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; ( , J. T. Baker ) ( ) ) ( )
) Milli-Q ,Oasis® WAX (60 mg, 3 mL, 30 pm., Waters )
:50 mg/L PFOA (Perfluoroctanoic acid) .50 mg/L PFOS (Perfluorooctan-esulfonate) .50

mg/L FOET (2-Perfluorooctyl ethanol) 50 mg/L. NMeFOSA ( N-Methyl - perfluoro-1-octanesulfon-
amide) ; :50 mg/L MPFOA (Perfluoro-n{1, 2, 3, 4-"*C, | octanoic acid), 50 mg/L MP-
FOS (Sodium perfluoro-1-[1, 2, 3, 4" C,] octanesulfonate), 50 mg/L. MFOET (2-Perfluorooctyk
[1, I-*H, {1, 2= C, Jethanol) 50 mg/L d-NMeFOSA (N-Methyl-d;—perfluoro -1-octanesulfon-
amide) , , 98% .

2.2 -
2.2.1 UPLC (PFOA PFOS)!'? BEH Cy (50 mmX2.1 mmX 1.7 pm); .50 C;
0.4 mL/min; :20 pl; . A s B 2 mmol/L

. :0~5.0 min,20% ~90% A;5.0~5.1 min,90%~100% A;5.1~6.0 min,100% A;6.0
~7.0 min,100%~20% A;7.0~9.0 min,20% A,
2.2.2 UPLC (FOET NMeFOSA) BEH Cj (50 mmX<2.1 mmX 1.7 pm); :30 °C; 0.
25 mL/min; :20 pl; . A , B . :0~5.0 min, 50% ~
100% Aj;5.0~6.0 min,100% A;6.0~6.1 min,100%~50% A;6.1~9 min,50% A,
2.2.3 MS (PFOA  PFOS) (ESD), :0. 95 kV;
120 °C; 400 °C :800 L/h; :50 L/h; :0. 45 mL/
min; (MRM) , 1,
2.2.4 MS (FOET  NMeFOSA) (ESD; 3.0 kV;
120 °C; : 300 C; : 600 L/h; : 60 L/h;
0.4 mL/min; (MRM) , 1,

1 PFOA, PFOS, FOET, NMeFOSA
Table 1 MS parameters of PFOA, PFOS, FOET, NMeFOSA and their internal standards

Compounds Parent ion (m/z) Daughter ion(m/2) Cone voltage (kV) Collision energy (eV)
PFOA 413 369* 15 10
MPFOA 417 372% 15 10
499 80 50 48
PFOS
499 99* 50 35
503 80 50 48
MPFOS
503 99* 50 35
463 355 12 12
FOET
463 403* 12 12
467 356 12 12
MFOET
467 406* 12 12
512 169* 20 30
NMeFOSA
512 219 20 30
515 169 * 20 30
d-NMeFOSA B
515 219 20 30
* ( Quantificational ions). PFOA: Perfluoroctanoic acid; MPFOA : Perfluoro-n{ 1, 2, 3, 4-13C, ] octanoic acid; PFOS;

perfluorooctanesulfonate; MPFOS; Sodium perfluoro-1-[1, 2, 3, 4-13C, ] octanesulfonat; FOET ; 2-Perfluorooctyl ethanol; MFOET ; 2-
Perfluorooctyl{ 1, 1-2H, {1, 2-13C; J-ethanol; NMeFOSA : N-Methyl - perfluoro-1-octanesulfonamide; d-NMeFOSA ; N-Methyl-d3-

perfluoro -1-octanesulfonamide.

2.3
2.3.1 1 mL , , 2 mL , ; 15
min, 15 min Oasis® WAX  ( 3 mL 9% - 3 mlL 3 mL

);  1mL2% 2 mL , 1 mL FOET NMeFOSA,3 mL 9% -

PFOA  PFOS; 0.2 pm ) - , - 1:1, V/V)
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1mL, 0.2 pm o
2.3.2 1 mL (lg . 5mL ),
2 mL , , 15 min; 15 min , 30 mL;  Oasis®
WAX ( 3mL9% -  3mlL 3 mL ), .
3
3.1 UPLC-MS/MS
3.1.1 3 (D A: ; B:0.1% :(2) A ; B:2 mmol/L ;
(3) A ,B: ) L,FOET NMeFOSA . (O (@ .
3 o o 30°C
50 C . 0.4  0.25 mL/min , 0.4 mlL/min ,
0.25 mL/min , 0.25 mL/min , o
2.2 . , . . ,
, . MRM 1,
488 4.82

d-NMeFOSA [\ MFOET

URAMAN LALAN LLARN LALAS AR AR AanL |
45 5.0 5.5 6.0
t/min

4.91 4.85

NMeFOSA FOET
F

LRl IR RARLS RALLE LELR LALES LALRE LARLY
40 45 5.0 5.5 6.0 4.0 45 5.0 5.5 6.0 4.0 45 50 55 6.0
#/min #/min {/min

1 FOET ,NMeFOSA MRM
Fig. 1 Total ion current chromatograms and MRM chromatograms for FOET, NMeFOSA and their

internal standards

N o 300 C 400
T ; , . ;
, o 300 C
3.0 kV o
FOET »NMeFOSA ) :  ESI ) ) FOET
, ) [17] i NMeFOSA

o

PFOA  PFOS FOET NMeFOSA

) ,  PFOA PFOS FOET NMeFOSA o
3.1.3 PFOA ,FOET.NMeFOSA  PFOS )
, . , FOET m/z 463/403,
NMeFOSA m/z 512/169 s PFOS, m/z 499/80 ,
s R m/z 499/99 y
3.2
3.2.1 FOET NMeFOSA )

. 1 mL 5 pg/L.  FOET NMeFOSA .
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200 pl., o ;
. PFOA  PFOS o
3.2.2 FOET NMeFOSA 5ug/LL  FOET
NMeFOSA., 2¢h . 2.3 , 3mL 9%
) PFOA  PFOS, FOET NMeFOSA PFOA
PFOS, o
3.2.3 Chu 0¥ Oasis® WAX 3  FTOH
NMeFOSA , 73%~102%, Oasis® WAX PFOS.PFOA
SPE Oasis® WAX 4 .
5nug/L 4 1 mL, 10 mL Oasis® WAX
. SPE 3mL 9% .3 mL 3 mL ; 1 mL 2% 2 mL
y s, 0.2 pm , o
0.5,1.0, 1.5 2.0 mL . 0.2 um ,
o ,0.5 mL 35% FOET  NMeFOSA
. 1mL 80% FOET  NMeFOSA . 3.2.1 . FOET
NMeFOSA , , . 1 mL
FOET NMeFOSA, 3mL 9% - PFOA PFOS,
3.2.4 1 mL , (5 ng MFOET  d-NMeFOSA, 1 ng MP-
FOA  MPFOS) FOET, NMeFOSA, PFOA PFOS (4
5 ug/L), 2 mL 2% .10 mmol/L NaOH . 15 min
15 min , QOasis® WAX 30 mL . 3
. 4 2, 2% , FOET
; .10 mmol/LL NaOH , , 3
. .10 mmol/L NaOH s 4
50%~80% . , .
2 4 ( :5 pg/L)

Table 2 Recoveries of four extraction methods for four target compounds with spiked level of 5 pug/L in mouse serum
Recovery (%)

Compounds 2% 10 mmol/L NaOH H,0O
Methanol (%) 2% Aqueous formic acid (%) %)
FOET 94.5 127.6 106. 8 116.1
NMeFOSA 97.9 111.8 104.5 101. 8
PFOA 101.5 109. 7 107.7 108. 4
PFOS 105. 2 86.9 103. 3 104. 4
3.2.5 1mL , (10 ng MFOET  d-NMeFOSA, 1
ng MPFOA  MPFOS) FOET, NMeFOSA, PFOA PFOS (FOET NMeFOSA
10 ug/L.PFOA  PFOS 2.5 ug/L). 2 mlL 2% .10
mmol/L. NaOH . , 10 mmol/L NaOH ,FOET
’ b o 2%
. 3. 2% 4 ;
. 4 ) o
3.3 N
- (8:2,V/V) s FOET NMeFOSA 0.1, 0.5, 1,10 20 pg/L
, MFOET  d-NMeFOSA 1 pg/L. - (1:1,V/V) s PFOA

PFOS 0.1, 0.5, 1, 10 20 ug/L s MPFOA  MPFOS 1 ng/L.
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2.2 UPLC-MS/MS , 3 4
, 2., Table 3 Recoveries of two extraction method for four target compounds
) Recovery( %)
R*>0. 99, 0.1~20 pg/L Compounds Added 2%
,FOET, NMecFOSA, PFOA  PFOS ) (pe/L) Methanol 2% Aqueous formic acid
FOET 10 114.5 102. 4
° NMeFOSA 10 112, 9 97.4
PFOA 2.5 101. 2 100. 7
FOET., PFOS 2.5 103. 4 107. 8
NMeFOSA,PFOA PFOS, 2.3
, (LOD) (LOQ), 3 (S/N)
,10 (S/N) ) 4,
4 \
Table 4 LOD and LOQ of FOET and NMeFOSA in two biological matrix
Compounds Biological matrix Regression equation (R?) LOD (pg/L) LOQ(ug/L)
Mouse serum 0. 15 0.50
FOET . y=0.53x 0. 997
Mouse liver homogenate 0.42 1. 50
Mouse serum 0.05 0.18
NMeFOSA _ y=0. 64x 0.997
Mouse liver homogenate 0.03 0. 10
Mouse serum 0.01 0. 04
PFOA _ y=0. 82 0. 995
Mouse liver homogenate 0.01 0. 04
Mouse serum 0.01 0. 05
PFOS . y=0.87x 0.991
Mouse liver homogenate 0.01 0. 05
3.4
) FOET, NMeFOSA, PFOA  PFOS, 2.3
2.2 o s (RSD)
, 5, 94.6%~128.4% ; RSD 15.0%.
5
Table 5 Experimental result of accuracy and precisionin two biological matrix
Biological matrix Compounds Spiked level (ng/L) Mean recovery( %) RSD(% .n=16)
0.5 94. 6 5.5
FOET
5 116.1 12.6
0.5 116. 6 5.5
NMeFOSA
5 101. 8 4.3
Mouse serum 0.5 103.8 3.3
PFOA
5 108. 4 2.5
0.5 128.4 14. 3
PFOS
5 104. 4 5.2
2.5 119.7 14.9
FOET
10 114.5 3.9
2.5 101. 4 6.1
NMeFOSA
10 112.9 10.1
Mouse liver homogenate 2.5 101. 2 6.2
PFOA ’ ’
10 97.5 4.2
2.5 103. 4 8.0
PFOS
10 105. 0 8.7
3.5
(FOET, NMeFOSA ) , 2
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5.26 4.18 3.93 5.09

) MFOET
d-NMeFOSA MPFOS MEEGS

T T T T T T r T T T T T T T T T T T T T T T T T T

10 45 50 55 40 45 50 55 40 45 50 55 40 45 50 58

t/min t/min t/min #/min
5.26 4.18 3.93 5.09
4.09
~ 397422 4.84
PN

40 45 50 55 40 45 50 55 40 4.5 5.0 55 40 45 50 55
#/min t/min t/min #/min

2

Fig. 2 Chromatograms of four target compounds in positive sample of mouse liver homogenate

4
FOET NMeFOSA  UPLC-MS/MS o . , s
, , PFOA  PFOS .
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Investigation of Perfluorooctanoic Acid and Perfluorooctanesulfonate and
Their Precursors in Biological Matrix by Ultra Performance Liquid
Chromatography and Tandem Mass Spectrometry

WANG Yu-Xin', LI Jing-Guang*', ZHAO Yun-Feng', GUO Fei-Fei"" ?, WU Yong-Ning'
' (National Institute for Nutrition and Food Safety ,
Chinese Center for Disease Control and Prevention, Beijing 100050)
?(School of Public Health , Shanxi Medical University, Taiyuan 030001)

Abstract  An original method based on ultra performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) was developed for the determination of perfluorooctanoic acid (PFOA), perfluorooctanesul-
fonate (PFOS) and their precursors in biological matrix. Target compounds were extracted with water or
methanol in corresponding biological matrix by ultrasonic. Then the extract was purified by solid phase ex-
traction (Waters Qasis® WAX 6c¢c), after that the precursors compounds were eluted with methanol and
PFOA and PFOS were eluted with 9% NH, OH in methanol. Finally the target compounds were separated on
a Waters ACQUITY™ BEH Cjs column (50 mm 2.1 mm>X1.7 pm) and detected by negative electrospray
ionization mass spectrometry in multiple reaction monitoring mode. The average recoveries for four target
compounds in two biological matrixs were 94. 6 % —128. 4% by using internal standard method and the rela-
tive standard deviations were 2. 5% —14. 9%. For the four target compounds in two biological matrixs, the
limits of detection of the method were in the range of 0. 01—0. 42 pg/L and the limits of quantification were
in the range of 0. 04—1.5 pg/L. With high accuracy and sensitivity, the method was simple and rapid, and
can apply to evaluate the metabolic characterization and the source of exposure for PFOA and PFOS in biolog-
ical matrix.

Keywords  Ultra performance liquid chromatography and tandem mass spectrometry; Biological matrix; Sol-

id phase extraction; Perfluorooctanoic acid; Perfluorooctanesulfonate; Precursors compounds
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