1-7 Z o Z)VR T IR G4 R
M) N-F1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-~FZF I 7 /LA 0-N- (2-ER a3 o F )L ) -1-F+ 4
VANIRTIR

2 AFNT T A7 NA T )) AV AT I | 2T N -2-Tae )2 =T N7 7= (1-4F%
2R L) —F AT -ARF TR (FF 1,222 A) 2~ [ AF V(R F H 7 v Fa~F L) A
JVIR= VTR ] F N -2-7at’ AR 2~ [ AF N (R BT T ) Fa~TF)L) 2=V T3 /]
FN-2-7at’ ) AR 2-[AF N[ () F TN FaT F ) Z)VR= V] T )] F L -2-7 at’ oA MR <
— 2 [[(NTHETFTHINFOFIF)V) ZAVIRZ)VAF VT R )| F )V AT )V 2-T 0~

61577-14-8

61660-12-6

67939-42-8

67969-69-1

67939-88-2

68081-83-4

68298-11-3

68329-56-6

68239-73-6

68310-75-8

68541-80-0

68555-90-8

68555-91-9

68555-92-0

68608-14-0

68649-26-3

68867-60-7
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# 4-2 PFOSOREIERM'E (451t L CPROSIZZ2 AN A HAME) (£D3)

WE 4 CAS No.

2= F (T T HINABANTF V) ANR=N]T T L-2-AF )L-2-F 0k’ ) T A h-2-AF )L
-1,3-7 27y 2-[ZF V(N T H 7 VA a~FI L) AVR= V] T )T )L-2-AF L-2-7 1t/
TAN[ZF N (R T AT NABANT T V) AVKR= AT ]2 T N-2-2F V-2-7 at ) > A 68877-32-7
R2-[=F ALV FTINAaT FN) AVR= AT U] TF N-2-AF N-2-T7 ae’ ) oA MR~ — 2-[=
FNANTETATNACTTF V) ANVIRZNNT L J2TF VAT IV 2-AF N=2-T a iR
77T raalnu - N-TF N -N- [(NTETFTh T At s F )R R= ] Z U F R 68891-96-3
—.kappa.O:.kappa.O’]]-.mu.~ER ¥ T B RQ2-AF /LT /X )— L) -rmls
RV F LT Va— L7 7L — AF )L =T )L-AT T UL T IV —h 2-[AF V(T T h7 A
NF ) ZNRENT I TF =T 7= R 2-[AF V(N T AT N A B2 ) JAVR=/V]T R
NEFN~T 2V — R 2-[AF M (R T HT A BT F ) AN R=AN T )2 F AT 7L — 68909-15-9
N2-[AF N FTNAaT F ) ANVE= AT I ]2 F N-T 7 — 8 2-[[(~THT 7 v Aats
T ANREN AT N T N2 FN=T 7Y =R eA 7 TV T 7Y —bRY ~—, A AL VT AT
A
TINT 7 - [F N (T EZF 7 )NFatrF ) Z)VR= VT I ] F )V ]-F AT ~ AR —RY 68958-61-2
(FFo-1,2-HDAL)
2,2 AICRATE )= )V S NT BT NI NAa-1-F oA ANVRCEE, (1:1) 70225-14-8
2-DAF AN T HT VA BAF L) ZVR= AT I T N-2-T BE ) TAN-2-RF AT FH 7
LA TR TF V) ZVIR= VTR I T L -2-T 0k’ ) AR 2 [ ATV (AT T VG a o~ T L) A
NIR= VTN F N-2-7 0t ) AR 2-[AF NV (VF T A aT F ) AVR= VT ]EF -2~ 70776-36-2
7aE ) EARN-(EREX VAT V) -2-7 e TIR 2-[[((NTH T 7 VA nd s Fv) 2= LA
FNTIJeFN-2-Tat AN, |-V raax i R) v — 74TV VT AT )L 2-AF )L-2-T'1
R
[3-[=F N (ANTET HTNA A TTF V) AVR= VT I ] BE )V IRAR B 71463-78-0
[3-[ZF V(AT EF AT NAaEIF V) ZVR=V] T ] 7 et L R AR Y = F L 71463-80-4
2 AFN(T T AT NA AT )) ZAVR= VT2 F N -20-7" 8 ) 2 -2-T a0 R, 2-[ A
FNA (N F AT NFaANFIN) AR T I F N -2-T 02 ) TA N2~ [AF N (ST TV
HAONTF ) ZANVIR= VT I N2 F )=2-T B ) AR 2-(AF N (VT T NA 0T F)v) ZviR=)V] 71487-20-2
TN FN2-T 0 )2 AN 2 [(NT R T HTNAAF T N) ANKRE NV IAF N T T -2-T
BE ) AR, =T = AR B R AT LT RT L, 2- AT 2T a R
TETREERYY, TN NUSE RN (BR R 2T L) -N-ATF )L /=T VA1, CA-8-T L),

. 91081-99-1
VAR T IR
2-[[(ANTEF AT NA A TFIV) ZIVIR= VAT LTI )] eF )L-2-T7 0t J oA h=FF T LT =)L A
FIL-2-AF)L-2-7at’ )T AN2-ThF L F )L-2-7 0t J A RY~— N,N,N-FJ AF )L-2-[ (2- X 92265-81-1
FN-1-FFV-2-T =)L) A X sFI=0 A
3-[[3- AF AT Fut V] [[(NTHT T VAt s F ) k=] T7/]-1-kRu%y-1-7 94133-90-1
=PRI % DLy N
[5-[[[2-[[(~FETFTHTNABAIF V) ZR= ] AF LTI ] h U VR =] 73 ]-2- 2 94313-84-5
FNT 2= VNSV EE (L) -9-F 02T =)L
TV PNAZ L —h-NN,N-NAF L =2-[ (2-AF V- 1-FFV-2-T a_= V) AV ik =2 )=
U L2-ThE L F LT 7Y — MRY = — N-AF L-N-[2-[ (1-4F/-2-Fu= 1) AF]oF L] /8| 98999-57-6
—7)An,CT-8-T )V ANVIR T IR
FIINAZ Yo — b= 2-[AF I (N=T VA R-CAB=T RN AVR=NTVNEFAAZTIV—b, | o ae e o
TFNAZIY— MR~ — 2-AF )L-2-T Ui
N-AF JL-N-(FH LT = AF ) 8= T A1, CA-8-T LT ~A e T IR 129813-71-4
2 [[(NTEFHT ATt T )V) AR AV)ATF LTI =T LT AT N ~—, C18 REaFufigihie | 148240-78-2
L6-AY S T ANFY L RER) ¥ = T L TV A VBB ER N (ER R S 2 F V) NATF | oo o0
IV N—=T VA0, CA-8-T )V AIVIR T IR
2 EF N AT N ARUAT VLR T =L e AT BB N-=F LN (e |
TF V) X —=T A\, CA-8-T IV I AR T IR
HID LG N-[3- (U AF AR RTI) 7 ae’ /L]~ 178094-69—4

1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~F & T 7 LA a-1-F 7 B 2R T IR
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# 4-2 PROSOHITEEM'YE (4

AL CPROSIZZAR 5N HME) (£ D4)

B4 CAS No.
I XL LT Oy I AT VT NI R 2- T L ANF L VATV - ATF LB R[4 AT RN
VU RIAF LR T 2= AT VAR~ — N-=F L-N- (kR g% =F L) 3 —7 LA 178535-22-3
2,C4-8-T NV H 2 AR T IR
b b~ RO AR, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~T X F I 7 LA 0-N-AF )L-1-F 2
. 182700-90-9
B2V T IR
T IV S R N-[3- (CAF L T)) 7 ae V], /S—T A1, Ca-8-T L H o, 2Lk T IR 192662-29-6
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~T X T I 7 LA v-1-F 7 X2 AV R N-T 3 )L-N,N-2 AF )L
AR 251099-16-8
“1=THTI=T L
2(NTHFHTNA KT FN) AN VAT NT INZFNEAT A N~ —,C18 FRFMRIIEE | 0 c0nn o o
NIRRT T NFaFTF)N) A=)V AF LTI 1 F )L 2T )L TR iR IS R R
12-ER RS AT T RR-2,4-TDL T =0 MERUS AR N- (ER R 2F V) N-AT =T o o o
VAT, C4-8-T VI AILIR T IR
N-AFNL-N-[ (3-F 7 X T LIV =2-F4F ) -5-FF PV =)L) AF )L =T LA 1,C4-8-T )L AL
N 306974-19-6
R T IR
2-[(AF N (R=T )V A a-Ca-8-T /L)L) ANVKR= VT I )| F LT 7V —h=RAT TN AZ 7L —h 306974-28-7
RY~—,F/B-[Q-AF N~ 1-4FV-2-T a =)L) A U] 7 me VB K, AT v ax$ o -EER
RITFL—R)7ae’L 7 Va— - A (2-7 /)7 ae’ V) o—T7 WiBREW,/ \—7 )4 1,C6-8-T
- 306974-45-8
JVAI L AV TR
2-[AF N (R—=T VA B-C4-8-T )VF /L) ANV IR= )V T I/ ]=F )V AT7 )L 8 fK,C18 R EaFuflgifig | 306974-63-0
KT F AT UARE Y N-=F 11-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-~ T4 F H 7 /LA 1-N- (2-tF ¥
L FI)-1-F I B AR T IR-N-2F1-1,1,2,2,3,3,4,4,5,5,6,6,7,7, 7-~2 25 73 7 )LAa-N-
@Q-eRaX =T I) - 1-~T X AVR T IR KSERY), 2-=F L-2-(ERuefx T AT 1) -1,3-7 18 | 306975-56-4
VT —N-NN 2-R) (6-A VS T U BT UV AR HNR VR~ — 3-kRa% s -2- (kR
AF L) =2-AF )L-F 1 iR
ENT FVAREY N-TF1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8—~FFF I 7 LA 1-N-(2-ER % o
FNV)-1-F 7 HZ L ZVHR T IR-N-=F1-1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-0ZF H 7 )LFa-N-(2-tF 206975575
0¥ LT ) ~1-~NTZ AR T IR SR, V- AT L R A-A VT T Ui~ B ]-1,2,3-
TN A — LR~ — 3-tRaX% s -2- (R a3 AF L) -2-AF )L-7 1/ i
2-[(AF N (R—=T A a-Ca-8-T /LX) ANVHR= V] T J=F T 7V — ke = R ~< 206975692
— RF UL T RT )L 2-AF L -2-T iR
N-(ER R ST ) N-AF /A= VA B-CA8T AL AV TIR L6 T AV S TARANRY | oo o) o
ViR~ — T VT R a4 AT eRad LR (% -1,2-2 4 VA L)
AZTYNAT TIUNHAE =)D 2-[(AF N (=T VA 0-CA-8-T LF L) AVIR= VT I IAS 7Y 306975-85-9
VTV N-(EREF VAT L) -2-T a X TIRRY v — KT VT AT )L 2-AF L-20-T a0~ fR
ARZIV VT B =2-[AF L[ (28— )L A 1a-C4-8-T /LFx)V) Z)NVAR= VT 177UV F v, T oI T
&R —  BAL N N- AF L-N-[2-[ (2-AF )V-1-FF Y -2-TF a_= L) FF ] F L ]-1-~F Y 306976-25-0
THFI=T A
N-TF )L-N-(ERa> F )L ) R—7 )L A a—-C4-8-7 av 7L T )V ALk T IR, 2-=F )L-2—- (kb
Raf AF V) -1,3-F /o — =27 a R 2,4 AT -1 AT R B R < —2- | 306976-55-6
AF VT O LT AT )L 2= AF L-2-F a L g
2,2’ = (AFNAI) E R[22 )= VHRE KGR, 2-[ATF N (/R—=T )V Fr-C4-8-T /L-F /L) AL
R NWIT I N7 VIV T -8 )T 72U 7 a’ L Va—L 77U LVERRY <~ — 3— (R AR U )L) 306977-58-2
T O VT AT )V 2= AF )L -2-TF L
2-[(AF N (R—=T )V Fa C4-8-T )VF)V) ZAVIR= V] T ] T 7UN 2 F -k =020 7 70V 7S
e R - o o 306978-04-1
RRY~=—, 7 F LT AT )L 2-TF -~ g
N-(ER RS 2T ) N-AF N AR—T A B-CAB-T NI AN TIR-T Ay AT TINT A= | o0 oo
— L RERY)~—,1,6- AT - ~F
N-[ (V=T A 1-C4-8-T )IVF)L) ZA)VR=)V]- TN T 7 ~[2-(AF VT )) =F )L ]-F A 306979-40-8
H.~[(1,1,2,2-FT "TAF LT F ) T2 )F L -RY (FF-1,2-2 2D A)L)
N—[1,6-~F Y DAV R (2-AFY-3,5-FF BV VL DA N) AT L JERIN-AF /L= —=T )1 206980-27-8

A1,C4-8-T )V AVIR T IR

i ERNAMZ T D PROS/PFOA DRI BN i &b ita R i i =)

19




IN=T VAT NFNVEENEIE (RFEESLLUT) 13, W B RICAEREREEN 2 SIS
LSRG D T —BREEICH THEL TOAERE N S W EICEE 5 TREMEDR E 2D
NIRNIZED | 2 DI 7RME DR PFOSOREME L L THETRESN TV D, BIENmEIZ->
WTIEE 4- 317, I EDREBEME OB ZEIL, LT OEIRBLICH D LS TN,

BEAYF KRBT v RIHDLNRER
CERYY ST T f— RN ARATRE R G AR HD
Wiz HOMEAEENn AL
L ENMT TS PROS/PROA DRl B A &t itk (FfiE ik s)

% 4- 3 PFOS BJL O PFOS B#EME O

R Bl ik
FE PROS 7 A St Al AFY X
EBLOWR ‘
JIRBEORIEN ] g SEp
- 3= L~ \
LI RAREEEA A%
PR,
i Hr—= s HHE D PR, LA, EPA 0 THED |
TR TR LS AL, BN TH RS TS,
T —WH THNTTT 4y 7S (PRE TSRV HEAY) -

EEF ENMIBITD PROS/PRFOA O fHrfi il Ehm &ef i ik (HAfriE s <)
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5. PFOSOEFHED#&EEFIZDULNT

BRETALVEIE B LEE AU B O R EECEEMEZ R E T ORI, I E TAE — B8 HE (T
DI) DF —# %% 5E (L TET22, PFOSIZHOW TR EERANCE E N IS 1555 SEAfh 5 B A3
RREL TV,

Alalld, AW FER O N O 245 0 75 % & B LI USEPADOHCEL K IZBE 958 i A& 0.2
pg/L KO KERRVZINOAOBRIC L DB MK L BRE P OREEZ B E L CTRILE
FREHMEZUTTREHMEE L7235 . BRI O RN E ORI/ 53K 5-2 ([TFLH, PFOS
DFIEDHY DN TR EEIT T,

RE BEOFEHREEHITRENZFHMBEIC W T, THAE— HIERE (mg/kg A8/ H) %1C
EOWTHEHINIiAE X —AZ, BTN CUE LA LIAEICER E T HEDEZ FITHEST
WATD  ZZTHIRERD B ZIZE SV TR ELIZH D TH D,

7 5-1 PFOS [ZARDRFAME
A ER E DB 2 S AT fiE
(DUSEPA  #CBFKIZBE 9~ 28 E e 5 0.2ug/L
K GHAE) :0.012 u g/L
7K (A7 J11) 2 0.006 1 g/L

@KEIRVZMN BB O FAEE

7% 5-2 PFOS O FHAFMAEZZ 25 3D HPR

R E T DIREHE HIER S | Sk R =R

(pg/L) (a) (b) =(b)/(a)
USEPA OB KIZ 0
A 507 0.2 361 1 1%
SxVANERE | KGHE) | 0.012 6 0 0%
oo FEHEAE K ({71 | 0.006 296 121 41%

1 :PFOSOMIET —Zi13F 2-7, 2-8 I RSN A AKIEEE DT — 2 LFIL,
1E2:TUSEPA DEENAKIZBE 428 E RS oM E H S I X, A3 KR Rk - HEK) L T kDA EHE7RT,
1E3:5 2-8 BEHL 10), 1D, MEH AT DT —2NEBLNRDsoT-728 . KFTITRI LT,

PLEoF —#i2dnl, PROS OFREHEEZ R E T 55 A6 OMMEEL T, EFEO7 b3 1%,
EF@T 41% QI OEE) IZb LR EIND,
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6. CNFETHEERIEBDIFHEICDLNT
BEREARTE H I3 5 A 3 A I T 25 TH H MR ESNT=H DO THY . YNNI ACE I E RS B2 5

i 9% L CTOFREHMELHRETDIENE Y THLHEL T, 256 HE TN TUSREMELRESN TV,

LinL, Z£0%, HAER WHO FEOE I BV TRETS L, RSB AR 70, Bl
TORFELMEDOR ERM A B LR FREHMEZHIBRL-VIREHMEZ RIELIZH A 3 H 5, ZILETO
FREHED RELORIEZ DB I F DB THD,

F 6-1 EEHIH B IARDFEEHMED RE L ORI

HHE SE UK RELONE

sm=pur7=(CNP) |H6.3 PERDFEEHE (0.005mg/L LLF) Z iR
=V HI11.2 PERDFESHE (0.01mg/L LLT) A K

H11.2 BERDFEHHE (0.002mg/L LLF) A HIl
ToFES — -

H16.3 B 7268l (0.02mg/L BLF) 7% 7E
snanXn=/L (TPN) H11.2 fREHEAZ ¥ (0.04mg/L LLF — 0.05mg/L LLT)
2 7m)LARZ (DDVP) H11.2 FREHIEAZH (0.01mg/L LLF — 0.008mg/L LA T)
7= /)7 HV7 (BPMC) H11.2 FREHEA A (0.02mg/L LLF — 0.03mg/L LA T)
I A== N L H16.3 FREHEAZH (0.3mg/L LLF — 0.2mg/L LLF)
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* 6-2 BELULE B AR DIEEHMED HIFRO P H

1H [

>~

L LoD PR A

Ja=kazxz

N IR EHREE B DB EEDO B OFAME TH D — B AR E R E IS
WTTHRSHMEDS R ES VW0, SER 6 42 3 A7 HIZ, JBAERITRESIL TV

oty |RRBIESIIE AR BT, 055 A RALDERBRO

15 3.8 ﬁS%Eﬁ*Eﬁéi“@@Fﬁmi* H %%ET%E}%%%&EUQ\:@%% &%7‘_‘%%

F B 5%@%%7{@%&&)%&7‘:0 C‘ﬂ’b%%ﬁx BREEITICRRE STV AL E

H6.3.15 HERAEREZRITINTS, A6 43 /] 15 HIZ CNP OfFEHEIC W TE

e DORAEAYIRT HZLESNZ20  FEEHEAR ELRW LU,
- Ambrose & (1976) (2L 57>~ 2 FEMEEMERERAE A4S L2 TDI &

_ 0.005mg/kg/day &L TWDAN, ZAUTE BRYRH 2 fEE 9 D230 725 R

;;‘;/7;;& AR,

HEI5 ’;ﬂgp)"l:‘ -WHO 135 10 (1998)%@%12%‘@%@ TDI =& EW7EE LTz,

?Eé H‘lﬁ‘éﬂﬂ%é : y %m:?u \T®ﬁ§%f’ﬂ§‘¥fﬂﬁ’5{ﬁ%i‘fé® c:+§u\f£§it5ﬁ‘r%%&7ﬁi‘f;b \Wﬂﬂﬁ

H11.2.99 \’fﬂﬁ%mf&\ M{émﬁﬁ@aﬂ?ﬁﬂ%ma:f;%i%qj@ﬁmﬁrﬂc:ou\TJ@@J}:

- ITDZ W2 35 8 4 A A REME N DD EMD, AL 11 4F 2 A ICHa#HiE%
HIBRL 7=,
*Schroeder % (1970) (ZX5 7 FOAEJERERZH &2 TDI % 0.86 1 g/kg/day &
LTWA, ZHUTE BRI 2/ E T D 12idH o7 Cldeno T, &
&7z TDHIE ER7E TH D,

ToFES T EIZ DWW T O E BRI A E 3D DIZ 0 725 B CldZev ki Tt

FEHHERR E - EERT & RiEERFBMEMZD S IZEREE P OLFER U SV CEE &

H5.3.8 W IRWGE 2358 T D Al REME D B D EM D, AR 11 4 2 AICHREHEZHI

FEEHEHEIBR BRL7=,

H11.2.22 HTT 7B MR BR O RGO Z 8D, ok 16 4E 3 HICHTT- /iR HiE A

FREHE R E EDT=,

H16.3.31 -Poon 5 (1998) DF~ h F - RK #5550 A5 SR 122U T Lynch 5 (1999)
\ZEDF RIS T & OV Bl g 2 AR L2 L 7= NOAEL (6mg/kg/day) |24~
fife FEER %L 1,000 Z3 LT TDI I 6 1 g/kg/day 785, KD FFH-H 10%, 1K
#H 50kg., /K& 2L/ day 2>HEEEHEE 0.02mg/L L7,

7% 6-3 FEEAIE HICMRDFEEHED B L OB H
HH FRIELDOHH %

ranfu=, JEBOB G AR B R YE IE 1224720 ADI(1 B #FAEHCR) 28 0.015mg/kg/ day

(TPN) 735 0.018mg/kg/day (225 B X37-7-8

T ILRA BT STV T ADI A 0.004mg/kg/day 726 0.0033mg/kg/day

(DDVP) WCAEBEINTZT29

Tx )T HINT AT A28V T ADI 238 0.006mg/kg/day 725 0.012mg/kg/day (2

(BPMC) BHERINTZT-D

p—rrraa Y

T TR B R BR DR R NGO T20,

«Naylor 5 (1996) DB — 27 /L Rz =% O #5308 C . fFEatE 248 L
L72 NOAEL (10mg/kg/day) (2 fife 554555 100 2@ HL . 5121 5 H
BEELVOSAEAEZE LT TDI I 0.0714mg/kg/day 725, KD %53
10%. A 50kg, /K& 2L/ day 2>HH7- 72458 HEA 0.2mg/L L L7-,
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A BR BT HEG R T F AL e OV A FR B DR

TEDHEZTF

it

e &

TKETBENfRD NOREEDOFEIZE T 5
BREE R UEOTE H BN OV T (B H)
SRk 541 A

BRETHLVEI B o0 JVEfEIL, o3 E KE K OE
BREEBII S W TS S AL, SRR SR 2RI AN AL,

Bt DA A ED R E IR DL 2 b LITRET L 72,

PRSI H A DWW, AR RE RS A2 7- M52
ETOREHMEARE T DN H EE 2D, BB
SLUETH B ZHEU T2 E 2 7 TR 5 LRI 3D LY
RIE T HIENE Y ThD,

KB TG RD NDEFEOREIZEE T2
BREZIEMEDIH A DB O T

(BB 1RE )

Rk 1T A2 H

BREEILVELR H o0 JLYEE K OV B BRI H OF5#HiE
I, ﬂZE}iSE CHEERIEE L CRRE SRR A
(2, PSR H D FEHEE D BEE D5 275 2
EEK T ERCE BRI B TR E S - B2
AL, B DAl AL HE DR E IR IS A LI KRGS

L7,

TRETEEIARD NDEEEDOR#EBE TS
BRESHAED R LICHOWT (BB 1RE )
Rk 16 4E2 A

TRE TGRS NDEEDOR#EBE 5
BRESHMED R LIC OV T (BE2 )
Rk 21 4E9 A

FEYE K OMFESHE L. e ESCWHOZE o [E BEAEES
B THiETS L, RSB 2R 7, B4
L5 FAEMED G R A FEITER E T 5,
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concentrations as an improvement to the PFC risk assessments. A liver effect level of minimal
concern, called the benchmark dose, was estimated to occur at a level of 23 ug/mL PFOA in
serum. A human equivalent dose of 0.0023 mg/kg-d was estimated based on the update,
distribution within the body, and elimination of PFOA by humans (simple first order kinetics).
Adjustments were also made for human variability (10-fold factor) and uncertainty (3-fold
factor) about differences between monkeys and humans in sensitivity to the chemical. The total
adjustment was a factor of 30, which is less than the uncertainty factor used in February 2007,
and indicates that the department believes that there is greater certainty about the dose associated
with minimal toxicity using this method of estimating dose. The human equivalent dose of
0.0023 mg/kg-d was divided by 30 for a resulting reference dose for PFOA of 0.000077 mg/kg-
day (this is the same as 77 ng/kg-d). This value is almost identical to a value of 86 ng/kg-d
developed by a consultant at CIIT Centers for Health Research and reported at a national
meeting. The CIIT consultant recommended a slightly different value, 90 ng/kg-d, to the state of
North Carolina. The department has not been able to duplicate the calculation performed by the
consultant and cannot evaluate whether the model used by the consultant is preferable to the
model used by the department.

In contrast to the February 2007 calculated reference dose of 0.00014, the reference dose
calculated in December 2007 for PFOA (0.000077) is about 2-fold lower. While the older
reference dose was based on less certainty about the dose of concern in monkeys compared
humans, the newer reference dose shows that the cruder estimate was remarkably close to the
improved calculation. The department found that in the case of PFOA, the 70-fold adjustment for
the difference in monkey and human half-life and the various uncertainty factors, which were
both used in the older calculation, were warranted and produced a value that was very close to
the new value developed with more data and certainty.

PFOS Reference Dose

Similar steps were taken to develop a reference dose for PFOS. The reference dose for PFOS
was also based on a study in monkeys. In this study a dose of 0.15 mg/kg-day caused liver
effects (increased liver weight) and changes in levels of thyroid hormone, cholesterol, and high-
density lipoprotein.

In February 2007, the department adjusted the dose for the slower elimination of PFOS by
humans (a 20-fold difference compared to monkeys). The department estimated that a human
daily dose of 0.0075 mg/kg-d would result, over time, in the same dose inside the body as the
0.15 mg/kg-d dose of concern in monkeys. Adjustments were also made for human variability,
uncertainties about the true no effect level, and uncertainties about the differences between fr—
monkeys and humans in sensitivity to the chemical. The total adjustment was a factor of 100.
The human equivalent dose of 0.0075 mg/kg-d was divided by 100. The result was a reference
dose for PFOS of 0.000075 mg/kg-day.

In December of 2007, the department updated the risk assessment for PFOS by calculating a
human equivalent of the dose in the monkey study using measures of the level of PFOS in the
serum of blood. A liver weight and cholesterol effect level of minimal concern, the benchmark
dose, was estimated to occur at a level of 35 ug/mL PFOS in serum. A human equivalent dose of
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This study was conducted to determine the earliest measurable
response of primates to low-level perfluorooctanesulfonate (PFOS)
exposure and to provide information to reduce uncertainty in
human health risk assessment. Groups of male and female mon-

keys received 0, 0.03, 0.15, or 0.75 mg/kg/day potassium PFOS
orally for 182 days. Recovery animals from each group, except the
0.03 mg/kg/day dose group, were monitored for one year after
treatment. Significant adverse effects occurred only in the 0.75
mg/kg/day dose group and included compound-related mortality
in 2 of 6 male monkeys, decreased body weights, increased liver
weights, lowered serum total cholesterol, lowered triiodothyronine
concentrations (without evidence of hypothyroidism), and lowered
estradiol levels. Decreased serum total cholesterol occurred in the
0.75 mg/kg/day dose group at serum PFOS levels > 100 ppm.
Hepatocellular hypertrophy and lipid vacuolation were present at
term in the 0.75 mg/kg/day dose group. No peroxisomal (palmitoyl
CoA oxidase) or cell proliferation (proliferating cell nuclear anti-
gen immunohistochemistry) was detected. Complete reversal of
clinical and hepatic effects and significant decreases in serum and
liver PFOS occurred within 211 days posttreatment. Liver-to-
serum PFOS ratios were comparable in all dose groups, with a
range of 1:1 to 2:1. Serum concentrations associated with no
adverse effects (0.15 mg/kg/day) were 82.6 *+ 25.2 ppm for males
and 66.8 = 10.8 ppm for females. Comparison of serum PFOS

concentrations associated with no adverse effect in this study to

products contain chemistries that can degrade or metabolize to
PFOS; however, no evidence has been found for metabolic or
environmental degradation of PFOS. In May 2000, 3M an-
H=IAPNDO KGR G R To7, [0
potassium PFOSZ0, 0.03, 0.15, 0.75mg/kg/day |Ur€
TENEII82 H % 4 5., 0L,

2O, VERRE B B, nal
APUSUTES TU FRUS UT PTECUrsuUrs die 1ot WeTT Urfuerstuuu dt h|S

time, but could include environmental sources, consumer prod-
ucts, or as indirect food additives. Following 3M’s announce-
ment to cease production of PFOS, the U.S. EPA proposed a
Significant New Use Regulation (SNUR) that would regulate
new uses of PFOS and related chemicals (EPA, 2000).
Analysis of serum samples from the general population
showed PFOS concentrations in the tens of parts per billion
concentration range (Hansen et al., 2001). Serum PFOS con-
centrations in occupationally exposed production workers av-
eraged 2.2 ppm (range = 0.0 to 12.8 ppm) in 1995 and 1.8 ppm
(range = 0.1 to 9.9 ppm) in 1997 (Olsen et al., 1999).

BEEZBNL LN -T-7—7(0.15mg/kg/day) |e
DIMIE T OREE L, A AT82.6+25.2ppm, AAT [,
66.8ppm = 10.8ppm TH -7, -

those reported in human blood samples (0.028 = 0.014 ppm)
indicated an adequate margin of safety.

Key Words: perfluorooctanesulfonate; cholesterol; hypolipi-
demia; peroxisomes; hepatotoxicity; electron microscopy; primate.

Perfluorooctanesulfonate (PFOS) and related N-alkyl per-
fluorooctanesulfonamido compounds have been manufactured
by 3M Company from perfluorooctanesulfonyl fluoride since
1948. This class of compounds has been utilized in a wide
variety of industrial and consumer products, such as protective
coatings for carpets and apparel, paper coatings approved for
food contact, insecticide formulations, and surfactants. These

! To whom correspondence should be addressed at 3M Medical Department,
Corporate Toxicology, 3M Center 220-2E-02, Saint Paul, MN 55133. Fax:
(651) 733-1773. E-mail: jlbutenhoff@mmm.com.

centrations (Johnson et al., 19/Ya,b). In an oral dosing study
(Johnson et al., 1979a) a serum elimination half-life of 7.5 days
was reported. In an intravenous dosing study (Johnson et al.,
1979b) an elimination half-life was not reported; however, 89
days after a single intravenous dose, 30.2% of the dose was
eliminated in the urine and 12.6% of the dose was eliminated
in the feces. In the latter study at 89 days postdose, 25% of the
dose was in the liver and 3% was in the plasma. In the rat, the
administration of cholestyramine increased the elimination of
radiolabeled PFOS 9.5-fold over 14 days, indicating that sig-
nificant enterohepatic circulation occurs (Johnson et al., 1984).

The properties of PFOS, good absorption, chemical stability
toward degradation, and poor elimination, may explain the
cumulative toxicity observed in previous subchronic rodent
and primate toxicity studies (Butenhoff and Seacat, 2001;
Goldenthal et al., 1978a,b). The primary effects in rats were
hepatocellular hypertrophy and vacuolation, decreased serum
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dose group males remains unclear. The increase in serum bile
acids that occurred in the 0.75 mg/kg/day dose group males on
day 182 could be considered to have been indicative of mild
bile stasis associated with hepatic hypertrophy; however, this
was not consistent with the lowered serum bilirubin observed
in this dose group.

The lack of a mitotic response in liver, as measured by
PCNA suggests that the observed accumulation of PFOS did
not cause hepatocellular proliferation. Pancreas and testes were
investigated for their proliferative response because peroxi-
some proliferating compounds have been shown to cause ad-
enoma formation in these tissues in rodents (Biegel et al.,
2001; Cattley et al., 1998; Cook et al., 1992; Just et al., 1989;
Pastoor et al., 1987). The lack of an increase in the mitotic
index in these organs suggests that PFOS does not cause a
similar response in primates.

The results of this study indicated lipid accumulation oc-
curred in the liver, without peroxisome proliferation. While the
mechanisms of toxicity are not completely understood, studies
in rodents have indicated that PFOS interferes with fatty acid
and cholesterol metabolism through inhibition of HMG CoA
reductase and acyl CoA cholesterol acyl transferase (Haughom
and Spydevold, 1992). Peroxisome proliferation has been dem-
onstrated in rats and mice treated with PFOS (lkeda et al.,
1987; Kennedy et al., 1998; Sohlenius et al., 1993), but had not
been previously measured in primates. In vitro, PFOS has been
shown to compete with fatty acids for transport proteins
(Luebker et al., in press) and to interfere with mitochondrial
bioenergetics (Starkov and Wallace, 2002). The findings from
this study were consistent with evidence that primates do not
respond with hepatic peroxisomal proliferation to known per-
oxisome proliferators (Pugh et al., 2000). Furthermore, the
peroxisome proliferators examined by Pugh et al. did not cause
effects on body weight, liver weight, and cholesterol that were
observed with PFOS. Thus, we believe the hepatic effects of
PFOS in this study are not related to peroxisome proliferation.

The decrease in total T, in both males and females of the
0.75 mg/kg/day dose group at the end of the treatment period
was consistent with the slight (approximately 2-fold) compen-
satory increase in TSH observed in these monkeys (Ingbar,
1985), although the absence of a corresponding decrease in T,
was puzzling. Normal-range values for T, were not available
for cynomolgus monkeys; however, with the exception of one
male with a T; of 34 ng/100 ml, all values for T, were within
the normal ranges of 54115 ng/100 ml and 65-295 ng/100 ml
for male and female rhesus monkeys, respectively (Belchetz et
al., 1978; DePaolo and Masaro, 1989). The clinical relevance
of the lowered T; values was not apparent in this study since
there was no indication of a clinical hypothyroid response. All
TSH values were within the reference range (Belchetz et al.,
1978), hyperlipidemia was not present, and there were no
changes in thyroid gland histology. The thyroid hormone val-
ues in the 0.75 mg/kg/day dose group did resemble some
aspects of nonthyroidal illness syndrome, which is associated

SEACAT ET AL.

with many types of illnesses, in which lowered T, values are
the most common abnormality (Chopra, 1997; DeGroot, 1999).

The lower estradiol values found in the 0.75 mg/kg/day dose
group male and female monkeys are not well understood. Since
testosterone was not decreased in males, it is possible that the
lowered estradiol is a result of a feed-back mechanism aimed
at preserving testosterone levels in males, e.g., decreased aro-
matase activity, or by a direct inhibition of aromatase. The
relatively low estradiol values in females may be proportional
to lower HDL (Adams et al., 1985).

The recovery group animals revealed that the effects of
PFOS on clinical chemistry, hormones, and liver histology are
reversible. This reversal was accompanied by significant de-
creases in serum and liver PFOS. After one year of recovery,
average serum and liver concentrations of PFOS in the com-
bined 0.15 and 0.75 mg/kg/day dose groups were 25 = 6% and
19 = 8%, respectively, of values measured of the end of the
6-month treatment period.

Factors that may have resulted in the plateauing of serum
PFOS concentrations in the high-dose monkeys may have
included a limitation on the absorption rate of PFOS, saturation
of serum carrier-protein sites, increased uptake of PFOS from
serum by the liver, and increased biliary or urinary excretion of
unbound PFOS. The fact that the reduction in serum choles-
terol corresponds with the plateauing of serum PFOS concen-
tration suggests that there may be a causal correlation between
these two observations. If the plateauing of PFOS serum con-
centrations is related to an increase in free versus bound PFOS
in serum with a corresponding increased uptake by liver, the
increase in the liver concentration of PFOS may be related to
lowering of serum cholesterol. Inhibition of enterohepatic cir-
culation of cholesterol could also contribute to the observed
lowering of serum cholesterol. The recovery of serum choles-
terol 36 days after cessation of dosing, while PFOS levels were
still elevated in serum and liver, would seem to suggest that
serum PFOS is not a major contributor to the observed lower-
ing of cholesterol. The cessation of daily dosing may work to
remove an inhibition of cholesterol absorption from the gut.
Also, the cessation of daily dosing may allow for the seques-
tration of PFOS, removing its reported effect of decreasing
HMG CoA reductase activity (Haughom and Spydevold,
1992).

Acknowledging the uncertainty concerning the significance
of lowered HDL observed in females in the 0.15 mg/kg/day
dose group females (see discussion above), no toxicologically
significant effects were observed after 182 days of dosing at
0.03 and 0.15 mg PFOS/kg/day. Therefore, the authors con-
sider 0.15 mg/kg/day to represent a no-observed-adverse-effect
level (NOAEL) in cynomolgus monkeys under the conditions
of this study.

Due to the poor elimination of PFOS in monkeys and
humans, serum PFOS concentrations can be used as an indi-
cation of body burden and integrated exposure over time. A
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