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ABSTRACT: Objective To study the migration of perfluorinated compounds from food contact materials to food
simulants. Methods According to the use of perfluorochemical products in daily life, 4 brands of paper cups and 3
brands of package bags were selected for testing. Perfluorooctanoic acid and perfluorooctane sulfonic acid were taken
as the research objects, and the specific requirements of the general rules for the migration of food contact materials
and products were referred. The effects of different food simulants, different operation methods, different storage
time and temperature on the migration quantity and migration rule of perfluorooctanoic acid and perfluorooctanoic
acid were investigated. The target compounds were separated by C;g column and eluted with acetonitrile-5 mmol/L
ammonium acetate as the mobile phase, the flow rate was 0.2 mL/min, the column temperature was 30 °C, the

injection volume was 1 pL, and the triple quadrupole mass spectrometry was performed for qualitative and
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quantitative analysis. Results The data showed that the migration of PFOA was the most when the simulant was

edible oil, exceeding 0.01 ng/cm® In other cases, the leaching amount of PFOA was less than 0.002 ng/cm®. The

leaching amount of PEOS was less than 0.002 ng/cm” Conclusion This paper preliminarily obtain the basic data of

the migration law of typical perfluorinated compounds in food contact materials, indicating that no matter what brand

of paper cups or packaging bags, PFOA and PFOS microdissolution could be generated after food contact, and the

dietary exposure might cause health hazards.

KEY WORDS: perfluorinated compound; food contact material; perfluoronova alkane sulfonic acid; perfluorooctanoic

acid; migration rule; dietary exposure
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f— RS A N HAT R R G | AR v
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2001 4, 3£ EFREER9E (United States Environmental
Protection Agency, EPA)#Hi {5 [l PFOS fY A= = Ff F )
AW ; 2005 4, 3¢ [ FREE (375 PFOA 51l Jy«n] fg”
SCBERIBURYIBT . 2009 AF, HEA E PR ALR 2 E 0
ATERRIR . A T T R Eh S A TR SR B RS A A KT
R ARG HLIE e, TRl Rk I e A58 AR i %28
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Acquity I-class/Xevo TQ-S =i PUZAT I LIk FAX,
L #5 HL B 25 88 T IR(EST) LA & Masslynx4. 1 Bdfi R854 (35
Waters /A 7l ); Waters BEH Cig {43 4#1:(2.1 mm>100 mm,
1.7 um); Heuzbad Hei-VAP Ji€ 5% 7& % A — A AL (18 =
Heidolph 2 /]); H1850 52X 53 25U WL R A 25O AR
FAMRAFD); TLL-DC 11 B &AL (BRI 2 7]); QL-901
Vortex 163 Jig i (i 17 HoAR DUIRA ARl 38 A B2 vl )

4 G0 FR % (perfluorooctanoic acid ammonium  salt,
PFOA, CAS 335-67-1, 4l 95.5%) . & hififi Rk (PFOS,
CAS 2795-39-3, 4l 98.5%)(f%[E Dr.Enrenstorfer GmbH
N CIE(EIEA, 351E Fisher /A ]); Greole WAX [ 4H
HBUME(150 mg/6 mL, KRR 2 I RN A BR A A

PRV AT 28 RS B FRIUPR I it PFOA 5.03 mg.
PFOS 5.09 mg, fAEE 50 mL 433 4E 1 mL 2 PFOA .
PFOS 434119 96.07.,100.27 pg/mL AR, 1 JbriEfs £
MB455)4F 1 mL & PFOA . PFOS 435 0.96 . 1.00 pg/mL .
MR, VERPRUEIR I . —4 CCIRTIRAT

VERETT I b WL — U PEARAR AL B 3% (M), 2610
HE(MLY), 35 (JC), ZEAE(CH); DL K 40255 4% 5 il £ F
(HBW)., ZILEXSAERY) ., ELZIEPFMD). &R 0%
YRASI A G 2 & &, T LA R B ORI AR R
ATABETE 10 H~12 ARISE, I DL R HOr3 (i
18 °C.,

22 ELWHE

124 PFOA il PFOS MFEPE, S50 0k BB AR
e, B Cp OISR A8, i it = F AT
J i AT R A AL O 18
221 —REEAIATLIE T R

FiK, 4%LBRIK, 10%., 20% . S0%HRE ) 215/ K IR
BIRAEACAR P, s N RS, SMEEE T
TP, FRE BAHZE RO i i b e 4R o #E 37 °C4%
FFRFAMRZET; | mL FEEEF)E, —20 °CY¥ 7k 24 h 5 il JE,
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RN (L S BEKIR AR E 78 2 O RE R TR 25 B 4% LR
W5 5 mol/L NaOH ¥ H AL Ay rh PR3 WIS PR AR )
222 —RHEEERAMLEF &

B BEAR ERBT R 5 cmx5 em (UIE S TET 100 mL /)y
BeprHR, A 80 mL FOKIM. FHm R R AHE, B 10 mL
RBORE ST, N 10 mL 201, ZHIRAT, 9000 t/min, 7
DAL 7 min, FE 2 K, BEREWAEE T 15 mL KR % 3K,
it SPE /IMEMEFT2ERL; A 37 CCHMF FAMMAE £ T 0.5 mL
RS, —20 °CiIA 7R 24 h G i, AR,

223 JRIEAM

R Zs 5 IR, B AR, BAEHREE
JE 1.5 kV, BURESEFLIBIE 27 V, B TURIRIE 150 °C, Wi
IR 400 °C, FLAR A HAE 900 L/, LR KA
150 L/h, #9485 5 2 52 i W W (multiple  reaction
monitoring, MRM), SREERF[A] 0~5 min, FAEF[E] 0.3 s, [A]
FamtiE 0.02 s, TifEHLE 50 V, PFOA #%# miz 413.07
[C;F sCOOTYEN BB T, BTN miz 168.85, E&EH
F R miz 368.95; PFOS BEH miz 499.04 [CsF;SO5]1E K Hk:
BT, EHE TN miz 98.78, EEE TN miz 79.77, it
TE 5 AT LLMERA BT A PFOA T PFOS A 1.
224 gL

K H Cg ARG Waters BEH Cp5(2.1 mmx100 mm,
1.7 pm); EFE A: 100%Z N . B: 5 mmol/L i L EREANE R it
AR, I 0.2 mL/min; FEHEA 30 °C, IRbRIEFEEIIRBE N
8 ng/mL. HEFET 2 DWKPEBEBE AT 0B, HEFEIATR 1 pl,
VR F anER 1,

R1 RIEREE
Table 1 Mobile phase gradient

WIS — R ARAR AR, BT LURL A [F) — R % 18 R A
YIM SRR, HHE GB 31604.1-2015 FriS TR R R LI
IEE T 1/3 Bk A5k A4 1) £ S B vh i RS
3 PRI T A ARAS R 1A W B B G AR
M4, ARPEILE FE O, Bk T RP i £,

F2 —RMRHIBRARSR
Table 2 Migration test scheme of disposable paper cups

ERFZE  FERIRRERE,C IR R /h
K gl 2
4%Z BRIk H ik 2
10%Z /7K G 2
20%ZLFE/K TN S min, JiEH IR
50%Z K W 2
Li=LY/R B 0.5

Hf ] /min 4 /(mL/min) A% B/%
0 0.2 10 90
2 0.2 60 40
4 0.2 100 0
6 0.2 100 0
8 0.2 10 90
10 0.2 10 90

23 ERRAWHF R

LI A BERE 4 S ARRR AN 3 AN R AL AR A T
TR, FHHONFE MY . AREE T R RGRAE
st 100) FH3R B 45 X PEOA Al PFOS 38 5 AR AL LA
RN o AR JUFE2 b et K i A A 36
0L, 7% 1 bbb kL K il i 1 B g ), e T
2 OMFE 3R R

& 2 TP IR BTPORE DORE B AR TR Ok, AR &
IR, TR i A A9 AN TR e B A T 0 o T A

R3 —AMERKFIBAE
Table 3 Migration test of disposable packaging bags

TR EBIREEE,C  EBIIERT R/
4
FOKIh (i) 4°C/18 °C 24
48
3 ER55%

3.1 PFOA 1 PFOS BirRiL &iLE

PFOA # PFOS iR AR TG i BB 1 iR .
3.2 —RMRMFIRPLERZ IR

XEF RIS, 5 B EC PT Sk, Bk i B
FH (1 2 FRIT ]

mk 4 Fin, X TRR S Y EY 7E AR B
PFOA #il PFOS WiE# i, Hdniin: 7ER4 FOMTH . il
YERTIEM GO )N PFOA (T /o, #id
0.01 ng/em?®; HAbJLFMH AL PFOA 197 & #8 4 7E
0.002 ng/em’; PFOS ({35 S 345 /0, KT 0.002 ng/em’,
FH AL, SHAE AT e JELEAR F PFOA FII PFOS [R3A H, 7Y
RUE G A 0 {88 P — U AR k4G -
3.3 BRFENTHBIUNE
33.1 HExEBEH A

() ZEFET, WmVE BRI A4E T PFOA . PFOS 1Y
TR

M5 AT LIEH, R T8 °C), HfA il iy
Jin, PFOA B JRJ MIEAS f sl oh, HoAth 2 AN S REER AR b AN
K; PFOS WEH B k. 5UE 48 h /&, JRJ Y PFOS
RO, HoAh 2 ST WA /NIRRT



3848 B dn 2 4 R R I A 4R 5510 4

100 2.59
PFOSA18102021 PFOA
L PFOSA18102201 Sm (Mn. 2x3)
ot 2.89 PFOS
0 e
050 100 150 200 250 3.00 350 400 450 500 550 6.00 650 7.00 7.50 8.00
5 1 PFOA FI PFOS JRAR B (o 1 K
Fig.l Mixed standard mass spectrometry chromatogram of PFOA and PFOS
# 4 AEHEBHIT PFOA. PFOS RIiTHE
Table 4 Migration amounts of PFOA and PFOS under different simulants
[t WL L EA] REEY il L PFOA/(ng/cm?) PFOS/(ng/cm?)
MJ 1.25x107 ND
. MLY 6.13x107 ND
K Wi 2h WK, ik (A)
JC 1.96x107* ND
CH 2.06x107* ND
MJ 7.20x07* ND
MLY 4.20x107* ND
A% ZFRIK HWik2h PR PE TS AORHB)
[ 6.54x107 5.14x107
CH 6.38x107 ND
MIJ 1.42x107 ND
. . . MLY 1.64x107° ND
10%Z, 2K HiL 2 h RIRE PEDRHC)
IC 9.37x107* ND
CH 1.95x107 ND
MJ 6.32x107 ND
soviz kWS min R 10% < ZBEGTE < 20% A MLY 569107 3.88x107
’ i PEOR SRS, S (D) e 435x10 ND
CH 5.90x107* ND
MIJ 3.11x107 3.78x107°
) o i MLY 2.16x10™* ND
50%Z. /K Wi 2h FLIFLE S WhH(E)
IC 5.55x107 2.70x107°
CH 7.71x107* ND
MIJ 2.84x107 2.86x107
" . ) B MLY 8.66x107* 1.68x107*
W 0.5h W, IMEREEF)
IC 7.10x107° 7.03x107
) CH 2.37x10-2 ND
E K
MJ 1.71x107 1.72x107
‘ o MLY 5.20x107* 1.01x107*
WL 0.5h P A(€))
JC 4.26x107 4.22x107*
CH 1.42x1072 ND

TE: ND oRAG i
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®5 HEARBMERET PFOA. PFOS HITHBE
Table 5 Migration of PFOA and PFOS in oil as simulants at
room temperature

B Al /h il PFOA/(ng/cm?) PFOS/(ng/cm?)

HBW 3.16x10™ ND

4 JRJ 2.71x107° 2.19x107*
MD 2.53%x107* ND
HBW 2.12x107™* ND

24 JRJ 2.30%x107° 3.35x10™*

MD 1.47x107* 2.48%107°

HBW 1.85x107* 2.99x107°

48 JRJ 1.02x107 1.32x107

MD 2.54x107* 8.46x107°

TE: ND oAt i

(2) £ 4 °CHMF, I 44EH PFOA . PFOS
MR

HIHE 2% 6 AT, 7E 4 °CHYZAE T HCE, BERTR]HE ,
JRJ #1 MD # PFOA E¥nfy, Hr JRI MiZB T
0.01 ng/em’ fEHUE T 24 his}, PFOA #l PFOS ¥ JCAG i 1
& T 48 h Ji, MD ' PFOS [iE & i,

%6 SHIERIEMYIE 4°CT PFOA. PFOS HIITRE
Table 6 Oil as the simulation objects under 4 °C PFOA and

PFOS traffics
I} 1]/ b B PFOA/(ng/cm?) PFOS/(ng/cm?)

HBW 3.25x107° 2.29x107°

24 JRJ ND ND

MD ND ND

HBW ND ND

48 JRJ 9.35x10™* ND
MD 1.45x107 2.74x107

1 ND A

332 BEMEIHBETHYA

(1) W NEERIITE 18, 4 °CE&IFT, 24 h IF4E48H
PFOA. PFOS T # 4t

N T AL, FERCE 24 h i), 18 °CAMFR, 3 AN A
PFOA (i, H IR i R KA, i 0.002 ng/em?,
% HBW b, HAth 2 4~ 5 EE PFOS (i, {H% L &48
R, AETF 0.0004 ng/em?®. 7E 4 °CHIZAET HA IRT St
FF PFOA Fl PFOS A /b .

(2) JHFENEIUYIZE 18 °C, 4 °C'F, 48 h Bf4U4EH
PFOA. PFOS i # i

YR S T, TEHUE 48 hIsh, 18 °CEA1ET, 3 AN

i) PFOA FI PFOS # A ¥ i1, o IRI i A K, PFOA
%% 0.001 ng/cm?®, PFOS 5% 0.0013 ng/cm; i fE 4 °C&AF
T, HBW ' PFOA il PFOS ¥4, JRT H# PFOA H)iT%
518 °CHRMAF T HIZEAK, HAK:H PFOS; MD ' PFOA Al
PFOS B 47 K, (A H /T 0.0004 ng/em?’,

%7 fEAEMYITE 24 h B PFOA. PFOS TR E
Table 7 migration amount of PFOA and PFOS at 24 h as

simulants
i /°C i L PFOA/(ng/cm?) PFOS/(ng/cm?)
HBW 2.12x107 ND
18 JRJ 2.30x107° 3.35x107
MD 1.47x107* 2.48x107°
JRJ 3.25x107° 2.29%107°
4 MD ND ND
HBW ND ND
T ND JyRki i .

# 8 A{ERHIYTE 48 h B PFOA. PFOS MR E
Table 8 migration of PFOA and PFOS in oil simulants at 48 h

iR /°C iy PFOA/(ng/cm?) PFOS/(ng/cm?)

HBW 1.85x10™ 2.99x107
18 JRJ 1.02x1073 1.32x107
MD 2.54x107* 8.46x107°

HBW ND ND

4 JRJ 9.35x107* ND
MD 1.45x10™ 2.74x107*

1 ND AR H .

4 weSiie

25 L ATR, JCIB SR ARl R AU SRt 4%, Hefh
Y277 PFOA \PFOS it i ) X F— IR PEARAR, &
TR TR A D, 78 4 CHRAF R EE D, 4%IR
IR (SRR ORI ZOAR, T B B[R 3 i, 2
YIRGEBRAA KR, HALE 24 h B3] T PFOS Mk
WITRS; 4 CCAAFF, WA A3, W4 5T RS e AN
0, 15 R R AR P A e A B TR,V R A 4
FAL A Y2, FEISUR R e (5 AT AR TR
BE# 2 Bk BE YN, PFOA YIRS 8 IR B F A 3,
PFOS IWiTA i B E; 78 4 °CF, JCHH R,
JEARAET, PFOA B />, PFOS MiEB mHI7E
i, VAR IMEASEE PFOS WMo 4% K A 4RAR
Fifi 25 I 1E] A28, PEOA  PFOS IT RS B EARAR, Wi g
Tt AN E, RS E SRS W R fEIIENE
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b, W ENACH B S 2 RS, BRI AR,
B2, T4 Mg, 765 I8 T 0 is
2 hh, FEEIE AR PFOS RIS i S 1N, 4 °C 4
f°F, 7F 48 h it PFOA .PFOS Ay il A5 + . n] WL, %o
T B Uk UL, ER BRI RRAEICR A, [FFESs
AaEREwEn, HFmasEBa ey midE,

MW R EREEW X LY LR LKL %,
u»mmsﬁ*%ﬁ%@m%ﬁﬁﬁ%ﬁiéﬁ%%%%

BRI TR —, TSR R AR, YRS
miﬁ%*ﬁﬁ,ﬁ%ﬁ@%ﬁ,H%%%&mwﬁﬁﬁ
TEE PR EEHE R . BT b &P x4 b T 2l
MR B RAYERZIN, AR AR RR LM
GRS B TE, BT AR T R A A A
5% 1 IR K b I B A Ak A MR SRR R AE AR s B

REAE YT S R EV T AT,
TEA [FBEHUA BT TP R B AU 1O Rk 4 B & bt
FERIEL S, N SGHE | AR SRR 25 R SRR AR O T
IR . AT — 45T R BB RN, 4kt
PRI AR T 2 UL S 0 A PPN B RS A
ILTPN 273772 RV & e 9N S K R E N T Rk K e 7]
BFR BR BR AR v B AR A, % 3R I 4 S B Aok et o 4 9
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