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( Dragon Lab ) ; TRIO TMAN ( AS ONE ) ; SR2DS ( TATEC )
330K ( Sigma ) ; N-EVAP 112 ( Organomation Associates ) ; Milli-Q
( Millipore ) ; KQ-600B ( ) o

‘3(:4—\ \’3(:2-‘ \”‘02—‘ WP (‘:4- \‘3C4‘— C- .
PC,- Le,- Pe,- ( Wellington ) N ( Fisher

) ( Acros Organics ) ; C,s( CNWBOND HC-C;y 40 ~63 pm CNW ) N-

( PSA 40 ~60 pm ) ( GCB CNWBOND Carbon-GCB 120 ~ 400 CNW

) Milli-Q o
2.2
2.2.1 2.00 g 50 mL 4 mL

1 min 0.1% 10 mLL I min 10 min 2 g NaCl

10 min 13000 r/min 10 min, 15 mL 40 °C 4 mL

4 mL o
2.2.2 80 mg C;;~100 mg PSA 40 mg GCB
10 min 13000 r/min 10 min ( 4 ml) 40 C 1 mL

0.22 pm HPLC-MS/MS o
2.2.3 HPLC-MS/MS . Atlantis T3 (150 mm x2.1 mm 3 wm) ;
38 C; 2 0.2 mL/min; 210 pL; A 5 mmol /L. NH,Ac— B 5 mmol/L
NH, Ac ; :0~3 min 10% ~30% A;3 ~13 min 30% ~100% A;13 ~14 min 100% ~10% A,
14 ~20 min 10% A.
: ( ESI) ; ( MRM) ; ; : 3.0 kV;

120 C; ; 650 L/h; 1350 °C; ; 100 L/h; ; 2.4
x107° Pa. Lo

1 20 PFAS

Table 1  Mass spectmmetric paramenters for 20 perfluoroalkyl acids ( PFAS)

N Q s Molecular Parent ion Product ion  Collidion energy ~ Cone voltage
0 ompounds weight (m/z) (m/z) (eV) (kV)
1 Perfluoro-n-butanoic acid ( PFBA) 214.04 213 169 15 20
2 Perfluoro-n-pentanoic acid ( PFPeA) 264.05 263 219 15 20

80" 48
3 Perfluorod -butanesulfonate( L-PFBS) 300.19 299 99 35 >0
4 Perfluoro-n-hexanoic acid( PFHxA) 314.05 313 260 15 20
5 364.06 363 319° 15 20
Perfluoro-n-heptanoic acid( PFHpA) : 169 27
5 80" 55
6 Perfluoro- -hexanesulfonate( LPFHxS) 400.20 399 99 40 63
7 414.07 413 369" e 20
Perfluoro-n-octanoic acid( PFOA) ’ 169 30
80" 65
8 450.10 449 70

Perfluoro -heptanesulfonate( L-PFHpS) 99 55
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1( Continued to Table 1)

N C ds Molecular Parent ion Product ion  Collidion energy ~ Cone voltage
0- ompounds weight (m/z) (m/z) (eV) (kV)
9 464.08 463 4197 20 25

Perfluoro-n-nonanoic acid( PFNA) ’ 219 30
10 500.22 499 80° 55 20
Perfluoro -octanesulfonate( LPFOS) ’ 99
11 514.08 513 469" 20 20
Perfluoro-n-decanoic acid( PFDA) : 219 30
2 564.09 563 5197 20 20
! Perfluoro-n-undecanoic acid( PFUdA) ’ 219 30
80" 60 o
13 Perfluoro- -decanesulfonate( L-PFDS) 600.22 599 99 32
569" 23
14 Perfluoro-n-dodecanoic acid( PFDoA) 614.10 613 109 45 %
664.11 663 619" 2 25
15 Perfluoro-n-ridecanoic acid( PFTrDA) ’ . 169 45
714.11 713 669" 26 25
16 Perfluoro-n—tetradecanoic acid( PFTeDA) ’ 169 35
814.13 813 769" » 25

17 Perfluoro-n-hexadecanoic acid( PFHxDA) T 169 58

18 914.14 913 869" » 25
Perfluoro-n-octadecanoic acid( PFODA) ’ 169 60
80" 70

19 Perfluorod -nonanesulfonate( LPFNS) 330.12 49 99 65 i

20 350.09 350 80° 65 60
Perfluoro- pentanesulfonate( L-PFPeS) : 99
21 Perfluoro-n— *C,  butanoic acid( MPFBA) 218.04 217 172 18 19
22 Perfluoro-n— 1 2-°C, hexanoic acid 316.05 315 270 20 17
( MPFHxA)
23 Perfluoro -hexane '*0, sulfonate 404.20 403 103 55 65
( MPFHxS)
24 Perfluoron— 1 2 3 43¢, octanoic acid 418.07 417 372 18 19
( MPFOA)
25  Perfluoron— 1 2 3 4 5'3C; nonanoic acid 469.08 468 423 17 67
( MPFNA)
26 Perfluorod-1 2 3 4°C, octanesulfonate 504.22 503 99 70 30
( MPFOS)
27 Perfluoro-n— 1 2-*C, decanoic acid 516.08 515 470 25 20
( MPFDA)
28 Perfluoro-n- 1 2-°C, undecanoic acid 566.09 565 520 23 25
( MPFUdA)
29 Perfluoron— 1 2-3C, dodecanoic acid 616.10 615 570 23 27
( MPFDoA)
E ( Quantificative ion)
2.3
2.3.1 ( 2.2 )

0.1 0.5 1 2 5 10 pg/L



2.3.2 2.4.1 I pg/L
3
3.1
PFAS Cis
et Waters XTerra C;; Capcell Pak C;;  Atlantis T3 C,
Atlantis T3 Cq o - s -
o PFAS NH,Ac
pH v NH, Ac
® Atlantis T3 C g 5 mmol /L. NH, Ac
5 mmol /L. NH, Ac ( 2.3 ) 20 20 min
2. PFOA L-PFOS MRM 1o
3.2
s 2 20 PFAS
SO5” Table 2 Retention times of 20 PFAS
ESI ESI Retention Retention
R 20 va /min Compounds time Compounds time
( min) ( min)
100 pg/L PFAS m/z 200 ~ 1000 PFBA 4.95 PFDA 9.07
PFPeA 5.47 PFUdA 9.91
_ L-PFBS .47 L-PFDS .77
PFAS M-H > ’
PFHxA 5.96 PFDoA 10. 68
° PFHpA 6.61 PFTrDA 11.38
L-PFHxS 6.56 PFTeDA 12.01
PFOA 7.36 PFHxDA 13.05
L-PFHpS 7.29 PFODA 13.92
° PFNA 8.21 L-PFNS 8.99
o L-PFOS 8.11 L-PFPeS 5.96
( MRM) N
1 o
737 8.14 L-PFOS
e 499/80
413/369
L 1 1 1 1 1 1 1 1
6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
t (min) t (min)
7.36 8.13
PFOA L-PFOS
413/169 499/99
L 1 1 1 | L 1 1 1
6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
# (min) t (min)
| PFOA  LPFOS MRM (1.0 pg/L)
Fig.1 MRM chromatograms of PFOA and L-PFOS standards ( 1.0 pg/L)
3.3
PFAS o
0.1% HCl- 19 2 g, _ 21 13 19 21

PFAS. N <0.1% HCl- 2% -
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V. 2% -
(2% Formic acid in acetonitrile) ; V. 0.1% HCI- (0.1%
Hydrochloric acid in methanol) ; VI. 2% - (2% Formic

(0.1% Hydrochloric acid in acetonitrile) ;

acid in methanol) . 1.

( The lowest rate of recovery) ;

0. 1% HCl- 2% - o
0.1% HCl- 1 pg/kg 85.3% ~
117.2% 2. 0.1% HCl- o
3.4
N PSA . Ce
GCB N o
3 0
Cpy 80% . PSA
GCB o 3
PSA.Ci~GCB(1: 1: 1 2: 201 2.5: 201 30 20 1 w/w) ( 3)
2.5 2 1 3 PSA.C,;~GCB 20 PFAS
3% ~112% o ( PSA
Cy GCB 2.5 21 w/w) .
140 120 5 .
1201 . > 100
2 2
L 2 »
< 100 » s % 1
= 80r P
2 60f ol : : 1 I g 60 . ‘
£ 4ok e 40
20+ 20
0
1 1 111 v v V1 2:2:1 2.5:2:1 3:2:1
2 20 PFAS 3 (PSA Cy GCB)
(n=3) 20  PFAS
Fig.2 Recoveries of 20 PFAS in bovine liver by different Fig. 3 Recoveries of 20 PFAS in bovine liver by different
extraction solutions ( n =3) proportions of adsorbents for PSA  C;; GCB
I. ( Acetonitrile) ; 1I. ( Methanol) ; 1. 0.1% HCI- 1. ( The lowest rate of recovery) ; 2.

( The highest rate of recovery) , PSA: N-propylethylendiamine
GCB: Graphitized carbon blacks.

2. ( The highest rate of recovery) o
3.5 3 PFAS
Table 3 Matrix effect for PFAS in bovine liver
1 p,g/ L A7 Copound Mat(ri‘);o f):ffect Copound Mat(riz;ﬁ c;ffe(:t
1 “’g/L PFBA 43 PFDA 141
B. ME( %) =B/A x100 * PFPeA 156 PFUdA 125
3, ME > 100% ME L-PFBS 100 LPFDS 86
PFHxA 102 PFDoA 79
<100% ° PFHpA 138 PFTrDA 158
° L-PFHxS 93 PFTeDA 107
PFOA 109 PFHxDA 87
L-PFHpS 144 PFODA 45
° PFNA 119 L-PFNS 117
L-PFOS 143 L-PFPeS 130
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3.6
PFAS PFAS
5
o L-PFHpS.PFTrDA.L-PFPeS
17  PFAS 4,
3 (S/N)
(LOD) 10 (S/N) ( LOQ) 4, LOD
0.05~0.2 pg’/kg LOQ 0.4~0.5 pg/kg o
4 20 PFAS N N N
Table 4 Linear range regression equation correlation coefficient LOD and LOQ of 20 PFAS
Compounds Internet Linear range Regression ((,:me;gljll:rjlrt] LOD LOQ
pounds standard (pg/L) equation o (n ( pg/kg) ( pg’kg)
PFBA l3C4—PFBA 0.1~10 y =260. 37x +425.65 0.9954 0.1 0.5
PFPeA 3¢, PFHxA 0.1~10 y =106. 4x +6. 3965 0.9998 0.1 0.5
L-PFBS 3¢, PFHxA 0.1~10 y =225.76x +412.93 0.9950 0.2 0.5
PFHxA 3¢, PFHxA 0.1~10 y =63.452x +105. 18 0.9952 0.1 0.5
PFHpA 180, PFHxS 0.1~10 ¥ =50. 857x +74. 622 0.9965 0.1 0.5
L-PFHxS 180, PFHxS 0.1~10 y =342. 69x +269.91 0.9960 0.1 0.4
PFOA B3¢, PFOA 0.1~10 y =84.561x +47.33 0.9975 0.1 0.5
L-PFHpS - 0.1~10 y =246. 12x +29. 546 0.9976 0.2 0.5
PFNA 13, PFNA 0.1~10 y =154.39x - 11.067 0.9971 0.1 0.5
L-PFOS 13C[;—PFOS 0.1~10 y=170.85x - 117.17 0.9973 0.1 0.5
PFDA 3¢, PFDA 0.1~10 y =40. 938x —43.761 0.9974 0.2 0.5
PFUdA l3C2 PFUJA 0.1~10 y=27.733x -38.113 0.9976 0.05 0.4
L-PFDS 3¢, PFDoA 0.1~10 y =153.55x -247.05 0.9970 0.1 0.4
PFDoA 3¢, PFDoA 0.1~10 y =46.5x —92.82 0.9985 0.1 0.5
PFTrDA - 0.1~10 y =237.98x -85.62 0.9956 0.05 0.4
PFTeDA '3C2—PFD0A 0.1~10 y =229. 14x -768.91 0.9955 0.1 0.4
PFHxDA 3¢, PFDoA 0.1~10 y =178. 46x —487. 61 0.9974 0.05 0.4
PFODA 3¢, PFDoA 0.1~10 y =38.818x —72.46 0.9958 0.2 0.5
L-PFNS BCsPFNA 0.1~10 y =452.3x +397.2 0.9950 0.05 0.4
L-PFPeS - 0.1~10 y =289. 5x +100. 6 0.9960 0.1 0.5
3.7
1 4 10 LOQ o
0.5 2 5 pg/kg PFAS
6 0 ( RSD) . PFAS
70.3% ~108.1% RSD 2.1% ~11.9% 5.
3.8
60 PFDA . L-PFHxS. L-PFOS
0.6~0.9 png/kg 7.3% o PFAS
° 4 3 PFAS MRM 0
HPLC-MS/MS 20  PFAS 0

~ ~ ~ ~

PFAS o
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5
Table 5 Accuracy and precisionin of the method
Compounds S}(Jllli(;i kl;/el Mear(l (1"7(;()’,0\/61'}/ (% RS;LD: 6 Compounds S%)illi(;(} kl;;/cl Mca? gﬂ:c)‘uvery (% Rb;lDz 6
0.5 101.6 5.7 0.5 100.1 10.1
PFBA 2 99.1 5.2 PFDA 97.2 4.1
5 115.0 6.9 5 112.0 11.2
0.5 81.1 5.0 0.5 95.1 4.2
PFPeA 2 85.0 3.6 PFUdA 2 96.3 8.0
5 84.0 10.9 5 104.9 7.5
0.5 92.0 6.0 0.5 94.0 5.8
L-PFBS 2 102.4 5.0 L-PFDS 101.5 8.5
5 92.4 9.5 5 89.9 6.7
0.5 80.9 6.0 0.5 91.0 5.2
PFHxA 2 103.7 3.0 PFDoA 2 102.9 10.1
5 85.7 2.1 5 96. 1 11.4
0.5 82.1 3.0 0.5 78.4 7.1
PFHpA 2 95.7 7.1 PFTrDA 84.7 6.3
5 80.4 10.8 5 74.4 7.7
0.5 90.3 9.5 0.5 80.9 9.3
L-PFHxS 2 103.4 6.1 PFTeDA 2 96.1 5.3
5 83.7 9.5 5 95.6 10.4
0.5 84.1 8.0 0.5 70.3 10.3
PFOA 2 106. 8 6.6 PFHxDA 94.9 8.9
5 103.7 8.5 5 80.2 10.5
0.5 74.4 6.0 0.5 71.3 9.3
L-PFHpS 2 79.3 7.0 PFODA 2 89.8 10.4
5 77.4 10.0 5 73.4 8.6
0.5 80.3 7.0 0.5 79.5 5.8
PFNA 2 102.3 8.1 L-PFNS 85.7 10.7
5 84.7 8.7 5 75.8 8.8
0.5 89.6 9.0 0.5 108.1 7.8
L-PFOS 2 103.1 4.1 L-PFPeS 2 87.5 6.9
91.1 9.8 5 79.8 11.9
644 I-PFHxS 813 L-PFOS %06 PEDA
g 399/99 b 499/80 ¢ 513/469
L L 1 1 1 L 1 Dt L = 1 1
5.0 6.0 7.0 8.0 9.0 6.0 7.0 8.0 9.0 10.0 8.0 9.0 10.0 11.0 12.0
¢ (min) ¢ (min) ¢ (min)
6.46 Sl
8 oo b 3 e ¢ 13259
L 1 1 1 1 k_ L 1 1 1 1 ]
5.0 6.0 7.0 8.0 9.0 6.0 7.0 8.0 9.0 10.0 8.0 9.0 10.0 11.0 12.0
t (min) ¢ (min) t (min)
4 (a) LPFHxS MRM (0.6 pg’kg); (b) L-PFOS  MRM
(0.7 pglke) ;s (c) PFDA  MRM (0.9 pg/kg)
Fig.4 (a) MRM Chromatograms of L-PFHxS detected in bovine liver (0.6 pg/kg) (b) MRM Chromatograms of

L-PFOS detected in bovine liver (0.7 ug/kg) and ( ¢) MRM Chromatograms of PFDA detected in bovine liver

(0.9 pg/ke)
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Development of a QuUEChERs Method for Determination of 20
Perfluorinated Compounds in Animal Liver by HPLC-MS/MS

HE Jiandi'> PENG Tao * XIE Jie’ DAI Han-Hui’ CHEN Dong-Dong’
YUE ZhenFeng' FAN Chun-Lin®> LI Cun™'
'( Tianjin Agricultural University Tianjin 300384 China)
*( Chinese Academy of Inspection & Quarantine Beijing 100123  China)
*( College of Veterinary Medicine China Agricultural University Beijing 100083  China)
*( Shenzhen Entry-Exit Inspection and Quarantine Bureau Shenzhen 518033  China)

Abstract A method for simultaneous determination of 20 Perfluorinated alkyl substances ( PFAS) in animal
liver using QuEChERs and HPLC-MS/MS technique was developed. The samples were extracted with 0. 1%
hydrochloric acetonitrile and cleaned up with C,;  N-Propylethylendiamine ( PSA) and graphitized carbon
blacks ( GCB) . The analytes were separated by a reversed phase C,; column and gradiently eluted with a
mixed solution of 5 mmol /L. ammonium acetate methanol and 5 mmol /L. ammonium acetate. The samples were
quantified using isotope internal standard and external standard with the matrix matched standard calibration
curve method. Good linearity was obtained for all the 20 PFAS at the concentration of 0.1 - 10 pg/L with the
linear correlation coefficients more than 0.9995. The limits of detection ( LOD) and the limits of quantification
(LOQ) for PFAS were 0. 05 — 0.2 pg/kg and 0.4 - 0.5 pg/kg respectively. The recoveries at three
different concentration levels (0.5 2 and 5 wg/kg) were in the range of 70. 3% - 108. 1%. The
repeatability expressed as relative standard deviations ( RSD) was ranged from 2.1% to 11.9% (n =6) .

Keywords Perfluorinated alkyl substances; QuEChERs; High performance liquid chromatography-tandem

mass spectrometry; Animal liver
( Received 29 July 2014; accepted 19 September 2014)
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