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Simultaneous determination of perfluorooctane sulfonate acid and
perfluorooctanoic acid in food of animal origin by high performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a high performance liquid chromatography-tandem mass spectrometry
method for the simultaneous determination of perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)
in animal-derived foods. Methods The pretreatment process and chromatographic conditions were optimized.
Samples were extracted without using expensive isotope internal standard, and the mobile phase was 0.05% formic
acid 5 mmol/L ammonium formate aqueous solution and methanol. Multiple reaction monitoring mode was used for

analysis and detection, and external standard method was used for quantification. Results The linearity of PFOS
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and PFOA was good in the range of 0.1-60.0 ng/mL, and the correlation coefficients were both greater than 0.997.

The quantitative limits of PFOS and PFOA were 0.1 pg/kg and 0.01 pg/kg, respectively. The recovery rate of samples

was between 85% and 110%, and the relative standard deviation was less than 10%. This method was suitable for

testing CNCA-23-03(2023) competency verification samples organized by National Certification and Accreditation

Administration, and the competency verification result was satisfactory. Conclusion

This method has the

advantages of simple pretreatment, no expensive isotope internal standard, high recovery rate, good precision and

good chromatographic peak separation effect, and is suitable for the detection of PFOS and PFOA in

animal-derived foods.

KEY WORDS: perfluorooctane sulfonate; perfluorooctanoic acid; isotope internal standard; high performance

liquid chromatography-tandem mass spectrometry
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BE BRI A B AT R, L R R
A 8 S5 XU T e 4, R A S R R i e Ay il B R
2530
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NG HEE, HhiR. PR . RRE (TS, i
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Rk 27 38 550 A BR 2 ®); 2K B i 2 (phenolsulfonic  acid,
PSA) A JURHL () FRA R C18 W BRI (R L1
PNETRIRBAE R R, A7 B fb s SR B ) S Eh (o b
afi, REET P20 A BRA F]); PFOS Frfidlh . PFOA
FRUER (100 pg/mL, XY RAHEE 3%, IxEFK-F5
HE R L), PCy-PFOA FRifEdh . 1,2,3,4-C14-PFOS ARifE iy
(4l >98%, F5[E Wellington laboratories 23 w]); S£56 FH/K
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12 UFE5EE
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RSO R R TR, FRE IR uFERIE T R RS,
M E T 50 mL .0, MK S mL, HERIES 1 min,
A 10 mL ZJiEH1 30 pL £h82, #E% 10 min, AL &5
AN, BKPRRE 10 min, LA 5000 r/min 5.0 10 min, £ 8
PR 5 mL FH—RE S, 78 45°CKIEHPAR
WE 2 4 mL, Rk,

B ERE B Z A 100 mg PSA. 40 mg C18 Fl
20 mg £ B AL SR R0 15 mL B0 4, RHE 10 min, LU
5000 r/min #.0> 10 min, BI FIEER T —4E ., &
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45°CKIEHEMZET, A1 mL PESAE, WA 1 mL 21
$E%, 2 0.22 pm AHLIERELLIEE, FF,
1.3.2  ARBEIR B

FEFEWH 100 ug/mL Y PFOS Fl PFOA FRfE 4% 100 pL,
SRR EEESRE 10 mL R, 4056y
1 pg/mL BFRIE P, T —20°CIKAE & VR IR AT

KR EL 50 pg/mL 1Y °C4-PFOA Fil 1,2,3,4-C14-PFOS
FrAfEfh 45 100 uL, 435 AFEEESAZE 10 mL 558, 5351
il 155 MR R 500 ng/mL AYARHEHR ANV, T-20°CukAie
HRORAT

3 AL AL PFOS By BThb kBl 2.0, 2.5, 3.0, 3.5,
4.0, 5.0, 10.0, 15.0, 20.0, 25.0. 30.0. 35.0, 40.0, 45.0,
50.0. 55.0 ng/mL RAARUERIK; PFOA MR EEREIE S A 2H
0.1, 02, 04, 0.6, 0.8, 1.0, 1.2, 1.5, 1.8, 2.0, 2.2,
2.5 ng/mL (R GIbR AR, TR Y bR U WA P9 b
C,-PFOA 1 1,2,3,4-C1,-PFOS %% [ i E#E /3510 1 ng/mL
'S ng/mL. AR RRORE 2% - R B IS A 7 o
1.4 (LEMERHE
1.4.1 BHAECRARE L4

HE#E 0.2 mL/min; PEEERE: 20 uL; H:E: 30°C; #sh
HH: A 0.05%H1iR-5 mmol/L W iR%:, B HEE, BEEVERE, Vet
FEFAN T : 0~1 min, 90% A; 1~1.01 min, 90% A FFEH 50% A;
1.01~9 min, 50% A T[N 20% A; 9~9.01 min, 20% A _[F+H
70% A; 9.01~10 min, 70% A .
1.42 RigEd&hH

BRI REFR: 2RI (multiple
reaction monitoring, MRM)Z; 720 01 B A=l .
PFOS. PFOA, "C,PFOA #il 1,2,3,4-C14,-PFOS [ & FIE 1
BT RERER IR RS LAR 1, PEOS 1 PFOA K
SRR (15 oI ST e P DL 1

%=1 PFOS. PFOA. “C,-PFOA #01,2,34-C,,-PFOS HIFIE 128
Table1 MS/MS prarameters of PFOS, PFOA, 3C4+PFOA and

1,2,3,4-C1,-PFOS
g T filiAi RS
sy R FEF(m/ .
LLRES (m/z) BT0E) ehev wEN
PFOS 498.9 130, 99, 80 170 60
368.9",219,
PFOA 413 165 90 20
13C,-PFOA 417.1 372", 172.1 80 15
1’2’3"(‘)'5”'PF 503.1 80".1, 99.1 180 65

TN ERET.
1.5 HIREAIE

Rl Origin 2019 b, ECXT ¢ K36k He A briE Ty
AL RTALBRS 2 RO B AG BE 1 B0 IEAE P PFOA FlI
PFOS #4558, i3 SPSS 26 BAEHATSE 4347 -

8000L d 80.0
a PFOAJTiI4
b NFR-PFOA [k
60001 ¢ WHR-PFOSJFi I
° d PFOSJ il
i
% 4000}
= d99.0
2000}
a368.9
al69.0
0[800 co '0d13‘0,0 1 |hl71.6 “‘219‘0 "1»371.8
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B 1 PFOS il PFOA JZH: P ity i i 16 151
Fig. Mass spectrum peak diagram of PFOS, PFOA
standard and their internal standard
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WGE ), FEZARE T SR IBUIMA R 2 bR i 57 =X, )
V7 2% AR AP A 2 TT A S8 AR G Ak 38 3 5 s SFe 1)
25, THBRIERON, A5 50, Tk S R A
B, AR B—1J2 SN/T 3544—2013 (& i
R A e B R R A I 5 RO R - B/
) HPOR FHRE I i A XA S A T O A T i Ak 2,
Tk € R A7 A 2 RS B N3 5] L Ay st el G i
FFA S

A R B RS S A5 G AR TR . DRI, HUAE
FbRMESS, 0T BRAREAS, Wifbid AR, [R] A SOARIE F Ak 3
SRR HERE AR 250, 28] GB 5009.253—2016 AYRTAL
PRI FEAERE ARG R P T 3 Ak B — R R AME
%, AMARNZE NAR 7 T3 58 R i
INERPGS P IA R 2 g FAEN, Bohin A &AL,
TR A R AL A T, TN )2 P 3R B 7 2
TE R AT 5y 2 56 = RIERBG f rh, B AR Uk
MO AR B — 2 SR BOR AR, BIRSEC 5 mL $2EGRIE T
AR, AT 3RE o 1 FE RS BRI i v 81 Oy 2 S B 3 B T
HEWA T KB G B TR, SBERAT, X
IS bl B, AT S B R

43 31 GB 5009.253—2016 A5 5 2 A AL i Ab B s
(5 A FRRE 0 UERE S, A 6 IRSLH, ARIAh S ngk 2
FiR

B KIRTE LR 2 Bl AN BE 7 58 UERE S
PFOS #l PFOA K45 i) 25 50k, & ALK 0=0.05, %X
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Table 2 Detection ability of the 2 kinds of methods verifies the detection results of PFOS and PFOA in the sample
A B4 CcCH4
BIRE  EEUEC g RETAEDNE ARMIE RERAMDNE R IR

Hng/ke) H(ng/ke) (ng/ke) (ng/ke) Hng/ke) (ng/ke)
1 22.50 23.20 45.42 45.49 5.12 5.23
2 22.80 22.20 45.96 45.01 5.34 5.08
3 23.50 23.61 45.80 45.15 4.92 5.04

PFOS
4 23.98 23.64 45.71 44.99 4.72 5.04
5 22.60 23.42 45.75 44.85 4.99 5.02
6 23.89 23.10 45.87 45.10 5.25 5.08
1 2.80 2.95 1.82 1.88 0.925 0.845
2 2.92 2.99 1.89 1.85 0.826 0.854
3 2.98 2.88 1.92 1.95 0.923 0.886
PFOA
4 2.99 2.95 2.15 2.08 0.936 0.954
5 2.70 2.72 1.90 1.86 0.923 0.963
6 2.78 2.90 1.89 1.92 0.879 0.901
R3 2MEERREITDAER
Table 3 Comparison of statistical analysis results between 2 kinds of methods
2253 1) 95 % A5 IX 1) (fBe e 55 07 28)
Y Ja .

e T e oS WBEDEN  RREEN R DR
A 4 PFOS 0.219 0.048 10 0.963 0.01667 0.34658 —0.75557 0.78891
A ZH PFOA 0.269 —0.589 10 0.569 —0.03667 0.06228 —0.17544 0.10210
B 4 PFOS 0.185 0.676 10 0.953 0.956 0.00150 0.02652 —0.0576
B 41 PFOA 0.751 0.086 10 0.933 0.005 0.05809 —0.12442 0.13442
C 4 PFOS 0.296 —0.255 10 0.804 —-0.02500 0.09788 —0.24309 0.19309
C 41 PFOA 0.676 0.057 10 0.956 0.00150 0.02652 —0.05758 0.06058

HI 3 AT AL, 6 AN 25 R A e 35 P 0T 0.05, BiH] Ry B BERY SN o 3 R R SRR &R 1) PFOS #ll PFOA (8

WL B (0 250 AT R 2 R, I A (A (B Sig)ar
FAIRT 0.05, BB GB 5009.253—2016 #RdEJrEM
Ak S5 B AL FEAG I AE S B IEAY 3 AR P AY PFOS F
PFOA AN 25 5 2 [0 AT Bk 22 5 . ShnifE i L,
U A A B R B, ARG A B AR
22 BERXHMRK

AT 2 R EHARE RS Y, AT DLk
LB ZE ATt & 8 A Crg A T A (6
OB . CAIMAGE & B RV B rT A3 = 1k & s B sk
R AL A R B TN 2 TR B ke e AL e R
K, 94T 5 mmol/L Z BREZ-FIEE . 0.1%F R K-
FEE . 0.05%H #R-5 mmol/L Y fg & -H1 i 3 it shAf ik &
X} PFOS 1 PFOA LA B AHRE Al {3 2 N BRI TY | i i {5 L

EE LA 2,

d P 2 AT, 2448 0.05%H BR-5 mmol/L F iR4%-H
BT SIAH IR R (B 2 ik s ml (g R B, 7 B i AR
REL, HI/NRIETHRAIZE R, B EI, &R
TOMAERG, RAERE 0.05%F FR-5 mmol/L H R &L -H B
IR R .
23 FAEFER
231 LMBEEAMEER

3 ) LB B Y BE SR A R (X)), (L AR R (1),
AR R, SlilbRMERRZ . PFOS. PFOA £ty
FERAHSC R BN 4. (5MEHE S/N>10 I 28 FUINbR e i 8
SCORZ TR LOQ, Bkl PFOS. PFOA 19 LOQ ik
4 IR
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o Py — PI$5-PFOA 5 mmol/L Z, - Ff i
N S Nt S,

& 30— PFOA 0.05%H! F2-5 mmol/L ! k- b 5o — WT-PFOA 0.05% ! 2-5 mmol/L i - B
300 F 300 f
250 250 F
X X
i 200 i 200 F
o o
5 150¢ £ 150 F
E 100t E 100}
_—
i //k T ______/L
0 0k
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
LR FE B [A]/min LR EF B [A]/min
— PFOS 5 VL2, e - i —— M5-PFOS 5 mmol/L Z %% - H it
c —PFOS 0.1%1 ﬁﬁaﬁﬂ%;ﬁ% e — WI’PPFOS 0:1%HiR- HI S .
3501  —— PFOS 0.05%F! -5 mmol/L i k-Fl i 350 — WIAE-PFOS 0.05%H1/2-5 mmol/LH -1
300 300 +
250 250 +
E( 200 - M w2007
nH r %’ -
2 150 - 2 150
E 100t E 100
_
0r or
0 2 4 6 g8 10 12 14 o 2 4 6 g 10 12 14
LR EA 1] /min LR EA ] /min
TE: a R SAHGEBEPFOA MY € 1l bR Rl AAHEBE *Co-PFOA I G AR SIAR BB PFOS I . 15 715 S [RIAL S AL G
1,2,3,4-C,,-PFOSI 1K
[E2  RFEF SV BPFOSHPFOA K H: AR (a1 5]
Fig.2 Chromatograms of PFOS, PFOA and their internal standards eluted by different mobile phase
<4 PFOS. PFOA HZIEEYIFFE. HERH. LOQ
Table 4 Linear equations, correlation coefficients and LOQ for PFOS and PFOA
Hirtb &9 2R 195 [l /(ng/mL) e EVEp¥ i FHKREL LOQs/(ug/kg)
PFOS 2.0~55.0 Y=13016.663285X+1044.326671 0.99703 0.1
PFOA 0.1-2.5 Y=2490.862524X+3556.966602 0.99876 0.01

: E B PR (limit of quantitation, LOQ).

ZERFW, TE 0.1~60.0 ng/mL ¥ LR N, BTG
PFOS Hl PFOA Jittat i J& 1 St 25 1) 06 1T AR W AEL R
KR RAF(>0.997), % LOQ 1 GB 5009.253—2016
T LOQ —E, T i s R DU A 75K
232 EHEHEE

2k, ZAEHIRIER 3 HEMH GB 5009.253—
2016 J7 A5 B A I AB 4351 A 41 PFOS 23 pg/kg, PFOA
3 ng/kg; B ZH PFOS 45 ug/kg, PFOA 2 ng/kg; C 241 PFOS
5 pg/kg, PFOA | pg/kg 2247, WRIGMBAICMELE R, #%
ML3 AR PRy 3, ROE & A AR LA ntr
AT AR, BASIARACE AT 6 PATSEE, 25 S,
B A I i A B it 25 R A AR AR E IR 222N TF 10%, T

SEERE MR, S RS L 85%~110%2
], 9 R Ak P R R 25 R R A /N EoR, R WZ
NG BT, R SR E & A PFOS il PFOA Y
R 5 R
24 LRRMERNE

SR BT ST (14 5 o i B R T B A B R L rp
ISR 2= 0 58 B A v O AL 2L S TR B
PFOS. PFOA &) CNCA-23-03(2023)fE /1 iiFkE
SRR, o A SR ARSI A G, B 4R C APl
FEGRRE I B UESS SR PFOS 1 Z B4 5% 0.1, 0.3, PFOA
1 ZAE 53 51-0.3 05 |ZIF4/NT 3, SR
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Table 5 Recoveries and relative standard deviations of PFOS and PFOA (n=6)
AE IS PFOS PFOA
P JnbRve B/ (ng/kg) (B3 /Yo A K s U s 2 /% TNFRAR BE (ng/kg) [R5 25/ Yot A R o 1 A 22 /%
A4l 23 96.1£3.6 3 99.8+2.2
B4 45 100.5+0.5 2 105.3+£8.4
Cc# 5 98.9+2.6 1 101.1+4.6
s 29-39.
3 &% i

ABFFEHESL T —Fh[R]I0E S i £ i b PROS il

PFOA 177k, DAL T HTAL BRE PR AN €35 55 18, AEHI
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