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2 # F B (Perfluorooctanoic acid, PFOA) % K ik 8 & 5 ik 48 £ /& (Coating) &
Mégib TRt - £BMBEIRF(USEPA) KWL R €7 2006 £32d TR Tt L
FERE > RBFABEZ TTHEBEY 0 42009 £ THRAKZYFTE
#|FR{& 0.4 ppb - 2009 & 5 A #7483 & £ 2 #(Stockholm Convention) € 3% » #§ 2
B e s B R H B a4 A5 A 555 AL (Perfluorooctane sulfonic acid, its salts and
perfluorooctane sulfonyl fluoride, PFOS)3¥% 5] & ™ 3% X 4 4 # /5 f # (Persistant
organic pollutants, POP) | » #]# Annex B (Restriction)— [R4| L # it S A - 3F %
RENET PFOA B4 BFANEMREENE - A ASARS THERARLR
4 i% & % 10-300 ppb - % B EPA C8 R k% REACH # £ &,37 £ BE A B AR M E
REBART LRz o

AREEAHBREERMBERY M 21 PFOA £ R A SR ESRR
F kB HPLC/MS/MS &N 4F F ik > T#H4 USFDA & B £ % 228 0U5E
55 B i £ (R)60-110% & 48 # £ £ (RPD)<20% ; L% £ &4 R (LOQ)0.2 ng/mL
(0.004-0.068 ng/cm®) - % T A2 B4 R © 545 ND-0.021 nglem® - By i &%
ND-0.99 ng/em’ « %:B#i# 0545 | Kib4BR Dk 43y A ND » B55= PFOA X §
HEHBH YIRS - HRBBKA TR TEHSH K548 ND-0.0078 ng/em” » by iy
4 0.24-0.37 ng/em® > WAL AL BB H 2 THE o

AR REI 8- FBEZARFERK - B R SBHRA K (ERp) AR
FER S (ERne) 5 5 3848 » LAR 7 15 Bu 46 B = 15 48 TDI (1500 ng/kg-d) H& A bLf):
ERn¢ & 27% 5 ERww & 50-70% - & RBETMMETIHRT - £=E%ET > &
HBWRIRMGEZR  #0F (T-BBR)FRMAE 50 B o B (P50)4F5 B R
fE(SML) : mF A (19-59 H£)F 95 B o s(P95) SML &R V£ RE k&
(+60 R)-ZHARB R LR B M Z PFOA S T BB FHIMBIKA R EAPIS:
SML,=2.4 ng/em’ » SML=1.0 ng/cm® - AF X% B FEA 5B BH LRI ABB
SR - AR~ F RS ERAKRAR L H PFOA F4R4ME © | ng/em® (%
B) -~ 02nglem® (R &) > AH AR TGS R R LREEEY -

e 2R FHEPFOA) - BB EE -~ RRARPE - H BB MMA(SML)
VI
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Perfluorooctanoic acid (PFOA) is a key chemical in the coating of non-stick
cookware and oil-resistant food paper. In 2006, A United State Environmental
Protection Agency (USEPA) Advisory Committee proposed to classify PFOA as a
Class B “Likely to be carcinogen” in a PFOA safety assessment report. In 2009,
USEPA promulgated a provisional limit of 0.4 ppb for drinking water. In 2009, the
Stockholm Convention decided to list perfluorooctane sulfonic acid, its salts and
perfluorooctane sulfonyl fluoride (PFOS) under Annex B, i.e., restricting its
production and use. Many studies also reported that PFOA has widely occurred in
various environmental media, commercial articles and foods. Human blood was
reported to have a PFOA concentration of 10-300 ppb. USEPA’s C8 stewardship and
EU’s REACH program has mandated regulatory schedules for the reduction or
restriction of PFOA-containing materials or articles.

The objective of the study is to perform a surveillance program for the
non-stick cookware and oil-resistant food paper and to propose a migration test and
HPLC/MS/MS analysis for PFOA, meeting USFDA’s quality control criteria:
recovery check surrogate standard (RCSS) 60-110%, relative percent difference
(RPD)<20% and limit of quantification (LOQ) 0.2 ng/mL for injection sample
(0.004-0.068 ng/cm” for article sample). Results of migration test for cookware and
food paper are: ND-0.021 and ND-0.99 ng/cm? at room temperature with methanol;
all ND at high temperature with oil; ND-0.0078 and 0.24-0.37 ng/cm” at the
follow-up room temperature with methanol, implying the possibility of repeated
migration.

This study proposes a 3-pathway risk assessment model, in which the exposure
dose ratios (ER) of the two pathways via “food plus drinking water” and “non-food”
relative to the tolerable daily intake (TDI = 1500 ng/kg-d) are maximized: giving an
ER of 27% and 50-70%, respectively. Due to the difference in body weight (BW)
and intake rate (IR) among the three age-groups under study, the 50 percentile (P50)
of specific migration limit (SML) are determined to be the lowest for the younger
group (yr 7-18), while P95 for the adult group (19-59 yr) with SMLp = 2.4 ng/cm?
and SMLo = 1.0 ng/cm’, comparable to the SML of 1 ng/cm® (coatings) with
European Union and 0.2 ng/cm? (food) with USFDA, both estimated by this study.
All the migration data analyzed are below the SMLvalues suggested by this study.

keywords : PFOA, migration test, health risk assessment, specific migration limit (SML)
VII
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ADD :
BMD :
CEDI :
CF:
CFSAN :
DC:
DCL :
EC:
EU :
EDI
ER:
FSM :
FCS
LOD :
LOQ :
MAC :
MC:
NOAEL :
OML :
PFOA :
PFOS :
POPs :
PHA :
RCSS :
RSD :
RPD :
SML :
TDI :

¥ B #| & (Average Daily Dose)
& % #| & (Benchmark dose)

% 3t 8 # & & (Cumulative estimated daily intake)
4+ 4 4 % 1% $(Consumption Factors)

b2 R &R % % ¥ . (Center for Food Safety and Applied Nutrition)

£ 5B J& (Dietary concentration)
£ &8 JE IR {4 (Dietary concentration limit)
Bk % & B € (European Commission)
BX i 8t 83 (European Union)
4% 8 # R € (Estimated daily intake)
&-984% % %% %] & tt 45| (Exposure Ratio)
R Jb 48 45 14 (Food Contact Material)
£ 50 H A5 # #F (Food Contact Substance)
18 7] #% & (Limit of detection)
& & #& & (Limit of quantitation)
T & ¥ & AR & (Maximum Acceptable Concentration)
& # ¥ (Migration Concentration)

#8833 /2 E 2 /& B 8 (No observable adverse effect level)
438 £% F& 48 (Overall migration limit)
2 ¥ 8 (Perfluorooctanoic acid)
2 #. ¥ ¥t &5 8% (Perfluorooctane sulfonate) |
#F A A # T 3 # (Persistent organic pollutants)
% 47#% # 48 (Provisional Health Advisory)
B ik & 4% 32 4% & (Recovery check surrogate standard)
48 #4132 # {4 £ (Relative standard deviation)
A8 ¥ £ B B 4 tb(Relative percentage difference)
4 & B % ' {4 (Specific Migration Limit)
& A 8 &t % & (Tolerable Daily Intake)

X 5% & 1% #t(Uncertainty Factor)
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2 # ¥F 8 (Perfluorooctanoic acid, PFOA) A K ik £ & 48 B Fu by iy 4K 2 if é2 1L
TR# - AERREAELBNLEEERUNRLTA Class B THBE M (EPA,
2006) - PFOA BA A M RN TEABRNEFYREHRE » —fAMmF PFOA
# 5-10ppb > MK EFEH T T HiE 30-50ppb» AEEREF C8 AU AR AELR
Bao~ fo % PFOA $in s B) 8% 2 18 % B A5 % & (LDL) % iE 48 ) (Stephanie et al.,
2010) - 4 £ ¥ $ #% 8% (Perfluorooctane sulfonate, PFOS)& PFOA #5/b4-4h % — 46
HAMBOH L EBEAHEPFC) > N RAB L SEARRREER » LELL
LHERLAERAATEREERSH L wBH bk FEA - THAEF
AS¥ Bt THOABRE  RERS -

Rk E R A mEr g A PFOA 45 A hv T By & » PFOA R4 RE % ik
THEWAMNA R —RRBBTHERGZSERBMUD > AR EH T
FARBERR XAFEER S RIEABFBH T €1 PFOA R F AR po »
MAFRF - FBFTRAGBREBEAMEREIRERTFEESEN B A RLEHR
4% PFOA -

2009 4 5 A #74& 5 & A /> #(Stockholm Convention) ¢ #(SCPOP, 2010) » iE
A PFOS #7138 A 5| & 2 45 X M A # 7T 4 49 (Persistent organic pollutants, POPs) -
3t 5% #2%* Annex B (Restriction) » fR#] 2 % & $146 A - a4 PFOA £ PFOS &35 R
MERL ARERAKRELLYS LB ELRE  HAARTHHRELRBA
R ih# TSR X PFOA » FHE B S M AR I % » BT R IGREARE
UEFERARENA BRI ARPERN > REREHE > BARTHEZ
RERRTFE  FHLEREAEHBRB A2 E T EBRMACML)Z %4 BME -

o}



= XBREHRE SN
2.1 %#HE PFOA R PFOS £ R M4 L2 TERAE

L£EESEYEEBFDA)E &R LA G (Food contact substance, FCS)
AEAALEE - O HERBRRAME I ARG LI EHwE  RES
Ao by 2 & 2 % Food contact notification (FCN) ; & FCS B Wk £ R Sl iv
# (Food additive) » R ¥ # f& 4% i% Food additive petition (FAP) - #3585 % 2 & #|
# 3] & “Guidance for Industry: Preparation of Premarket Submissions for Food
Contact Substances: Chemistry Recommendations” (USFDA, 2007) » %45 3] 14 & 2%
B% FDA z "R %22 R EMA % % +.w  (Center for Food Safety and Applied
Nutrition, CFSAN) A73T& » # 2002 4 4 A & E A% B AT R MIRAR A4 7 2007
£ 12 A %3531 A R T MU HUE X PR RRE M A o 35455144
AHEHEEMH FCS BE XML - 2E kR FH 2R E (Nonbinding
recommendations) * BP ¥ E 2 H BB EZHEH L TRZKARIET - ZE3 R
1R A2 FCS» & 8 M 3 2 AT 52 4 (Precursor) 3 JE %] & F o 2 R &b 4h
(Impurity) <

RAE% USFDA 2. 353] » ¥ XX FHRYI I B R | XL 6] - EHitA
ZEH > THRIEANR KEE M (Food simulant) » LERRAE 2H7 > £ A
FIRE > THA One-sided migration cell » 3 KAEF H L HE » T A Two-sided
migration cell (Total immersion) » 447 B 4% 3B F A & § #HH » UL X244 B 31
Z B IR o

B S S R AR R X A A 10 g food/in® (=155 g/dm’) - 4 § m it
A S E Mz 8 %1% A b (Food-type distribution factor, fr) (ko %k 3 A7) » 3+ &
4 & FCS 24 & (Dietary concentration, DC) :

DC, mg/kg or ppb = Z[(MCr, mg/in®)(in’/10 g)(10°g/kg)*(fr)]
BRREASIRLHWEAR S 3 kg food/head-day » T34 82 & (Body weight, BW)

60 kg * £ &M+ G 4 & 1% #(Consumption factor, CF) » vk 4> T3 HE A #
4 & (Estimated daily intake, EDI)40F » % 5 & —3t E ) :

EDI, mg/kg bw-day = (DC, mg/kg)(3 kg/head-day)(head/60 kg bw)(CF)

st o FDA 2 T R &k 25 (Office of Food Additive Safety, OFAS)+,
2



Ey—@ssAHE B ¥5EMEFCS 2 DCL # CEDI 4|14 > B AT EH
B 7] % 1267 #8 FCS>PFOA % & 4| {4 % : & & & & (Dietary concentration, DC)
0.12 ppb (ug/kg)R £ 38 B #& & & (Cumulative estimated daily intake, CEDI) 6
ng/kg-day > 12.% &M 46 PFOS 2 FRfd > MBHEMHBERA > HAREE > THL
# DC =7 ppb, CEDI = 350 ng/kg bw-day » # PFOA &.# ° B PFOS # 14 # PFOA
% AMRWALEREA PFOS -

Bk 3 9 B8 FCS 3845 350 45 31 (EU, 2004) £ 2,46 17 38 K B} % B 49 4 : Adhesives,

ceramics, cork, rubbers, glass, ion-exchange resins, metals and alloys, paper and
board, plastics, printing inks, regenerated cellulose, silicones, textiles, vanishes and
coatings, waxes, wood ° % #| FR {4 73 4R 35 4 B @t % & (Tolerable daily intake, TDI) ’
BB GHRE -BEOOKg HAHA | kg B~ R DA% 1 kg/6 dm? (=167
g/dm?) » pr st 6445 5 B 48 PR (Specific migration limit, SML) » B sb2 o » 7
Bl 488! 2 £ 4% Food contact material (FCM) » & & K # 4 4% 42 & {4 (Overall
migration limit, OML) » 2 & SML % OML 2 4 & mg/kg > X BRELR S P
Z 5 g iR B IRAE > Bp A8 # USFDA 2z DCL - PFOA Z 49 % 4% A No. 00468
R 7% 9 % Plastics 2 Additive (9.1)° B 3T €. %] % 853 # FCM> {2 &% % 3T & SML >
o — {8 T 5 & 2 X148 2 PFOS % #1435 4-(2006/122/ECOF) » 4okt 4+ B £ ¥
RAMHER S ERHE S 0.1 ng/em” 2 PFOS » B PFOA 2 TDI % PFOS z 10
% > ST 444 PFOA Z % (/4] % 1 ng/em® -

HRELHm B | kRARAAKERHEAZ FCS FHHX > AAEASGR
Fl > ABHBEBBREMCHEALRZREDC 58 #H L EED Boslass
M1 DCL $2 CEDI th# - MERBA N T4 S/V 8§ » RERER S/V E F54 - %
EC (mg/L)i& % % MC (mg/dm?) » B XA S4B 14%0 | keg/6 dm® 3§ MC %25 2
mg/kg > B8 SML £ 4 IR ;& S/V k4085 10 1 kg/6 dm® & &2 28 4%
Fr4% 2 EC Bp & MC (mg/kg) > T B4 8 SML tb# - SML 41 4 mg/kg » 48 &7
USFDA 2z DCL » #3% MC z R % mg/dm’ 8% » BB miE 4 meke Bf
SML tb# - gk 3 % & K F1$ % FCS A 6 2 848 IR OML(=60 mg/kg) * # &
BARTRZRERE(RBEYEELS R 93 FABBREIEHRE > v#
EF-

g KM F B R (HCFRD, 200N B L EHAZBAERRES P
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PFC th & & RR » g AR 2006 & 2007 ¢ TDS 3+ & » AEA R » ABRRIBR
BEBZARY BREFTARABBTHAXTAXBRSLBHSH PFC 24
WS LB - KERAXY SB|A R » Tk PFC RE 54-100% - B
A AARANHLLASHET  PFC ZRE 4 4 ppb level (ng/g) » SLEARAR
NNk P RS EME PFC RARDAEZREBE > 2004 £z CTDS
ME 5% PFOA R BH 8 A 40ngked: HRRERE - A mERHATH
PFOS %] A Canadian Environmental Protection Act 2 Toxic Substance List » 3 &.4%
# Risk Management Strategy » LA 2 3% Hi % PFOS BEARIEF - )

A 4 Japan External Trade Organization (JETRO, 2009)%§ # “Specifications
standards and Testing Methods for Foodstuffs, Implements, Containers and
Packageing, Toys, Detergents” » i& & 4k 4% A & Food Sanitation Law (NO.233, 1947)

BTRENOMEAMITEY - SRBAEAZEL I wE  AF R _FhA ML
RZASEBE - ZBREE - B VPREZWHFKRE D R BB (Potassium
Permanganate) &) L5 68 - LR ) SR R% - R FRAQA)AZRI TR R
# 3% 943X 5 (Evaporation Residute Test) > # # R w582 &M * Heptane(idy 12
£4) ~ 20% ethanol(GE#5 +£) ~ Water (pH>5 £47) & 4% HAc (pH=5 £4) » &
HBE - ARFED2H T RETERBERLEENHHRBRT L &
4 Melamine resin & Phenol resin & Vrearesin 84 s # - AFEEH LA B K
4% M ”Elution test” » 4%, & Bk £ 2 Migration Test» — A% € AL S A8 58 - I 9L A% ~

BOEE RESEASMRRRY FSERTERMEE » 2K PFOA &
PFOS 3T XA MR E -

2.2 EF:N) PFOA R483m %
£ B FDA & Ri#ATRB AT > B4 L RRM (Test plague)x L £ 8T
(Formulation) ~ B B Sk @# » #2328 KHKBEE>0.05cm B BB E<25%
W A2GTRLEBES  AZEHRULEHE > FRRERIE S 248
B 4% % A5 A2 B (Solubility) » M JE#&#4(Diffusion) > AAA R R EE MR UE®
HE - #ABSRRE BATEREY  KARRKAREEAAGRGEY R
B) 2AHEHES THA A0 CRI0XR » Ak BEEEQICOR6-12 AZ
EMFSE BASHEBYRMT = EHBH RS 0 BB IR A Migration
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concentration, MCr)% R3% 3444 - B k74 mg/in® % mg/dm®- = $3 BB
B P &F Ao 1/2~1-2 4% 2 Surrogate Standard’ 45 R IR -394 £ RE 4 £ DC=<0.1
mglkg > EILER) = 60-110% > 48 #4% # 45 £ (RSD) <20% ° 3 DC>0.Img/kg
R=80-110% > RSD<10% » #t# A X2 B M4 ™ E > THZ DCILE A MC
DA R WA B E R RSD(H RPD)Z HE R K HEARRE LSRN

ABERGEAEE 116 M7 54 #(Article of commerce)z PFOA #4535
(USEPA, 2009)> K 55 482 X842 /& : (1)3X Surrogate RCS v 2 methanol 100-150
mL Z84HE4 03 mm R (2)4%& L Aluminum foil 1@ % 4% QNEE
24 hrs; (HABREES | mLo bz eA - (DRA448 008
#Hau# 1g(5%5cm); (2)# 4 & & A Surrogate RCS # fv 2 45 mL methanol Z 50
mLPE #.< & F; (3)24 Nutating mixer # % ;% 35X B 24hrs; (4) %ML E4 I mL o
FiR Y11 EHAT 2 BRI BB RS SRR ME RRLE R K548 1-50 x107
ng/em®, By 4k 2-420 ng/g -

XABHBRBUERATARY > FTHAZRSZH 06 dnd)aign
(Total immersion) » thk @K AEAMA S/V=6dm*/L » BIEELE & OHTYE -
MmEHEYHTHELEGRMN MOEE >05mm 85 o0 TUAHEALEGQHK -
R BB A W4k Simulant A, distilled water; B, 3% HAC; C, 10% ethanol, D,
rectified olive oil » 2 S/V 840 > BEBZHMMH<0SL X>10L - BEEHHEEn
sk mg/dm® (M) 57 9k % B X mg/kg (C)& 712 C Bi# K A MC Hf SML
B o HE AP EQ2009)2 35 w24 EH—353] 0 & 6 A%IER P H(Q2003)Z
BB 2 SML #H ALK > #HEFEE > HHREHE com® AER 2 mL
Z B AR BB RETART A mg/l & mg/dm’ > HeaT 45 5 S AR
o

F T ERLBR UK T R E 4B A Ry b 2 B A5 R 5 I T Begley et
al. (2005)5h > E 46K E4F RIGER B A48 A 5 # 5% » USEPA(2009)2 %53 F &2
BREENEIYH 2 UG HH0E HEGS R YRR TR Z BEEY
SBREBRAEZBE A 50-160°C > AEEEERZ RSB EH S 130-160°C > 43ik
220°C REER RSB EM - A3 EZMZ » USFDAQ007) 75 4+ 4 88 & %

e R ®) » {7 —A P 5% K47 4 46 food simulant 2 B R - BB L
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B4R E UL food simulant 2 34 F 480 B2 % F E i FHZEBELR
)j{ °

2.3 EPER] PFOA X% & o 4 il o ik

% 8 b Uk ¥ R B B b4 (Article of commerce, AOC) 3 & % 3% A5 4 14
(Food contact article, FCA)Z B ¥ ik — @M% RAMHHSEATHRRSRL
BBz ATEM AATRELFRAME AR OREMAEL B &R
B e HRAEEHH AR —RRADE L5 EH B &T A ngem’;
HRFRED G b~ 3g) ) ARG WE RY 1 g0 A SREE B
Bin kA gy bR UM 2 E B EE(@em?) 3% AR E A nglom? -
12 Begley et al.(2005) AR A E AR TR S mr KiE ' BUASZ A X ETBERAR
EBBREGREVNEBEZLES -

B EAE R Z S E &4 E AF  USEPA009)3k A FEL A 54 TR
£E24hrs > AAEERBRASFAEGEH AR BRMHNHB T EST
BERBREETEA 50-130°C > £FE%M 10-15 min- BAE S5 % 8% ppb
B XBRP &M F kB A FHH0oRAE R W S B E AR MHPLC/MS/MS) > 2 K
PFOA Z W H X H R T AR AALARRITEI MG T Z T
o 6.4 Teflon B4 - 81 - BH - ABAK - REBETHRZITEEN - Han
BHEHRAREERATHRZAAMES -

LEHHERIMT  PFOA 28X F XX S AG8ETF 413 RF8T 369 2
m/z tb R i @ B F] & #8735 2 > {2 Bononi and Tateo (2007) 55 34 Ao — 48 F & F 168
B AR o R T FA4ER(OLOQ)— A2 7T i 0.2 ng/mL (ppb) » #7442 LOQ T ig
0.06-0.1 ng/em® &, 0.5-5 nglg » B4 E AL 2 & (Recovery Check Surrogate
Standard, RCSS) 2 B #ic % T i& 60-120% — £ 5 + 45 5 2 A0 B 4k (do 7 82~ 5K) -
RCSS 2 m i £ T AR H » 25 A RA MR EEHFSR1E > FFEH
REREE > DELEHER -

2.4 B A5 PFOA £ R4S H# 2 EH
R ILLBIRFREBR GRS EEHRABREHFRAEBHRAE - £8 FDA

¥} PFOA i 47845 51 7 (Begley et al. 2005, 2008) - i 4208 K 5K fE S R AL Ao 21 2
6



min % > H& 117 dm® K #& > QBRSO RGEF S22 EXEH > X
LC/MS/MS #3848 & » 4 £ 88~ PFOA JEE #8 6-290 pg/kg » 2 F s AH
KA ZBHEE 0.02gem’ > THEA 0.12-58 ng/em’ - BH AL LB BA(E
E588g AE AR 28 cm)EE 0 LUARIBIREREER R U FEEA B

7 50°C/24 hr #9454+ F 847 B 45 35 » 1A LC/MS/MS #8138 48 % & - Begley et al.
(2008) SHEHRR LR - BRARPULE LI B R BT EHEES 2 50BH
e - RREAFAERAHBEFABRROE RSN E L L REFMMR
BB EE 0 B 2 A =44 #44 Perfluorochemicals(PFC) 7 va #6142 £ A& S % 45
(K ~ BEER ~ BAF - BBORBRB)EAZE L BRRBRLE R > BBESAH
BRUFHEFHRAFREERLZIHY  HEHARZE 100CH > £ B THB G
HKEFE ISmin: b A AR — BT HEERT SREERBERBAT £
4 b (Miglyol)z =48 PFCs #4975 it iR & A 0.01-0.05 mg/kg (0.2-1 ng/em?) » 2%
RARARLERILE  SHAARSEZHHBEEBHEE 0.02 gem’ » 4§ 308k
B AEmisd A ngom’ » R HASEERBMAERLLEHZ PFC B

# 2 0.01-2 mg/kg (0.2-40 ng/em®) » {E 43 B 6L > LA (Butter)tE & 54855 >

EEBRE(mgke)d h A m SR E R D8 ME 1560 22 % - B 3 14355
RERFRFRBEEMNETZIERBHRRER BT THIALE RIEET
P AL B (80%:d +20%5K) ~ & & i (Miglyol) ~ & sk it 48 T M HAL B & JE 8 F
PEIACE] ~ BB ARG A EE X R LEBINA40C RE 24 hr ZHBHT -
AT ZRE IR Z A SRR A & 8T R JEE-F M SL16#]14 Soy lecithin
B Polysorbate 60 » # %3 BLEPE N A ARl PEF A0SV HFALBI(1%) > LEA
Y838 Ao B 45 09 R B 94 A b F Ao Soy lecithin (88 F M LB & BB R E L 4
B RBE# 50 45 o TREEAEBBEN > R BEBY e EIF R AE IS4 I
TEE-

2005 4 % Bl AL FR 2 5] (Powely et al,, 2005) A58 F % LAB Ao R 4514
R A KFe LERR G RIBRAE AR ER A PFOA B KB 2B UBE N
REREZRBETWAKEEHBA 4 0.6 20k E RSN El SR AR
EAEEZ4MEE L 2100 °C B4 30 min ; I LELRA KRR A EL 0 1545
BEREERIABER » BEHBEMBERE EH2Z6K > » 125°C ~ 1000 psi

B T E R4S 10 548 0 /% L LC/MS/MS ¥Rl B8R B - 45 339487 14 58]
7



BR o BAEEREAEPLE > ARERBERTE -

Bononi and Tateo (2007)i/7 & AR RS F LN AR R EH/AERAB—
RO BE-—RBREEASHE MHHA2EE R 2 RAEMD > BROBEEHE
WM E AR ESRFERELFE 0 B AT RAABECAE R | LR AR
B F K o i E 120-160°C 7 10 min B8 BATRA] 5 A UL H HE
HoRkBEFXBAhmBE  BIAFTAEGTZELEHRRY 10min: B2 54
F 4515 LAHUE W A 545 1 PFOA -

£ BIIE1%F (USEPA, 2009) 1A FEi1E A BB RERZ M - 4 ERILEER
SBAUBEF K>S HARDZEF X NERT BT 24 FF 2 B4R
I LC/MS/MS 45 i RlK 5 > RIF R 2R A2 PFOA B IR E A ND-0.05
ng/em® » By ik 42 PFOA %458/ 2 ND-4640 ng/g » R AAF R E 2 R b 2R
A BHEEE 001 glom® > #52 ND-92.8 ng/em® « 434 F i - Brib ke s t — i M
THRAEBEHES o e S - |

2.5 B M4 PFOA & PFOS & &k & F#

A3t E B 7B N PFOA &R PFOS —fx R &b ¥ 2.5 $ R B > #1 A PubMed,
Web of Science & Ovid-Medline % E# B # % 54 18 & PFOA & PFOS & & 48
WA 7 XK - .

2007 4 Tittlemier et al. 5} %, 54 & &-49 F 7742 PFOA & PFOS R & » 54 4%
EHHHBRE W EAE REHE AT E 3 £ (Total diet Study, TDS)3+ & 89— 8/ 45 »
Wit B4 AR RS ERT P &Y § 350k R 5 R R 155 (1999-2004) /R4 X
# o Ml R 5S4 AT E 9 T RF PFAS > Buh ng/g - £ PFOA
AHEAA AR L EEB 2R ERE 0 255 26074 v 3.6 ng/g ;
PFOS £ M %A ~ &P RURBR K IES A A 0.5-2.7 0 1.3-2.6 v 0.98 ng/g » 4wk 10
Fii % e

BB R R AR B G FEW Teflon # » B LBULIR K IEA PFOA
Z FEMAR S & 1 BT ARR BT &5 KRR AT A 2 AL (PFOZIR
BT #3900 ng/g - BRI TZ 2 AWM S B BB BBIE BT RME -

4K ERSHY PFOA R PFOS REFHEKR RERST ARME - ZMHEFIL
LB 4%%F]dok 12>k 13-PFOA 42 db =BG 2 8 A H %] A 0.1-53.0~0.2-22.9
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B ND-5.3 ng/g: PFOS 2 sb = A3b & 2 iR B 14 % 5 & 1-520~0.1-47.2 & 0.08-99.5
ng/g -’ & ¥ BHIRIE EFSA (2008)EHIg ML &3t > IBRBETHKEAL
E 0 sbft— A% TDS #i{g Al 2 "as consumed” R[] KB ¥ = A LT A K @2 5H
%(Tsengetal.,2006) > KE#BA—BRFRAIE - ARG A4 > £ amE
TRATHGPEG LR BREARRNESKERAZ — - A O EHEN A
B SR o BB SRA 0 4R4B R 5 B A H S04 o DI B SR e 0 547 45 R B PFOS SE &
A% PFOA - WEE - FRRREANAEHM - S LEAMERGETHFTUB 40
PFOS 72K & & & ¥ 2 /R & A# PFOA -

2.6 B As PFOA & PFOS B # % Fi

PFOA R PFOS B AR G oAz M mARE P RBFAMTE A2 4
FENSREEP > OB KE KR TNEER— 8 ¥ ASH2Z PFOA & PFOS
FRAM - KBIYGRETEARIIEK TN RKAKRZY FRE ok 14~
& 15 /7 78 & Bl k28 2 PFOA & PFOS B4FE B » £ T)| kB LEEE -
Lin et al. (2009)7 & 2 1)l ¥ PFCs iR E 2 Bt & - % 3. Keya River # 5 P 243 2
%R B PFOA(310 ng/L )& PFOS(5440 ng/L) » #% & 443k & 7 #7147 #14 B B Hh 3o
Keya River LA L ¥R K URECEEF L0 Y B - TFRATEE -
PFOS 24 B T4 - TF R B ERUREFILLEF @AM > Xiaoli -
Touchien & Keya Rivers & 4% X84 & £ HEMUB K Z ) 0 et R B B8
FBEER > R AFIILERE Po Fo T anaro &)1 &5 PFOA B E R ST EE
AHERIAMAENSARESHELR £ B &8y Tannessee River 772 B 4 £ % b
BREZAHELE - BAR - TERREE TN ¥ PFOA s B EEN S H N » £
BB B BENKTIN AR T KM IE T E AR K B b B3 L ke BB AIRAR
PFOA R PFOS R E®H &£ 2 B % - 4% KeyaRiver ¥ PFOA R PFOS ¢4 5 B &
R AE R 0 A2 9 sh etk ib X PFCs SR B 3 RAER A & M T ey 4L a8
B o Lin et al. 2009 K ¥ HMAATELER KB P PFCs oy EE LR > 3t B
ST HLEFTGHI T RN FTHRERDEABE -

£ B # & San Francisco Bay & 7 )I| BG83 ¥ PFCs 28 % » B oM &
1 ERKREREZ TETRETNITHRA - KB ~ BERNRITEFRZ
PFCs # )4 £ PFOS % % 988 % 8 & » 3% /& 4 ND-2610 ng/g(& 16 1¢ 2 38, PFOA

9



% PFOS i ) - Nakata et al. (2006)# Ariake Sea 3@ B2 i » #47 PFCs 2%
BB - 4B R HA R AR ENR ¥ 1432 PFOA JR B A% PFOS - Becker et al.
(2008)5% %45 B 32 PFOA & PFOS # )| KR ¥ iR A » £ 4% 5HE A Roter Main
River X TALTE - HERREBKREEZSHKHE > Flop4 72,000 2 &
RAE R o SRR IS4 B KR B b 05 BT 5 38 RIAFRRIRE T a5 &4 Lo &
¥ =42 PFOS RE X &N PFOA- bt A B - B AR BB ERIMERRE
PFOS % %1 % # PFOA > R E M T PFOS £ T ¥ ¢ 64 & A 9 - &7 #£ B 3 PFOS
ZAKRPEMEAY PFOA 24 - ¥EN L 16 ZREEHEHAHLEELET -

HEEERKET PFOA R PFOS REL & 1TA T FWRBAREIWEKX
PFOA & PFOS ;& /&34 % ppm %4 > & USEPA (2009) 8 ¥ A & ¥ # PFOA &4
BEGRIS) ATAH —BRRIALEFTERTHEAMHTTRARERE L
Hiblg - T EREABBE IR THERRAAZIHRE  AENARETHRE
PFOA % PFOS &y & B » A# %4548 A 8 & Moriwaki et al.(2003)2 & & ¥ PFOA
BEAE o WSk R S RELS TDI 2 this » 4 ARBRFE OB ERE

10



=~ &R
3.1 PFOA @k o#r Fiks
311 BB ERHETER

FiE C BAMAABLI R EERBER MK PFOA BB RBRF L 2K
R AE TARARGEMEERARSREIREAEH P w  (USFDA, 2007)
BREH(EU, 2004) 2 FCS #H R — M RARYBHZIASEEL -5 E -
CERBA E(RBBYERS 93 £) TREH RSBS54 USEPA (2009) »
% R AL R SR I B A5 R 1R 1F &% Begley et al. (2005, 2008) & Bononi and Tateo
(2007) « Kb 4Bk 5 8 5% » KB R o nglom® £ 0 Wik 43R 253 8% (Total
immersion) » BB R U ng/g X7 RTREHLBEBEZFTE  KEMBIRA
nglem’ > 42 LA B & By b KB A E -

USFDAQOO7)RE £ X BEEE>005 cm > BB B <25 %EHERLE &
BRABILES  RERHUARGHE > FRAEREGHE - EHN&HE £8
#% & %% 48 B 52 %) & (Solubility-driven) » P IA KK B E » HMBUBE&BHE - BA
R EAT F ik ek sk (Validation) 8} > M B EEN P H T4 FERBEHEN
(Accuracy) B % %8 M (Precision) » @45 ()M A RRSHEEZ A LR E L (Marix
standard) 2 EH N4 QA TR EL 2 EWE - Bl ERNEBRBTREL B
HREDWAEZRRY BRI BAHARBRESABR Y THRARKY LR
R EBIRK -

B ABHEKE FRAZEH SRR REBATAMMERER
REZ 051 R245 AERBIERBERBKER <01 mgkg 5 B E A
60-110 %> 48 #1142 £ 16 £ (RSD) 4 <20 % % >0.1 mg/kg &% G4 & A 80-110 % >
RSD £<10% (USFDA, 2007) » {2 £ £ R S 2 RGHH FCS B> &
HERERERBRARK MARERRZBGHIEERETELDEE D2
W ¥ F BRERES DRI YHE— 4> P BTBBRBE > BEHR
7 #(Split Sample) » & F 4§ 5 47 2 48 # £ & & 4 tb(Relative percentage difference,
RPD)RE 7 20% @ & RAPHE AT BER DRI I AN EHRLEE S
(Recovery check surrogate standard) > £ 242 5l £ & 4 60-110% - & T @M L
AR EZBHBIRE  TAH A T 5 F X A4§ USFDA 2007)f f5 2 A 5 PR E 2 0.1
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mgkg HEHBBIRE

mg 1lin 106E iss R
kg—food)( nz)(1000 g)(Z 54 cm) ( mg) ngfem

MC=(0.1

B A TR R 2 B A E 3% 155 ng/em? » # Recovery & RPD 2 %%
E L5348 60-110%K<20% -

312 BHERBRIERDEER

AR 4% USFDA(2009) % Lu et al.(2009)z PFOA 54742/ @ £ A RA8E
¥ % 5 G %1k 4 # & High Performance Liquid chromatography/tandem mass
spectrometry, HPLC/MS/MS) » & 2 7 ik a3 k4 D> RSB F L BH R
BAZAHERA C RATH - BT RBMIRERE > MB&REEL 2 HPLC
BRTENETBER 24 hrs 0 HmA PFOA 2 Fa KA £ SRR ESD
(Recovery Check Surrogate Standard, RCSS) =k £ 4% % I mL> & £ A Z 10 mL
h M

HPLC/MS/MS 2z 404 48 i 0.2-10.0 ng/mL (ppb) 2. 5 18 i B 4% 3 53 3L 4 B 44
1% A Agilent Model 1200 =z HPLC, & AB Model API 5000 z ESI-MS/MS - & #7
TR RETE BB ESSEMS  THRRETRAG AT HFRMFMRAS
RI9PT - MUBFHREZIEHEE LA RAE, 20020248 - 20 AR H
F42% > £+ RCSS @ik R R EHM S £ E A 5 tL(RDP)£ £ USFDA(2007)
2% B 60-110%K<20% - B EHIAURE BB F ol & 21 FE T8
BHREEHLE ImL ZRHLEBRAUREE2mL BUEREBLEE 10
mL 385 L REHEALE 22 %D 15 ASBREFKIEL » BITHRK
HSET TS 6 BRADBKRESL EEUAREANMRELUERRZFESE

WHRESZEAN  BRARRESEIT TR BETREGZEN T

2h - BEZKEH > i 10 B RE—HikDE  BET-RREKEMS -

313 REATHEHRE LH®

— AR AR 2 % sk pe kA B 47 % B XK SR (HPLC/MS/MS)i@ % % PFOA 2
FHFE - AR E RS LRBHCRHES) PFOA FRTHLE 4 Z(A)
Fiii~ > PFOA Z33R(f#$ 7.0-7.5 min)3k B 988 » o AHkIR > 42 R 4% HPLC 2

A HinE B R E @K BPTFE H# 7) » &t 18 REMEHK > LEHHR
12
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BRFAERBEMALKE AR ELERMEY H > ¥4 MR PTFE # ¥ 49 pump
seal RIMAPEME A MEA AL PPHEZHMYRILE  REA 4 PTFEH Y
TRZBGHRERTEE > MAREHER - S8R E KL C18 SPE $4t
BAER > MR RBEEZ PFOA F 2T E 4 Z(B)Ai » PFOA Z 5%
BECHK > ARLAH ST BHBST RAKFEE > MBS 2 pg PFOA 2
MEE(BP AR R BRI EE 02 ng/mLx10uL)ko B 4 2 (C)FfF » Mkikbik
69.3 BN » LR 02ng/mL AR ELRKBBRELE LM ATAEZE
BHERPPHE  BRRERERHRRESLZ /4PTFE H G £ 44> ik 1/4”
SREANK » AR PTFE 488 2 ok £U41 0 BURREB4AR SEH B K £ B8 IR
RAZEETE  FHRERASPTFE #QRZIEHMES > MARELER > L
EBRRTBRIIT—AF EEaRD > UHRAIHBREALH TR - £ 23 %37
AR LEZ ERHRT FFHEZH®E -

32 PFOA X EMbkE R
321 HEREER
AHENSGPTEIERRER S ERBAR BB E IS4 P TA P
CBRTRANHETEE  HEVREAALARAM - IS HRELEMALHRE
BEARLES  WwABE - FEREBERE - I5#HHHAREZEATHU
BGEEFERZAES HREROLIE—RTEE BB EERAOHBEE -
BREEZEBBRATERAL NG SO LGREARTSAITHERTHBD -
RUEETARARREBRELHEN - REERBAGES THABA
REG  FR-BERTFTAOBEERAD AETNBLEAMRA TR AR
ﬁ%zJSW%%WE9#%E¢@’%@~%@’ﬁﬁ&é%é”%%%ﬁ
BES —BREAMETALE BASL UK ERA 4-2cm FERHEEE
R KRB EAZLTAEGHARE & 24 B2 BREESH 67-890 NT - i
REARSSRATURELZEE AR FARE LR BAZ 2R B+ PFOA 7T
RREBRRERAT  REERBANRLIN  ARAURI BLBIME 2LH %
ASAERBEF T EGERARE K HBESCARTER I ARBREFRY
Fo ORERZEE - SEMT - ARBBMURBELEREEEFE  REH
R XA REGBIRREER &M THEwE PFOA BH BN i EAEZ
13



R -

R AFAEREZRDOEBREAHEER - WHBN LTRSS
AL BAHRAKRF @ AREALAMES SRR 68 LY FE T
BEA H5SBRADEEAB SRR E R  FllodlsiiE B B
RIBHERA - A E SO AEN K88  EHARETAARTER
REB - FRTZIHHAERS ALY HEAHAR - BRREHRH %5
Ao WS amBLRRE  FEREE -I2NT RE - BREZDYHENEREE
B4t B (mm) s E & BT K (gem’) » AEAELEN PFOA H B8R
B iR & (SML) ¥4z ng/g £ & ng/em” -

AEB9ET AMBHRENRD > AETHHERE BHARATEZ
R RARFHEREZTERABETY > WAL ERZHMTY BRTHE
WAAENRE AR RERD 2 HEURSHERE S
RS E GRS S B AR ARG AR R -
HUOFREFBEEN > LERGHHER L » £ B EE? Google 3w+ 6 - N
BREABDERAE  FEAEBALMEE RRIWB L o+ F e

322 REAMMBERRLE AN
AHZALPTEAATSHEAKRE ISHEFTALMSBE  ETEETESR
% SEHRIBBURSREBA X TEFHEBEHEBHEX £26 5
ARERE{/ZERTEHE -HEROS HRHLBBEAATETHREBLARZIR
BHEREER FH I RERRZBEOYmL) - RAZSBHAOMLRETE
(ng) » B& % L REAL bz PFOA ik £ - 35925 ND - PFOA %A
BEEME R R 2T R 281 A2 RiE48E Y PFOA KRR ESE
WioB 5657 AP NDEAR 7 -8 PL I2ND A&7 » ERRZEE4&
A 02ng/mL > % B4 @A 400 cm’ 8 TR H AdM 4 K F4ER A 0.005
ng/cm’ (0.2 ng/mLx10 mL/400 cm®) - £ 8 F 8% 18 £ i X 2 X8R4k 14 44 USEPA
(2009) » MR RBESE 2 T M T » #ATFERAM T8 AR5 24 he BHIR
JE 4 2 2 ND-0.021 ng/em? (n=15) > LR X B4EM A 02ng/mL > B8R 2 X §45
8] & 0.004-0.023 ng/cm® - USEPA (2009) R k4B E R FEEBEHKBRERA
ND&Mh@mﬂmeﬁmﬁmAanmmym%&ﬁ@m%z%ﬁ%#’
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FlHERTESS 24hr ZHEATE > 2 USEPA RBREEESEEAAMER
BIREH 245 - % Begley et al. (2005)i# 47 A2 RiE48 BB R > RBLE LA
4-75 pglkg > EMTRBEF 2R EER R BMEE 001 ng/em® (K5 2R EHE
2.2 glem’x /& & 0.005 cm)i H 4 0.044-0.82 ng/em?® » W R R 5B LR A A
REGREZ 4042 » £E B B RE 4 Begley et al. (2005)14 45 £ B X84 48 B 2 K3k
BB A AR 0 £ 50°C T 24 hr #4784 0 MATRAEABDE RS -

AMABRERTREESSL HHBREBRERIZASBALETH BEREE
B NFHEB 12545°C FTRS 10min AT ERGE b SR AEHER
(n=3) - R BA$ B X %414 %4 Bononi and Tateo (2007) » #%FF X #4748 8 PFOA
BHA ABBEELHESER TS uBBE—REREABY  BHBA
P4 48 P BUE i 47 120-160°C %2 %48 10 min > 354 4 £ A ND-0.13 ng/dm’
(ND-0.001 ng/cm®) - A R4 S BER AR BB A2 MAB LA —REB TS
B RAHKMBMAMRAL PFOA BBBHL BRBFEFHBHEEK &R
AR EHRSBERGBBLIRAS B8 PHIFE3 67T ZEE A 1/2ND
B - RANBELEERECERHAE PFOA BEREZATEBMARYG B8P
PFOA B4 S %48 L BB (L M) R |4 M AT & — HE3t - 43 Begley et
al. Q008) A AR LR h AU SRR EYNZ SERREBLE (AR 28
3) Bab i AEBRA RGO BB RERIK  #ABS P hoNBE TS IEsEFHIL
LB R & 12 BAB R 3% hw » o b3k B] Bononi and Tateo (2007)s#§ 3 5445 B 4 it 47
EmBERFHREF X TRAKERESRE » A Bononi and Tateo (2007)2 &
B #21%(0.05 ng/mL) N A A FF £.(0.2 ng/mL) £ & KR B FENA KB X BH5IR -
HTRARARERAKREER -

323 phRmBRERALETER

I5 RGO EHBEMELGASTTRERNEY - RRB A M LEK
BB - AARZETETE SEEBIURASAEBRATETESBRAREL
BREEER 29 T 0 BFH ERE B R2ZIRE (hg/mL)R & E &(ng) - PFOA
REBRERADEPITE Mok 30 B & 31 A 28 2 Byid 48 1 PFOA 24 5
Bl E 9 /T BHRAESMRLE 10~13> A F NDEAB TUND 2 112 %
e R RABZ D A K BB AN R R B KT PR HEREE A
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(1 DZHHaETR0EELPER PFOA - ZREBRBAIZAEEMA
ng/g ' UHESEB@OABBERCEM)ZMAEXTHEMBES nglem’ > P
BAHEHEBSZPFHME - AARZ TR FEEBBERXND-183 ng/lg» ZHRUEY
th2 & @ % K (g/em’) » T H % ND-0.99 ng/em” > th it Fl#k 848 44 (£ 8 F 87
24hr i%#8)2 USEPA (2009)# £ ND-4640 ng/g > T # 5 2 ND-92.8 ng/em’ » 4%
REREAARARKHRELERZ 04 -

B i 484 18 SBAR B i 3BR t5 24 Begley et al. (2008)4 100°C #9% & F » A
BAEBWOK ~ BB - LB ~ Wi RARSR A Rk F ) AT 1S min LB ALES
UEBBS BT SAEBR  RARAUSZEXBTES  ERM KB H
(ND) » 3 14 1/2ND 3t 4 # 2 0.005-0.006 ng/cm” - Begley et al. (2005, 2008)3% 5k 4
£ 444 0.12-5.8 ng/em? ~ 0.2-1.0 ng/cm? > {2 Begley et al. (2005) 4 & #]4& & 2 min
PR Z R KRR BURE B E T S 250°C THRASRSGHRAZIREA -
Begley etal. (2008)4 £ T4L X B2 R A A S HEREEHBEBRBERLBR T
B M SASRARBRZBERRE EENES T wAETERIESETMHIL
{eB] 0 RUAE KA BAGLAGGEAZ R b S  ZHELKBIRH®
—ERHA -

AREHHKETRRAABERLERLEBE Mo & 31 BHKEBHEREH
BRI AREBFTHES AAARABEAERTHESZRAAK 252
BHREZERHAND EHBBRAFTCHMESETE- TR -

3.3 PFOA Rt REL LRAN
33.1 A X Rk Ry

% 32 AXRFF R4 HA LA PFOA AR L2 2 R S8 X
2 EFHEEBE (1) BADEEHHFTERIEHBRBHA) ADD:; (2) &
B BRARMAKTE  ADDgy s (3) REAMBBEERB)FTHHEE » ADDpee Z842
foiaz iy A RES ADDr HEXMEAZ AL ED])  AARRAKAER
TDI {2 1500 ng/kg-d (EFSA, 2008) » # &-8842 2 ADD £t TDI Z L8 & & A &
#% tb(Exposure Ratio, ER) °

B R B4R ik Z SML {8 %4134 % nglem’ > #k3E USFDA(2007) 43

MBS ANIERMA BRIOgAYERBE I’ HAEERREH B MU
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254 cm®in’ HREAMBHEEF > TUREETEZAK

ng . TDI(ng/kg — d) x ER.(%) x BW (kg)
B 1 ,in2 cm?
IRe 3 x 15 (%) X 2.542 (5) X CF (%)

B 14 & K578t 2 PFOA {2t BURIF G E H ok - WMEFHET » # d
BAAL ERww & ERyp > oM R EBREZLp] » THELSRSEBHHZE
FEBI(ER.) ° it — 3% 24 Excel I RBIFARA BB oM G A KGR DL
1+ PFOA 2 SML 4 » ;548 R byl 4z SML % % %57 4 SML, & SML, » =
BHHIRARROREEREN  RAEKXZ L -

332 R B FMGEA A BB

AMRBRE=ZQEERH 2B 718 REVHE 1959 RARFA 1L
B60RMALEFRAE - EHBXHEELIEARAL T (X 33):
(1) TDI

% 34 B AH RS 4 R B (EFSA, 2008)A7 345 PFOA 2z TDI {4 » #4& &4k ¢
#1435 Z BMDLyo 0.3 mg/kg-d ~ 7R &5 5 1 B F UF=200 (312 P X5 : 2 ~ #61]
SR 10~ #M%E :10) 33 PFOA 2 TDI {4 % 1500 ng/kg-d -
(2) ERfy ~ ERps~ ER, 215 &

ARRURTHEARA » TAI ERy & ERs BB Lf > &k 35 HEBR A
{tZ ERpw > ERuf* 3 RM& ~ ¥ ~ GZHB BN - B o4 E kBT !

ERw 2 H AR - B AHRE 2 2T (ARMEH, 2008) - &5 PFOA B E
# 20 ng/g (Tseng et al., 2006) ~ % A 4 A AH AR F 1.5 L/d (B RAZHE B, 2008) ~ 4%
F 7K PFOA & K ¥ & & 10000 ng/L (UKHPA, 2007)( 36)~ LA R 2% & 13 A {4 60
NI 4535 ERc & 44% > ERy, % 17% > 43t 2 ERgy thfs] » 2 61%  ABF 5 BRAK
P BH A 50% - 60% -~ T0% > RE=ZFMERABETEIE > RBEREBRY
2 SML {8 - A & &b PFOA ZRE (20 ng/g) " N EIXBRBEEREREA
667 nghkg-d » B84 A KZEBHE > A 250 ng/kg-d » AR EARE 2N
BAERT -

ERy 2 5 R4 BARB L HZAFRE 20mY/d (B RAEES,2008) - &
PO 48 KRS ORUR E 300 pg/m® ~ 2 & P PFOA R/ 4000 ng/g > R34 ERy# 2
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27% - Moriwaki et al. (2003)5 % 8 A £ W X & » Ba-~ PFOA iR B & &% A 3700
ng/g w8 15 A% » KA R X AL A 4000 ng/g > &R ERne £ 27% ©
ER. z & © joip Lk ERn & ERpg 0 TH & b3R5 41445 TDI Z b=
HABFRET»HA »23%~13% 3%
(3) M H K &t a2k CF
CF 2 i% il 44 £ # USFDA(2007)& &4 #% 4 ' (Food Contact Substances, FCS)
3530 RE4BB 017 b D 02 - CF2 x4 =A% F— &KW #
Wit m oy P H B MM TR RE RL6] 0 fldo F R DIRE YA
BRTH (PVC) AfEL# > £ CFikA 0.05° BRAF 4 50 % YR bk H
SHERRLH - -2 ERERARREATAKRE  BFALASRENRBNT
BRZAEAB EVTHIECRELFIRE EXARKIFE-F= > FiBH
S HERBASRERTRE  REEFTREANBEUALTRE S ER
MARZHHH T HE AR -CF2EL2EH LR E AR HEHEH
RERHOERAHE RLCEERN - ZEXIHIRARDOLEZILHE -
USFDA #3tE FCS 2 £ %8 > A SHBMYHE FCSMALBTS » FEHLZ
AEEEN > OB THEE - BIEAEZRA -
4) R @ip o BB ARERA
£ B A DB EEBH(USFDA, 2007) % 5% S+ K AR SR A A > X
0g R BABEMEOEEB2RBHE in - RAXIALTRAELR SRR
SREMZEBGH BEORAERRATERTREHN
(5) BEBW)RE 8 HA (R
BARERGEAH/AETNMGEEL 62— RRIZAES U L%, (AR
BB, 2008) T AELEE—F# BW R IRez i A$(n) ~ FHAEMABEE
(S)° BHEAKMERLZZMBEFEBRB(T-18 yr~ 19-59 yr ~ 60+ yr)Z $t3E » £ A
FHAXFEL=MF8E BW R IRc2 FIEM)RZE XS,

n1XM1+n2xM2+"‘+nkka

P n, +n, + -+ ng

+H BW & IR;4Z# £ 8% » i A Pooled standard deviation » 2> X 4 :
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S = (ny — 1) + (n; — 1)SZ + -+ + (ny — 1)S2
P ng+n,+-+n—k

333 R BB E

& 35 44 A5 A% PFOA & ft B 3745 = & B0 . 2 3% & #R 35 Uk Trudel
et al.(2008)2 PFOA A 87T » b A MR FARBRBL EZURANS X(>50%)40
B 16 - % 5t » EFSA (2008)35 8 » PFOA 2 £ B4 JEA 348 b & X465 50% » 34
TXBRBERARAK S RBEE MR EZ LB R 50% 0 H F KA K4
15% (k 37) « Bk » REF R 543 Bk 2 4E 3 ;A B3t B % A4t ER & ERpp 2 &
FErep) » £4F ERw(50% ~ 60% ~ 70%) 4 & ERy ¢ (27%) 2 £ H btk » 32X HA% ~ & »
BEERREERE -

AB RS R GBI B 2 PFOA # T B ME(SML, » SML) ¥ » %
EZ@REHRHETHE T 18 REDF 1959 RAFA 60 AR LFRF - B
F#AF NBEBW)RAEIRRER)FEAHAMER - TDI kA A
18 1500 ng/kg-day - 6 A& R RFRFAE K - A E K B AB(CPHZER » 8]
& %% USFDA(2007)& 5% 4 #4549 & (Food Contact Substances, FCS)35 3] » # Rk
482 CFiER 0.17 > Bhbskz CFER 02 -

= 3848 2 B b A M4 PFOA {2 B3R 446 2 Excel # X (M4 G) » £
AP RZ GRS BBA R+ BMonte Carlo Simulation)Z % i » & H
Crystal Ball® (Version 7.3, Decisioneering. Inc., Denver, CO, USA)#x 84 - KE 4% b 4%
N E A 10,000 R » b4 X A8 8 B BE2E R 548 R 1 od 42 SML
B AAARAREIATXEZRMFELSR > HUE 50 THBPSORE 95
B o (PIS)E M SML » 4R S%E R A B KART > PIS 3 P50 £ puf® < >
B st H A PIS 2 SML TR & FRAA -

334 Bt RR TS LMY
FAARRREILZ ZBERBRRBIFERASEE L AR EHBRB B
B Z A8 %% BF 04 4% 1B 45 FR 48 (Specific migration limit, SML) » £ £ 4 %l40 % 38 &
£ 397 SMLA SRR E#%EHZ BW R IR & o fidms 2% 50 551
(P50)B& % 95 & 54 (P95) &% » tbix B & » T tH B A By b k2 tE 4 6 34
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% L)1 B (CF=02) & 7648 CF0.1N) A % A A £ R R EHIR T 3 SML,
##x SML, 1& » & 5 B ARBE(H &2 SML )34 A & 4 A(19-59 yr)as 2 » &
1& SML # 2% ERgy, thA5] & & 5 (70%) > i R R 5455 %1 4 1.0 & 2.4 ng/em® -
B R BEBLERI VN ERLB 17~8 19 /57 o &8 PRER Mo
Kz =% H# B LH(ERy) BT R % ERw & > A 18X FCS 2 fu3F ER:fA -
i G B ike) SML &> &8 72 SML L F &8 %K 55K & P50 R P95 44 -
£40—SLBRAFTARFLALERZISMLAMKRER LAY TR RAEAR
AR o RIFKE(EU, 2006) 2006/122/ECOF 454 > HN BB R BB 2
PFOS > &k BAME R A ERF 5 0.1 nglem® > B % PFOA z TDI % PFOS z 10
£ > T LA 45 PFOA Z 5|25 1 ng/em’ > SRR ZFE8&E2 SML 484
(same order of magnitude) * 2 BE B &) X AP R AHH RS BB EBE -
ek B st HmA TR MHEZLE > MFAEBE - - EWMeHA 2 Food
Contact Material (FCM) #4835 & #} & (EUROPA>EC>DG Health and Consumers) » #
3 PFOA &3] %% 17 A# FCM 2 % 9 48 Plastics & § — #- %2 Additive(9.1) > %
BATMARITEEHRME 4R ERZAE LMo AR AZAH PFC)
WA E B & K54 Overall migration limit (OML)Z % %] &4 & 60 mg/kg Food
(ppm) > SEAEHEEA SML > 2R LR EFHNRSTZRE HBRAHLBAZ
Dietary concentration limit (DCL) e
it — 4 &3 £ B FDA 2 Office of Food Additive Safety (OFSA)x CEDI/ADI
S EME  BEHBEABRSEZTH RS w(FCS)X A - BATH T #
1,267 # FCS - %30 B 3T E.3T4 PFOA Z £ 4|/ - 4 %% DCL=0.12 ppb &
Cumulative estimated daily intake (CEDI)=6 ng/kg-d > f %% IR=3 kg/d - BW=60 kg -
# CEDI 3 H A SML 4o 7F :
SML=(6 ng/kg-d)(60 kg)(d/3000 g)(10 g/in®)(in/2.54 cm)?
=0.2 ng/cm’
£ ERBEAEST > Bor@d Rk K2 AR PFOA 2 SML # 4 IR 4E 8 A5 %
Hefb 2 | nglom’ 4% ABF RARMEA B AZ BW & TR s % 5rdest H % M POS 4 -
A B& BW R IR A ARTEEMS - ¥ RTEHRMBE BW RERS - £
"Bz SMLiEEEES -
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FAREFTREBR HEE 1542 PFOABSRBLE R ONIIHHH
K548 %F B F 8 SML,=ND-0.021 ng/cm® (n=15) > 154+ % 8 44 ND » &:8:&
s SML, 3 2 ND(n=3) » %8 b B 4314 A 847 £ 8 F £5:84% » SML,=ND-0.0078
ng/em? (n=3) > MA E  SBFE4B2Z SML MERAREAERZEDERMA
(SML,=2.4 ng/cm®) = B5 ity 4 % {8 F 8% SML,=ND-0.99 ng/cm’ (n=15) > 15 %+ % 6
# ND> BB SML 354 ND(n=3) > §B8 a0 EB8 4 BETTEFEES
SML,=0.24-0.37 ng/em’ » Fi & Bl 4% ~ %% SML BN A LR HZ 2R
{8 (SML,=1.0 ng/cm?) -

34 A REBEH
341 R R FLHHE

AHEN201059A 1508 "ARBRCEREERERA wTBE 2
AFHPFOA)ZZH B AL RRERRFMS | $XME 4 BMAGERE
REEFBAMEZAR R ARAE - A G ERZRHTARE  RLEEY
¥+ PFOA ## 2 AR EHRNAMEY - PFOA HE H LS HB #2128 B R R3T
5 ~ PFOS 2 PFOA Z R F ik B R SR LE  ERFIBAREN 9A - &
HRRB(ERA EHAREB AR TR ES A om4 Heax -

342 XA HER

EL AR CNENANAREBRAES A ENhA LS EaER BEELT
## PFOA B3R A EMY > HHRMR! RAHNLBRR - - LRV RH
RERMAETHERREERRTAE SML BB MRME - BB GHIN 99 £ 12
AIBRPRBEARZRIT AN EEHALAEHBBEIBA EAGAR
BB FRRARGRATHRAMYS R 54N B PFOA ETRA K
EHANAEY BMARELFANHLZRSHENEEAHB P OEXSHLHE
ERGEHA BS54 EAKA R PFOA B HHELRRARERRITR > 44
ST EBERARABRT CERAEEBEEIHA BAELAHEHEXHAR
B RARBRIW T CEEBBMEHBZNINET  BHBAYGELHH £ X
HRARER A REBELFRFHHASHEME O F YL REH/HBINI
BIENS] C MERBRESRLA A PRAXAER ¢RI EL LR MY
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Jo B AESRELEH  EHRRER > FEELALSR L BBB - 48T 44
HATF » ZFERIKRMEENHBIE -
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4.1

4.2

AR

b4 4a) “F-3)

. PFOA/PFOS #f A#A & £ 8B th ##£ 3% » 12 £ BI(EPA C8) &R 8k ¥ (REACH) &,

TEHBH B NERE - FAIB T ERSERGR > BAEFLEYH
A RS FHPOP)Z KRR G M4 -

B % ¥ PFOA/PFOS z TDI #7454 ¥ » EFSA (2008)i 3 : 1500/150
ng/kg-d -

. PFOA R EZE &€ 2-6 ngkg-d : & S+ A K>50% + JE £ &<50% » HQ =

0.001-0.004 -

. PFOS % & #]% 60 - 200 ng/kg-d : £ 5>98% » JF2%<2% > HQ=04-13 -
. FCS ##%4] : £ 8 EDI (mg/kg-d) < CEDI » B DC (mg/kg)<DCL » & 2 1

¥ B MC (mg/kg)< SML > &x 2 5 & K B #49 & MC < OML (=60 mg/kg)
# % SML 2 § 41 % mg/kg 4 fE #24% 4 % B 2 DCL; 3 MC ¥4z % mg/dm?® -
FE3 MC 12 1 kg/6 dm® 2 £ 54545 t4 $38 & MC (mg/kg) » & £ SML ik

# -

- Begley et al. (2008)i# /7% B ABH AR FRAMBSTRHAER

PFOA » {2/4v L 8 F 88 K SLILB R @ KR 5BRE -

BB UM R BT 4%

- AHFE L PFOA £B R 5B BB RRF 4R HPLCMS/MS 2 £ & ¥ H

i » 7T #4 4 USFDA (2007)% & % # : 242 RCSS Z Recovery % 60-110%%&
RPD<20% ; _E# & LOQ=0.2 ng/mL (0.004-0.068 ng/cm?) -

BB FEBBRRESR T K545 ND-0.021 ng/em® (n=15) » F5 & 4 ND-0.99

ng/cm’ (n=15) »

. B BRI SR R k4B ND (n=3) > 54 ND (n=3) » BETBPIEL D

#(100-125°C) » PFOA R § M Bk X L ib b # i o

- PR B AL AT IR T BL B R R R 5545 ND-0.0078 ng/cm?

(n=3) » B4k 0.24-0.37 ng/em? (n=3) » RNIABE B 2 TLE o

AR A REBAEZ BRIFAEX 0 R B A K ER) A IE

RBERNEFERE > RRFTHIBESE —F164 TDI 2 Z ALk : ERy &
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4.3

27% ; ERgy 2751 2 50% ~ 60% ~ 70% -
A CF4&2%% —adBEARB2 R 4B EHKZ SML L » b4
B RN R 545 m CF 4 02 K545 CF % 0.17) -

CABRFEBT —alfasT N BVARSEZRE T-18RFVF4H

ZRe ¥ 50 B 54 (PS0)SML 5 19-59 & & F A% 95 8 74 2(P95)SML
CES PES 5L

A B L 40R B 2 PFOA 45 % 845 % #l IR48 4% Al P95 2 SML,=2.4

ng/cm® » SML,=1.0 ng/lem’ - AM KA HiB FHAHBHARRABRLE RS A
AL —TRAE . R HRZBRARBRECHEAR LA ERZ SML -
J#e 45 % B(EU, 2006)2 % /8 # #F PFOA % #IF&{4 % 1 ng/em” » % B (USFDA,
2007)2 & & PFOA £ E 4 $IMRE 2% 02 ng/em’ » A LML R R Rk
fEEmE -

X ]

. RE FCS %4 : BpmeRM bk st amars . B4 SHRAM

BHE- -sH8% Ao THEEERA -

— R AR SEMYE PFOA I EKREMR  CARAMASEIAGHT
Ch+EETF/RETHME) RECRAERRERR Re—FEF
EHMAH PFOS HEASE AU L RKERMWZ PFOS 4§ - B #ITRE
B RS o

CHEBERERHSER ALK Y PFOA R PFOS 28 » THELRESILEY -
. Sk 2 F #1454 (2006/122/ECOF) » £ B & & AF M+ PFOS 2

SML 4 %] /& {4 % 0.1 ng/cm?® -
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A BBERKAL

VWHEEEREXA—F%

PATEM PRBEASRBERAREELA

tE 4% 99TFDA-TC-102

HELB RLBRAOERSERBAGRAMIHA L AFRZEEEBAEER

R R
PATHAR : PHERE 99 £ 6 A1584&% 99 £ 12 5318
BAH LAFE (2.£%% 3.EEE | #Hn
' AEE
BE A | 615050 7 1,216,600 7 95,950 7. | 36,822 7k
REEH%E

=R R R
X |Z1mA |35600 |- N
2 % 2/8A | 71200 |96672 | 19.89
3 | ®3M@A |71,200 | 295784 | 58,092
~ % amA 71200 |284148 | 75441
T m5mpA |71,200 | 274960 |43.982

% 6MmA | 71,200 | 48436 | 51.000

% TM@A | 71.200 5,000 95,950

¥ 8MA

%91@A

% 108A

% 11 A

% 1218 A

e 462,800 | 1,000,000 | 253,422 | 95.950  |1.812,172

3% 12/10 8 1
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£~ M

% 1 A B FCS ¥ 3 & % 7 #(USFDA, 2007)
Hk B A
1 £ IS4 b & & FCS 1 A jR & (Max use level in article)
2 3% FCS &-#& 9T 4t & A (Range of possible uses) » 4= Films, molded articles,
coating %
3 BRABEZBRAEQMBOME
4 & %E E(Food types)
5 BAEBZBREARH
6 FCS z 48 & 4 (Stability)
%2 £ B FCS ¥ 3z RMhig#inE R R RI(USFDA, 2007)
Food-Type as defined in 21 CFR 176.170 Recommended Simulant
Table 1
Aqueous & Acidic Foods (Food Types I, I, o a
! IVB, VIB, and VIIB) 10% Ethanol
Low- and High-alcoholic Foods (Food o b
2 Types VIA, VIC) 10 or 50% Ethanol
3 Fatty Foods (Food Types III, IVA, V, VIIA,  Food oil (e.g., corn oil), HB307,

IX). Miglyol 812, or others*

? for exceptions, see main text.

b actual ethanol concentration may be substituted.

“HB307 is a mixture of synthetic triglycerides, primarily Cyg, Ci2, and C4.
Miglyol 812 is derived from coconut oil.
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%3 % B FCS ¥z A mianahit fr (USFDA, 2007)

Package Category Food-Type Distribution (fy)
Aqueous®  Acidic®  Alcoholic Fatty
A. General Glass 0.08 0.36 0.47 0.09
Metal- Polymer coated 0.16 0.35 0.40 0.09
Metal- Uncoated 0.54 0.25 0.01° 0.20
Paper- Polymer coated 0.55 0.04 0.01° 0.40
Paper- Uncoated and  0.57 0.01° 0.01° 0.41
clay-coated
Polymer 0.49 0.16 0.01° 0.34
B. Polymer Polyolefins 0.67 0.01° 0.01° 0.31
Polystyrene 0.67 0.01° 0.01° 0.31
-impact 0.85 0.01° 0.04 0.10
-nonimpact 0.51 0.01 0.01 0.47
Acrylics, phenolics, 0.17 0.40 0.31 0.12
etc.
PVC 0.01° 0.23 0.27 0.49
Polyacrylonitrile, 0.01° 0.01° 0.01° 0.97
ionomers, PVDC
Polycarbonates 0.97 0.01° 0.01° 0.01°
Polyesters 0.01° 0.97 0.01° 0.01°
Polyamides (nylons) 0.10 0.10 0.05 0.75
EVA 0.30 0.28 0.28 0.14
Wax 0.47 0.01° 0.01° 0.51
Cellophane 0.05 0.01° 0.01° 0.93

*For 10% ethanol as the food simulant for aqueous and acidic foods, the food-type
distribution factors should be summed.
®1% or less
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&4 #BFCS ¥4 HH & 143 CF (USFDA, 2007)

Package Category CF Package Category CF
A. General Glass 0.1 Adhesives 0.14
Metal- Polymer 0.17  Retort pouch 0.0004
coated
Metal- Uncoated 0.03 Microwave susceptor 0.001
Paper- Polymer coated 0.2 All Polymers® 0.8
Paper- Uncoated and
clay-coated 0.1 Polymer 04
B. Polymer Polyolefins 035° PVC 0.1
-LDPE 0.12 -rigid/semirigid 0.05
-LLDPE 0.06 -plasticized 0.05
-HDPE 0.13  PET* 0.16
-PP 0.04 Other Polyesters 0.05
Polystyrene 0.14 Nylon 0.02
EVA 0.02 Acrylics, phenolics, etc.  0.15
Cellophane 0.01 All Others® 0.05

®Originates from adding CFs for metal-polymer coated, paper-polymer coated, and
polymer (0.17 + 0.2 + 0.4 = 0.8).

b Polyolefin films, 0.17 (HDPE films, 0.006; LDPE films, 0.065; LLDPE films,
0.060; and PP films, 0.037).

® PET-coated board, 0.013; thermoformed PET, 0.0071; PET carbonated soft drink
bottles, 0.082; custom PET, 0.056; crystalline PET, 0.0023; PET films, 0.03.

4 A CF of 0.05 is used for recycled PET applications (see the document entitled
"Points to Consider for the Use of Recycled Plastics in Food Packaging: Chemistry
Considerations").

® As discussed in the text, a minimum CF of 0.05 will be used initially for all
exposure estimates.
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&S FBRRLELERMERM L% P G(USFDA, 2007)2 % £ K5k 4t 23+ 5 45

1.

2.

& BHEABRER - BHRE MC=1 mg/kg

EHTARM 4+ B EE > Unit weight=50 mg/in’

lkg
10°mg

MC—(l )(50—)( )=5%10"° mg/in*

REM BB ERZIEAMEA 10 g food/in®

# 3% -F IR 44 A Metal-polymer coated » ;5 4% A Alcoholic » & % 3 » £=0.40

P ZRE
< mg,  in?
DC=(5x10" —2)(~ g)(103 )(0.40)=2x10" m—z ppb=2 —g
BR3& B AH 8 H R F 3 kghead-day » F34588 & 60 kg

EERAZMHMHEHEHEMCF=017 st E5 A4S

3kg head mg
— )(0.17)=0.017
hcad-d)(60kg-bw )O17) kgbw -d

EDI=(2T’;’g-)(
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KT XY RELRBERD &SI FE BB RSt
XERER HMBEEERs
1 ek##3] (EU,2004) T4 A RER T HES
2 USFDA (2007) B4 A A4S L&+ > 4§ Simulant type
wEAR () ER 482 SERY
3 Begley etal. (2005) 1. RibeBR Bribsk > #rRiZi#E > 50°C > 24 hr
2. Microwaveble popcorn
4  Begley et al. (2008) By i 4
1. &#8 Simulant : Water, Vinegar, 10-30% EOH,
Butter, Miglyol, Oil+-ionic, Oil + nonionic
2. 100°C, 15 min, Single-sided Migration cell
5 Bononiand Tateo (2007) R;54% + % % 28 Tomato sauce
1. Oliver oil, 20 mL, 120-160°C, 10 mL
2. Potato stick, 50 mL preheated oliver oil, 10
min
6  USEPA (2009) FEBERBEE BhHKERSZL FE

TBAE 24 hrs » G4t
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£ 10 sk 1999-2004TDS £ ##% & 43 2 PFOA & PFOS i & (ng/g > d.w.)

(Tittlemier et al., 2007)

Composite Year PFOA PFOS
Beef steak 2004 <0.5 2.7
Roast beef 2004 2.6 <0.6
Ground beef 2004 <0.4 2.1
Luncheon meats, cold cuts 2004 <04 0.5%
Fish, marine 2004 <0.5 2.6
Fish, freshwater 2004 <0.5 2.0
Fish, freshwater 1998 <2 1.5,1.3°
Pizza 1998 0.74 <1
Microwave popcorn 1999 3.6 0.98

2 The concentration measured was above the LOD but below the LOQ.
® Results from analysis of an analogous sample that was stored in glass.

& 11 Bk % A A SRR IE ¥ 2 8L (PFC)IR A (ng/g » d.w.) (Begley et al,

2008
: WORR R LA A RE (ng/g)
A 2300
B 1400
C 3900
D 1400
E 1500
9494 fat-free <500
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# 12 Bk EAR 5P PFOA i B (ng/g » d.w)(EFSA, 2008)

PFOA (ng/g)  Reference

Europe

Fish (liver) 0.89-53.0 Kallenborn et al., 2004
Van Leeuwen et al., 2006

Fish, crustacean& mollusk species 1.1-3.2 Van Leeuwen et al., 2006

Fish 0.10-0.39 Berger et al., 2007

Asia

Fish, crustacean& mollusk species 0.204-1.67 Gulkowska et al., 2006
So et al., 2006

Tilapia fish & oysters 18.6-22.9 Tseng et al., 2006

North America

Arctic cod, clams& shrimps ND Tomy et al., 2004

Smelt & trout (muscle) 0.76-3.1 Martin et al., 2004a
Furdui et al., 2005

Fish (liver) 0.16-5.3 Martin et al., 2004b
Tomy et al., 2004
Tittlemier et al., 2005

Fish (muscle) ND Kannan et al., 2005

& 13 &Z#AKERS P PFOS i & (ng/g » d.w.)(EFSA, 2008)

PFOS (ng/g) Reference
Europe
Mediterranean fish (livers) <1-87 Kannan et al., 2002
Shrimps 19-520 Hoff et al., 2003
Crab 93-292 Van de Vijver et al., 2003
Fillet of flounder 93-230 Van Leeuwen et al., 2006
Asia
Crustaceans and molluscs 0.114-0.586 Nakata et al.,2006

So et al., 2006

Fish, crustaceans and molluscs  0.33-2.93 Gulkowska et al., 2006 (China)
Tilapia fish & oysters 35.8-47.2 Tseng et al., 2006 (Taiwan)
Crap & catfish (livers) <0.3-41.6 Greenpeace, 2010 (China)
North America
Oysters <9.9-99.5 Kannan et al., 2002
Arctic cod, clams& shrimps 0.08-4.7 Tomy et al., 2004
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% 14 ®Hm#ELE T PFOA & PFOS ;g % (EFSA, 2008)

Country PFOA (ng/L) PFOS (ng/L) Reference
Sea water
Japan, Tokyo Bay - 8-59 Taniyasu et al., 2003
Brazil, Guanabara Bay 0.7-3.25 0.4-0.92 Quinete et al., 2009
Drinking water
Germany 500-640 -- Holzer et al., 2008
Brazil 0.35-2.82 0.58-6.70 Quinete et al., 2009
Japan 2.3-84 0.16-22 Takagi et al., 2008
Italy 1.0-2.9 6.2-9.7 Loos et al., 2007
Spain 0.32-6.28 0.39-0.87 Ericson et al., 2008
China <0.1-45.9 <0.1-14.8 Jin et al., 2009
& 15 £2R—%£BREH) PFOAPFOS iR A
Region giiurrence Impact ang(/)Lﬁ al;(l)LS) Reference
Taiwan Xiaoli 1 17.3 82 Lin et al., 2009
Taiwan Touchien 1 10.9 48.9 Lin et al., 2009
Taiwan Keya 1 310 5440 Lin et al., 2009
Japan Tsurumi STP  13.4-159 179.6-179.9 Zushietal.,
River 2008
China Yangtze River 1,UP 2.0-260 <0.01-14 Soetal., 2007
China Pearl River I,UP 0.85-13 0.9-99 So et al., 2007
Guangzhou
Germany Rivers WWTP 10-23 1.7-16 Becker et al.,
2008
N-Italy Po River 1 2-337 2-12 Loos et al.,
2008
T’anaro River 1270 2
US.A Tannessee 2 Nd-598 16.8-144 Hansen et al.,
River 2002

1, industrial discharge; STP, sewage treatment plant; U, urban discharge; WWTP,
wastewater plant; P, populated area.; 2, Highest by fluorochemical manufacturing

facility
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& 16 MillHaR AR ERREELETH

B%E R A 5 PFOA (ng/g) PFOS(ng/g) UK 3 R

2B A~ BENER ND-0.63 ND-3.76 Higgins et al., 2005
WWTP ;i ND-29.4 14.4-2610

BA BURENE 0.84-1.1 0.09-0.14 Nakata et al., 2006

% WWTP L3/ &R  <0.03-0.05 <0.05-0.29 Becker et al., 2008
WWTP T &R <0.03-0.18 0.07-0.54

WWTP, Wastewater Treatment Plant

%17 EREPNKE P PFOA & PFOS & & (B4 ng/g)

B’ E #ot#  PFOA (mean) .PFOS (mean) BK R

EEN 16  69-3700 (380) 11-2500 (200) Moriwaki et al., 2003
g X 67  <2.3-1234(106)  <4.6-5065 (444)  Kubwabo et al., 2005
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# 18 ' 8% A & P PFOA ;% & (ng/g) (USEPA , 2009)

Category name (ng/g)
Dental floss and plaque 5.48-96.7
Miscellaneous * ND-125
Treated apparel 5.44-161
Membranes for apparel ) 9.15-163
Treated-non-woven medical garment 46.2-369
Treated home textile and upholstery 0.61-438
Pre-treated carpeting ND-462
Household carpet/fabric liquids and foams ND-1180
Thread seal tapes and pastes ND-3490
Treated floor waxes and stone/woods sealant 7.5-3720
Commercial carpet-care liquids 19.1-6750

?Includes four car-care products, two boat-care products, one deck cheaner, and sack

for outdoor use.
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£20 AMREHBZALEEYEEYE PFOARAFT EZHEEHELR

mEEHAR EHHE SCBK 4 R
1 mEHLKM &M r>0.995 TFDA, 2010
2 B EHRALZESLRCSS) @ik % 60-110% USFDA, 2007
3 KREKHER AHERE FHEIS% USEPA, 2009
4 REKEH A ERT HLLE15S% USEPA, 2009
5 FHMR JB¥E BB N <20%  USFDA, 2007
6 FEkEaks IR BELZIRAE TFDA, 2010
7T EHBRES B i % 60-110% " TFDA, 2010
8 HHERETIL (2#3x—) EU, 2002

S FHENZENENNETRNEGH/ZERTRITEDH

a

BT (%) £ ] #.(%)
>50 +20
>20~50 +25
>10~20 +30

=10 +50
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%22 A RH 2 PFOA ¥ F ik 2 84 PFOA & & L #36iT)A A

> HE % o ERIER  SED Y i
MER 1~5 S5E B ZaKRBRERE
6 AL RERARBELUAER
BZBELKEAKESL
Z @AM
FTE S 32 1 BESREM BREEIMBRTE
Reik SREHMN AR
R ERATAETYN
HWikEy
2 FETahs EnoBEY LS
%35 &
3 EHRER HANW R RERE
R
4~13 BOREHESAD HHHLREHSLSD
1~10
14 WMEHEM BN TR A

Ak A LA ETEILE 0 R B AR £ L (RCSS)

b g A H 5 W b M AT Ao PO AR 2 (IS)

48



£ 23 AWMAHRPFOA F R THZEELE

BREBEBERZEMHME RIEE

R44JF PTFE B4+ 8 R E|

N N oS

(-]

PTFE # § 2 # $140 5 Bl R &
PTFE # & 2 # #8148 5 B8/ @&
& H IR
HERETEHKPEBRRLEE
(Degaser)Z Bt B

PTFE # & = #)48 Pump seal
WIEM iR (R R PFC)
PTFE # H kil &

458 52 % PTFE $4

#4834k (Mili-pore)
WIBE EAR ~ B ~ O T

%A 1/ REME

20 % 34 0.2 um 2 Nylon B2 £1 43835 $1 48
EH

K i 3 (Bypass)iz g R 0 FhMU
Supersonic % 4 .8

A PE # & = Pump seal

2 A PP HH 24 %R
HAPPHEZHKLEE

HEdia b s @A eiaiam
il

-8 -F ke C18 SPE /#1t

%A PP M H
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%26 KRAAREABHEARBLUEEER

EHRE EFMME PFOA%HE

3 bR B 4&(cm) (ng/mL) (mL) (ng)

Tk T

| 0990812A 10.5 ND 10 ND
2 0990812C 19.3 0.25 10 2.5
3 0990823K 225 0.46 10 46
4 0990823L 222 0.21 10 2.1
5 0990823M 22 0.36 10 3.6
6 0990823N 22.1 0.72 10 7.2
7 09908230 18.8 0.58 10 5.8
8 0991117H 18.7 ND 10 ND
9 0991117H-SP  18.7 ND 10 ND
10 09911178 24.8 0.04 10 0.4
11 0991117B-SP  24.8 0.04 10 0.4
12 0991117C 247 ND 10 ND
13 0991117C-SP 247 ND 10 ND
14 0991117D 24 ND 10 ND
15  0991117D-SP 24 ND 10 ND
16  0991117E 205 0.04 10 0.4
17 0991117E-SP 205 0.04 10 0.4
18 0991117F 14.7 0.04 10 0.4
19  0991117F-SP  14.7 0.04 10 0.4
20 0991117G 20.5 ND 10 ND
21 0991117G-SP  20.5 ND 10 ND
22 09911171 18.5 0.21 10 2.1
23 09911171-SP  18.5 023 10 2.3
24 09911238 19.3 <0 10 ND
25 0991123S-SP  19.3 <0 10 ND
26 0991129D 17.2 0.01 10 0.1
27 0991129D-SP 172 0.01 10 0.1
28 0991129E 20.7 ND 10 ND
29  0991129E-SP  20.7 ND 10 ND
30 0991129F 243 0.32 10 32
31 0991129F-SP 243 0.36 10 3.6

“SP F T 5 Mk S

53



%26 AHRARLBBHRABRELHEBEELRH)

o g s . FHME  REEA  PFOA @5
ik HRBGE% # 1&(cm) (ng/mL) (L) (0g)

5 iR AR B

1 0991123K 18.8 ND 10 ND
2 0991123K-SP  18.8 ND 10 ND
3 0991123L 22.5 ND 10 ND
4 0991123L-SP 225 ND 10 ND
5 0991123M 22.1 ND 10 ND
6 0991123M-SP  22.1 ND 10 ND
HEEEh>FTRETE

1 0991123P 18.8 0.20 10 2.0
2 0991123P-SP  18.8 0.23 10 2.3
3 0991123Q 22.5 <0 10 ND
4 0991123Q-SP  22.5 <0 10 ND
5 0991123R 22.1 <0 10 ND
6 0991123R-SP  22.1 <0 10 ND
PECRE B R

1 0990804C 20(mL) ND 10 ND
2 0990804C-DP 20(mL) ND 10 ND

*SP &7 oAk &b DP &tk E48 4k
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%21 AMERERETRFEEEHLRHAPFOA RBRARLEEHLER

: —
o wemw  CRER RERS v o
1 0990812A 86.5 ND 96.6 0.9
2 0990812C 292.4 0.009 83.5 0.9
3 0990823K 397.4 0.012 77.4 0.9
4 0990823L 386.9 ' 0.005 86.9 0.9
5 0990823M 379.9 0.009 93.3 0.9
6 0990823N 383.4 0.019 84.8 0.9
7 09908230 271.5 0.021 71.8 0.9
8 0991117H 274.5 ND 87.1 1.2
9 0991117B 482.8 ND 86.0 1.0
10 0991117C 478.9 ND 98.3 11.7
11 0991117D 452.2 ND 89.9 3.1
12 0991117E 3299 ND 96.2 4.7
13 0991117F 169.6 ND 90.7 5.1
14 0991117G 329.9 ND 96.4 0.2
15 09911171 268.7 0.008 90.7 9.6

HAHL-T AR R A YR—B RS EHASL  KARFAZRPD - # 5
#8-16 2 58 B RIS L BBRKE RCSS & RPD B EH 44 2 4 -

*Z§4#&MR : 0.2 ng/mL (0.005 ng/cm?)

‘EIKRE K 60-110%

AN EETHLER2Q%
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£28 AHEREBERASBEBLPFOARRASLETEMERLILE

R XY T B R EMmgem’)®  RCSS(%)  RPD(%)’

EBTE

3 0990823K 0.012 774 0.9
6 0990823N 0.019 84.8 0.9
7 09908230 0.021 71.8 0.9
& BB

3 0991123L ND 94.7 1.4
6 0991123M ND 90.5 0.3
7 0991123K ND 94.2 ' 4.4
BB ERE>FR T

3 0991123Q ND 84.9 23
6 0991123R ND 86.6 2.6
7 0991123P 0.0078 88.7 13.0

* 2 gMmR 0.2 ng/mL (0.005 ng/cm”) " Bl E 60-110% “HHYERATHL
<20%
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& 29 RARHHEBHRBRGBBEEER

. o 4o 2 o EHRE AZEBM, PFOA#ZHBE
Fik D% e H E() (ng/mL) (mL) (ng)
£B T8
1 0990804F 0.99 3.55 10 35.5
2 0990804G 0.98 ND 10 ND
3 0990804H 1.06 ND 10 ND
4 0990804K 1.01 ND 10 ND
5 0990810A 1.03 ND 10 ND
6 0990810B 1.03 ND 10 ND
7 0990810C 1.03 ND 10 ND
8 0990810E 1.02 4.75 10 47.5
9 0990810F 1.01 8.61 10 86.1
10 0990823A 0.94 1.92 10 19.2
1 0990823B 0.94 8.43 10 84.3
12 0990823C 1.01 18.5 10 185
13 0991123U 1.03 11.4 10 114
14 0991123U-DP 1.0 9.53 10 95.3
15 0990823E 0.92 241 10 24.1
16 0990823F 1.02 5.87 10 58.7
17 0991123V 1.04 16.3 10 163
18 0991123V-DP 1.0 13.8 10 138
19 0991129G 1.02 420 10 42.0
20 0991129G-DP 1.0 4.24 10 424
21 0991129H 1.04 0.82 10 8.2
22 0991129H-DP 1.0 0.86 10 8.6
23 09911291 1.01 ND 10 ND
24 09911291-DP  1.01 ND 10 ND
25 09911291 1.0 ND 10 ND
26 0991129J-DP  1.03 ND 10 ND
27 0991129K 1.01 7.81 10 78.1
28 0991129K-DP  1.02 8.20 10 82.0
29 0991129L 1.0 ND 10 ND
30 0991129L-DP 1.02 ND 10 ND

‘DP &tk MR
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%29 AARHHABHERBRBLEBEEEEREHR)

B Mok % 2% %) X HRE TERHM PFOABKE

(ng/mL) (mL) (ng)
SRR
1 0991123D 1.02 ND 10 ND
2 0991123D-DP 1.0 ND 10 ND
3 0991123E 1.04 ND 10 ND
4 0991123E-DP 1.0 ND 10 ND
5 0991123F 1.01 ND 10 ND
6 0991123F-DP  1.01 ND 10 ND
HEARM>EBRTE
1 0991123G 1.03 8.23 10 82.3
2 0991123G-DP 1.0 7.19 10 71.9
3 0991123H 1.02 6.40 10 64.0
4 0991123H-DP 1.0 6.34 10 63.4
5 09911231 1.0 3.69 10 - 369
6 09911231-DP  1.04 4.09 10 40.9

‘DP &7tk EHk R
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%31 AHEHHBAEBRRGBESZ PFOA BRRLEERLE R LR

> ﬁigi&& ﬁgikﬁ 0/ \¢ o/ \d
AR #ER% (ngle)’ (ng/em®)’ RCSS(%)° RPD(%)

TR

9 0990810F 852 0.53 79.2 6.3
12 0990823C 183 0.99 89.8 0.9
13 0991123U 103 0.5 91.4 15.3
& BB b

9 0991123F ND ND 91.2 0.6
12 0991123E  ND ND 91.5 2.1
13 0991123D ND ND 90.5 2.8
HEBBRY-FRTH

9 09911231 382 0.24 87.0 6.4
12 0991123H  63.1 0.34 83.6 1.0
13 0991123G ~ 75.9 0.37 85.2 10.5

"ZBABMR02ng/mL (20nglg)’ B/RENEBGHHE ‘T
60-110% a9t £ R B 4 t<20%
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£ 32 FAREIZZEEHIE PFOA 2 R PE8 24 X

HEXK A
ADD; = ADD, + ADDy, + ADD,¢ (ng/kg-d) 4 ADD
ADDg, = TDI X ERg,, (ng/kg-d) £ S+ A & ADD
ADD,¢ = TDI x ER,¢ (ng/kg-d) k4 & ADD
ADD; = TDUX(L—BR, ~BRu) gk 328t ADD
SML( ngz) _ ADD, (ng/kg — d) x BW (kg) .
cm 2.542 BHEEBHRMA

1 in?
IR(§) X 15 () X =37~ ()2 x CF

ADDr : #3458 #) & » % ng/kgd -
ADD. - &btz 38 #F > B4 ng/kegd -

ADDy, : R REBRAAKEZEZ4a #E > £ ng/kgd -

ADDy: SRS R E2 B F > B4 ngkgd -

DI : HFAHA®LE » FRINMAHBEE > 41 nghkegd-

ERgy * B4 B4k A 7K 46 TDI 2 tbf5] > 50% ~ 60% ~ 70% -

ERpr ¢ JE & ob B 384845 TDI 2 thfs) » 27% o

ER. : & &4 1415 TDI 2 b4 » 23% ~ 13% ~ 3% -

SML : RiE&aR b ER LB 245 2 BB IRM » B4 ng/em? -
BW: 8% - ¥ kg (B RIEE 5, 2008) -

IRe: HEABBHAE > 4 g/d (B RAEHEH, 2008)

0.1 1 £ & 4044 448 1% $L(USFDA, 2007)1§ F #4(10 g food/in® )z 48] $ -
254 i@ om’ 2 B @R T -

CF : 44 G 4 & b4 8 (USFDA, 2007) -
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%* 33

A RAEZ PFOA Rt H 2 X2 4 30ERH

%% ERRA FH R R

TDI HBat$g  SR¥UiTEMAS 1500 ngkg-d EFSA, 2008
Ak A KR ERIZIE TDI Z B 45k » FFHER "

ER6 FZA 50% ~ 60% ~ 70% ° HRA IS
R LEEBIE TDI 2B ot RFEE T2 o

ERnf ﬁ—% 27% ° #E&ﬁ 35

ER, A S84 TDIZF 4Lk ¥R %35

CF g H Bbp s R:5480.17 > Bk 02 - USFDA, 2007

0.1 Aofms TEBHIIBAME 10 gfood/in’ - USFDA, 2007

254 B deEF -

BW #& ¥4 kg- B RA2HE A, 2008

IRe HBHELFE B ogd- RA2 B 5, 2008

% 34 324 A PFOA z TDI 3 £ (EFSA, 2008)

- Principle study Perkins et al., 2004

Potential liver effects and hormonal changes for 13- week for

Critical endpoint

male rats at doses of 0, 0.06, 0.64 , 1.94, 6.5 mg/kg/d

'BMDLo(POD) 0.3 mg/kg-d

E);poshre Scenario ‘Géwriérai‘pdpulétion‘, diété?y éprsﬁre in lifetime

| 1. NOAEL Fl=1
- Extrapolation 2. Subchronic F2=2
Uncertainty ‘3. Interspecies F3=10

Calculation _BMDL,, 03X 106

- 4. Intraspecies. F4=10

TDI

UF " ixzxiox1io_ 1500 ng/kg—d
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&35 ABEAEZPFOARBREARIPHEZATEBZIRR

& B h+Ek Ak ¥ R+Ek A K SR K
2 HEIFH(A) £ E5EB) FEHIKEO)
£ LAk ERg, © 50% ERyy, : 60% ERgy : 70%
JER & ER,s: 27% ER,¢ : 27% ERy : 27%
R LB E M ER. : 23% ER. : 13% ER. : 3%
Wt 100% 100% 100%

R AAb ERgy ~ ERys 2 31 H ©

2000 (E) x 20 (95) +1.5 (d) X 10000 ("g)
60 (kg)

ERpy = +1500 "8/, _ 4% 100 = 61%

20 (—) x 300 ( 8) x 4000 (E) X105 G ) 60 (kg)

- x 100 = 279
ERne = 1500 ng/kg d - 1 %

ER. = 1 — ERg, — ERy

& 36 3 BI# A K PFOA & X # 88 B (MAC)Z 3t B (UKHPA,2007)
Principle study .. UK . Committee on Toxicity, 2006b

S —

Cntlcal endpomt Many adverse eﬂ'ects for studles

NOAEL 03 mg/kg—day
Bottle-fed baby, consummg more drmkmg water on a body
basis, in short exposure

Exposure Scenario  1.Body Wight = 5 kg (Bottle-fed baby)
2.Intake Rate = 0.75 L/day

& 3.Relative source contribution (RSO)= 50 % L

7 7 UITNOAEL Fl=1 R

* Extrapolation 2. Subchronic F2=1

Uncertainty ™ =~ ** 3. Interspecies “F3 =10 :

: 4. Intraspecies  F4=10

03x5><05x103 _10M
T 10x10x%0.75 L

g _,wv A 1 g

i

Calculation MA
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#%& 37 &% PFOA %3412 tbf5|(EFSA, 2008)

PFOA PFOS
F09d f:xposure& >50% 98%
Drinking water
Drinking water <15% (3.4 mg/L) <0.5% (0.6 mg/L)
Non-food <50% .

Child much more (indoor) Child much Less
Level in sea food Lower Higher (BCF=2000,

50% decay 100 days)

Level in fish liver Higher in liver than in fillet
In environment Widely found
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&40 AR EBEZ AR HEM M4 PFOA 45 % 1848 R4 (SML, ng/lem?) gk 2/ £

Bz 2 I IR4EF it &

TH B/ R E 5 RAE B A
AHFR (2010) R ERBA  BREWBRE ZMAE

SML, = 2.4 ng/cm’

o B oh 6L By i 4K
SML, = 1.0 ng/cm?

European Union
(2006), Directive
2006/122/ECOF

e NGB B R AW TR 2
PFOS 4 & %<0.1 ng/cm?
o #{& PFOA S EEHIMRMES 1

ng/cm?

European Union, o Overall migration limit,

Directive OML(T)=DCL =60 mg/kg
EC/1935/2004 food

EUROPA>EC>DG « #4k3iTE PFOA % 4|
Health and 18 (2010.12.04 148 % 3)
Consumers 835 &

a3

Office of Food o PFOA # #| 14 : Dietary
Additive Safety Concentration Limit
(OFAS) (DCL)=0.12 ppb (ug/kg),
CEDI/ADI #36 Cumulative estitmated daily
Tk E intake (CEDI) = 6 ng/kg-day

« SML= (6 ng/kg-d)(60 kg)
(1/3000 d/g)(10 g/in®)(1 in/2.54
cm)’ = 0.2 ng/cm’

&2 7-18 yr, 19-59 yr,
60+ yr» H P 19-59 yr

KR ALFRZBRE
(ERnt = 27%) R £ &+
# A K(ERs = 50, 60,
70%)

« 3| A USFDA(2007)=
CF X562 4 0.17
B4k % 0.2

A BBREZESFH

BW, IR¢ -

i 4T Monte Carlo 4~

#r > A SML 2 P95 {4

A B MR

« PFOA z TDI % PFOS
z 10 4% > A7 34 PFOA
Z B B R AT 45 B
PFOS 2 10 4% -

o A Website &k} B - 4
BHELZTHELLS
i (FCM)Z A » 8 AT
£ &% 17 K#EFCM >
PFOA /& » Plastics (9)
Z_ Additives (9.1) -

o fi23% IR=1 kg/d,
BW=60 kg -

o % Website T} & - 4
ERELZFHRLE
Hady(FCS)Z A » B ]
st 2 4] 1267 #& FCS -

o f23% IR = 3 kg/d, BW
=60 kg -
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A~ i E

ABRFX &A/PBH K
s+ ¥ 100% 2w H DC @ AT 6 RIR(ET,2004)
<DCL r—_—”>nc1_- ™ SNl l 240 SV
s & t::;lﬁ& 2 0.6 dm’/100g R A
(USFDA,2007) L FS 22 SV E X B
T (0.6 dm’/100 mL) ‘
ECCD ECE
v
¥ e d
McC,—E
(£0) M,
MC S(V) ]\]C(?;:z » di-nxgi kg }'IC,% MC= @
! 3
ﬁi# gﬁ& mg mg _6dm’
10 g/inZ, 3 kg/head-d, 60 kg bw MG e M= MCadtag)
(10 g/in*=155 g/dm?) I
1 &
_ mg, in? 1000 RAEEBHR
oc =D (Mo ) 5 i DC (%:-) 1 kg/6 dm’, 1 kg/head-d, 60 kg bw
I (1 kg/6 dm’=167 g/dm’)
k mg l
3 DC
R vl - Em(k:_gd)
(BW, 60kg) % %X EUROPA
4 FCM Database, | o= (""n:f ) (6ot 1_:} )
% #% OFAS Database SML mg/kg
MCSSML and MC > SMLor
DcL. CEDI £MCSOML= ‘—1—1 $MC > OML=
60 mg'kg 60 mg/kg
] FiRi®
DCSDCL and DC>DCLor
EDIS CEDI 4 ¢ EDI>CEDI
il i% AT H B IR
B 1 £BEEY FCS 4 Hikbix
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E 3

B2 #100°C [5min BHEH4T  Baik=H2ilthzih$
(Begley et al., 2008)

Migration grg/om?®

# 40°C > 24 IS BAIEAT o b2 RN S B A LA 2 L
& 4% € (Begley et al., 2008)
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Contains Nonbinding Recommendations

Guidance for Industry )
Preparation of Premarket Submissions for Food Contact Substances: Chemistry
Recommendations

This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It
does not create or confer any rights for or on any person and does not operate to bind FDA or the
public. You can use an alternative approach if the approach satisfies the requirements of the
applicable statutes and regulations. If you want to discuss an alternate approach, contact the FDA
staff responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call
the appropriate telephone number listed on the title page of this guidance.

| INTRODUCTION

This guidance document is intended for industry and contains FDA's recommendations pertaining to
chemistry information that should be submitted in a food contact notification (FCN) or food additive petition
(FAP) for a food-contact substance (FCS). It is an update to the 2002 guidance,"Preparation of Food
Contact Notifications and Food Additive Petitions for Food Contact Substances: Chemistry
Recommendations”. This updated guidance provides references to assist the reader, sets forth current
practice, and clarifies the 2002 guidance based on recent experience with individual sponsors.

A FCS is any substance that is intended for use as a component of materials used in manufacturing,
packing, packaging, transporting, or holding food if the use is not intended to have any technical effect in
the food (sec 409(h)(6) of the Federal Food, Drug, and Cosmetic Act (the Act)).

A FCS that is a food additive must be regulated for its intended use in 21 CFR Parts 173-178, be exempted
from regulation under the agency's Threshold of Regulation Process (21 CFR 170.39), or be the subject of a
notification under section 409(h) of the Act that is effective (sec 409(a)(3) of the Act). FCNs and FAPs for
FCSs as well as Threshold of Regulation (TOR) Exemption requests must contain sufficient scientific
information to demonstrate that the substance that is the subject of the submission is safe under the
intended conditions of use (secs 409(h)(1) and 409(b) of the Act). Because the safety standard is the same
for all food additives, whether subject to the petition process, the FCN process or the TOR exemption
process, the data and information that should be included in all submissions are comparable. Data
requirements for TOR Exemption requests are defined in 21 CFR 170.39 and are not dealt with in more
detail here.

Section 409(b) of the Act sets forth the statutory requirements for data in an FAP to establish the safety of
a food additive. These requirements include descriptions of the following: (1) the identity of the additive, (2
proposed conditions of use of the additive, (3) technical effect data, and (4) methods for the analysis of the
additive.

FDA's guidance documents, including this guidance, do not establish legally enforceable responsibilities.
Instead, guidances describe the Agency’s current thinking on a topic and should be viewed only as
recommendations, unless specific regulatory or statutory requirements are cited. The use of the word
should in Agency guidance means that something is suggested or recommended, but not required.

Throughout the document, the term “sponsor” is used to denote a notifier or petitioner.

Il. CHEMISTRY INFORMATION FOR FCNS AND FAPS

A clear and concise presentation of the information in the format described below will facilitate review of th
submission. For notifications, references to the corresponding section(s) in FDA Form 3480 ( PDF format |
Word Template ), "Notification for New Use of a Food Contact Substance," are shown in italics.

For those uses resulting in dietary concentrations at or below 0.5 ppb, the data requirements for FCNs or
FAPs will be similar to those required for requests submitted under 21 CFR 170.39 (Threshold of Regulation
for substances 'used in food-contact articles. Speciﬁcally,_ghe chemistry information requirements will be
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similar to those cited in 21 CFR 170.39 (c)(1) and (2). As indicated in 21 CFR 170.39(c)(1), the submission
will need to include a description of the chemical composition of the FCS. This would include identity
information on the FCS as well as the identities and composition by weight of all likely impurities (i.e.,
residual starting materials, catalysts, adjuvants, production aids, by-products and breakdown products).
Detailed information may be needed where there are specific safety concerns. Providing additional
manufacturing information may be the easiest way to address such concerns. For example, manufacturing
information may be used to support the conclusion that a volatile chemical is unlikely to remain with the
finished FCS because of the high temperatures encountered during the manufacturing process. Similarly,
information on the types of solvents used in the manufacturing process along with solubility data of likely
impurities may be used to justify a conclusion that an impurity is not likely to be found in the finished FCS.
As indicated in 21 CFR 170.39(c)(2), the submission will need to include detailed information on the
conditions of use of the substance. This would include a statement describing the technical effect of the
substance. FDA has not ordinarily needed data to demonstrate the technical effect for uses that meet the
threshold of regulation criteria under 21 CFR 170.39.

A. Identity
(see FDA Form 3480 ( PDF format | Word Template )- Part II, Sections A through C)

Identity information is used to describe the FCS that is the subject of a submission and to identify
substances that may migrate into food from use of the FCS. Migrating substances may include not only the
FCS itself, but also degradation products and impurities in the FCS.

Information identifying the FCS should be as complete as possible with respect to its name, composition,
and method of manufacture. These items include:

1. Chemical Name. The Chemical Abstracts or IUPAC name is acceptable.

2. Common or Trade Names. These should not be the only means of identification. FDA does not maintai
a compilation of common or trade names.

3. Chemical Abstracts Service (CAS) Registry Number. [2]

4. Composition. A full description of the composition of the FCS is used to compile a list of potential
migrants to food. This should include chemical formulae, structures, and molecular or formula weights
for single compounds or components of commercial mixtures. For polymers, sponsors should submit
the weight average (My) and number average (Mp) molecular weight, the molecular weight

distribution, and the methods used for their determination. If the molecular weight is not readily
obtainable, a sponsor should furnish other properties of the polymer that are functions of the
molecular weight, such as intrinsic or relative viscosity or melt flow index.

In addition, sponsors should provide the following information:

a. A complete description of the manufacturing process, including purification procedures, and the
chemical equations for all steps of the synthesis.

b. A list of reagents, solvents, catalysts, purification aids, etc., used in the manufacturing process, the
amounts or concentrations used, their specifications, and their CAS Registry Nos.

c. Chemical equations for known or likely side reactions occurring during manufacture of the FCS,
including catalyst degradation reactions.

d. Concentrations of all major impurities (e.g., residual starting materials, including all reactants,
solvents, and catalysts, in addition to byproducts and degradation products) together with supporting
analytical data and calculations. In the case of polymers, concentrations of residual monomers should
be included.

e. Spectroscopic data to characterize the FCS. In some cases an infrared (IR) spectrum is sufficient, but
occasionally other information, such as visible and ultraviolet absorption spectra or nuclear magnetic
resonance (NMR) spectra, are more useful.

Those data and information not intended for public disclosure, such as trade secret or confidential
commercial information, should be so identified.

5. Physical/Chemical Specifications. Sponsors should submit the physical and chemical specifications of
the FCS (e.g., melting point, impurity specifications) as well as properties that can affect migration
potential, such as solubility in food simulants. In cases where particle size is important to achieving
the technical effect or may relate to toxicity, sponsors should describe particle size, size distribution,
and morphology, as well as any size-dependent properties. In the case of new polymers, sponsors
should provide glass transition temperatures, ranges for densities and melt flow indices, and
information on morphology (e.g., degree of crystallinity) and stereochemistry. For new adjuvants in
regulated polymers, sponsors should submit information on the properties of the polymer (e.g., Tg)

used in migration testing (see Appendix II. Section 2. for further discussion).
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6. Analyses. If the FCSis intended for use as a component of an otherwise regulated material (e.g., an
antioxidant in a regulated polymer), sponsors should provide analytical methods for determining the
concentration of the FCS in the material. Supporting analytical data should be submitted (refer to
Section D.3.).

B. Use
(See FDA Form 3480 ( PDF format | Word Template )- Part II, Sections D.1, D.2, and E)

Sponsors should examine general use limitations in effective notifications and regulations for similar FCSs
and should include a comprehensive set of limitations on the intended use. Certain of these limitations may
be the basis for assumptions made in deriving exposure estimates for the FCS. For an FCN, any applicable
limitations can be included in the description of the notified use by way of a draft acknowledgement letter.
For an FAP, any applicable limitations should be included in draft language for the applicable regulation. In
the absence of appropriate limitations, FDA may be required to use assumptions in estimating exposure
that would result in more conservative values for certain classes of FCSs.

Sponsors should provide the maximum use level of the FCS and the types of food-contact articles in which i
may be used. "Use level" refers to the concentration of a substance in the food-contact article, not in the
food. Sponsors should state the range of possible uses, such as films, molded articles, coatings, etc., and
report the anticipated maximum thickness and/or weight per unit area of these articles.

Sponsors should state whether the intended use for the FCS is in single-use or repeat-use food-contact
articles. Sponsors should also identify the types of food (with examples) expected to be used in contact

with the FCS and the maximum temperature and time conditions of food contact[3]. Classifications for food-
types and conditions of use that may be helpful are given in Appendix V.

Sponsors should address the stability of the FCS under the proposed conditions of use.

C. Intended Technical Effect
(See FDA Form 3480 ( PDF format | Word Template )- Part II, Section D.3)

Sponsors should present data to show that the FCS will achieve the intended technical effect and that the
proposed use level is the minimum level required to accomplish the intended technical effect. "Technical
effect” refers to the effect on the food-contact article, not on the food. An example would be the effect of a
antioxidant in preventing oxidative degradation of a particular polymer. In the case of a new polymer,
sponsors should present data that demonstrate the specific properties of the polymer that make it useful
for food-contact applications. If technical effect is dependent on particle size, sponsors should present dat
that demonstrate the specific properties of the particles that make them useful for food-contact
applications. Technical effect information need not be exhaustive and is frequently available in product
technical bulletins.

In cases where the use level of an FCS is self-limiting, sponsors should provide supporting information or
data.

D. Migration Testing & Analytical Methods
(See FDA Form 3480 ( PDF format | Word Template )- Part II, Section F)

Sponsors should provide information sufficient to permit estimation of the daily dietary concentration of the
FCS, i.e., consumer exposure. FDA will calculate the concentration of the FCS or other components that
might migrate to food expected in the daily diet based on analyzed or estimated levels in food or food
simulants. A more complete discussion of this topic is given in Section IL.E. and Appendix IV.

The concentration of an FCS in the daily diet may be determined from measured levels in food or in food
simulants. It may also be estimated using information on formulation or residual levels of the FCS in the
food-contact article and the assumption of 100% migration of the FCS to food. Although FDA always has
accepted reliable analyses of FCS in real foods, in practice, many analytes are difficult to measure in food.
As an alternative, sponsors may submit migration data obtained with food simulants that can reproduce th:
nature and amount of migration of the FCS into food. Because an FCS may be used in contact with many
foods with different processing conditions and shelf lives, the submitted migration data should reflect the
most severe temperature/time conditions to which the food-contact article containing the FCS will be
exposed.

Before undertaking migration studies a sponsor should consider carefully the potential uses of the FCS. If,
for example, use at temperatures no higher than room temperature is anticipated, it makes little sense to
conduct migration experiments that simulate high temperature food contact. Such experiments would lead
to elevated levels of the FCS in the food simulants that might, in turn, require a more extensive toxicologice
data package to support the exaggerated exposure estimate. In some cases where the use level of the
FCS s low, it may be possible to dispense with migration studies altogether by assuming 100% migration ¢
the FCS to food. The following example illustrates this approach:

Consider an adjuvant added prior to the sheet-forming operation in the manufacture of paper. If analysis o
calculation shows that the final adjuvant concentration in paper cannot exceed 1 mg/kg and the basis

weight of the finished paperis 50 pounds/3000 ftz, or 50 mg/inz, then the maximum weight of adjuvant pe
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unit area of paperis 1 x 1076 g adjuvant/g paper x 50 mg/in2 = 0.000050 mg/in2[4]. If all the adjuvant
migrates into food and 10 grams of food contacts 1 square inch of paper (FDA's default assumption), the
maximum concentration in food would be 5 pg/kg. It may be expected that this low concentration in food
would lead to a commensurately low dietary concentration for the FCS. Therefore, although migration
studies might result in further lowering of the estimate of daily intake, such studies might be unnecessary.

Levels in food should be based on the results of migration testing or other applicable methods in order to
reflect as closely as possible the actual use conditions of the food-contact article containing the FCS. In
general, migration values determined using the assumption of 100% migration to food should be avoided t
reduce conservatisms to the greatest extent possible. If a 100% migration calculation is used for an
adjuvant in a polymer system, the sponsor should provide a typical polymer thickness. If none is provided
default assumption of 10 mil (0.01 in) and the surface are of one side will be used in the calculations.

1. Design of the Migration Experiment (See FDA Form 3480 ( PDF format | Word Template )- Part II, Sectioi
F, item 1)

a. MIGRATION CELL. When use of an FCS is anticipated with one particular type of food-contact
article, such as a beverage bottle, the article may be filled with a food simulant and tested. For
more general uses or when the surface area of the food-contact article does not produce
sufficient extractives for adequate characterization, a migration cell should be used in which a
specimen of known surface area is extracted by a known volume of simulant. The two-sided
migration cell described by Snyder and Breder (Snyder and Breder, 1985) is recommended.
Although this specific cell may not be universally applicable, FDA recommends that two of its
essential features be incorporated in modified designs. These are:

1. Polymer plaques of known surface area and thickness (see Section 11.D.1.b. for further
discussion) are separated by inert spacers (such as glass beads) so that simulant flows
freely around each plaque. Migration from the plaque is considered to be two-sided.

2. The headspace is minimized, and gas-tight and liquid-tight seals are maintained. (Minimum
headspace and gas tightness are of lesser importance if the migrant of interest is non-
volatile.)

Importantly, the cell should be subjected to mild agitation to minimize any localized solubility
limitation that might result in mass-transfer resistance in the food simulant.

For applications in which a two-sided cell design is not suitable, such as laminate constructions,
sponsors may refer to the references in Appendix VI for applications describing other cell designs
Sponsors also may devise an alternative cell. FDA is willing to comment on any such design prior
to its application for a migration experiment.

b. TEST SAMPLE. Some important considerations are the following:

1. Formulation: Sponsors should use the highest proposed concentration of the FCS in the
food-contact article in preparing samples for migration testing. Sponsors should provide
information that characterizes resin samples used in testing, including the concentrations
and identities of other components that may be present, the chemical composition of the
resin (incduding co-monomer content where appropriate), molecular weight range, density,
and melt flow index. If the formulation is plasticized, the most highly plasticized formulation
should be used for testing.

2. Sample Thickness & Surface Area: Sponsors should report both the thickness of the test
plaque and its total surface area. If a plaque is tested by immersion and is of sufficient
thickness to ensure that the initial FCS concentration at its center is unaltered by migration
that occurs from both sides during the test period, the surface area of both sides may be

used to calculate migration (units of mg/inz).

Migration may be considered to occur independently from both sides of a sample plaque ifit
thickness is at least 0.05 cm (20 mil or 0.020 in) and not more than 25 percent of the FCS
has migrated by the end of the experiment. If these conditions are not met, the surface are
of only one side should be used in the calculation and consideration should be given to
proposing a limitation on film thickness.

Migration from paper is solubility, rather than diffusion, driven therefore paper used in
migration tests is considered to be single sided regardless of thickness.

3. Polymer properties: If the FCS is a polymer adjuvant, sponsors should perform migration
testing on the polymer with the lowest average molecular weight which complies with the
specifications set in 21 CFR 177 (see Appendix II. Section 2. for further discussion). If the
FCS is a new polymer, the polymer that would be expected to give the highest levels of
extractives, i.e., the polymer with the lowest average molecular weight, percent crystallinity,
and degree of cross-linking should be tested.

fda.gov/Food/---fucm081818.htm?sms_ss-** 6/25
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C. FOOD SIMULANTS. The following food simulants are recommended. Additional discussion on this
subject is found in Appendix I.

|_Food-Type as defined in 21 CFR 176.170(c) Table1 || Recommended Simulant
Aqueous & Acidic Foods (Food Types I, II, IVB, VIB, and 10% Ethanol(a)

\VIIB)
|Low— and High-alcoholic Foods (Food Types VIA, VIC) "10 or 50% Ethanol(®)
Fatty Foods (Food Types III, IVA, V, VIIA, IX). Food oil (e.g., corn oil), HB307,

Miglyol 812, or others(€)

for exceptions, see main text.
bactual ethanol concentration may be substituted (see main text and Appendix IL.).

CHB307 is a mixture of synthetic triglycerides, primarily C1g, C12, and C14. Miglyol 812 is derivec
from coconut oil (see main text and Appendix I.).

When food acidity is expected to lead to significantly higher levels of migration than with 10%
ethanol, or if the polymer or adjuvant is acid-sensitive, or if trans-esterification occurs in ethanol
solutions, separate extractions in water and 3% acetic acid in lieu of 10% ethanol should be

conducted. [5]

10% Ethanol is intermediate in alcohol concentration between wine and beer. Migration levels to
wine and beer are not expected to be very different from 10% ethanol values. Therefore, test
results developed with 10% ethanol may generally be used to evaluate exposures and support
clearances for contact with alcoholic beverages with up to 15 volume % ethanol.

Unsaturated food oils (like corn and olive oils) can at times be difficult matrices for the analysis of
a migrant because these oils are susceptible to oxidation, especially at high temperature. Miglyo
812, a fractionated coconut oil having a boiling point range of 240° to 270°C and composed of
saturated Cg (50-65%) and C1g (30-45%) triglycerides, is an acceptable alternative fatty-food

simulant for migration testing.[6] HB 307, a mixture of synthetic triglycerides, primarily C1q, C12,
and C1g4, also is useful as a fatty-food simulant.[7]

In some cases, analysis of a migrant in a food oil will not be practical and a simple solvent must
be used. There does not appear to be one solvent that will effectively simulate a food oil for all
polymers. A list of various polymers and their recommended fatty-food simulants appears in
Appendix I. For other polymers, sponsors should consult with FDA concerning use of an
appropriate fatty-food simulant before performing migration experiments.

The simulant volume should ideally reflect the volume-to-specimen surface-area ratio expected t

be encountered in actual food packaging. A ratio of 10 mL/in2 is acceptable. Other ratios may be
acceptable if migration levels do not approach concentrations reflecting the partition limit (i.e., th
solubility of the FCS in the food simulant). Precipitation of the FCS from solution or a cloudy
solution is an indication that this limit has been reached. The volume-to-surface-area ratio shoulk
be reported.

d. TEMPERATURE AND TIME OF TEST. Sponsors should conduct migration testing under the most
severe conditions of temperature and time anticipated for the proposed use. If the intended use
of the FCS involves contact with food at temperatures higher than room temperature, tests
should be conducted at the highest use temperature for the maximum expected time period. In
many instances, short time periods of elevated temperature-food contact are immediately
followed by extended periods of storage at ambient temperatures. For such applications, FDA's
recommended migration protocols call for short-term accelerated testing designed to simulate
FCS migration that may occur during the entire food-contact period. Recommended protocols for
selected situations are given in Appendix II.; however, depending on the particular food-contact
application, a specific protocol may be devised.

For room-temperature applications, a test temperature of 40°C (104°F) for 10 days is
recommended. This accelerated testing protocol is based on studies showing that experimental
migration levels are roughly equivalent to levels obtained after extended storage (6-12 months)

at 20°C (68°F) [8],

For refrigerated or frozen food applications, the recommended test temperature is 20°C (68°F).
For polymers, such as polyolefins, that are used with food at temperatures above their glass
transition temperatures (i.e., the polymer is in the rubbery state), the highest migration values

(typically, but not always, the ten day values) are generally used by FDA to calculate the
concentration of migrants in food.

Polymers such as polyethylene terephthalate (PET) and polystyrene (PS), however, are used wit
food at temperatures below their glass transition temperatures (i.e., the polymer is in the glassy
state). At a fixed temperature, the rate of diffusion of migrants through a polymer in the glassy
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state is lower than if the polymer were in the rubbery state. For this reason, accelerated testing
for 10 days at 40°C might underestimate migration that would occur during the entire food-
contact scenario. Therefore, migration data obtained over ten days at 40°C should be
extrapolated to 30 days in order to better approximate migration levels expected after extended
time periods at ambient conditions. The sponsor may carry out testing for 30 days to avoid
uncertainties in extrapolation. If data are provided that demonstrate that a different
extrapolation period is more appropriate for a given adjuvant/polymer combination, such
information would be used for evaluating exposure.

For restricted uses where the maximum shelf life and food-contact temperature of an article are
known, sponsors are encouraged to carry out migration studies for the maximum shelf life under
temperature conditions approximating expected use. Sponsors may want to consult FDA before
undertaking such tests.

For each migration experiment, FDA recommends that portions of the test solutions should be
analyzed during at least four time intervals. Recommended sampling times for a ten-day test are
2, 24, 96, and 240 hours. FDA recommends analysis of a blank or control using a test cell identice
to that used for the test artide.

e. END TESTS (Compliance Tests). It is important to réalize that the appropriate migration test
conditions for a new FCS are not those described in 21 CFR 175.300, 21 CFR 176.170 or other
sections in 21 CFR. These published "end-test" or compliance test extractions are quality control
test methods for verifying whether a particular product is equivalent to the material that served
as the basis for the regulation. End tests bear no relation to the migration testing recommended
for evaluating probable exposure to a new FCS.

2. Characterization of Test Solutions & Data Reporting (See FDA Form 3480 ( PDF format | Word Template
)- Part II, Section F, item 1)

Sponsors should perform migration studies in triplicate and analyze the test solutions for the
migrants.

If the submission is for a polymer, sponsors should determine the amount and nature of total
nonvolatile extractives (TNEs). Ordinarily, the TNEs are determined gravimetrically. The nature of the
extractives, which may include monomers, oligomers, adjuvants, and catalyst residues, should be
determined by suitable chemical or physical tests, such as NMR, ultraviolet (UV)-visible, and atomic
absorption spectroscopy (AAS), mass spectrometry (MS), and gas or liquid chromatography (GC or LC)
The limit of quantitation (LOQ) and selectivity of the methods should be indicated in the submission. If
quantitation of individual migrants is not possible, sponsors should determine the distribution of the
extractives between organic and inorganic fractions by solvent fractionation (i.e., the fraction of the

TNE residue that is soluble in chloroform or other suitable solvent[9]). This serves, as a first step, to
focus on the migrants of interest (e.g., organic components) in determining exposure estimates. In
these instances, FDA generally will estimate exposure to TNEs from the use of the FCS assuming that
the TNEs (or solvent soluble TNEs) consist solely of low molecular weight oligomers that are chemically
equivalent. Because the degree of toxicological testing depends on the magnitude of the exposure
estimate, it should be to the sponsor’s advantage to quantitate the components in the TNEs that are
not chemically equivalent (e.g., differentiate between low molecular weight oligomers and polymer
adjuvants).

Test solutions from polymers that are the subject of a submission also should be analyzed for
constituent monomers. Alternatively, the known residual monomer level in the polymer may be used t
calculate monomer dietary concentrations by using the density of the polymer, the maximum
anticipated thickness of the food-contact article, and by assuming that all of the residual monomer
migrates into food and that ten grams of food contact one square inch of food-contact article.

If the submission is for a polymer adjuvant, the test solutions are generally analyzed only for the
adjuvant. Occasionally, however, it may be appropriate to quantitate, in the test solutions, impurities
or decomposition products present in the adjuvant if they might be expected to become components
of the daily diet in toxicologically significant quantities. A common example would be the presence of
carcinogenic impurities in the adjuvant.

It also may be appropriate to quantitate, in the test solutions, decomposition products produced
either as a result of the FCS exhibiting its intended technical effect in the food-contact article or in the
test solutions after migration of the FCS. An example would be the use of a new antioxidant for
polyolefins. Polymer antioxidants, by their nature, would be expected to partially decompose during
thermal processing of the resin or food-contact article to which they have been added. Frequently,
decomposition will occur after migration of the FCS into the food or food simulant, where temperature.
may reach 120°C with fatty-food simulants. Information on decomposition in food simulants may be
obtained by conducting stability studies on the FCS in parallel with the migration studies.

Sponsors should report results in terms of milligrams of substance extracted per square inch (mg/inz)

of surface area. Although migration levels often are expressed in terms of mg/dmz, the mixed unit
mg/inz'is preferred to facilitate conversion to concentration in food. If ten grams of food are in contac
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with one square inch of food-contact article surface, a migration of 0.01 mg/inzcorresponds to a
concentration in food of 1 mg/kg. For specialized food-contact applications where an assumed ratio of

10 g food perin

2 is not appropriate, such as in dual-ovenable trays and microwave heat-susceptor

applications, sponsors should use the lowest ratio from the actual food-contact applications and
should provide justification for the ratio selected.

3. Analytical Methods (See FDA Form 3480 ( PDF format | Word Template )- Part II, Section F, item 1)
Sponsors should submit the following for each method:

a.

fda.gov/Food/--

DESCRIPTION OF THE METHOD. The description should include discussions on the method's

accuracy, precision, selectivity, limit of quantitation (LOQ), and limit of detection (LOD). [10]
Sufficient detail should be provided so that it can be followed by an experienced analytical
chemist. If a literature reference is available, a copy should be included in the submission.

. STANDARD CURVES. Standard curves or calibration curves obtained by analyzing a prepared

medium fortified with several known amounts of analyte to obtain concentrations both greater
than and less than the concentration of migrant in the test solutions. The prepared medium may
be the pure solvent, a solution of known ionic strength, etc. The data points from which the
standard curve is derived should bracket the concentration of the migrant in the test solution. Ar
analyte concentration of 1 mg/kg determined from a standard curve obtained from concentration
of 10, 15 and 20 mg/kg would be unacceptable. The correlation coefficient and standard errors o
the Y intercept and the slope should be reported with the standard curve.

EXAMPLES OF SPECTRA OR CHROMATOGRAMS. Sponsors should submit sample spectra and
chromatograms, dearly identifying and labeling all major peaks to avoid ambiguities in
interpretation.

. EXAMPLE CALCULATIONS. Sponsors should submit example calculations relating the data

obtained from instrumental methods to the reported levels (preferably in milligrams migrants per
square inch of sample surface area). The examples should include such information as sample
size, concentration/dilution steps, and instrument readings (such as peak area or detector
response). Modern data systems typically perform these calculations internally based on a serie.
of standards. The instrument readings should be extracted from the internal data set. Consult
the instructions for the instrument/software package used in the analysis for guidance on
providing these data. The examples allow the reviewer to perform a rapid internal check on the
reported method.

VALIDATION OF ANAYLTICAL METHODS. Sponsors should properly validate all analytical methods
Validation of a method's intended use and the determination of accuracy and precision usually
involves: 1) replicate analyses of appropriate matrices fortified with known amounts of the
analyte at concentrations similar to those encountered in the migration studies, and 2)
determination of the percent recovery of the fortified analyte. In cases where a polymer adjuvan
is the subject of interest, test solutions of the polymer formulated without the adjuvant may
serve as the matrix for fortification and recovery measurements. Recovery is defined as the
difference between measured analyte levels in the fortified and unfortified matrices. Percent
recovery is the recovery divided by the fortified level times 100, i.e., if "a" is the measured level ii
the unfortified solution, "b" is the measured level in the fortified solution and "c" is the
fortification level, then percent recovery equals (b-a)/c x 100.

If migration test solutions are fortified, they should be fortified before analytical workup but afte:
the prescribed test time, e.g., 240 hours. The actual test solutions must be fortified and not the
pure food simulants. Fortification of pure simulants instead of the test simulants is probably the
most common deficiency in the validation section of an analytical method. Additionally, as noted
in Section II.D.2, the stability of the analyte(s) in the migration test solution should be
demonstrated.

Sponsors should perform fortification and recovery experiments using three (3) sets of triplicate
samples of the test simulants with each set fortified at a separate level. The fortification levels
should be one-half ('2), one (1), and two (2) times the measured concentration of the analyte in
the food simulant. In the event that the FCS is not detected, sponsors should determine the LOL
for the method. For quantifiable levels of the analyte, acceptable recoveries should meet the
following criteria:

Levels in food or food Acceptable average recovery || Acceptable relative standard
simulants(@) deviation
|<0.1 mg/kg 1160-110% ll<20%
[>0.1 mg/kg [180-110% |[<10%
(3)if 0.001 mg of a substance is extracted from one square inch of packaging material into 10
rams of food or food simulant, the estimated concentration in food is 0.1 mg/kg.
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In evaluating the precision of the analytical method, the variability arising from analyses of
individual samples can be eliminated by performing triplicate analyses on a homogeneous
composite (a blend of the triplicate samples) where practicable.

Other validation procedures may be appropriate depending on the particular analysis. For
example, analysis of the same test solution by two independent analytical methods would be
acceptable validation. Similarly, the method of standard additions is an acceptable alternative in
certain cases, such as metal analysis by AAS. In this case, fortify the matrix at two separate
concentrations (at least) in addition to the unfortified concentration, and verify the linearity of the
standard addition curve by calculation of the least squares correlation coefficient (r should be
>0.995).

Sponsors should submit representative spectra or chromatograms from validation analyses of
fortified and blank samples. Spectra or chromatograms of the "blank” will facilitate the verificatiol
of the absence of interferences. An illustrative example appears in Appendix III.

4. Migration Database (See FDA Form 3480 ( PDF format | Word Template )- Part II, Section F, item 2)

Migration data for specific migrant/polymer/food simulant systems at given temperatures that exhibit :
predictable migration-time behavior (e.g., Fickian diffusion) may be used to predict migration at other
temperatures. Thus, the need for migration studies for new applications, which may be difficult to
perform in certain cases (e.g., high temperature applications), may be reduced.

For example, migration data obtained over 10 days (240 h) at 40°C that exhibits Fickian behavior, in
combination with migration data obtained at other temperatures (e.g., 60°C and 80°C), may be
extrapolated by means of an Arrhenius plot to predict migration under retort conditions (121°C/2 h
and 40°C/238 h), if no apparent change in polymer morphology, such as glass transition or polymer
melting, is expected between 30°C and 130°C. Apparent diffusion coefficients, D, at 121°C for each
migrant/polymer/food simulant can be obtained from a plot of In D vs 1/T(K). Thus, migration for 2
hours at 121°C can be estimated and added to migration after 238 hours at 40°C to obtain total
migration expected for retort and ambient storage conditions. The density and thickness of the
polymer sample and initial concentration of the migrant in the polymer are also necessary for the
calculations.

The FDA migration database is intended as a resource for migration data, including diffusion
coefficients and relevant polymer/additive properties. FDA continues to compile migration data from
various sources for use in estimating migration levels for FCSs. Reliable migration data, e.g., data that
follow Fickian diffusion, provided in support of a premarket submission for a food contact substance
would be added to the database. In addition, only migration levels that have been measured at three
or more time intervals for a given temperature will be considered for inclusion in the migration
database. Sponsors may submit suitable data for inclusion into the database in the form of a letter,
as part of a notification or petition, or in a Food Additive Master File (FMF). The FDA migration databas
is available upon request from the Division of Food Contact Notifications, premarkt@fda.hhs.gov.

5. Migration Modeling (See FDA Form 3480 ( PDF format | Word Template )- Part II, Section F, item 2)

As discussed above, migration levels in food are typically estimated based on the results of migration
testing under the anticipated conditions of use or under the assumption of 100% migration of the FCS
to food. These two approaches are adequate in most instances.

A third alternative involves migration modeling. One simple approach to modeling migration for specific
migrant/polymer/food simulant systems, based on select experimental data, was discussed above in
Section I1.D.4. If this approach is taken, the source of any material constants used in the migration
modeling should be referenced, whether the source is the FDA migration database or the open
literature.

Recently, semi-empirical methods have been developed to determine migration levels using limited or
no migration data (see, e.g., (Limm and Hollifield, 1996) and (Baner, et al., 1996)). These diffusion
models rely on estimation of diffusion coefficients based on the nature of the migrant and the physica
properties of the polymer. These models may be useful substitutes for, or additions to, experimental
data under limited circumstances. Several caveats should be considered in the application of these
diffusion models. First, distribution of the migrant in the polymer is considered isotropic. Non-isotropic
distribution, whether intentional or unintentional, would be expected to result in non-Fickian
migration. Second, other aspects of migration, such as partitioning, mass transfer, polymer
morphology, shape/polarity of the migrant, and plasticization of the polymer are not considered in
these models. These factors should be considered carefully when deriving migration levels to food
using modeling techniques.

E. CONSUMER EXPOSURE

(See FDA Form 3480 ( PDF format | Word Template )- Part II, Section G)

Migration data developed using the procedures outlined in Section IL.D. are intended to provide estimates
of the highest level of migration to food that might result from the anticipated use of the FCS. FDA
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estimates probable exposure to the FCS by combining the migration data with information on uses of food-
contact articles that may contain the FCS (i.e., on the fraction of a person’'s diet likely to contact food-
contact articles containing the FCS).

From a given concentration of the FCS in the daily diet, the estimated daily intake (EDI) is calculated as the
product of that concentration and the total food intake, assumed to be 3 kilograms per person per day
(kg/p/d, solids and liquids). A concentration in the daily diet of 1 ppm corresponds to an EDI of 1 mg FCS/kg
food x 3 kg food/p/d, or 3 mg FCS/p/d.

The concentration in the daily diet and the EDI from the subject submission, along with the cumulative EDI
(CEDI) from all authorized uses (from FAPs, FCNs and TORs), are used by FDA for the safety evaluation of
an FCS. The CEDI of the FCS is used to determine the types of toxicity studies necessary to establish safet
under the proposed conditions of use. Toxicological data recommendations for several tiers of CEDIs
resulting from all proposed and permitted uses of the FCS, including regulated uses, uses that were the
subject of previous FCNs, and the use in the subject FCN, are described in the document entitled

"Preparation of Food Contact Notifications for Food Contact Substances: Toxicology Recommendations 1"
available on the Internet at http://www.cfsan.fda.gov/guidance.htm!.

The approach outlined below is designed to deal with the majority of FCSs intended for single-use. For
estimating dietary exposures to components of repeat-use items and articles used in or with food
processing equipment, exposure estimates also will consider the amount of food to be contacted during the
service life of the food-contact article (see Appendix II. Section 4.).

1. Calculation of Exposure

a. CONSUMPTION FACTOR. The term "Consumption Factor" (CF) describes the fraction of the daily
diet expected to contact specific packaging materials. The CF represents the ratio of the weight
of all food contacting a specific packaging material to the weight of all food packaged. CF values
for both packaging categories (e.g., metal, glass, polymer and paper) and specific food-contact
polymers are summarized in Table I of Appendix IV. These values were derived using information
on the types of food consumed, the types of food contacting each packaging surface, the numbe
of food packaging units in each food packaging category, the distribution of container sizes, and
the ratio of the weight of food packaged to the weight of the package. These values, however,
may be modified as new information is received.

When FDA computes exposure to an FCS, it assumes that the FCS will capture the entire market
for which it is intended for use. This approach reflects both uncertainties about likely market
penetration as well as limitations in the data surveyed. Thus, if a company proposes the use of
an antioxidant in polystyrene, it is assumed that the antioxidant will be used in all polystyrene
manufactured for food contact. In certain cases where an adjuvant is intended for use in only a
part of a packaging or resin category, a lower CF representing the coverage that is sought may
be used. For example, if a stabilizer is intended for use only in rigid and semirigid poly(vinyl
chloride) (PVC), a CF of 0.05 rather than 0.1 could be used in estimating exposure since only
about 50% of all food-contact PVC could contain the stabilizer. Another example is the division of
polystyrene into impact and non-impact categories (see Table I, Appendix IV.). To reduce
conservatisms, FDA recommends that sponsors submit as detailed information as possible on the
anticipated resin or packaging market(s) that may be captured by articles manufactured from the
FCS.

A consumption factor may alternatively be calculated using estimated maximum production
volume. Should this consumption factor be used in exposure estimates, the FCS will be limited tc
an annual production volume at or below the maximum that has been specified. If the market
volume expands to beyond the stated production volume, a new notification/petition will need to
be submitted to account for the increased consumer exposure.

When new products are introduced, they will initially be treated as replacement items for existinc
technology. As noted, FDA generally makes estimates based on the assumption that a new
product will capture the entire market. For example, the retortable pouch initially was treated as
a replacement for coated metal cans and was assigned a CF of 0.17. As additional information or
actual use of the retortable pouch became available, the CF was lowered to 0.0004. In certain
cases, the submission of resin or packaging market data may lead to the use of a lower CF.

b. FOOD-TYPE DISTRIBUTION FACTOR. Before migration levels can be combined with CF values to

. derive estimates of probable exposure, the nature of the food that will likely contact the food-
contact article containing the FCS must be known. Migration into a fatty-food simulant, for
example, will be of little use in estimating probable exposure if the FCS is used exclusively in or
for articles in contact with aqueous food. To account for the variable nature of food contacting
each food-contact article, FDA has calculated "food-type distribution factors" (fT) for each
packaging material to reflect the fraction of all food contacting each material that is aqueous,
acidic, alcoholic and fatty. Appropriate fT values for both packaging categories and polymer types

appear in Table II of Appendix IV.
c. CONCENTRATION IN THE DAILY DIET AND EDI.  FDA uses the following approach for calculating
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the concentration of the FCS in the daily diet. The concentration of the FCS in food contacting the
food-contact article, <M>, is derived by multiplying the appropriate fT values by the migration
values, M;, for simulants representing the four food types. This, in effect, scales the migration

value from each simulant according to the actual fraction of food of each type that will contact th.
food-contact article.

<M> = faqueous and acidic(M 10% ethanol)*falcohol (M 50% ethanol) Hffatty(Mfatty)
where Mfatty refers to migration into a food oil or other appropriate fatty-food simulant.

The concentration of the FCS in the diet is obtained by multiplying <M> by CF. The EDI is then
determined by multiplying the dietary concentration by the total weight of food consumed by an
individual per day. FDA assumes that an individual consumes 3 kg of food (solid and liquid) per
day (see Appendix IV. for sample calculations):

EDI = 3 kg food/person/day x <M> x CF

d. CUMULATIVE EXPOSURE (CEDI). If the FCS already is regulated for other uses in 21 CFR 170-
199, has been exempted from the need for a regulation under the Threshold of Regulation (21
CFR 170.39), or has been the subject of previous effective FCNs, the sponsor should estimate
the cumulative exposure to the FCS from the proposed and permitted uses (see the example in
Appendix IV.). Information on the regulatory status of an FCS may be obtained by inspection of
21 CFR 170-199, searching the CFR on the Government Printing Office (GPO) World Wide Websitt

at http://www.access.gpo.gov/nara/cfr/index.htmlz, or contacting FDA directly. Information on
effective FCNs or Threshold of Regulation exemptions for an FCS may be obtained through the
FDA website or by contacting FDA directly. An estimate of cumulative exposure for the regulated,
notified and exempted uses of an FCS can be obtained by contacting FDA. FDA also maintains a
database of CEDIs for FCSs on the Agency’s internet site (http://www.cfsan.fda.gov).

2. Exposure Refinement

Exposure estimates, in general, will be made using the aforementioned procedures. More refined
estimates may be possible, however, with additional information provided in a submission. For
instance, subdividing packaging or resin categories could reduce the calculated exposure by lowering
the CF for the category. The division of PVC into rigid and plasticized categories and PS into impact
and non-impact categories are two examples. Another example is the division of polymer coatings for
paper into subcategories, such as poly(vinyl acetate) coatings, styrene-butadiene coatings, etc. If an
FCS is to be used solely in styrene-butadiene coatings for paper, use of the CF for polymer-coated
paper (0.2, Appendix IV. Table 1) would be a gross exaggeration. As noted above, FDA encourages
the submission of information that may be used to subdivide the market(s) anticipated for articles
manufactured from the FCS. :

In those cases where the nature of the coverage requested may necessitate more detailed
information or where a sponsor believes that exposure will be overstated by selecting CF and fr

values from Appendix IV., data of the following type may be submitted to facilitate calculations of CF
and fr for materials likely to contain the FCS:

" a. Estimates of the total amount of food in contact with the packaging material determined using
either:
1. package unit data (number of units and their size distribution), or

2. total weight of packaging material produced for food contact, container size distribution, anc
ratios of weight of food packaged to weight of package.

b. Characterization of the foods that might contact the food-contact article, along with supporting
documentation, and the likely fT values.

¢. Information that would demonstrate that only a fraction of a packaging or resin category would
be affected by the coverage sought.

d. Technological limitations that could affect the type of food contacted or the fraction of the diet
that might be contacted.

F. LIST OF ACRONYMS AND ABBREVIATIONS

[AAS  ][Atomic Absorption Spectroscopy |
[cAs |iChemical Abstracts Service |
[cEDI ]lcumulative Estimated Daily Intake ]
[ L |
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EF |l@nsumption Factor

[CFSAN|[Center for Food Safety and Applied Nutrition
[CFR__]iCode of Federal Regulations

[D_ |Diffusion coefficient

IDC_ |[Dietary Concentration

[DFCN |Division of Food Contact Notifications

[EDI  |Estimated Daily Intake

I[FAP _ |Food Additive Petition

[FCN__|[Food Contact Notification

[FCS ]Food Contact Substance

[FDA__|Food and Drug Administration

IFDAMAlFood and Drug Administration Modernization Act
.[FMF _|IFood Additive Master File

[FOIA |Freedom of Information Act

ﬁ IFood-type Distribution Factor

[EvA _l[Ethylene Vinyl Acetate

IGC  ||Gas Chromatography

IGPC ||Ge| Permeation Chromatography

[HDPE JiHigh-Density Polyethylene

R infrared

[LC  |lLiquid Chromatography

[LDPE ||Low-Density Polyethylene

[LLDPE|lLinear Low-Density Polyethylene

[LOD ]lLimit of Detection

LOQ |lLimit of Quantitation

<M> |the concentration of the FCS in food contacting the food-contact article]
[MS  ]Mass Spectrometry

M1 ”number average Molecular Weight

I

IMW ”weight average Molecular Weight

INMR _][Nuclear Magnetic Resonance
[OFAS _|[Office of Food Additive Safety
[OMB__j[Office of Management and Budget
[PET _]lPolyethylene Terephthalate

PP liPolypropylene

lppb__|lparts per billion (ng/g or ug/kg)
lppm_|[parts per million (ug/q or mg/kg)
PS  |lpolystyrene

IPVC__|lPoly(vinyl chloride)

[PVDC |[Poly(vinylidene chloride)

[l'g —"glass Transition Temperature
[TNE__ ][Total Non-volatile Extractive
[TOR__|[Threshold of Reguiation

Uv___ Jultra-Violet

G. REFERENCE FORMAT

All published and unpublished studies and information presented in a FCN or petition should be referenced
appropriately in the text by citing the author(s) and year of publication. Each published reference should
include the names of all authors, the year of publication, the full title of the article, pages cited, and name ¢
publication. For a book, the reference also should include the title of the book, the edition, the editor(s) or
authors(s), and the publisher. Reference to unpublished studies should identify all authors, the sponsor of
the study, the laboratory conducting the study, the final report date, the full title of the final report, the
report identification number, and inclusive page numbers. References to government publications should
include the department, bureau or office, title, location of publisher, publisher, year, pages cited, publicatior
series, and report number or monograph number.
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APPENDIX I. FATTY-FOOD SIMULANTS FOR SPECIFIC POLYMERS

A food oil is the most extreme example of a fatty food. If contact with fatty foods is anticipated, FDA
recommends conducting migration studies using a food oil as the food simulant. In addition to food oils,
such as corn and olive oil for which extensive migration data already exist, the use of HB307 (a mixture of
synthetic triglycerides, primarily C19,C12, and C14) as a fatty-food simulant has been recommended.

Studies in FDA laboratories have shown that Miglyol 812, a fractionated coconut oil having a boiling range ¢
240-270°C and composed of saturated Cg (50-65%) and C1g (30-45%) triglycerides, is also an acceptable

alternative. Since use of these oils for FCS migration may not always be practicable, the use of aqueous-
based solvents that simulate the action of these liquid fats is sometimes necessary. While it seems unlikely
that one solvent will be found that simulates the action of a food oil for all food-contact polymers, the
following list presents polymers for which adequate data exist to support the use of aqueous-based
solvents as fatty-food simulants. The recommendation of these solvents is based upon studies done at
FDA, at the National Institute of Standards and Technology (formerly The National Bureau of Standards),
and by Arthur D. Little, Inc. under contract to FDA (a list of general references pertaining to these studies is
shown in Appendix VI). For polymers other than those listed below, sponsors should consult FDA before
undertaking any migration experiments.

1. Polyolefins complying with 21 CFR 177.1520 and ethylene - vinyl acetate
copolymers complying with 21 CFR 177.1350

95% or absolute ethanol

[2. Rigid poly(vinyl chloride) |[50% ethanol
I3. Polystyrene and rubber-modified polystyrene JISO% ethanol
l. Poly(ethylene terephthalate) ||50% ethanol oriisooctane

Absolute or 95% ethanol has been found to be an effective fatty-food simulant for polyolefins; however, it
appears to exaggerate migration for other food-contact polymers.

Previous test protocols (prior to 1988) recommended the use of heptane as a fatty-food simulant. To
account for the aggressive nature of heptane relative to a food oil, division of migration values by a factor
of five was permitted. Studies have shown, however, that the exaggerative effect of heptane relative to a
food oil varies over orders of magnitude depending on the polymer extracted. Thus, heptane is no longer
recommended as a fatty-food simulant. However, FDA recognizes that in cases where very low migration is
anticipated, such as for inorganic adjuvants or certain highly cross-linked polymers, heptane can be useful
due to the ease of analytical workup. Because of the known variance in the exaggerative effect of heptane
relative to food oil, if heptane is used, migration values will generally not be divided by any factor unless
there is adequate justification.

APPENDIX Il. SELECTED MIGRATION TESTING PROTOCOLS

The following migration testing protocols are intended to simulate most anticipated end-use conditions of
food-contact articles. These protocols are based on the premise that migration to aqueous- and fatty-base
foods is typically diffusion-controlled within the polymer, strongly affected by the temperatures encountere«
during food contact, and further modified by the solubility of the FCS in the foods. Therefore, migration
testing with food simulants at the highest temperatures to be experienced by the food-contact article
during food contact is recommended. Testing with actual fatty foods is also an option, although
determination of the analytes of interest is often very difficult. In those instances where the expected use
conditions are not adequately simulated by these protocols or testing with food simulants at the highest
anticipated food-contact temperature is not practical, alternatives to those protocols presented below
should be developed in consultation with FDA.

1. General Protocols (Single-Use Applications) Corresponding to Condition of Use

As noted in Appendix I., migration to fatty foods is evaluated using a fatty food, a pure liquid fat, or,
alternatively, aqueous ethanol solutions when analytical limitations preclude sensitive analyses. As noted il
Section II.D.1.c., migration to aqueous, acidic, and low-alcoholic foods is generally evaluated using 10%
ethanol and migration to high-alcohol foods is generally evaluated using 50% ethanol.

The recommended migration protocols given below are intended to model thermal treatment and extended
storage conditions for polymers, such as polyolefins, used with food at temperatures above their glass
transition temperatures. The extended storage period generally involves testing at 40°C for 240 hours (10
days). As discussed in Section II.D.1.d., migration data obtained at 10 days for polymers used below their
glass transition temperature should be extrapolated to 30 days to better approximate migration levels
expected after extended storage at ambient conditions.

A. High temperature, heat sterilized or retorted (ca. 121 ° C (250°F))*

l10% Ethanoi(@) |[121°C (250°F) for two hours
[Food Oil (e.g., corn oil) or HB307 or Miglyol 812 |[121°C (250°F) for two hours
|50% or 95% Ethanol(@»(b) JlT21°C (250°F) for two hours
|(a)Requires a pressure cell or autoclave, see Appendix VI. Appropriate safety precautions should be
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exercised when using equipment generating pressures above 1 atmosphere.

_(b)Depends on food-contact layer, see Appendix I.
After two hours at elevated temperatures, the tests should be continued at 40°C (104°F) for 238

hours to a total of 240 hours (10 days). The test solutions should be analyzed at the end of the initial
two hour period, and after 24, 96 and 240 hours.

*Conditions of Use A includes reheating or cooking of foods where the temperature is £121 °C (250
OF), or heat-sterilized or retorted under transient temperatures >121 °C (250 °F).

B. Boiling water sterilized. The same protocol as for Condition of Use A should be used except that the
highest test temperature is 100°C (212°F).

C. Hot filled or pasteurized above 66°C (150°F). Solvents should be added to the test samples at 100°C
(212°F), held for 30 minutes, and then allowed to cool to 40°C (104°F). The test cells should be
maintained at 40°C (104°F) for ten days with samples taken for analysis after the intervals indicated
for the previous protocols. If the maximum hot fill temperature will be lower than 100°C (212°F), test
solvents may be added at this lower temperature. Alternatively, migration studies should be
performed for 2 hours at 66°C (150°F) followed by 238 hours at 40°C (104°F). For the alternative
method, the longer time at the lower temperature (2 hours at 66°C vs 30 minutes at 100°C)
compensates for the shorter time at 100°C.

Note: migration studies conducted according to condition of use C are only adequate to support
conditions of use C through G (not condition of use H).

D. Hot filled or pasteurized below 66°C (150°F). The recommended protocol is analogous to that for C
except that all test solvents are added to the test samples at 66°C (150°F) and held for 30 minutes
before cooling to 40°C (104°F).

E. Room temperature filled and stored (no thermal treatment in the container). The sponsor should
conduct migration studies for 240 hours at 40°C (104°F). The test solutions should be analyzed after
24,48, 120 and 240 hours.

F. Refrigerated storage (no thermal treatment in the container). The recommended protocol is identical tc
that for E except that the test temperature is 20°C (68°F).

G. Frozen storage (no thermal treatment in the container). The recommended protocol is identical to F
except that the test time is five (5) days.

H. Frozen or refrigerated storage; ready-prepared foods intended to be reheated in container at time of
use.

l10% Ethanol(@) [[100°C (212°F) for two hours]
[Food Oil (e.g., corn oil) or HB307 or Miglyol 812J[L00°C (212°F) for two hours)]
50% or 95% Ethanol(@)(b) "100°C (212°F) for two hours|

(a)Requires a pressure cell or autoclave, see Appendix VI.
[Kb)Depends on food-contact layer, see Appendix I.

1. Irradiation (ionizing radiation). We do not have protocols for studies on FCSs that are intended to be
irradiated with ionizing radiation. Please consult with FDA to discuss recommended protocols for this
use.

J. Cooking (e.g., baking or browning) at temperatures exceeding 121 ©C (250 9F). For high-temperature
oven use (conventional and microwave*), migration testing should be performed at the maximum
intended cooking temperature for the longest intended cooking time, using a food oil, or a fatty-food
simulant (such as Miglyol 812).

*Test protocols for microwave applications, such as microwave-only containers, dual-ovenable
containers and microwave heat-susceptor packaging are specifically discussed in Item 11 below.

2. Adjuvants for Polyolefins

In general, under identical testing conditions, levels of migrants from low-density polyethylene (LDPE) are
higher than from high-density polyethylene (HDPE) or polypropylene (PP). Migration studies done solely on
LDPE (complying with 21 CFR 177.1520(a)(2)) at 100°C (approximately the highest temperature at which
LDPE remains functional) are, therefore, generally sufficient to provide coverage for all polyolefins including
PP, which may be used for retort applications. In such a case, the CF for all polyolefins (CF = 0.35) generall
will be used instead of the individual CF for LDPE (0.12, see Appendix IV. Table I).

Nevertheless, when seeking coverage for use with all polyolefins, it is usually advantageous to perform
migration testing on HDPE, PP and linear LDPE (LLDPE), complying with 21 CFR 177.1520, as well as LDPE.
By doing this, actual migration values for these polyolefins, which will likely be lower than those obtained
from LDPE, may be used to calculate the EDI.
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The specific polymer test sample used in the migration testing should be one that has a morphology
typically used in food packaging applications. The test material must comply with specifications set out in 2]
CFR 177.1520. In addition to noting which specifications listed in 21 CFR 177.1520 apply, information
characterizing the polymer resin, such as molecular weight distribution, melt flow index, and degree of
crystallinity should be provided.

The catalyst technology for the manufacture of polyolefins is continually being improved. The choice of a
particular catalyst technology for the synthesis of polyolefins such as LLDPE, HDPE, and PP determines thei
unique physical properties, such as molecular weight and melt flow index. These factors should be taken
into account when selecting the appropriate test polymer for the adjuvant. In addition, an increase in the
comonomer content of a copolymer generally results in a lower melt range, lower density, and lower
crystallinity in comparison to the homopolymers. Therefore, for the broadest possible coverage of an
adjuvant, migration testing should be conducted on LLDPE, HDPE or PP copolymers (not homopolymers)
incorporating the highest comonomer level.

3. Adjuvants for Polymers (otherthan Polyolefins)
Adjuvants for More than One Polymer

The recommended migration testing protocols for polymers other than polyolefins are the same as those in
Section 1. of this Appendix. Appendix I. should be consulted for the recommended fatty-food simulant.

If use of an FCS is sought without limitation to specific polymers, sponsors should test with an unoriented
LDPE sample complying with 21 CFR 177.1520(a)(2). The test protocol depends on the anticipated
conditions of use (refer to Section 1. of this Appendix). If the most rigorous applications correspond to
Condition of Use A (Section 1.A.), the test temperature should be the highest temperature at which the
polymer remains functional (ca.100°C for LDPE). The CF for all polymers (Appendix IV. Table 1, CF = 0.8)
should be used with the migration data to calculate the concentration of the FCS in the daily diet. In
general, a lower calculated concentration in the daily diet will result if a series of representative polymers
are separately tested and individual consumption factors are applied (refer to the examples in Appendix
IV.). Sponsors should consult with FDA to determine which representative polymers should be tested.

4. Articles Intended for Repeated Use

The article should be tested with 10% and 50% ethanol and a food oil (e.g., corn oil) or other fatty-food
simulant (e.g., HB307 or Miglyol 812) for 240 hours at the highest intended temperature of use. The test
solutions should be analyzed for migration of the FCS after 8, 72, and 240 hours. Sponsors should provide
estimates of the weight of food contacting a known area of repeat-use article in a given time period as wel
as an estimate of the average lifetime of the article. Together with the migration data, this will allow
calculation of migration to all the food processed over the service life of the article.

In the case of an adjuvant in a repeat-use article, FDA strongly recommends an initial calculation of a
"worst-case" level in food by assuming 100% migration of the adjuvant over the service life of the article
and dividing that value by the quantity of food processed. If this calculated concentration is sufficiently low,
migration studies will be unnecessary.

5. Coatings for Cans

The migration testing protocol is usually that outlined in Section 1.A. of this Appendix for high temperature,
heat sterilized or retorted products. If broad coverage is sought for all types of coatings, sponsors should
consult with FDA to determine which coatings should be tested. For use conditions less severe than retort
sterilization at 121°C, follow the migration test protocols outlined in Sections 1.B.-G. of this Appendix which
most closely approximate the most severe expected use conditions.

6. Uncoated & Clay-Coated Papers with Latex Binders

These papers are intended for contact with food at temperatures less than 40°C for short periods of time.
The recommended protocol is the following:

1L10% Ethanol “Jla0°C (104°F) for 24 hours|
[50% Ethanol , [lBo°C (104°F) for 24 hours|

[Food 0il (e.g., corn oil) or HB307 or Miglyol 812|40°C (104°F) for 24 hours|

Migration studies conducted on uncoated or clay-coated papers typically result in a high level of extractives
due to the large number of low-molecular weight, soluble components in both paper and paper coatings.

Therefore, when total nonvolatile extractives or solvent—so|uble8 total nonvolatile extractives are
determined for a paper coating, do not subtract the corresponding extractives from uncoated paper as a
blank correction. Rather than using paper as a support for the coating, it is often useful to apply the coatin
to a suitable inert substrate, such as glass or metal, for use in migration testing. For a new adjuvant in
paper coatings, the test solutions should be analyzed for the unregulated adjuvant. For a new polymer
used in paper coatings, the test solutions should be analyzed for constituent oligomers and monomers.

-7. Specially Treated Papers

This class includes such types as fluoropolymer- and silicone-treated papers that have oil- and/or heat-
resistant properties. The specific protocol depends on the particular uses anticipated. It is recommended
that the sponsor either devise a protocol and submit it to FDA for comment or request comment from FDA
about appropriate test conditions.
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8. Adhesives (Room temperature or below)

If the adhesive is either separated from food by a functional barrier, or the quantity of adhesive that
contacts aqueous and fatty food is limited to the trace amount at seams and edges, then migration levels
for the substances generally will be assumed to be no greater than 50 ppb. Applying a CF of 0.14 for
adhesives gives a dietary concentration of 7 ppb. If these assumptions cannot be supported, data or
calculations should be submitted to model the intended use of any adhesive component. If a sponsor
wishes to perform migration testing, multilaminate samples should be fabricated with the maximum
anticipated amount of the adhesive component and with the minimum thickness of the food-contact layer.
The migration protocol corresponds to condition of use E. Alternatively, migration levels in food can be
estimated based on migration modeling (see Section I1.D.5.).

9. Laminates & Coextrusions

Components of multilayer structures used above room temperature are the subject of two regulations. One
covers laminates used in the temperature range 120°F (49°C)-250°F (121°C) (21 CFR 177.1395) and the
other covers laminate structures used at temperatures of 250°F (121°C) and above (21 CFR 177.1390).
Layers not separated from food by barriers preventing migration during expected use must be listed in
these regulations, or be the subject of an effective FCN, unless they are authorized elsewhere for the
intended use conditions as specified in 21 CFR 177.1395(b)(2) and 21 CFR 177.1390(c)(1). Test protocols
presented in Sections 1.A.-). may be appropriate for evaluating the level of migration from non-food-contac
layers of some laminate structures. End uses that differ considerably from those considered in this
guidance, however, should be the subject of special protocol development in consultation with FDA.

10. Boil-In-Bags
Use of the protocol for Condition of Use C is recommended.
11. Special Cooking Applications

Advances in packaging technology have led to the development of food packaging materials that can
withstand temperatures substantially exceeding 121°C (250°F) for short periods of time for the purposes ¢
heating and cooking of ready-prepared food. FDA recommends use of the following protocols for migration
testing of microwave-only containers, dual-ovenable containers, and microwave heat susceptor materials.

A. MICROWAVE-ONLY CONTAINERS

The temperature ultimately experienced by a food-contact material when cooking foods in a
microwave oven is dependent on many factors. Some of these are food composition, heating time,
mass and shape of the food, and shape of the container. For example, food with mass in excess of 5

g/in2 container surface area and having a thick shape will require longer cooking times to achieve the
desired degree of interior cooking than if it had a lower mass-to-surface area ratio and were thinner.
Typical cooking conditions have been generally observed to not exceed 130 °C (266 OF). Test
performed for broad coverage in packaging under the protocol for condition of use H (above) will also
be adequate to model migration for microwave-only containers. However, for those sponsors that
propose use of a food-contact article specifically in microwave containers, migration testing should be
performed in a food oil, or fatty-food simulant, at 130 °C (266 °F) for 15 minutes and in an aqueous-
food simulant at 100 ©C (212 9F) for 15 minutes.

B. DUAL-OVENABLE TRAYS

For high-temperature oven use, migration testing should be performed at the maximum intended
conventional oven cooking temperature for the longest intended cooking time, using a food oil, or
fatty-food simulant (such as Miglyol 812).

C. MICROWAVE HEAT-SUSCEPTOR PACKAGING

The high temperatures attained by packaging using susceptor technology may result in (@) the
formation of significant numbers of volatile chemicals from the susceptor components and (b) loss of
barrier properties of food-contact materials leading to rapid transfer of nonvolatile adjuvants to foods
Studies by FDA, with hot vegetable oil in contact with a susceptor, have shown that the susceptor
materials liberate volatile chemicals that may be retained in the oil at parts-per-billion (ppb) levels.
FDA recommends the use of the protocol outlined in an article by McNeal and Hollifield (McNeal and
Hollifield, 1993) for the identification and quantification of volatiles from susceptors.

To isolate and identify the total available nonvolatile extractives, sponsors should perform Soxhlet
extractions on finely shredded portions of laminated susceptor materials using polar and nonpolar
solvents as outlined in Appendix X1 of ASTM method F1349-91. Migration protocols for UV-absorbing
nonvolatiles also are outlined in ASTM method F1349-91 and in an article by Begley and Hollifield
(Begley and Hollifield, 1991). The ASTM method relies on the determination of a time-temperature
profile based on cooking a food product according to label directions, for the maximum cooking time.
The temperature reached by a microwave heat-susceptor, however, is dependent on the amount and
characteristics of the food product. Testing methods should involve a standard set of conditions that
represent the maximum anticipated use conditions. Therefore, FDA recommends that migration studie.
be conducted in a manner similar to that outlined in the article by Begley and Hollifield. The
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recommended standard test conditions are as follows:

1. use laminated susceptor stock representative of the proposed application(s);
2. use a microwave oven with an output wattage of at least 700 watts;

3. use a maximum microwave time of 5 minutes;

4. use an oil mass-to-susceptor surface area on the order of 5 g/inz; and

5. use a water load on the order of 5 g/in2.

Exposure estimates may be based, in the absence of validated migration studies, on the
assumption of 100% migration of the total nonvolatile extractives to food, as determined by
Soxhlet extractions.

Validated migration protocols for the direct determination of aliphatic migrants are not available
at this time. However, the amount of aliphatic migrants may be estimated by subtracting the UV-
absorbing nonvolatiles and inert materials from the total nonvolatiles obtained by Soxhlet
extraction (see Appendix X1 in ASTM method F1349-91). Exposure estimates for aliphatic
migrants should be based on the assumption of 100% migration to food.

12. Colorants for Plastics

Some colorants, pigments in particular, may be quite insoluble in the food simulants 10%- and 95%-
ethanol. In such cases, solubility information may provide a basis for an alternative to migration testing for
evaluating worst-case exposure since migration levels would not be expected to exceed the limits of
solubility of the colorant at the proposed use temperature. If the colorant is to be used in all plastic
packaging, for which a CF = 0.05 would be used, a solubility below ca. 100 pa/kg at 40°C would lead to a
dietary concentration no greater than 5 ppb under conditions as severe as condition of use E (40 oC for 24
hours). A solubility less than 10 pg/kg would lead to an exposure below the threshold level of 0.5 ppb
dietary concentration (see 21 CFR 170.39).

13. Dry Foods with Surface Containing No Free Fat or Oil
(21 CFR 176.170(c), Table 1, Food Type VIII)

Dry foods with the surface containing no free fat or oil typically exhibit little to no migration, although some
studies have shown migration of certain adjuvants into dry foods (e.g., volatile or low molecular weight
adjuvants in contact with porous or powdered foods). If the FCS is intended for use only with dry foods
with surface containing no free fat or oil, a migration of 50 ppb may be assumed. This migration level can
then be multiplied by the appropriate food-type distribution factor and consumption factor to obtain an
estimated dietary concentration. If the intended use for the FCS includes other food types (e.g., adidic,
aqueous, or fatty foods), in addition to dry foods with surface containing no free fat or oil, then the
migration studies conducted for those food types will subsume any migration for a dry food with surface
containing no free fat or oil. If you desire to conduct migration studies for dry foods containing no free fat
or oil, consult with FDA for recommended migration protocols.

14. Wet-End Additives used in the Manufacture of Paper and Paperboard

Paper additives used in the wet-end of papermaking include those designed to improve the papermaking
process, such as processing aids, and those designed to modify the properties of the paper, such as
functional aids. Functional aids, mostly organic resins or inorganic fillers, are designed to bond to the paper
fibers and, thus, are substantive to paper. For those FCSs that are substantive to paper, migration studies
should be conducted and the test solutions analyzed for constituents of the substance. For example, in the
case of a polymeric retention aid, the test solutions should be analyzed for constituent oligomers and
monomers. On the other hand, processing aids are intended to remain with the process water slurry and,
thus, are generally not substantive to paper. Exposure estimates for non-substantive additives may be
based on migration studies, or alternatively, on scenarios involving partitioning of the additive between
paper fibers and slurry water. The following example illustrates this approach:

Consider an adjuvant added prior to the sheet-forming operation in the manufacture of paper. The
intended use level is reported to be 10 mg/kg in the slurry. Since the additive is not substantive to paper,
the mass of water (containing the additive) in contact with the pulp at the point in the papermaking proces
where the slurry enters the drier determines the level of the adjuvant retained in paper. Prior to entering
the driers, the slurry is mechanically concentrated to contain approximately 33% pulp and 67% water. This
corresponds to an adjuvant level of 20 mg/kg relative to the pulp. Assuming that finished paper contains

92% pulp, a paper basis weight of 50 mg/inz, 100% migration of the adjuvant to food, and that 10 g of

food contacts 1 in2 paper, this results in an adjuvant concentration in food of 0.09 mg/kg, or 90 Hg/kg.
Applying a CF of 0.1 for uncoated and clay-coated paper gives a dietary concentration of 9 ppb.

15. Materials for use during the Irradiation of Prepackaged Food

We do not currently have protocols for studies on FCSs that are intended to be irradiated. Please consult
with FDA to discuss recommended protocols for this use.
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16. Degradable Polymers or Reactive FCSs

The notifier should include detailed information on the intended use and address the stability of the FCS
during the intended use conditions. The degradation or reaction mechanism of the FCS should be describe
thoroughly, and should include structural diagrams of possible degradation products and intermediates.
Stability and migration testing of the FCS should be conducted with analysis for TNVs, oligomers,
breakdown products, and other impurities. GPC analysis before and after extraction tests is recommended
to determine changes, e.g., in the molecular weight distribution or the level of low molecular weight
oligomers. For migration studies, the samples should be sufficiently aged under appropriate conditions to
account for degradation during storage of the FCS (before use) and the shelf-life (during use) of the food-
contact article. The sponsor should address whether accelerated migration studies are appropriate for the
reaction mechanism. If the FCS will be stored before use, additional stability testing to analyze the effects
of exposure to potentially extreme ambient conditions during storage is recommended.

APPENDIX lll. ILLUSTRATIVE EXAMPLE OF VALIDATION OF ANALYSES

Polyethylene film containing a new antioxidant was subjected to migration testing with 10% ethanol. The
test solutions were analyzed for antioxidant migration. Tests were carried out in separate cells each

containing 100 in2 of film. Four sets of test solutions (in triplicate) were analyzed at 2, 24, 96 and 240
hours for a total of 12 test solutions. After each time interval, each solution from one set was evaporated t
dryness, the residue dissolved in an appropriate organic solvent, and a known aliquot injected into a gas
chromatograph. '

Validation experiments are carried out with the set of test simulants exhibiting the highest level of
antioxidant migration. To validate the analytical method, an additional three sets (in triplicate) using 10%
ethanol can be run for 240 hours. Each set of these test solutions then can be fortified with the antioxidant
at levels corresponding to one-half (1/2), one (1) and two (2) times, respectively, the average migration
value determined for the regular (unfortified) 240 hour test solutions.

Instead, the sponsor decided to carry out one large test using enough film and solvent for twelve analyses
(three at each of the four time intervals). After 240 hours, the test solution was divided into twelve (12)
equal solutions (i.e., four sets of triplicate samples). One set (three solutions) was found to contain

antioxidant at an average level of 0.00080 mg/in2. This value corresponds to 0.080 mg/kg in food if it is
assumed that 10 grams of food contacts 1 in? of film. Of the remaining nine solutions (three sets), three
solutions were fortified at concentrations corresponding to 0.00040 mg/inz, three were fortified at 0.00080

mg/inz, and three were fortified at 0.00160 mg/inz. Each solution was worked up and analyzed as
described above. To illustrate the recovery calculations, the results for the set of three solutions fortified at

one-half times the average migration (0.00040 mg/in2) are summarized in the following table:

LMeasured Level in each Sample ( mﬂinz)(a) ” Recovery ( mg/inz)(b) " Percent Recovery (%)(€)

[0.00110 [l0.00030 [[75.0
[0.00105 Jl0.00025 162.5
[0.00112 1l0.00032 [i85.0

(3)includes 0.00040 mg/in? fortification.
(b)calculated by subtracting the average level (0.00080 mg/inz) from the measured levels in each sample.

(C)calculated by dividing the recovery by the fortification level (0.00040 mg/inz), and multiplying by 100
li(see Section I1.D.3.e.).

The average percent recovery is 74.2%, and the relative standard deviation is 15.2%. These are within the
limits specified (see Section I1.D.3.e.) for a concentration in food of 0.080 mg/kg (percent recovery 60-
110%, relative standard deviation not exceeding 20%). If the corresponding percentages for the other two
fortification levels are also within these limits, the validation for the 10% ethanol migration studies would
be acceptable. The actual validation procedure used will, of course, depend on the particular type of
analysis.

APPENDIX V. CONSUMPTION FACTORS, FOOD-TYPE DISTRIBUTION FACTORS, AND EXAMPLE
OF EXPOSURE ESTIMATE CALCULATIONS

This appendix summarizes packaging data recommended by FDA for evaluating exposure to FCS. An
example of how these data are combined with levels of an FCS in food also is presented. A more complete
discussion of the source of these data and their use in exposure calculations is presented in Section IL.E.

TABLE I - CONSUMPTION FACTORS (CF)

| Il Package Category |l cr | Package Category I[__CF
| |Glass o1 JAdhesives l0.14
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[Metal- Polymer coated 0.17 |Retort pouch |l0.0004
A. General [[Metal- Uncoated llo.03 iMicrowave susceptor llo.001
F’aper— Polymer coated "0.2 " All Polymers (@) "0.8
[Paper- Uncoated and clay-coated [lo.1 |lPolymer llo.4
IPonoIeﬁns J|0_35(b) ”PVC "0.1
[ -LDPE Jlo.12 || -rigid/semirigid jl0.05
[ -LLDPE .06 || -plasticized Jo.05
-HDPE 0.13 c,d) 0.16
B. Polymer | " “PET( Jl
[_-PP _l0.04 _ Jiother Polyesters [0.05
[Polystyrene llo.14 |[Nylon [0.02
EVA ll0.02 llAcrylics, phenolics, etc. llo.15
| Cellophane {001 lan others(®) [0.05
(a)Originates from adding CFs for metal-polymer coated, paper-polymer coated, and polymer (0.17 + 0.2 +
0.4 = 0.8).
(b)polyolefin films, 0.17 (HDPE films, 0.006; LDPE films, 0.065; LLDPE films, 0.060; and PP films, 0.037).
(C)PET-coated board, 0.013; thermoformed PET, 0.0071; PET carbonated soft drink bottles, 0.082; custom
PET, 0.056; crystalline PET, 0.0023; PET films, 0.03.
(d)A CF of 0.05 is used for recycled PET applications (see the document entitled "Points to Consider for the
Use of Recycled Plastics in Food Packaging: Chemistry Considerations").
(e)As discussed in the text, a minimum CF of 0.05 will be used initially for all exposure estimates.

TABLE II - FOOD;TYPE DISTRIBUTION FACTORS (fT)

| ( Package Category Il Food-Type Distribution (fy)

I " " Aqueous{(3) " Acidic(®) " Alcoholic “ Fatty
[Glass llo.08 J0.36 ]0.47 jl0.09
[Metal- Polymer coated Jo.16 j0.35 lo.40 J0.09
[Metal- Uncoated |o-54 Jjo-25 lo.o1(®)  |p-20

A. General [Paper— Polymer coated "0.55 "0.04 "0_01(b) "0.40
Iﬁper-,Uncoated and clay-coated "0.57 "0_01(b) ||0_01(b) "0.41
[Polymer [l0.49 llo-16 lo.or(®)  |0-34
[Polystyrene |l0.67 lo.o1®  lb.oat®)  ]0-31
| -impact [lo.85 llo.o1(®)  |0.04 [lo-10
[ =nonimpact lo.51 o.01 |lo.01 |l0.47
[Acrylics, phenolics, etc. ' 10.17 Jl0.40 ll0.31 lo.12
pve Jlo.01(® |o-23 027 Jo.49

B. Polymer Folyacrylonitrile, ionomers, PVDC "0‘01(b) ||0_01(b) JI0.0l(b) “0.97
[Polyesters llo.o1(®) [lo-97 lo.o1®  lo.01(®)
[Polyamides (nylons) Jo.10 J0.10 |lo.o5 |lo.75
[EVA lo.30 Jlo.28 J0.28 J0.14
[Cellophane [lo-05 lo.o1®  |pb.o1(®)  ]0.93

(a)For 10% ethanol as the food simulant for aqueous and acidic foods, the food-type distribution factors

should be summed.

(b)l% orless

Examples of Exposure Estimate Calculations
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The following hypothetical examples are intended to illustrate the calculation of the concentration of an FC¢
in the daily diet (CF x <M>, i.e., the fraction of food in the diet contacting the food-contact article times the
average concentration of the FCS in food) and its EDI and CEDI.

Example 1

An FCN is received that describes the use of a new antioxidant at a maximum level of 0.25% w/w in
polyolefins contacting food at or below room temperature (see Appendix II. Sections 1.E. through 1.G.).
Migration values from LDPE reported to FDA for the three food simulants are given below:

| Solvent (i) [[Mi (mg/ka)]
[L0% aqueous ethanoll[0.060 |
[50% aqueous ethanol][0.092 |
[Miglyol 812 7.7 |

The notifier used a solvent volume-to-exposed surface area ratio of 10 mL/inz. Therefore, solution
concentrations are essentially equivalent to food concentrations (under the assumption that 10 g food

contacts 1 in? of surface area). The CF and frs for polyolefins are given in Tables I and II, respectively. The
<M> for the antioxidant would be calculated as follows:

<M> = (fagueous*facidic)(M10% ethanol) + falcohol(M50% ethanol) + fratty(MMiglyol 812)

= (0.68)(0.060 mg/kg )+0.01(0.092 mg/kg)+0.31(7.7 mg/kg)

= 2.4 mg/kg
The concentration of the antioxidant in the daily diet resulting from the proposed use would be:
CFx <M> = 0.35 x 2.4 mg/kg

0.84 mg/kg

If there were no other permitted uses, then the CEDI would be calculated using the above value:
CEDI = 3 kg food/person/day x 0.84 mg antioxidant/kg food

2.5 mg/person/day
Example 2
In a subsequent notification, expanded use of the same antioxidant in polycarbonate and polystyrene food

contact articles is described. Each polymer would contact food at or below room temperature. Migration
levels are given below:

[ solvent | Migration to Food (mg/kg) |
] |[Polycarbonate][Polystyrenelimpact Polystyrenel
[10% aq. Ethanol][0.020 {[0.020 |io.020 |
[50% ag. Ethanol)[0.025 ll0.035 0.22 |
[Miglyol 812  ]j0.033 Jj0.15 6.2 j

The concentration of the antioxidant in the daily diet resulting from each of the proposed uses is calculated
below. A CF of 0.04 for impact polystyrene and a CF of 0.06 for all other polystyrenes was used in the
calculation.

Polycarbonates

CFx <M> =0.05(0.98(0.020 mg/kg) +0.01(0.025 mg/kg)+0.01(0.033 mg/kg))
= 0.001 mg/kg

Polystyrene

CFx <M> =0.06(0.52(0.020 mg/kg) +0.01(0.035 mg/kg)+0.47(0.15 mg/kg))
= 0.0049 mg/kg

Impact Polystyrene

CFx<M>  =0.04(0.86(0.020 mg/kg) +0.04(0.22 mg/kg)+0.10(6.2 mg/kg))
=0.026 mg/kg

The total concentration of the antioxidant in the daily diet resulting from the additional uses in
polycarbonate and polystyrene is approximately 0.032 mg/kg.

The contribution to the EDI is:

EDI = 3 kg food/person/day x 0.032 mg antioxidant/kg food
= 0.096 mg/person/day

The CEDI for the previously permitted use (Example 1, EDI of 2.5 mg/person/day) and the additional
proposed uses (EDI of 0.1 mg/person/day) would be 2.6 mg/person/day.

APPENDIX V. FOOD TYPES AND CONDITIONS OF USE

TARIF 1. TYPFCS NOF RAW AND PROCFSSFD FNnnNn<g
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[[. Nonacid, agueous products; may contain salt or sugar or both (pH above 5.0) |

11. Acid, aqueous products; may contain salt or sugar or both, and including oil-in-
ater emulsions of low- or high-fat content.

[II. Aqueous, acid or nonacid products containing free oil or fat; may contain salt,
and including water-in-oil emulsions of low- or high-fat content.

V. Dairy products and modifications:

A. Water-in-oil emuslsions, high- or low-fat

B. Oil-in-water emulsions, high- or low-fat

V. Low-moisture fats and oils |
VI. Beverages:

A. Containing up to 8 percent of alcohol.
B. Nonalcoholic.

C. Containing more than 8 percent alcohol.

VII. Bakery products other than those included under Types VIII or IX of this table:
A. Moist bakery products with surface containing free fat or oil.

B. Moist bakery products with surface containing no free fat or oil.

IVIII. Dry solids with the surface containing no free fat or oil (no end test required). |
[[X. Dry solids with the surface containing free fat or oil. |

TABLE 2. CONDITIONS OF USE

[A. High temperature, heat sterilized or retorted (ca. 121 °C (250 °F)).

[B. Boiling water sterilized.

[c. Hot filled or pasteurized above 66 °C (150 °F).

[D. Hot filled or pasteurized below 66 °C (150 °F).

[E. Room temperature filed and stored (no thermal treatment in the container).
[F. Refrigerated storage (no thermal treatment in the container).

IG. Frozen storage (no thermal treatment in the container).

H. Frozen or refrigerated storage; ready prepared foods intended to be reheated in container at time of
use.

fI. Irradiation (ionizing radiation).
Pb. Cooking at temperatures exceeding 121 9C (250 OF).

APPENDIX VI. REFERENCES AND FOOTNOTES

1. REFERENCES

a. General References

American Society for Testing and Materials (ASTM), E 1303-95, Standard Practices for Refractive Index
Detectors used in Liquid Chromatography. ASTM, West Conshohocken, PA 19428-2959.

Arthur D. Little, Inc., July 1983: A Study of Indirect Food Additive Migration. Final Summary Report. 223-77-
2360.

Arthur D. Little, Inc., September 30, 1988: High Temperature Migration Testing of Indirect Food Additives.
Final Report. FDA Contact No. 223-87-2162.

Arthur D. Little, Inc., August 1990: High Temperature Migration Testing of Indirect Food Additives to Food.
Final Report. FDA Contract No. 223-89-2202.

ASTM E 1511-95, Standard Practice for Testing Conductivity Detectors Used in Liquid or Ion
Chromatography. ASTM, West Conshohocken, PA 19428-2959.
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Baner, A., Brandsch, J., Franz, R. and Piringer, O., 1996, The Application of a predictive migration model for
evaluating the compliance of plastic materials with European food regulations. Food Additives and
Contaminants, 13 (5), 587-601.

Begley, T. H. and Hollifield, H. C., 1991, Application of a polytetrafluoroethylene single-sided migration cell
for measuring migration through microwave susceptor films. American Chemical Society Symposium Series
473: Food and Packaging Interactions II, Chapter 5, 53-66.

Chang, S., 1984, Migration of low molecular weight components from polymers: 1. Methodology and
diffusion of straight-chain octadecane in polyolefins. Polymer, 25, 209-217.

Currie, L. A., 1968, Limit of qualitative detection and quantitative determination, application to
radiochemistry. Analytical Chemistry, 40 (3), 586-593.

Goydan, R., Schwope, A,, Reid, R., and Cramer, G., 1990, High temperature migration of antioxidants from
polyolefins. Food Additives and Contaminants, 7 (3), 323-337.

Helmroth, E., Rijk, R., Dekker, M., Jongen, W., 2002, Predictive modeling of migration from packaging
materials into food products for regulatory purposes. Food Science and Technology, 13, 102-109.

Katan, L.L., 1996, Migration from Food Contact Materials, Blackie Academic & Professional.

Keith, L. H., Crummett, W., Deegan, Jr., )., Libby, R. A., Taylor, 1. K., and Wentler, G., 1980, Principles of
environmental analysis. Analytical Chemistry, 55, 2210-2218,

Limm, W. and Hollifield, H. C., 1995, Effects of temperature and mixing on polymer adjuvant migration to
corn oil and water. Food Additives and Contaminants, 12 (4), 609-624.

Limm, W. and Hollifield, H.,1996, Modeling additive diffusion in polyolefins. Food Additives and Contaminants,
13 (8), 949-967.

McNeal, T. P. and Hollifield, H. C., 1993, Determination of volatile chemicals released from microwave-heat-
susceptor food packaging. J. AOAC International, 76 (6), 1268-1275.

National Bureau of Standards, March 1982: Migration of Low Molecular Weight Additives in Polyolefins and
Copolymers. Final Project Report, NBSIR 82-2472. NTIS PB 82-196403, National Technical Information
Services, Springfield, VA.

Piringer, O.G. and Baner, A.L., 2000, Plastic Packaging Materials for Food, Wiley-VCH.

Schwope, A. D. and Reid, R. C., 1988, Migration to dry foods. Food Additives and Contaminants, 5 (Suppl. 1),
445-454.

Schwope, A. D., Till, D. E., Ehntholt, D. J., Sidman, K. R., Whelan, R. H., Schwartz, P. S., and Reid, R. C.,
1986, Migration of an organo-tin stabilizer from polyvinyl chloride film to food and food simulating liquids.
Deutsche Lebensmittel Rundschau, 82 (9), 277-282.

Schwope, A. D, Till, D. E., Ehntholt, D. J., Sidman, K. R., Whelan, R. H., Schwartz, P. S., and Reid, R. C.,
1987, Migration of Irganox 1010 from ethylene-vinyl acetate films to foods and food-simulating liquids. Foo:
and Chemical Toxicology, 25 (4), 327-330.

Schwope, A. D, Till, D. E., Ehntholt, D. 1., Sidman, K. R., Whelan, R. H., Schwartz, P. S., and Reid, R. C.,
1987, Migration of BHT and Irganox 1010 from low-density polyethylene (LDPE) to foods and food-
simulating liquids. Food and Chemical Toxicology, 25 (4), 317-326.

Snyder, R.C. and Breder, C.V., 1985, New FDA migration cell used to study migration of styrene from
polystyrene into various solvents. Journal of Association Official Analytical Chemist, 68 (4), 770-775.

Till, D., Schwope A. D., Ehntholt, D. J., Sidman, K. R., Whelan, R. H., Schwartz, P. S.,and Reid R. C., 1987,
Indirect food additive migration from polymeric food packaging materials. CRC Critical Reviews in Toxicology,
18 (3), 215-243.

Till, D. E., Ehntholt, D. J.,, Reid, R. C., Schwartz, P. S., Sidman, K. R., Schwope, A. D., and Whelan, R. H.,
1982, Migration of BHT antioxidant from high density polyethylene to foods and food simulants. Industrial &
Engineering Chemistry, Product Research and Development, 21 (1), 106-113.

Till, D. E., Ehntholt, D. 1., Reid, R. C., Schwartz, P. S., Schwope, A. D.; Sidman, K. R., and Whelan, R. H.,
1982, Migration of styrene monomer from crystal polystyrene to foods and food simulating liquids. Industri:
& Engineering Chemistry, Fundamentals, 21 (2), 161-168.

Till, D. E., Reid, R. C., Schwartz, P. S., Sidman, K. R., Valentine, J. R., and Whelan, R. H., 1982, Plasticizer
migration from polyvinyl chloride film to solvents and foods. Food and Chemical Toxicology, 20 (1), 95-104.

The following are lists of references that contain descriptions, photos, or drawings of migration cells for
conducting migration testing for different packaging applications.

b. Cells for Migration Testing
Conventional Applications

ASTM F34-98, Standard Practice for Construction of Test Cell for Liquid Extraction of Barrier Materials. ASTM,
West Conshohocken, PA 19428-2959.
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Dow Chemical, Inc., A single-sided migration cell, known as the Dow cell, has been used with food oil at
175°C. The cell is available from: Kayeness, Inc., 115 Thousand Oaks Blvd., Suite 101, P.O. Box 709,
Morgantown, PA 19543 (610-286-7555). Model no. D9030.

Figge, K. and Koch, 1., 1973, Effect of some variables on the migration of additives from plastics into edible
fats. Food Cosmetics Toxicology, 11, 975-988. The cell used was a single-sided cell in contact with food oil al
80°C.

Goydan, R., Schwope, A. D., Reid, R. C., and Cramer, G., 1990. The cell used was a double-sided
(immersion), stainless steel cell, with water, 95% ethanol, and oil at 130°C.

Limm, W. and Hollifield, H., 1995. The cell used was a single-sided glass ceil with water, food oil, and food
at 135°C.

Snyder, R.C. and Breder, C.V., 1985. The cell used was a double-sided (immersion) glass cell with water,
3% acetic acid, 95% ethanol, and oil at 40°C and 50% aqueous ethanol at 70°C. This cell is also specified i
ASTM D4754-87 "Standard Test Method for the Two-Sided Liquid Extraction of Plastic Materials Using FDA
Migration Cell." ASTM, West Conshohocken, PA 19428-2959.

Till, D.E., Ehntholt, D. J., Reid, R. C., Schwartz, P. S., Sidman, K. R., Schwope, A. D., and Whelan, R. H., 1982
The cells used were glass, single-sided and double-sided (immersion) cells, with water, 3% acetic acid, 95%
ethanol, and oil at 40°C.

Microwave Applications

ASTM F1349-91, Standard Test Method for Nonvolatile Ultraviolet (UV) Absorbing Extractables from
Microwave Susceptors. ASTM, West Conshohocken, PA 19428-2959.

Begley, T. and Hollifield, H., 1991. The cell was used with food oil at temperatures up to 240°C.

Rijk, R. and De Kruijf, N., 1993, Migration testing with olive oil in a microwave oven. Food Additives and
Contaminants, 10 (6), 631-645.

2. FOOTNOTES

[Llthis guidance has been prepared by the Office of Food Additive Safety in the Center for Food Safety and
Applied Nutrition at the U.S. Food and Drug Administration.

(2] cas Registry Numbers for new compounds and assistance with nomenclature can be obtained by writin
to Chemical Abstracts Service (CAS) Client Services, 2540 Olentangy River Road, P.O. Box 3343, Columbus,

OH 43210, or by visiting their website at http://www.cas.org/3.

(3] Migration into food depends on the chemical structure of the FCS, the nature of the food matrix
contacting the FCS, the type of food with which it is in contact, and the temperature and duration of food
contact. Prior to the submission of an FCN or FAP, a potential submitter may wish to meet or correspond
with FDA to discuss appropriate migration testing protocols (see Appendix II.).

[4] Migration values often are expressed in units of mg/dmz. The mixed unit, mg/inz, is preferred, however,
to facilitate conversion to concentrations in food. If 10 g of food are in contact with 1 square inch of food-

contact surface, a migration of 0.010 mg/in2 corresponds to a concentration in food of 1 mg/kg.

(5] 1n the past, FDA recommended 8% ethanol as an aqueous food simulant. Increasing the ethanol
concentration from 8% to 10% will have a minimal impact on migration studies conducted on
adjuvant/polymer systems. This change also harmonizes more closely FDA's migration protocols with those
of other nations. See the reference list at the end of Appendix II. relating to FDA's development of the use
of food simulants.

(6] Miglyol 812, a product of SASOL, GMbH, Witten, Germany.
(71 HB307 is available from NATEC, Behringstrasse 154, Postfach 501568, 2000 Hamburg 50, Germany.

[8] previous test protocols (prior to 1995) recommended a test temperature of 49°C for 10 days. Recent
studies by FDA, however, have shown little difference in migration levels at 49°C and 40°C (104°F).
Furthermore, the differences in migration levels between 49°C and 40°C are of even less significance for
migration studies requiring elevated temperatures (e.g., 100°C or 121°C) for the first two hours. Up to 80%
of the total migration observed over the 10 day period is usually completed within this two hour period at
the higher temperature. Therefore, 40°C is acceptable for migration studies for room-temperature
applications and for the portion of the migration test for elevated-temperature applications intended to
reflect long term ambient storage.

[9] chioroform may not be a good solvent for certain polymer/migrant systems. This is most likely due to a
large difference in solubility between the polymer/migrants and chloroform. If the Hildebrand solubility
parameter difference between the extractives and the solvent falls outside the range of *3 (SI), one shoul
either use another solvent that is capable of effectively solvating the potential extractives or demonstrate
that the intended extractives are soluble in the chosen solvent. Hildebrand solubility parameters for
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polymer/solvent systems can be found in the Polymer Handbook, 4th Edition, J. Brandrup (Editor), Edmund
H. Immergut (Editor), Eric A. Grulke, Akihiro Abe, Daniel R. Bloch, John Wiley & Sons.

[10] The LOD is the lowest concentration of analyte that the analytical method can reliably detect above a
blank (or control). It is preferable that the LOD be determined from analyses of five blank samples. The
blank signal (i.e., the analyte response for the blank sample or the width of the baseline close to the actua
or expected analyte peak) is measured, and the average signal and standard deviation for the blank are
calculated. The signal corresponding to the LOD is located three standard deviations above the average
blank signal. The blank signal for the LOD is usually determined from the peak-to-peak noise measured on
the baseline close to the actual or expected analyte signal. See American Society for Testing and Materials
(ASTM), E 1303-95 or ASTM E 1511-95.

The region for quantitation of the analyte should clearly be above the LOD. The signal corresponding to the
LOQ is located ten standard deviations above the average blank signal. See (Currie, 1968) and (Keith., et
al, 1980).

t Temporarily unavailable on the web site.

Contact Us
+ Office of Food Additive Safety
¢ (301)-436-1200
¢ premarkt@fda.hhs.gov
CFSAN
5100 Paint Branch Parkway
College Park, MD 20740

Links on this page:

1. http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/Guidance Docume nts/FoodIngre
ientsandPackaging/ucm081825.htm

2. http://www.access.gpo.gov/nara/cfr/index.html
3. http://www.cas.org/
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DIRECTIVE 2006/122/ECOF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 12 December 2006

amending for the 30th time Council Directive 76/769/EEC on the approximation of the laws,
regulations and administrative provisions of the Member States relating to restrictions on the
marketing and use of certain dangerous substances and preparations (perfluorooctane sulfonates)

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE
EUROPEAN UNION,

Having regard to the Treaty establishing the European Commu-
nity, and in particular Article 95 thereof,

Having regard to the proposal from the Commission,

Having regard to the Opinion of the European Economic and
Social Committee ('),

Acting in accordance with the procedure laid down in Article 251

of the Treaty (9,

Whereas:

m

@

)

O
@

0

¢

An OECD (Organisation for Economic Cooperation and
Development) hazard assessment has been done on the
basis of information that was available by July 2002. This
assessment concluded that perfluorooctane sulfonates
(hereinafter ‘PFOS) are persistent, bioaccumulative and
toxic to mammalian species and, therefore, indicate cause
for concern.

The risks posed to health and environment by PFOS have
been assessed in accordance with the principles of Council
Regulation (EEC) No 79393 of 23 March 1993 on the
evaluation and control of the risks of existing sub-
stances (*). The risk assessment identified a need to reduce
the risks to health and the environment.

The Scientific Committee on Health and Environmental
Risks (hereinafter ‘SCHER’) has been consulted. SCHER
concluded that PFOS fulfil the criteria for classification as
very persistent, very bioaccumulative and toxic. PFOS also
have a potential for long range environmental transport
and have the potential to produce adverse effects and
therefore fulfil the criteria for being considered as persistent
organic pollutants (POPs) under the Stockholm Conven-
tion (*). SCHER identified a need for further scientific risk
assessment of PFOS but it also agreed that risk reduction
measures might be necessary to avoid the re-occurrence of
former uses. According to SCHER, on-going critical uses in
the aviation industry, the semiconductor industry and the
photographic industry do not appear to pose a relevant risk

0] € 195, 18.8.2006, p. 10.

Opinion of the European Parliament of 25 October 2006 (not yet
published in the Official Journal) and Council Decision of
11 December 2006.

OJ L 84, 5.4.1993, p. 1. Regulation as amended by Regulation (EC)
No 1882/2003 of the European Parliament and of the Council (O]
L 284, 31.10.2003, p. 1).

Council Decision 2006/507/EC of 14 October 2004 concerning the
conclusion, on behalf of the European Community, of the Stock-
holm Convention on Persistent Organic Pollutants (O] L 209,
31.7.2006, p. 1).

4

)

0

to the environment or human health, if releases into the
environment and workplace exposure are minimised. With
regard to fire-fighting foams, SCHER agrees that health and
environmental risks of substitutes should be assessed before
a final decision can be taken. SCHER also agrees with
restricting the use of PFOS in the plating industry, if there
are no other measures available that could be applied to
reduce the emissions during metal plating to a significantly
lower level.

In order to protect health and the environment, it therefore
appears necessary that the placing on the market and the
use of PFOS should be restricted. This Directive is intended
to cover the major part of the exposure risks. Other minor
uses of PFOS do not seem to pose a risk and they are
therefore currently exempted. However, special attention
should be given to plating processes using PFOS and
therefore the releases from those processes need to be
minimised by applying the best available techniques
(hereinafter ‘BAT) fully taking into account all relevant
information contained in the BAT reference document on
Surface Treatment of Metals and Plastics as developed for
use under Council Directive 96/61/EC of 24 September
1996 concerning integrated pollution prevention and
control (°) (IPPC Directive). In addition, Member States
should establish inventories of those uses in order to
acquire information about the actual quantities used and
released.

The semi-finished products and articles containing PFOS
should also be restricted in order to protect the environ-
ment. The restriction should cover all the products and
articles to which PFOS are intentionally added, taking into
account that PFOS may have been used only in some
distinct parts or in coatings of certain products and articles,
such as textiles. This Directive should only restrict new
products and should not apply to products already in use or
on the second hand market. However, existing stocks of
fire-fighting foams containing PFOS should be identified
and their use should be allowed to continue only for a
limited time to prevent possible further emissions from the
use of such products.

O] L 257, 10.10.1996, p. 26. Directive as last amended by

Regulation (EC) No 166/2006 of the European Parliament and of
the Council (0] L 33, 4.2.2006, p. 1).
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To ensure ultimately the phase-out of uses of PFOS the
Commission should review each derogation under this
Directive when new information on the uses and safer
alternatives developed gives grounds for it. The derogation
should only be allowed to continue for essential uses on the
condition that safer substances or technologies, that are
technically and economically feasible, do not exist and BAT
are applied to minimise emissions of PFOS.

Perfluorooctanoic acid (PFOA) and its salts are suspected to
have a similar risk profile to PFOS, and consequently there
is a need to keep under review the ongoing risk assessment
activities and the availability of safer alternatives and to
define what kind of risk reduction measures, including
restrictions on marketing and use, if appropriate, should be
applied within the European Union.

Directive 76{769/EEC (') should be amended accordingly.

The objective of this Directive is to introduce harmonised
provisions with regard to PFOS, thus preserving the internal
market whilst ensuring a high level of protection of human
health and the environment, as required by Article 95 of
the Treaty.

This Directive is without prejudice to the Community
legislation laying down minimum requirements for the
protection of workers, such as Council Directive 89/391/
EEC of 12 June 1989 on the introduction of measures to
encourage improvements in the safety and health of
workers at work (3), and individual directives based thereon,
in particular Directive 2004/37/EC of the European
Pariament and of the Council of 29 April 2004 on the
protection of workers from the risks related to exposure to
carcinogens or mutagens at work (Sixth individual Directive
within the meaning of Article 16(1) of Council Directive 89/
391/EEC) (codified version) (*) and Council Directive 98/
24[EC of 7 April 1998 on the protection of the health and
safety of workers from the risks related to chemical agents
at work (fourteenth individual Directive within the meaning
of Article 16(1) of Directive 89/391/EEC) (%),

OJ L 262, 27.9.1976, p. 201. Directive as last amended by Directive

2005/90/EC of the European Parliament and of the Council (O]
L 33, 4.2.2006, p. 28).

O] L 183, 29.6.1989, p. 1. Directive as amended by Regulation (EC)
No 1882/2003.

0] L 158, 30.4.2004, p. 50. Corrigendum in O L 229, 29.6.2004,
p- 23.

0j L 131, 5.5.1998, p. 11. Directive as amended by the 2003 Act of
Accession.

HAVE ADOPTED THIS DIRECTIVE:

Artide 1
Annex I to Directive 76{769/EEC is hereby amended as set out in
the Annex to this Directive.

Article 2

1. Member States shall adopt and publish, not later than
27 December 2007, the laws, regulations and administrative
provisions necessary to comply with this Directive. They shall
forthwith communicate to the Commission the text of those
measures and a table showing the correlation between those
measures and this Directive.

They shall apply these measures from 27 June 2008.

When Member States adopt these measures, they shall contain a
reference to this Directive or shall be accompanied by such
reference on the occasion of their official publication. The
methods of making such reference shall be laid down by the
Member States.

2. Member States shall communicate to the Commission the
text of the main provisions of national law which they adopt in
the field covered by this Directive.

Article 3

This Directive shall enter into force on the day of its publication
in the Official Journal of the European Union.

Article 4

This Directive is addressed to the Member States.

Done at Strasbourg, 12 December 2006.

For the Council
The President
M. PEKKARINEN

For the European Parliament
The President
J. BORRELL FONTELLES
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ANNEX

The following point is added to Annex I to Directive 76/769EEC:

‘52.

Perfluorooctane sulfonates

(PFOS)

CsF1ySO,X

(X = OH, Metal salt (O-M+), halide, amide, and
other derivatives including polymers)

)

@

3

“

&)

(6)

@)

®

May not be placed on the market or used as a substance or
constituent of preparations in a concentration equal to or higher
than 0,005 % by mass.

May not be placed on the market in semi-finished products or

articles, or parts thereof, if the concentration of PFOS is equal to

or higher than 0,1 % by mass calculated with reference to the mass
of structurally or microstructurally distinct parts that contain

PFOS or, for textiles or other coated materials, if the amount of

PFOS is equal to or higher than 1 pg/m? of the coated material.

By way of derogation, paragraphs 1 and 2 shall not apply to the

following items, nor to substances and preparations needed to

produce them:

{a)  photoresists or anti reflective coatings for photolithography
processes,

®) p{mtogmphic coatings applied to films, papers, or printing
plates,

() mist suppressants for non-decorative hard chromium (V1)
plating and wetting agents for use in controlled electroplat-
ing systems where the amount of PFOS released into the
environment is minimised, by fully applying relevant best
available techniques developed within the framework of
Council Directive 96{61 [EC of 24 September 1996 con-
cerning integrated pollution prevention and control (*),

(d) hydraulic fluids for aviation.

By way of derogation from paragraph 1, fire-fighting foams that

have been placed on the rnarEet before 27 December 2006 can be

used until 27 June 2011.

Paragraphs 1 and 2 shall apply without prejudice to Regulation

(EC) No 648/2004 of the European Parliament and of the Council

of 31 March 2004 on detergents (**).

Not later than 27 December 2008 Member States shall establish

and communicate to the Commission an inventory that covers:

(a) processes that are subject to derogation in paragraph 3(c)
and the amounts of PFOS used in and released from them,

(b) existing stocks of fire-fighting foams containing PFOS.

As soon as new information on details of uses and safer alternative

substances or technologies for the uses becomes available, the

Commission shall review each of the derogations in paragraph 3(a)

to (d) so that:

a) the uses of PFOS will be phased out as soon as the use of
safer alternatives is technically and economically feasible,

(b) a derogation can only be continued for essential uses for
which safer alternatives do not exist and where the efforts
undertaken to find safer alternatives have been reported on,

(©) releases of PFOS into the environment have been minimised,
by applying best available techniques.

The Commission shall keep under review the ongoing risk
assessment activities and the availability of safer alternative
substances or technologies related to the uses of perfluorooctanoic
acid (PFOA) and related substances and propose all necessary
measures to reduce identified risks, including restrictions on
marketing and use, in particular when safer alternative substances
or ttlzcll;l]nologies, that are technically and economically feasible, are
available.

(*) OJ L 257,10.10.1996, p. 26. Directive as last amended by Regulation (EC) No 166/2006 of the European Partiament and of the Council

(OJ L 33, 4.2.2006, p. 1).

(**) OJ L 104, 8.4.2004, p. 1. Regulation as amended by Commission Regulation (EC) No 907/2006 (O] L 168, 21.6.2006, p. 5).




fi4F C PFOA BB K AR

C-1



THRHETRRRYETER
FEERBRAED HEZ 2 AFHRPFOARBRIMR T %k ()
99.12.07

FEBE

ABE -0 WMERIFARLSAHBET > TR GH R DHEE M4 (Food
contact article) ¥ z £ & & A5 4% ' (Food contact substance, FCS):8# 2 & & ¥ » i&
AR PG ERK - %34 £ B4 §Migration concentration, MC) » 4% £
RESBEYDERRRSRLELERERE 4 ¥ (USFDA, 2007) & ek @(EU, 2004)z
FCS #Am—AMiE7 RRARAYBHZIALER 28 QERRBRI E(R
SHEMEIER 0 93 F) o ITE R L BRI K2 £ ¥ 8 (Perfluorooctanoic acid,
PFOA)Z £ B A HBMBRAEL BHERBH %k 0 £REBRBR&KMHSL# USEPA
(2009) » %345 5% 3 I 3B 45 3B 4k 1+ 44 Begley et al. (2005, 2008) & Bononi and
Tateo (2007)° 7 5k &84k B 3 ik - 3B & R 2 nglom’® £ 77 B it 4k 4% 2 7% 38 7% (Total
immersion) 384 B I nglg &% 0 75 T LA RS b A2 @ A (g/om?) 48 B4 i
#% nglem’ GE 1) BB EALLE — RE /T -

. SAEE: ABBUARFTZEANREERBARRDLOEN BT AT
BB A 2 W -
2. B K
21. RiE®RHBA -
211 Rh AR E fLi% 77 ¢
2101 —#&dm3s AR BHAEBTEMHRTEIREMRERLR
o GMP» 7T B F354RF L% T4F B BALZ R 5884014 - 1233
RAMBEREHRER AWML AERERETRBKELHER
B ey o
2112 Frha Kk ER=ZRBEHLRERIESH  BRENRAEHPP)
EHRP Br#Hmtg  HENERTRAE-
20113, ¥R MBI EHKEEE #TBB R -

212 %%
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2.1.2.1.
2.1.2.2.
2.1.23.
2.1.3.3% :
2.1.3.1.
2.13.2.
2.1.3.3.
2.1.34.

Bo -
£ A 7 % # & (Nitrogen evaporator)

HPLC-4& ¥ &% -

A4 PFOA Z % B8 -

EBETK -

Bk & 4% 45t 42 3 5L (Recovery check surrogate standard, RCSS)
(£ 2) -

214 ZBRBRMHH -

2.14.1.
2.14.2.
2.143.

43 45 4K o
B D 170mL » Bk 5 (Jk Teflon & R )R THPEH R -
Hohas By EM 170 mL > RAHHPPHE -

215 REBBREHRZEH

2.1.5.1.

2.1.5.2.

TEBH R OBEREHBZ =S > AR S PFOA ZF R
B ERRESL  BUEETRTREHR R FLIRE -
¥k B 100-150 ML HPLC-& F BEIARE@ T EA R A%
BEEHA03cm EALELEREHBAN LS4 EFER
REZEEH 05 cm: wB=ZAiFw  HEFTRTRHFRR 24
B BEREBRAFENERL AR THEEZEFMALA
AT I N RS - XRERAMHHEFRANEEIRE
z 052 e EM iR £ S (Recovery check surrogate
standard, RCSS) (3£ 2)iwA$B A ¥ HE B R L5 RE AR
&R 170 mL 2 B 3% 48 % (Jk Teflon 3 5 )R T (PE) &< & F
458G B A 4500 rpm B PR 5 min o ARG R IR R
R Em 170mL 2 R AHPP)E - REREEZH ImL &iE
AL 10mL LA -

BB AR R AR REEZ Z B AR S PFOA
ZEBBFH AR EGE  RFBTF AT AR BUEFLD

e - BARABCENEN S —FEMBTARE 125¢5°C FR
C-3
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20 mL RAZRAGEIANBHTRBE T > 445 125£5°C 10
min (Bononi and Tateo, 2007) » X B % m4 * HE FH HEIAFRE
AL EX SOmLPP #.w ¥ 4+ &> 8 PFOA -13C4 0.5
pg/mL 0.1 mL 4 & #5442 £ % (Recovery check surrogate
standard, RCSS) (33 2) o ABEGE P RAR G LEHE » Mo
A 25 mL H20:MeOH=20:80 3k & % B 30 min » £ 1% & 47 4600
rpm s S min 5K 555 A8 B4 15 mLPP B ok UL
E2mL REKLFEZE 1I0mL % E# -
22, BhihA
22.1. B A R AR R AR
2211 AERRETEHENRE - URBRFLH 2RI HK
Wt -
2212. #AZRBEUARPPEHREART LR RFHhBHRREL
HMENER T E BRI -
22.13. #FHHAIEHRELE BTEBERAT -
222. % % :
2221, HBEE -
2222 EFR#F-
2.2.2.3. g = 4 [ B 5 #4& AR (Nutating mixer) o
2224, BOHK -
2225, fUA K% & (Nitrogen evaporator) ©
223.8%%
2.23.1. HPLC-& F & -
2232, B i E M # 4R # 5 (Recovery check surrogate standard,
RCSS)(3% 2) -
2233 RAMGES) -
224. 8 B RMH
224.1. 42554 -
2242. 4877 -

2243, #oF D 50mL > A A (JE Teflon 3 R )R ZHPE)H H -
C-4



2244, R YEHEWER: 170mL - RAHPPHF -
225. i BBE R H 4

2251, ERER R OEABGKRZ RN ERAMTEHHEKD
BEKGEEY AP 1gEE NHEBBEPREANNFUALE
BHBEBETHE R KRGS BRLRGEAE AAHESOH 1 g
F o Bk FHR 45 mLHPLC-& 2 F & ju A 50 mL 8 1% (PE)&
SEY o BRERESEANZEPE)SRECE PHBER  EARR
= ¢:F A% & (Nutating mixer) 2 ¥R 24 i ZRE A
1% 0 MEER 50 pl z Eik &3 # AR £ Sh(Recovery check
surrogate standard, RCSS) (3£ 2) > Ao £ 38O F ¥ #F E IR TR
2 PE g5 % % 4500 rmp #.0H P2 5 min> FECE RS
ERIRWEN 170 mL 2 RAHHEPP)E » RAREEH I mL>
BB EAEAI10mL L -

2252 HBABRARRE KR OAH BRI ZREE  RAMATE
B B k(GE4) Kb 1 g &3  RERBTHEND
BRA L B IR E PAS A ARARSE » BRI AR E - SRR
LA |l g &M 20 mL RAMGGE DENFERABRAAE
100+5°C B Ig By i P BN R M B 4 & - B E 4 4% 100:5°C -
15 min > RACE KK B R A MASEPE B SOmLPP &8
#3$#F > B PFOA -"C4 0.5 pg/mL 0.1 mL & i & 3 3 4%
# & (Recovery check surrogate standard, RCSS) (3£ 2)iu A &G
B g Ay RA % 0 loA 25 mL H,0:MeOH=20:80 & &
# HR 30 min > 5% #47 4600 rpm & Smin HRE BIER R B
A ISmLPPECERABEE2mML RELEAH10mL L# -

3. BRtE:
3.1, BABEE (@) BmEikT4h ng/L 85
- oV
a 2XS

c:EHIRE »ng/L

V: EBERZOMHE > mL

2 R H AN @A E 2 BB B mLiem®
C-s



S: BBtz EREE 0 om’
32. BHEE ()M RTH nglom’ iF

XV
AXx1000

c:EHBRE nglL
V:ERERZOHEHA  mL

A Rtz B & @A 0 om’
1000 : B4 H » 1L=1000 mL

33. BHEE (a) BULATA ngg %

g XV

M
c: EHRE ng/L |
V:REE A mL
M: Bt HE g

mEER

4.1. PFOA ez Ay Teflon A2 BB - HB@L Y > BEMEET
REEY TR AEFTHAESOEMM - AR KA 58 T4 H8-
BB EE bR RFERBE -

42. XER B ARLERTERSDEENFZUERE  REE %Y
HE— > R ETEBRRE > ARERR K EATHZEBRBR
Bz Aa% £ B F 5tk (Relative percentage difference, RPD) & /s 7 3, %
20% REERUPEET - RPD=|X, —Xl/(X, +X,)/2 £+ X1 A
Xoz EHESRME -

43. ZERBHALEEATEEMEZEAN  BRES—ARWHE =14
SR ETEBRBRG ZEHIBBARREZI AR ERE (Relative
standard deviation, RSD) % 82 USFDA (2007) ik » 24 £ & R IE R
B <0.1 mg/kg(155 ng/em?) » B fE <20% ; 24 HiE & >0.1 mg/kg > B f&
<10% o

4.4, il B RBZ 2RO EEZBLAZESD (Recovery check surrogate
standard, RCSS) (3% 2) Z Bl % % 88 USFDA (2007)% % » 4% th R & &,
SRR B <0.1 mg/kg A B4 60-110%36 8 P35 24 4 5B >0.1 mg/kg »
Rl F & A 80-110%& B A -
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45 H—#R{H 10 AHSBPIT—EF EXF EA (Method reagent
blank) -

54 kK

1.

FHRREEZRGBHETES (RBF) REBA - FB -CRRRT & —
WA AR EFRRFH 0939311138 3% -

. Begley TH et al. (2005) Perfluorochemicals: Potential sources of and migration

from food packaging. Food Additives and Contaminants. 22(10): 1023-1031.

. Bononi M. and F. Tateo (2007). Identification of Perfluorooctanoic Acid Release

from Commercial Coated Cooking Pans by Liquid Chromatography Coupled to
Electrospray Ionization Tandem Mass Spectrometry. Journal of agricultural and
Biological Sciences 2(3): 191-194.

Begley TH et al. (2008) Migration of fluorochemical paper additives from
food-contact paper into foods and food simulants. 25(3):384-390.

Center for Food Safety and Applied Nutrition, U.S. FDA (CFSAN) (2007)
Guidance for industry: preparation of premarket submissions for food contact
substances: chemistry recommendations

European Union (2004), Materials and articles in contact with foodstuffs —
Plastics substances subject to limitation (EN 13130-1:2004).

. U.S. EPA. (2009) Perfluorocarboxylic Acid Content in 116 Articles of Commerce.

Office of Research and Development, Final Report,
http://www.epa.gov/nrmrl/pubs/ 600r09033/600r09033.html

MEsE ©
¥ RBRERESEEEM I EARRAAMEMAITEIH T RS RMA

(Specific migration limit, SML) 2z B {1 & °

3 2 : RCSS, 0.5pg/mL perfluoro-n-[1, 2-'*Cy] decanoic acid > b % #4042 & &

(Surrogate standard) » FwBHAFEHHLEBRLEZ 0524 -

HE I RMBTATERI Dl - B REEEERERT > TIRAL

Rz LR RS NIRRT Ro— ZEHHFER » iR
BhE CREMERAGRAAFARNIESAE PFOAZHT ZTE -

A HRATRIRA 6x6cm K 10X 10cm » X/ PEBRAMHARZEERM TS

ZEE -
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SMARE - R#

TRES

| SRR HE RS

\ 4

fEI A # 100-150 mL F 824

o BN REEAB AR E 12545°C

v Bx 20 mL i 5] A48 B - 445 125+5°C
16 R 4856 LB R L 4BTE 3L 3} 10 min
FiREF 24 hr 7
v b B R SRR 5 B IE B
38 F oA 0.1 mLRCSS PP .0 %
v !
ERBRy-BEEHREDIB .0 % P A 0.1 mLRCSS
APE#SE P * :
v .5 % jox 25 mL H,0:MeOH=20:80
4500 rpm &2 5 min Z & 30 min
v v

BRE B BB E BN PP E
¥ R fURB4ZE I mL

4600 rpm & Sminc RE B 5# B B
# PP EELE 2mL

Bl — AW XM R Z R 548 PFOA B4 B ¥ ik 2 B

C-8



RO ME R KR 1 g

TREH

BERAEES

I

|

. ER SOmLPP #u ¥

\ 4

OB PN 45mL FEE

}

#oo 8 UK FE S % 100 rpm
& 24 /) BF

#OF P A 0.1 mLRCSS

EHRBEH—XSOmLPPECE

UERAFREES I mL

A

B 20 mL b % B AR EE4AB R 100°C

'

BRIlghh&kENREEE P » $if
100°C %3 15 min

AE N hAPEEN SOMLPP #u ¥
#.u% P Ao 0.1 mLRCSS
& % Ao A 20 mL H,0:MeOH=20:80 »
& & ¥ 30 min

4600 rpm &k 5 min > R B IE B E
ERNPPEREE 2mL

= RBPRHHRZ A SO E Py PFOA B R F A RER

B= 26 BEF MR FEETEFTEEO0Scm

C-9
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RGLEKRRAEBERBB T E—2 AT (R)

Method of Test for Leaching from Food Packaging and Cookware — Test of

Perfluorooctanoic acid

I AA&EE  ARBITEBAREERBARRGOE KT L ATHETRTE
BAHEARSBRAGHEBFE RN 2 B® -
2. wER ik ¢ RARR T Bt W 3% 97 7 (Liquid chromatography/tandem mass
spectromet&, LC/MSMS) > Hifg B ¥ 4B — k=
21. %8 :
2.1 140 B #7 & B W 3% AR
2100 BFR T8 -F1t & 8 F (Negative ion electrospray

ionization, ESI-) -
2.1.1.2. B# % : Agilent ZORBAX Eclipse XDB-C18 3.5um »4& 2.1
mmX5cm: KBRS -
2.1.2. 3k & #%(Shaker) -
2.1.3. R R &% % & (Nitrogen evaporator) °
2.1.4.% B R4 3% (Vortex mixer) °
2.1.5. 8 % % & % % (Sonicator)

22 B I PELKAREEN R BEGKRARESR . 28 T8
(Perfluorooctanoic acid, PFOA)#} 88 Al 42 # & ; 4 £ ¥ 8% B2 % (PFOA -°Cy)
B 4 & #2048 & % (Recovery check surrogate standard, RCSS) ; 2 £ 548
Fl 4 % (PFDA -C,) 7 #£ 42 # % (Internal standard, IS) -

23. BRARHMH
23.1.5 84 : 50mL » REBEPP)HE -
232.8.C% S0mL» EREPP)HE -
23388  FL4& 0.2 um > Nylon#t g -

234 L&A TmL ) BAKPP)HY -

D-2



24. KB 2 AY -
2.4.1.95%F B2k © BR95 mL ¥ B2 flu AS mLE&EF K o
2.4.2.2 mMBSBS S5 R | FRIRBS B8 4%20.154 g sA 8 T K5 A2 A, 1000 mL -
25. BEaE Rz mRY
2.5.1. 884 ERA T ELAR IA0.2 nmig B 18  BUE RE B B ARIBRA -
252. 884 5kB  HIRELEL4R 0.154 go A& 8 -T KIEAR4E 5. 1000 mL »
0.2 umig B8R BUE RIS SAAERDB -
26 R EHE -
2.6.1. El B RIS BIER | BA R FHE 4 F(PFOA-"CHm i & 8
{132 # 5 (Recovery check surrogate standard, RCSS) 50 pg/mL 500 pL »
R95% T BLE R EZ ES50mL -
2.6.2. 79 4% 85 ¢ B2 AU ELFL % (PFDA -"°C;) 3 4648 # & (Internal
standard, IS) 50 pg/mL 500 pL > $195% F &R X 5 250 mL -
2.63. 42 5% R4 A F B (PFOA)H B A 4% £ 3550 mg My #E A+ 8 > 1A95%
FPESREMEEEESOML  hARERR -EAFREERER
o LAFBE 2 mM BEEESR(L:S, V)RR MEE R K £0.2-10.0 ng/mL
(ppb) * EME TR EBBRLUEREERANTBETRERE
#5.0 ng/mL o
2.7 kAR
271 FRFEES
2701 Kb R4BE I RMAR AR EBREAKFREF03 cm
Z FEE(#100-150mL)> e b Mm% R EF AR XEAMARR
#0.5 cmA B FBUSBIER 0 NEBRAKF R B2 WEE
Bk A EAERAIEEEROI mL F5ARS S ER
£950 mLEAKHEEHCEEHAEERREET  RAAAL
BEEERAN] mL A& EECE P AT E 2mM BEE4E(1:S,
VIV)ER3 mL > UL RBRIRE BRE > BFERHELR

KEZEFSmL RAHH TaCTE  BRMREERIKE S
D-3



BROGFHEZEFTLLRU0I mLAFZRBHIINEALERES
FRP 0 AN TFE2mM BEESE(1:S, VV)ER E10 mLAE &
BRO5SmL&0.2 um ARG ZRAHM T EHREDAR 15K
R FmZ BHRRT EHSE T REERBERG BKZE
RFHBHRART %, -

2712 RGO ESK  REBMER KA g BEEFE » ENSOmMLE
AHH BT T o BpAISmLPE » SKFIRE Z100 rpm
RERE24 000 R HRBAS — 50mLE A+ T aEcE
MNEEEGBRAAZRER0. I mL ) LR RABBEEH]I mL
AOANPIERAE R 5 %0.1 mL » Av A F A 2mM B2k 4i(1:5, VIV)
BREI0 mLEESG » UABE AR BRIRE BIRE > RO.5 mLg
02 pmiB BBIE 2 R AMM H LB SRR - Fmz
BERBRFEHEL "REERBAR BRI 2 AFHES
HBK ik, o

272 &EA R BB EEE N

2721 R 2RMBE EABENTEMBPREETRBLLEN
Ao ARFER B 12545 °C » 20 mLAF B ALBA T - BAM
i -3 4 A 4R K 4 35 12555 °C 10 min > BIA R A P14 B
WSOmLEAHM FEHCEEIHFRABET > wADKEH
AR RE%0.1 mLR F & © £ 8-FK(4:1, vv)iE&R25 mLik
#% F B30 min » £24600 rpm&k.c 5 minfg R HIE BB - X g
Foama s ENRMAS0 mLEAHM o cd EHTEE
BREE > RAAAFRBEN2 mL> BANRBREERKE
HARSHEZ X R EFLRR0.1 mLAFZBHEDIHA
B tkREERT > AT B 2mM B E542(1:5, VVIERELD
mLAR & » AR F R R BRIk E Bk F - 0.5 mLLE0.2 pmig p
BIRERAHH G LA DA R RR - e B RR S
WA TREERBARY ML A LTBRBBRRS
kg e
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2722 56 E & BROMLA A b EN RSB RAE100£5°C #
Bl gtk ARSERBFRRMRA BN HABE D
#35100£5°C 15 min > RACO K KM BEL > A BSFEREAN
SOmLEAMH TR CEEHFRABEST > wADKEESR
PR R ER0.1 mLA F 8% ¢ L #-FK(4:1, VV)BR2S mLikE
%% B30 min > 324600 rpm&E .5 minfgk B H A #| B ERNS50 mL
RAEEHE#SE  MARAABREEN2 mL > AR AR
#x%0.1mL fo N FE:2mM BEEESR(1:5, VV)iE R 210 mL
Big o QAL R RBRIRE BIRE > RO.5 mLE0.2 pmiE &
RERREHET LBE SR BERER - Fa2 BB RSBk
4 ETREERBAR HMRZLAFHBRRB S K, -
28 RELUZE )2 Wk

263G H PR ERR > EERTIMEMHETRBBH EBM AL - &

SRAFHRANTRES RSN AHEZ2AFHRE > RIEBRER

(B dgg)-

SRARJE A B WL AT R R AR A

B84 | LS AT SAR ¢ Bk A80 1 20vV)H L TIN5 -

FBAR AT Sl (VVY R AR A5 SR I5 0% - SBATHRE 24T °

& fa} (min) A (%) B (%)
0 80 20
0.5 50 50
55 5 95
8.0 5 95
8.1 80 20
10.0 80 20

BRika#E 10pul
#e4a ik ¢ 0.3 mL/min -
8 18 7 & B (IonSpray voltage) : -4.5kV o

&KX % E R EER 4 X (Multiple reaction monitoring mode, MRM) -
D-5



4& 7] &% -+ ~ Declustering potential (DP)#1 % §% 4E & (Collision

energy, CE)dw T % :
S A 3k F(m/z) F#&TF(m/z) DP(V) CE(eV)
S RFE 413 369 45 -14
169  -45 23
& §.% 8% F)4x £ (PFOA -°Cy) 417 372 -45 -14
B 4 & A% 4R 4% £ B (RCSS)
2 fXE F 4 % (PFDA -°Cy) 515 470 55 14
A ER4R E s (1S)

RFHEEHTA369

29 EHRBRSFRZ
HEERBRBAREEREIO L SHENRBEN SHERET > 28
28 HRAMEMN A BEHETIHN  EREABBEEREPTZEAS
WoMARRARRERAFEAEZREFRAS ERBARAHETHREGE
DNz BERTFIHEXRERBYE LA FHIERE -
29.1. %R FEIES

xV

S . N 2 Asamplc
Hooh e BB B 2 R E (ng/g(ppb) Sng/em®) = —

Acmple © 8 Z A AT RR T R 0E R 4)18 57 2 2 fF 88 E (ng/mL) T
A 0 AR FRORE dhR) R IE FRISHE A -

V: RBRELEZZHBHAMmL) -

M : Bt SR 2 €8 & @M (gsem?) -

292. 5B R A BB AEEY

xV

A le
AR R T2 R F 8K (ng/mL(ppb)) = %

Aample * B ZEH SRR ERGRE S R)OF 2 & A FHRE (ng/mL)T
B AR EFLRORE Q)RS A SRISKE DAL -

ViRHE RS BH@mL) -

M:BERERRABANEENECEZHEE(@Q)-

D: &R &% E(gmL)
D-6



R HEH

3.1
3.2
3.3.

34.

3.5.

3.6.

WELEFEGHR)Z KM BFHE r>0995 AL -

10 B# %A —ftk » FAR 10 B DS R —Hbk3T -

¥ o # 2 B i E A% 42 2 Sh(Recovery check surrogate standard, RCSS)
RERFHEZLIRASELCASERAEZ I L RBIUREEN A
60-110% -

EHBERTERRS M ARLRIBEE  FPAHCRKEFR 1 g
PITER FEERBARARERESHZTRY » FARMRER
Hab THAREHEYDITETEEZI AL B ERHELERE
A tL(RPD)E A 20%A 5 SHBRERKSF AT EEZIARYE - £
TREABHBIMAREE W Z I E B4R % b (Recovery check
surrogate standard, RCSS)B|{E = ta #} £ £ & 4 tL B ££ 20%3L ;N -
WERGERE )T &K AT E 45 3% (Initial calibration verification,
ICV): ARRMRERLARESH)RBRZ A —RE D S48 F RBRER 1
KBRS REREFRKOZTLEBR)TRIRE Sng/mL > 2R EFRKEZE W
B)ZBAM - AAHBREHEBEALLIS%A

R EBRPITZREHRDRAEL REKEH - FEEAHL - BH
BED  ANRIBSHAABIIT - RRELEN S &S EHDLHiEW
F

2.1  # &4 &4 (Continuing calibration verification, CCV) : ik & % (42
BHG)PRIRES ngmL » RS W BRXFAEMUERELKGRE
B BRRAESOMATRES SN TREETH — R UEZ S
WATRZDY AR ERBAEL £15% A -

22  FikZathksa(Method blank, BK) : £8 FE A HRBRAHEH RE
ERSH - HEPTTREA LA SELAGHBRAZELRERA
ERGABHBERSBPRTATREL LML ARERSHBLT
REESFE QUG AER N 1222 HRELOZE S LK) 0.2
ng/mL -

23 HEHARE S (Check standard) © A AR AR ELGRE S L)RRZH

—RBREHRMHABRBERFMRIBZEL ) TRAFEEIERBRA TN
D-7



ABEBRFBZEH > HERAABEBAEIERBRAFTMALRES
BELSBZ ARG AEAREATHHAREREZESLHE
BAIFZIRE 2ngmL > $ATATRER ERKR > AW LR 2B
Exaf  ERRAHBEIRBEBRESDRELEERA 60-110%
n e

3.7. ARzt FERBT—ADEK,R -

flg3x :
1. AHBTFREZEZHFHELBERY 2002/657/EC Z R4 HEH B FaT

BT 2% MR MIF(<I00%)  BHFEELT

B 1E(%) &l $e B (%)
>50 +20
>20~50 +25
>10~20 +30
<10 +50

2. ARBIEZRLOEKZIRERES 2ng/g BEKBE R T A
AR(Ba A ng/cm ) LAk B £ 8 #& R (Limit of quantitation, LOQ) 4 0.2

ng/mL Atz RE
3. ABRRIEZIBEAVERBRERZIMEAXT FTHY - BATHE
%4 XRR

1. Bononi M and Tateo F (2007)Identification of Perfluorooctanoic Acid
Release from Commercial Coated Cooking Pans by Liquid Chromatography
Coupled to Electrospray Ionization Tandem Mass Spectrometry. American
Journal of Agricultural and Biological Sciences 2 (3): 191-194.

2. Begley TH (2008) Migration of fluorochemical paper additives from
food-contact paper into foods and food simulants. Food Additives and
Contaminants, 25(3): 384-390.

3. European Union (2002) Implementing Council Directive 96/23/EC
concerning the performance of analytical methods and the interpretation of
results, 2002/657/EC.

4. Liu et al. (2009) Method development for liquid chromatography/triple
D-8



quadrupole mass spectrometer analysis of trace level perfluorocarboxylic

acids in articles of commerce. Journal of Chromatography A 1216:

3910-3918.

5.  Powley CR (2005) Determination of perfluorooctanoic acid (PFOA)
extractable from the surface of commercial cookware under simulated
cooking conditions by LC/MS/MS, Analyst, 130: 1299-1302.

6. U.S.EPA (2009) Perfluorocarboxylic Acid Content in 116 Articles of
Commerce, Office of Research and Development, EPA/600/R-09/033.

EARF K

TRTE

SR

v

v

L& 100-150 mL ¥ &%:%4% 24 hr

2420 mL & A b 125+£5°C # 4% 10 min

v

A 0.1 mLRCSS

A

Fib8E BB #HA -~ B)

! !
AR S X RAR SR 248 | mL D ALAREES 2 mL
v

oA LB E# I mLE Rt BT AR

Bk B BIRE

I

!

AP ERAR £ 5b XA ~ XpmL

\ 4

Ao BE | 2mM BEE&4%(1 1 5, VIV)
ERE 10 mL 424k

A

UBTEEARBREERZRE

v

20.2 um SERELiEE 0.5 mL £ PP %445 E MR

B — A RHHRZ K545 PFOA AR 547 F ik A2 E
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By B4 1 g

I

TimFE mmtER
A 4 A 4
L 45 mL P &5:84% 24 hr 2420 mL & A b 100+£5°C 3% 4% 15 min
Y
s 0.1 mLRCSS
LR KE B RS A - B)
[
2 _ v
AR S L RRRSE 28N I mL THEASUERBEESH 2mL
| |
v
AN EZE D 0.1 mL

A 4

AN FEZ  2mM EREE4%(1 1 5, VIV)
Bk ZE 10mL 2%

\ 4

UREERBRARBEEAZEE

'

BL0.2 um B & 0.5 mL 2 PP %44 LR

B— AR ABRIEDCEGEBRRIITH EREZE
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RRBRORALMEEREA TR 2 A FHEPFOA)Z
BEHFBAERRRBRRITEEEAN &

S RFHPFOA) AR EER B Ao b A Z ML B > ARt ey
LEEABRR BTN CHRLEANESER S wBH - bk~ FEH
TH-REFALE Bt THORERALRS - LHBRE 2006 £ T2
AFBRREWERE - BEINA TTHEEY - PFOA BAAMEMNRARS
Mo TAARBAFBREMF A BRRAG BT THKRE - —RBAHREH
ERTHLGZPFOA SR  RMENMIRARKERRE  THEHENES
B - ARBEBEAMEREIRNERTESEHARRT  LEYBERLA
PFOA -

2009 4 3715 @ 2 /> #(Stockholm Convention) &% (SCPOP, 2010) » &4
PFOS 56 & " 4% A t: A #5 F 4 (Persistent organic pollutants, POPs) | » $#a#
Annex B (Restriction) [ #] 2 ¥ 1% g24% F - s # PFOA #1 PFOS &4 B M 3834 »
ARERIRELD AL BEHHREERBARHKZ PFOA A 4%
RERZEHER HBHMARTE -

€ @HEFR 2010459 8 15 B(AHZ)

FHOLE  THREAER L BHERS 501 €K F
HEBEM FHRELZRSBHERR
EMEM TREBAZREERRERL - RERRPE T

& &

H-2



99PFOA & K # 3t & 3B £

10 EX N WA EHARBA

09:00~ gg A SEMEEREREFOA)EH et

10:20 Z AR EERARMEYE REB AT -BHXE

10:40~ %k 4 §¥ 8 (PFOA)# B & b3 A5 BRR

12:00 L9 3-8 g #HEAT RER BTG

:gggN Lunch  Break

1330~ mum# PFOA £ PFOS Z &R # 7% B & i

14:50 LR BE FTRR - ZEE - -RER

Ak E

15:10 ~ P NN RERB -HEAZ -BHXE

16:30 WEAE B BTG
TEE - ZRE-REE

EFEAAEERA EBALE

b A RAE B i3

ek E HEE FTHRREEERLENEES EHA

B% % ## RARXREFRG LR R EHA

BRR SR €54 EMARLBREL A EHA

& 1645 #H& THRRELEERLBRHETER EHA

EEE MAER R A TR R FHA

T H# PRABRARERRAREEL EHBA

R B3R 4% PRHERRZRERRTEA EHA




RALRYERE PFOA £t &
X5 bk
ST (RrIREFR] ¢ 2010.09.15)

. TR PFOAPFOS Y BB R F ) BEERMRALEH ERBEREFEL -

FAAAKROBENENTLERHNLEOE  EORRTELRENBAA
#2006 42 678 21 RN BRI FH (FRAB) -

. BRRZABFARLPE  ARAGTIAERABREI L BRBORR

FORMNRBRBOFTH -BAFSERHEERITIE  THE WA LIESE
HEFECS)&AEY » BAAF MR L—FA (FEB)-

PRAZSTEZREGHATHLE GI5HN 2004 £ A B2 AHRRAER
R EBRRAKER AR T 2 RN E@E B 69R E 28 1330 7 2006 4
BREBT > SESURKPAERSRE €I ABMIDARE PIRETS
4158 PFOA 33 130 ppb » & 88 AT Bk PFOA i 120 ppb > 8 sb i X U & A
Aot ZOFRLARMASTRE AP RBABEERS 44 125ppb -
BRUREALS  FHMEAKLEE EAZ) -

- ARBERESRE AN BERRE  THRABNRLA HIE > 5 mittd

AL B > H305 TFDA 485 e & S B o B# iz 265 Slide2] & Bt
BAT AR AMBREZRE LA {288 €2 2005 £ a5 %> 11 4 USEPA C8
Stewardship program &4 &2k € 8% £ Bl A4 1% PFOA/PFOS 2 il & .4 %
BOEYE (BXE)-

. FARAERERFEOARLCEA NG A BBAKE B ST B 5E

AT E S EEN o TF R SML oM % 5 ae - 444 TFDA 37
AREHOEREE  RTRKORRER HEL) -

. BERMETRELNY  FERBETRMIBBE ML < BAAT O 2005

B 2006 fF-4+# & # 21 4571 » £ 5% PFOA/PFOS 4K B8 B & 0] GRALE) -

. #&% PFOA/PFOS 8% » BHABEFZEBTAFTZF T OEFB - 58 - &

B~ AABKBRATRIZE » AT LR 2007 25 BART Z AR $03E 0 o4 S 0R O R4T B4
Predese AT BB AHET - AMEFERARS 0 REKARMEAZE
o MTBREBRA - RQAMEITERATEEE  HFOLECELE) -
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10.

11.

& KB A F N T 2 B AT PFOA &8 (300 ng/L) » FR43iR E 8RR
FrERlzdiEs B0ng/L)S > THEEEBAMNEATERKAK HEHR
WHFE RAR) -

BARFT A BN R RN 100% > B REFIRI - SRR F RkhstH kil £ &
WEAH BENLERATHEATE (AR -
BATRRFPEMEAZ D ERA FEERRZIEMUR A BFHF
(BRE - -BTH)-

AR E4RR B M AL SML B R F > 54 BIKA ng/em’ > FEHFE (R
BRY) -

CHBATRBRFAE R TEMNREN PRXAORHEERARENEZFIRL -

RELHER - GHWIREABRIFESLHYE BMTREFEARLAY
RBRABRSC): AEHAFEFCSZSMLRBEEA B RNMEH  HERE
BREEFHAELRPEAEEHAE (LHE)-

BiBAHE PEARAFCEILRI LB BERRFPHEANRTIAE
HHE AN H7 TFDA i TR AR T EAE R AR EMA -3
¥HEMROaREMNANALEHIHERS > dRAAARLAFER G SRLRE
EHE) -
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