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Determination of migration of perfluorooctanoic acid and perfluorooctane
sulfonate in disposable cups by liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To determine the migration of perfluorooctanoic acid and perfluorooctanoic acid to food
simulants in disposable paper cups by liquid chromatography tandem mass spectrometry. Methods  After
pre-treatment, the samples were separated by C,g chromatographic column at the flow rate of 0.2 mL/min by gradient
elution using acetonitrile and water as mobile phase. The temperature of the column oven was maintained at 30 °C,
the injection volume was 2 pL, and the triple quadrupole mass spectrometry was performed for qualitative and
quantitative analysis. Results Perfluorooctanoic acid and perfluorooctanoic acid had a good linear relationship
within the range of 0.1-2.0 ng/mL, and the correlation coefficients were =0.999. The recoveries at 3 spiked levels

were 81.27%-97.12%, with the relative standard deviations of 2.9%—7.4%. The simulated migration test was carried
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out on the disposable paper cups by the established method, and the migration of the two substances under different

simulation conditions was preliminarily obtained. Conclusion The method has high selectivity, sensitivity and

accuracy, and is suitable for the confirmation and quantitative analysis of perfluorooctanoic acid and

perfluorooctanoic acid in disposable paper cups.

KEY WORDS: perfluorooctanoic acid; perfluorooctane sulfonic acid; disposable paper cup; food simulants;

methodology; migration; quantitative analysis
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49 b4 ¥ (perfluorinated compounds, PFCs)J&—Fi
BRI A A ALE LY, B 4~14 AR b A s S 5L
AR, AR TR R F RN A A W ) Re 2k
A —Z5EY . WHEA RIFHRmEE ., brfe
P B BMEERE, ST T LAk A AT
i B R SR T AR B AR TS T 22 AN,
YTz M TR ATk T, IS Fh A REFEAR
AL LR i As | BOKRIE% . & Eht
RS RS 2R A, IR AR 32 8] T At
ST e, IR T R E R E MR RN e
RRUCT A58 4 H M — WP AR A0 B A8 25 1 b 2 Ml AR o
AT B 4 982 B2 (perfluorooctanoic acid, PFOA), %%
J5E T R (perfluorooctane sulfonates, PFOS), {H H.y5 YL /K
Y, HART R RS AR, AT REAN 23 %) A28 A R A /i
F, HET2EMM G RAN L BN, Hida
DSR2/ POPNE N [ S W s B S M VRS N e 3.0
R AL A Y B B KT RS AT W AR U A i,
B — U B LA R R 2 A B R i, T AR
HAeFALE W5 YK, XSRS E B T EEN
BN o WA B IR %75 (liquid chromatography tandem
mass spectrometry, LC-MS/MS)J& H Fiifii & R) 2 B
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1R AR, R T AL SR AR, R R vE, HLfg
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SMB B A RO IR 3 R I T T R AR R R T
TSR A4 B8 LA R B S T SR S, P AR B
F5F & F o o] SRR b 0 A B, 52
WrE R A MR . REUE SRS, AT 2R E
WIAHE— PR S AR b R R A

AW X 2T A Y ER LT RS, &
N TR AR ALER EL R PFOA il PFOS2 Fit R4 1) PFCs 1k
BRI ik, SR E A B S Al R P 2 AR A
E PR AR AER I, (R 3R R ke £ 2 At b L v
RGP0 W MRS TR R AR S
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Waters Acquity I-class/Xevo TQ-S = PULFATIRT I
%, P HmisE 5 FIRESD LA K Masslynx4. 1 £ RAEHAF |
Waters XBridge HILIC 3%41(2.1 mmx150 mm, 3.5 um);
Waters AQUITY BEH Cjg fai%4E(2.1 mmx100 mm, 1.7 pm)(3&
[ Waters 23 ]); Heuzbad Hei-VAP JiEf5 7€ &AL —ARHL(1E
Heidolph 2\ 7); H1850 & =X i3k 5 LI R AL 5 LB
WA BRAF), TLL-DC 11 BRI AL (WX 2 71); QL-901
Vortex 1 HE i (VT T AR DR 385 PR DD, Milli-Q
FE Tk R A 2R (3EE Millipore 23 F)); Greole WAX [EIFH%E
BUPME(150 mg/6 mL, RKHEEAR e FRFH A BRA F) o

AR ETRH(PFOA, CAS 335-67-1, 4HJ 95.5%) . 4R
S Tl R R (PFOS, CAS 2795-39-3, 4l i 98.5%)(7& &
Dr.Enrenstorfer GmbH A #]). Z & (f4%4E, 35 Fisher 24
Al); LPREE(LEIE 98.0%, KGR FHE KA BRA A,

R SR IR APk (MT) . EmHEMLY) ., #EJ0).
AAE(CH)Y4 AR — PR LRAR, 290 B 5T R N _E R
22 /5 &
22,1 HSwEra

B ALY 7E ACHR P e BE B B RUR S E T IR 56
J&, TR R TIRPR T, PR L AR F AR 2 O
b gR . Hh, CREKIR AR R R BTG
WG PRI, 4% SRR IRAEVR A 22 IR 2 ] 5 mol/L
NaOH R P EiE R . £ 37 CHRUFARET,
| mL B %S, @ad 0.22 um fLFLIEME, Rk,
222 AR B

B FRIURHEY) Bt PFOA 5.03 mg. PFOS 5.09 mg, 1l
HEE 50 mL 435k 8%E 1 mL &% PFOA., PFOS 434K
96.07 pg/mL., 100.27 pg/mL KR, 1ERbRIERE &G B
B354 1 mL & PFOA. PFOS 434llk 0.96 pg/mL.
1.00 pg/mL WV, 1EAPRER I . —4 °CYIIRAE o
223 BBELEH

{3 R Cg M HE: Waters AQUITY BEH C g
(2.1 mmx100 mm, 1.7 um); #shtd A WZE. B R
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K, KRR VE B (0~2 min, 10%—60% A; 2~3 min,
60%—100% A; 3~3.5 min, 100% A; 3.5~4 min, 100%—10%
A; 4~5 min, 10% A); ik 0.2 mL/min; #3430 °C; #ikE
i 2 ul,

it B ESL B FURIRIE: 350 °C; HLEIHLIE:
-1.5 kv; MR 2 &N I X (multiple  reaction
monitoring, MRM); RS &R MY 5T EE I E]
—g% . “JRIESEL, Hmta 2B MRM A 4540 43
PEATRTEA, BB T . FRETESEOLE 1.

%1 PFOA F1 PFOS 3 #F MM B F
Table 1 PFOA and PFOS selective detection of ions

F BT (m/z)
HFR BB (m/z) ‘ ‘
FEME FE it
PFOA 413.07 168.85 368.95
PFOS 499.04 98.78 79.77

3 #R55%

H2 4 PFOA #l PFOS MHE, S50 Uk BB AR
HEN1] Y 4% Waters AQUITY BEH Cg (835 TRE A 1Y
Ay, i = DU TR U T RN AT
3.1 BIEHEMRK

A HILIC H & R KRR AR (i, RES B stk M4
PR AT R, B R Se % R - Waters XBridge
HILIC(2.1 mmx150 mm, 3.5 um)43 &5, 60%~100%Z. 54 EE
PRI ARPE T, LB A LA R B 0 B e A B e,
B HILIC 36 FH ARl BE A B 1 4 AL A 0 0 43 245 T
fii | Waters AQUITY BEH C3(2.1 mmx100 mm, 1.7 um)J,
PFOA F11 PFOS {# B EIZE 5 min LALN, HArBIRCRER,
S &3k Waters AQUITY BEH C g FEAE Jy ST 0 384T

PFOSA18101808
PFOSA18101808 Sm (Mn, 2x3) 143
100 )
B PFOA

%k

i )7 1B/ %

3.2 REEMTAE
PR kA, SRR (A 100% 2 . B:

0.01 mol/L ZREVERONE MR SR, Hielean=e 2 fk 3 fir
TRC2 N R A B A HEAT R A B, TR AR R RE I MR
8 ng/mL, PFAEIRFR 2 uL, 15 EANE 1 AR 2 EAEEE R

Tk SRk T 2 B0 BE AR G RS TR R,
2 ARRREE H LR A, PFOA IERIFRYY, {H PFOS H
WEARRIRAR, FIERTA —/NMEH I, B T& PFOS HhiEAR
KILAE, T LA 2 B B e 40 R K R, B RE Sk
PFOS HIWEMRR . 1B 5 R FHELES 2 BREE, 55 1 86
FEUERI LT, HoH R R, BT AR R

*2 FHERMNE
Table 2 First gradient mobile phase

At 8] /min i 3#/(mL/min) A% B/%
0 0.2 10 90
2 0.2 60 40
3 0.2 100 00
3.5 0.2 100 0
4 0.2 10 90
5 0.2 10 90

x3 FETHERE
Table 3 Second gradient mobile phase

Bt 8] /min 73 /(mL/min) A% B/%
0 0.2 10 90
2 0.2 90 100
3 0.2 90 10
4.5 0.2 10 90
5 0.2 10 90

4.01

PFOS

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

Hi} /8] /min

e WBIA R A 100%2.)E; B: 0.01 mol/L ZFRERVAR .
B SR B TR AR T i 1]

Fig.l Mixed standard mass spectrogram of first gradient
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RS (A: 100%2 0% . B: 4li7k)VE R shAl, 0
W 2 fFK 3 PR 2 BRI U s, IR bR
FERUHEE S 8 ng/mL, HERERFR 2 pL, 1330anE 3 A 4 i
FELETE, (S —BEIE T, FH 2 FK MOR 3 A €3 P i
BT RS O IRE TR SN A, FEIEIRARES, 55—k

PFOSA1810180

PR BE S T2 IR, R I ] R, i)
USRI A, A IR, B AR R U S AH ZH R
A: AN, B 4k, BERRE SRS — R, A T
B IERIPES R o X FEAERR AR 1 ul A 2 pL, WA 5gm, ek
R 2 ul.

100PF05A1810180 Sm (Mn, 2x3) PE%A
S B
@ -
2 %l
E i
0 . . L ) S S SO SO oo e
2.00 4.00 6.00 8.00 10.00
B} 18] /min
TE: WEARN A: 100%Z)iF . B: 0.01 mol/L ZBRELE I -
P2 55 BB IRAR BT 3k ]
Fig.2 Mixed standard mass spectrogram of second gradient
PFOSA18102021
100PFOSA18102201 Sm (Mn, 2x3) 25y
L PFOA
< B
i - PFOS
g ol 2.89
E A
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
B} 18] /min
T WA A 100%Z 1 . B 4lik.
K3 S IR AR BT (3 5]
Fig.3 Mixed standard mass spectrogram of first gradient
PFOSA18102026
PFOSA18102026 Sm (Mn, 2x3) 158
100 - ’
B PFOA
é B
2 %t PFOA
= B 5.08
: 4.95
4.81

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50
Hi} /8] /min

T WA A 100%Z 0 . B: 4K,
B 4 5 BB IRAR I g

Fig.4 Mixed standard mass spectrogram of second gradient
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3.3 [ERZEEERYIZE

FE ity 1) WL R e 48 AL 53 i RS A, ) BRAT A
R, VE B B TSR, AFREEET HLB 1 WAX2
T2 30 [ AH 2 I MVEE X PFOA T PFOS B B 5 0L . 4351l
BOREE R 1 ng/mL PIRAPRER A 1 mL INAZ] 25 mL
25 U R FR SV h, EZRAE T, A 2 mL K, IR e A
J5 43 Bt 2% AL 9 HLB F WAX [BIAHACBONEE, i vk
JiE, KEUEMLIE 40 cCAWGE T, Jn 1 mL HEESR, B
FE o BETEIREH WAX 2S5 AR ZE U 1 AL T HLB
HI T RAASZIG PEEL WAX 55 B 8 T2 A A AR it
55 FAEZE UM
3.4 KUWIRAFRERZ

1% PFOS F1 PFOA M i eIl S AR T 28 8 &2 A
6 W, THE ARG S, LUEME L =3(S/N=3)
11 PFOA 1 PFOS Sl Al B 43771 24 0.002 ,0.004 ng/mL .
B P4 MR IC ] PFOA 1 PFOS HYIR S HRIEWR, ¥+ PFOA
Fl PFOS #RifE R FIHE 4 0.1, 0.2, 0.4, 0.8, 1.0, 2.0 ng/mL
HRARHERE 2 ul, BIF] PFOA RY{REEIIE S 2.7 min;
PFOS HIfRER B A 3.3 min, 455875 PFOA 1 PFOS 7£
0.1~2.0 ng/mL 75 [HE LML R REF, 450k PFOA M
PFOS (14U T BT 0% JBE ABOhm v R 2R S £k AR 4 3 LI 5
FIE 6.

307 Y=1.0399X 00337

2.5¢ 7= 0.9994
& 2.0t
= 1.5}
o
= 1.0

0.5t

0 1 1 I 1
0 0.5 1.0 1.5 2.0
e FE /(ng/mL)
K5 PFOA Frifkfih £k Mk v 5
Fig.5 PFOA standard curve and linear equation
Y=1.0668X - 0.0585

251 r=0.9998
= 20T
=
=151
L
= 10r

0.5F

0 1 1 1
0 0.5 1.0 1.5 2.0
W /(ng/mL)

Bl 6 PFOS bR ph £k Fk vk Jr it

Fig.6 PFOS standard curve and linear equation

3.5 MiREIEZER
PARHPAE S TR A S 3 ANIFR A A9 I S2 56,

FREATRI 50, 100 Al 200 pL 7 PFOA. PFOS 433I%
19.2 ng/mL. 20 ng/mL HIFREIRAVETR, B IbRKFER 6
AATRE, S5 4, 2O HA R AES SR B

F 4 MAREEERIRE
Table 4 Standard recovery test

45y Jinkr /g [E1 /% RSD/%
0.96 83.31 32

PFOA 1.92 87.26 7.4
3.84 78.49 39
1.00 81.27 4.1

PFOS 2.00 97.12 3.7
4.00 85.43 2.9

3.6 SEPRAEMAGI

BB AETTE E PR T 8 W— 4R MT . MLY .
JC.CH 4 ™A TR 6 . AREEFE 10~12 A W) 578 A%,
B LA TR B IO ME 18 °C. HU— U PEARARTE H 4
TR S O, R 5 R L AR — R ARAR
HIA A S AR, 3% GB 31604.1-2015 (5%
WARFERERE BBl R R N ), il
%5 M 6 IR U RIS ) T AT IR A
S RE LR AR AN R RS N it

M7 AT AR — U AE AR A AL 7K (A) A A 25
WG AKIIME] PFOA F1 PFOS. PFOA Fll PFOS 7£/K
HRORITLE S G HR v e R AR, I T B R 5 R 0 I ) 65 7K I 9
PEE Ko 4% BRTE 25 CRHLREB)LAK 10% 2 FErE
4 °CHEHLIRZAS(D)PFOA 1 PFOS FiAH B#Aa 1 d1, I H.
10% L BEAE 4 °CEHLIRAS (DR PFOS BRI Z M. Hi
BHLRAS IR T PFOA, FFARKH PFOS, % £ Bk E
BB, ZEF—HHLRZA T (D #1 E)PFOA HyRW7EN /b,
ULHH B B 2552 1 PFOA [RIE H

i 3 1R 08 T ) A 5 S R AR B R R AN
FH— R PEARARRE, 75 D) RS i 45 i sF () G HGRE S s 7
VKA RS G R, XFE PFOA M4er= i KA, SRR
RV AE UM

RS ERMEAIBREDEENEMIRENHERE
Table 5 Food categories represented by the simulated objects
selected in the disposable cup transfer test

B JegE Sl

afik AR (ASRAK, T3k, 4igK)
4%/ YRGBT, B, ok, FSUokl, REmiiokh
10%Z. 1% T 10%Zc A7 AR T (ML, EEAE)
30%Z. 1% B 30% A5 AT (TR TR (TR 46
S0%Z M S0%ZC AT BTDR Ok s TR, L R LI
95%Z. B¢ AR T
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Table 6 Simulation status of the food represented in the pre-experiment
Py BT R g
A #4100 °CH/K Z Wb A B AR AR, BEEHBIFE, JFECE 4 h, BT AR AT K HCE 25 iR — RS
B A% TRTEEAEAA Y, 7 25 CHAF TR 3 h, BETEFERT, Rt s Ior S 7 — R PR i —FloiR s
C A% IRTE EALLA T, T 4 CCHMF T HUE 24 h, BLDRRIEYORHE — U PR AR T e vIAR B2 B— K A R — Rl R 2
D 10%ZEEEEAMN T, 7E 4 CHAF TR 24 h, BT 10% 2247 ATEARS IR S e — R PEAUAR R, 08 DA PR il — ROIR A
E  30%ZBEE LI, 78 4 CCHAHTHUE 24 h, BHE 30%24 4 BTERS AR S 2E— IR PEARAR o, U8 kA T8 il — R AR
F 50%ZBELE 100 °CHEK H A B 10 min, BUDRIZH BB DITELRM H 19— Btk
G 95%Z M 100 °C#h /K 175 10 min, BEIVEZ B9 7EAUR P i) —FleiR 2
—IRHEAAE T
i = PFOA SEH
0.001200 = PFOS
‘g 0.000900 - (1] SRR, W, £, & 2RMLGYNRERED]. /bR,
@ 2009, 21(2-3): 369-376.
mﬁ 0.000600 - Shi YL, Pan YY, Wang JM, et al. Environmental problems of
i&g 0.000300 - perfluorinated compounds [J]. Chem Prog, 2009, 21(2-3): 369-376.
[2] Wu YN, Wang YX, Li JG, et al. Perfluorinated compounds in seafood
0.000000 from coastal areas in China [J]. Environ Int, 2012, 42: 67-71.
[3] Gebbink WA, Letcher RJ. Comparative tissue and body compartment
. L 5 accumulation and maternal transfer to eggs of perfluoroalkyl sulfonates
£ 7 A-G ﬁ?‘l}ﬂ NBWES. and carboxylates in Great Lakes herring gulls [J]. Environ Poll, 2012, 162:
7 —UPEAAR BT rod
Fig.7 Disposable paper cup simulation migration 4] ST, THE, B, 4. KT = B I VAR 2 S M ik o
PFOS 1 PFOA V5 BRI [T]. AEAFREE, 2006, 15(3): 486—489.
4 /J\ é:él: Jin YH, Ding M, Zhai C, et al. Investigation of PFOS and PFOA pollution
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b, HFE SRR T IR TR A R IR L R A
AN AR ZS R B T A% i il

FRT A S P IF T Gk T 1Akl . &bl S A=)
IRZ A1, APPSR NS B 2 S AL & ) XU 19 235
A, BT LAR BRI K 4 SR AL S AU dh, BF RSk
THER AL P IREE A A IR T5 e . AT
P R O I £ B2 B WE ST I B BERT 3, 7R R B IR
THERE AR O AR 2 A S BT s, gk, ol
W&, REAT AR ZESRAE RN O RN R . IR T —
AP b I £ B 5 15 DU TTIRIAE, Ak BRE B i He ful A e o
AP L VE VAN OB AL, WTHE A 2R E R 00
Rtz g R, il 5 B dh A Ak S W ik R B e AR v
HUHE, 0 e [ B b A R b Al S W AR
HEX
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