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Determination of 19 fluorinated alkyl compounds in liquid milk by ultra-high performance liquid
chromatography-tandem mass spectrometry

SUN Chen, WANG Xi, YANG Run
(Jiangsu Provincial Center for Disease Control and Prevention, Jiangsu Nanjing 210009, China)

Abstract: Objective To optimize the sample pretreatment process by using HLB-P/HMR-Lipid SPE purification
column. In combination with ultra-high performance liquid chromatoplc-tandem mass spectrometry, a method for
simultaneous detection of 19 fluorinated alkyl compounds in liquid milk was established. Methods The sample was
extracted by means of acetonitrile dissolving precipitated protein vortex, and the commercial double-layer solid phase
extraction column HLB-P/HMR-Lipid SPE was used to purify the lipid. Then the methanol-water (8:2, v/v) was redissolved
after nitrogen blowing, and the mobile phase gradient elution was performed by using methanol and 2mmol/L ammonium
formate solution. The targets were separated by ACQUITY Premier BEH C18 column (100 mmx2. 1 mm, 1.7 pm) ,
detected by electrospray ion source and negative ion multi-reaction monitoring mode, and quantified by internal standard
method. Results The linear relationships of 19 fluorinated alkyl compounds were good in the range of 0. 1-50 wg/L., and
the correlation coefficient r was greater than 0. 995. The limit of detection was 0. 003 7-0. 009 5 pg/kg and the limit of
quantification was 0.012 4-0. 031 7 wg/kg. The recoveries of low concentrations (0. 1 pg/kg) , medium concentrations
(1 peg/kg) and high concentrations (8 pg/kg) in liquid milk ranged from 73.8% to 113.1%, the relative standard
deviations were less than 10% (n=6). Conclusion The method is accurate, reliable, sensitive, reproducible and
suitable for the detection of fluorinated alkyl compounds in liquid milk.

Key words: Ultra-high performance liquid chromatography/tandem mass spectrometry ; liquid milk ; fluorinated alkyl compounds
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AR w5 EAREN (O B 46 W A R 50 271l i 4y
A BRZY w5 5256 FH R by e ali v K W 1 TR e
AL T Eh A K R Fisher 4:457K . ACQUITY Premier
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BIRAA ;G E O, Multifuge X1R Pro % , 1t [
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B 1 mL NARTR A IR B R 8:2 1 HE K
FEAZE 10 mL, 13 N bR T AF W% B2 4 200 ng/mL,
-18 ‘CF R4
123 RAEWERIRRY]:
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A 250 pL WAR TAE W, FIAR R EE o 802 Ay HY K
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5.0 ng/mL.
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PEHL R 5 g i E T 50 mL HIZE B0
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N IR EIRA) 30 min'™®', 10 000 r/min £ 0> 10 min
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A% 104 mm) T A IRORE 635 - H ETT 1 4SO 2
1.4 U510
1.4.1 s

Waters ACQUITY Premier BEH C18 {8 3% 4T (100 mmx
2. 1mm, 1.7 um); e A A 2 mmol/L H iR
B KW, B A O B HERE AR B 2 pL; MR
40 °C3 L 0. 4 mL/min; B 5 Ve AR F W3 1.

R VB B R A

Table 1  Mobile phase and its gradient conditions

i} 5]/ min s A/ % Wi BIAH B/ % Curve
0 90 10 6
0.5 90 10 6

7 10 90 6
11 10 90 6
12 90 10 1
1.4.2 Figk st

FH, % 25 B T Y (Electrospray ionization, ESI) ; 1
il 7 2 Ry A R I Ty s 22 B e A 4
AR BAE IR 2.5 kv K R JE
450 °C; 7 R JH 1100 L/Hes #EALJ#E 150 L/Hrs
FEA R TT 7. 0 bars B 8 “THH 0. 15 mL/min, 19 Ff
ARG W) S N bR B AL BT S HOL R 2.
1.5 prifEhge b

207 V5 BC R A AR VR W R A L TE Bk
PRI BT 3 25 10 2 AR v i 2kt e i Gl AR AR Sy
W 2 7 % B B 1 AR B AE S I T ARy, B AR AR N
XoF L B s 9 9 R R A TR

1.6 ik

i I Masslynx B A1F (3£ E Waters 28 7] ) RAEEL
P& I AL Origin 2021( 2 [# Origin Lab 2 &) /E A
Microsoft Excel 2010( 3¢ E 4% /A /] ) #1750 4E 4 i1
I3

2 H#R
2.1 i Rk s A

AT BT 14 Fh 2 FORBR N 5 Fh 4 FUGE IR 2K
WEY, 2RARMRENGYHEA COO , 2R MR KL
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MAGIAEL R B AR . TR FEEUT , 23R R
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PR RE hEsrF E T RS O, E R M-H-
CO, ], % i F i T 3l 3 A AR 1 C-C 8 T 24 0F 1
IR R [CF, 15 2R R G WEE—
PTG A A R - [M-H ] 7R s ] L
A R R R BB R B[SO, ), LA KR TR B C-
C BT 24T 1 11 42 JURE R 3L 4 7 [ - C,F-S0, ] %7,
FT L EAE L TE Waters 2 4L & W 808 128 1 JE 7l
AR RS B AR Y d A L e TR 1 4H o3 AT A
AR AR R TS S8 AR 2,

ARITFEXTET 3 AR 35 4 (Waters ACQUITY
Premier BEH C18, Waters CorTecs UPLC C18, Waters
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e 7 B BE G SR 3 b € 3 AT ER AT XE 19 A H bR
o6 W HEAT 43 2, 0 T8 R 07 R R O W] X,
1 Waters CorTecs UPLC C18 #F H} W& i} 6] £ 2. 5~
8.0 min, Waters ACQUITY Premier BEH C18 #F i 1%
I [ 4E 3. 1~8. 4 min, Waters HSS T3 5 H} 14 i 5] 15
3.5~8.5 min, £ & % JE T ik £ b (] 06 E]
Waters ACQUITY Premier BEH C18 #4743 B 52 5 .
[5] B X He 2 mmol/L £ R 4% K 2 mmol/L H R E:A4FE My
LB AR B 25T 45 E AR e R EE, T B e
e, 75 R B AH T 52 b X R A 0 S ) de 2k
£ 2 mmol/L WRREAFE M s . 19 M2 & Y
Y P IS - R A 1 s o
2.2 ATARFEE AR
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WORE R BR AR T . A7k xf i i L2 A 3 AR
B ZNAE 43 5 R 4 BE & EMR-Lipid [& A8 4 L 44 K
HMR-Lipid 5. )2 /N F1 94 K% HLB-P/HMR-Lipid
JZ/ME . EMR A T5 Z Ak A, LA 8 o R R
il 38 o B L AR A P IR B 5 AN AR,
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Table 2 Mass spectrum parameters of target compounds

EY L ER 1) ] /min BEES T /(m/2) F T /(m/2) JE R HifLHE/V Tl 8 AE i /e V
PFBA 3.09 212.9 168.9% "C,-PFBA 20 8
PFPeA 4.67 262.9 219.0% C,-PFPeA 20 9
PFBS 4.89 298.9 80.0%/99.0 C,-PFBS 40 27/25
PFHxA 5.51 312.9 119.0/269.0%* C,-PFHxA 20 17/8
PFPeS 5.60 348.9 80.1%/99.1 C,-PFBS 10 30
PFHpA 6.05 362.9 169.0/319.0% C,-PFHpA 25 15/9
ADONA 6.09 376.9 85.0%/251.0 C,-PFHpA 10 25/10
PFHxS 6.08 398.9 80.0%/99.0 "C,-PFHxS 40 35/32
PFOA 6.46 412.9 168.9/369.0% PC-PFOA 15 18/10
PFHPS 6.47 448.9 80.1%/99.1 C,-PFHxS 15 35
PFNA 6.77 462.9 218.9/419.1%* C,-PFNA 30 15/10
PFOS 6.78 498.9 80.0%/99.0 C-PFOS 40 43
PFDA 7.05 512.9 269.0/469.0% C,-PFDA 20 18/11
PFUdA 7.30 562.9 268.9/519.0% PC,-PFUdA 30 18/10
PFDoA 7.49 612.9 168.9/569.0% PC,-PFDoA 20 25/11
PFTrDA 7.66 662.9 169.0/619.0% C,-PFUdA 20 28/15
PFTeDA 7.79 713.0 168.9/669.0%* C,-PFTeDA 20 30/13
PFHxDA 8.07 812.9 169.1/768.9% C,-PFTeDA 40 36/15
PFODA 8.39 912.9 168.9%/218.9 C,-PFTeDA 35 35/31
"C,-PFBA 216.9 172.0 20 8
"C,-PFPeA 267.9 223.0 20 9
C,-PFBS 301.9 80.0 40 27
PC,-PFHxA 317.9 273.0 20 8
C,-PFHpA 366.9 169.0/322.0 25 15/9
C,-PFHxS 401.9 80.0/99.0 40 35/32
PC-PFOA 421.0 376.0 15 10
C,-PFNA 472.0 427.0 30 10
PC-PFOS 506.9 80.0/99.0 40 43
PC,-PFDA 519.0 474.0 20 11
C,-PFUdA 570.0 525.0 30 10
C,-PFDoA 615.0 570.0 20 12
PC,-PFTeDA 715.0 670.0 20 13
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Chromatogram of the ion flow of the mixed standard solution
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Figure 2 Extraction efficiency of different solvents

ARABE . ELARE RS WL 3O B AR 40518 PRHpA
PFPeS.PFHxA .PFBS.PFPeA .PFBA) ., %4 [ JFik, &
LR PEHBE-K (8: 2V W IEEER, HEFER N 2 pl.o

e - IR N 80% F st , ERE R 4 2 wLs 2- IR 7 0 80% it , ERE B 4 5 wLs 3-B IR 71 M 100% s, EREHE 9 5wl
B3 AR ) AN R R R AR R R [

Figure 3 Peak figure of different redissolved solvents and different injection volumes

2.3 HEFESH
2.3.1 bR K PR A R

P B8R Ak 21 ] PRCs 2R 81 A o il 28
HEAT S MR B I 9T L 19 B B ARk G 9 1 42 v
FUAHOC R BN 3 R ; Lh 3 A5 15 MR bb o 2 A i
B, 10 A% 15 M L i 2 i B, ELAAR L3 3.
2.3.2 KGR AN RO

VR A R S EAT AR P O 3 VR R A
ST PEAT O N R AR T A B AL FE RS
S 0.1.1.8 pe/kg 7K, BEA AR K -F-I%E 6 1y
2T o o R v < RN I e < E D R [
gh gk 4.
2.4 FESIE

T 5 KT T W K 20 f3 A A R FLRE O L R
ML 3 kAL B AR e & . SR R,

20 BRI AA 2 O3 H A AR JE 49U T R PFBA,
HeJEH 0.013 4 we/kg F1 0. 024 2 wg/kg. HiAl 45>
PRk .

3 i

ATy RS T WA 19 Fh & 5L 5905
BT 05 %, X 05 1% 0 0T 3 A R 680 S 1R S Ad B
FCHEAT X b 2 5 i B A AR A O TR B
H00.01 pg/ke, Il As RN 73, 8%~113. 1%,
X B AE A 22 7E 0. 58%~4. 75% 2 [8) . X 7 B B 5 ok
F1 R0 K BLAG H SR HAIG , AT A8 A PR R A D
FLFE Sl 2 RO VR L e B — 1 RV L AR ik
faf By R L T TS FLT Y 19 A PRCs
R T) B AR A At R 4 R I oK, O M
AR R R S %
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Table 3 Detection limits, quantitation limits, linear correlation coefficients and linear equations of 19 perfluorinated compounds

Hirtb a9 LRV / (pg/L) 2R R MK/ r K th B/ (wg/kg) FE IR/ (ng/kg)
PFBA 0.1~50 ¥=0.150 4x-0.002 2 0.999 8 0.007 6 0.0253
PFPeA 0.1~50 ¥=0.166 3x+0.002 7 0.999 8 0.007 2 0.024 0
PFBS 0.1~50 ¥=0.190 8x+0.001 6 0.999 8 0.0050 0.016 7
PFHxA 0.1~50 ¥=0.172 4x+0.001 7 0.999 7 0.0050 0.016 7
PFPeS 0.1~50 ¥=0.164 0x-0.000 1 0.999 8 0.009 3 0.0310
PFHpA 0.1~50 ¥=0.189 0x+0.000 5 0.999 8 0.009 5 0.0317
ADONA 0.1~50 y=0.325 4x+0.017 6 0.998 9 0.007 2 0.024 0
PFHxS 0.1~50 ¥=0.192 3x-0.000 2 0.999 8 0.005 3 0.017 7
PFOA 0.1~50 ¥=0.172 6x+0.007 8 0.999 8 0.004 3 0.014 4
PFHpS 0.1~50 y=0.134 2x-0.001 1 0.099 96 0.009 5 0.0317
PFNA 0.1~50 ¥=0.169 0x+0.001 5 0.999 8 0.008 5 0.028 4
PFOS 0.1~50 ¥=0.175 9x-0.001 2 0.999 9 0.008 7 0.029 0
PFDA 0.1~50 ¥=0.186 3x-0.000 1 0.999 8 0.006 0 0.020 0
PFUdA 0.1~50 ¥=0.178 9x-0.000 1 0.999 8 0.004 6 0.0154
PFDoA 0.1~50 ¥=0.154 9x+0.003 0 0.999 8 0.007 5 0.0250
PFTrDA 0.1~50 ¥=0.360 5x-0.020 5 0.9953 0.004 0 0.013 4
PFTeDA 0.1~50 ¥=0.178 7x+0.001 7 0.999 8 0.004 0 0.013 4
PFHxDA 0.1~50 ¥=0.116 3x-0.001 3 0.999 2 0.003 7 0.012 4
PFODA 0.1~50 y=0.027 5x-0.001 3 0.996 8 0.005 0 0.016 7

R4 WASFL AT G Y BIER FTUS 3 KRS BV i 2 (n=6)

Table 4 Recovery rates and relative standard deviations of perfluorinated compounds in liquid milk (n=6)

Hbs b9 AEAH/ (he/ke) b dt /(pg/ke) DSE A/ (ng/kg) I i A / % AR X o 1 i 22 / %
— 0.1 0.109 1 109.1 2.93
PFBA — 1 0.987 9 98.8 2.97
— 8 8.0377 100.5 0.58
— 0.1 0.102 1 102.1 2.13
PFPeA — 1 0.986 1 98.6 2.31
— 8 8.0110 100.1 0.68
— 0.1 0.1059 105.9 2.43
PFBS — 1 1.023 2 102.3 3.51
— 8 8.176 5 102.2 0.64
— 0.1 0.1029 102.9 1.78
PFHxA — 1 0.996 7 99.7 2.60
— 8 8.032 4 100.4 0.88
— 0.1 0.099 0 99.0 3.48
PFPeS — 1 0.919 7 92.0 3.71
— 8 7.4393 93.0 1.13
— 0.1 0.104 4 104.1 3.37
PFHpA — 1 1.000 2 100.0 2.59
— 8 8.0759 100.9 0.96
— 0.1 0.1112 111.2 3.11
ADONA — 1 1.108 0 110.8 3.72
— 8 8.410 8 105.1 1.24
— 0.1 0.104 6 104.6 3.89
PFHxS — 1 0.998 2 99.8 2.54
— 8 8.0757 100.9 1.46
— 0.1 0.107 3 107.3 2.58
PFOA — 1 1.005 2 100.5 2.63
— 8 8.075 1 100.9 0.92
— 0.1 0.113 1 113.1 2.79
PFHPS — 1 1.103 1 110.3 2.74
— 8 8.728 2 109.1 1.81
— 0.1 0.103 8 103.8 4.75
PFNA — 1 0.991 8 99.2 2.39
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