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TEE ST T B RS- = F UM BT 0 2 1 SRR PRI & P il B2 (MFA) 735 o ISR b 46 1o SR 75 4
B, PRIBORE b 208 SRR AL , L3 FPR 3 BURAE pH 0.5~ 1. 0 2504 F FARUT £ B ik ( MTBE ) 25 B, 25 U 2 K
WARGHT 0. 1% (v/v) ZUKIE . UL Tonpac AS 19 BRI ES T35 H 8 Bk, 724k A 3™ 2 10 S04 A0 3 1 Dy itk
VR HEA TR0 BE 43 B AR TR A TS I 25 A0 S E A BUE RS, R E BB, AT 2 E TR
(MRM) B0 TR, ¥ C,- i S s [ 28 AR A it I AN PR VBORE &t vh S R 1 7 B IR %k 96. 2% ~
120% , FHXSARIEm 2220 1. 1%~ 13. 1% (n=6) , HIERARH R (S/N=3) 417124 0.03 png/L M1 0. 1 ng/L, %L,
R HER AT T AR S R S BRI AT

KRR BT O I VU BTG ; SR 5 M PRV ; AR R
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Abstract: A method was developed for the determination of monofluoroacetic acid ( MFA) in

plasma and urine by ion chromatography-triple quadrupole mass spectrometry (IC-MS/MS). A
plasma sample was extracted with 3% (v/v) perchloric acid aqueous solution, and the extract
was centrifuged to remove the protein and lipids. A urine sample was acidulated with 3% (v/v)
perchloric acid aqueous solution. The target analyte was extracted with methyl tert-butyl ether
(MTBE) at a pH between 0. 5 and 1. 0. After the MTBE was removed by blowing with nitrogen
the MFA in the residues was dissolved into 0. 1% (v/v) ammonia solution. The separation of
MFA was carried out on a Dionex Ionpac AS 19 analytical column (250 mmXx2 mm, 7.5 pm)
with gradient elution using KOH solution electrolytically generated from an on-line eluent gener-
ation cartridge. Before the eluent flow entered the mass spectrometer, an in-line suppressor
was used to remove potassium ions. The MFA was detected with a negative electrospray ioniza-
tion source in the multiple reaction monitoring ( MRM) mode, and quantified with the stable
isotope internal standard method. The correlation coefficient of the linear calibration curve of
MFA was greater than 0. 999 at the corresponding ranges of 0. 1-1 000 wg/L. The average recov-
eries were 96. 2%-120% of MFA in plasma and urine samples with relative standard deviations
of 1. 1%-13. 1% (n=6). The limits of detection of MFA in plasma and urine samples were 0. 03
ng/L and 0.1 ng/L, respectively. The method is simple, sensitive and accurate, and can be
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applied for the determination of MFA in plasma and urine samples.

Key words: ion chromatography (IC); triple quadrupole mass spectrometry ( MS/MS) ;

monofluoroacetic acid; plasma; urine; biological samples
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Fig. 1 Chemical structure of monofluoroacetic acid

TR KGR, B4 53 A I e X
JEEK FEAE TR B AT A A B I i oAb AV I,
FARY S 7 7 A SR @ 3% k00 RO -
WU WM 3 T G RO M R -
R RSB, ARIEN R ik
FLREINE MR P IR O R, (N R AR, 5 52 FEAR AT
AT AR B 5 2 5 s A SR A
- PR BRI 1 IR 2R, (H R £ FRAE (i
) BERST ] B3 L 06 6 0 T e 7™ o, i RAEAIR
Xu S5 FI FH AR B FH €633 (HILIC ) - i vk
PN E PRI IR IR (BT Tk 5 2 B i L B
T m R AR REUE A ; Hamelina 26 i
FHI AR R 2 2 e 1 A HLER A9 €8 35 43 ( Primesep
B2) #4743 B, — F DURRFF 335 1 4 D PR b
IIRIR .

AR, B T 0 3% — 5 DUAAT BT v (1C-MS/
MS) 75 B i FTER L Hh A 7 o) 32 200 (7
A IRE R R 0T Cai 2T RGE T IC-
MS/MS W5 1L 7 H A B A BRI 572 2% BB fr A )
2, L Tonpac AS11 3% 4 Ry 43 8 4%, DL EE-30
mmol/L KOH (10:90, v/v) A sh 17438, %

FHHLME 55 FL B IR A B 881 A MRM BE5F Al
B0 ER R 0. 5 ng/mL, Baygildiev 25/ #5717
I R BRI T HP A AL o 2 3 500 A R = 4 PP S 1R
(1) IC-MS/MS J7ik , LASE 96 2 G W) B B8 - A 4 4
JIE B 3G (3% A o 2 B, 200 mmol/L H R 7K %
VRAE SR IR R R, = DU AR R 0 S A I, A B A 4
ng/mL, {HRF B 1 €0 3% - — 5 DU A AT 5 33 6 HH 4
R 5 12 R DR YR R R TR ARG I 3k A SRR
18, AR SCR HH e SRR 75 B I, AU T 56 HY ik 2 L4
b, BT OB, = 5 DR B vk B E |, f
SEIN R AR L 8 T, %5 I R HERR RS %
PR,

1 SRES

1.1 (UE5EF

BT O1E 24 Dionex ICS-1100 B T {0 %
1%, RFC-30 kUL F 3 & A= %% \ASRS 500 HLfif 4=
TN 4% A1 DV-AS [ gl A g 2 0, 7228 68 8 T A
(7.22 W) 4l ( 35 E Thermo Scientific /A &) ) ;
QTRAP 6500 — DU KT/ & & Lt 2 F Bk B4
H Analyst 1. 6. 2 #4454 (3£ [E AB Sciex Al ) ;
Orion 5-star fig 11 ( 32 & Orion A F]) ; 2510 # A
WML ( 95 Branson A 1)) ; Multi Reax % 2 AU
ZE e IRIR A %% (1% [ Heidolph 23 7)) ; 3-30K &
RO AL (12 Sigma A ) ; 24 L N-EVAP
AWAYL ( Z€ [# Organomation 2\ 7] ) ; Gradient A10
Milli-Q H 27K 4% (¥4 [ Millipore 22 7)) ,

BT FEH gk (MTBE) b 835 4l (£5[E Merck 2
A 5 R ATl (BRI AL T s SRk R I
L)% (hydrophilic PTFE) JEEEF =g 83k ( HAE .
13 mm, fL42:0. 22 pm, FZ2 RSB R A
FRA D) 5 3 SR AN BREY) it (26 97% , f& %] Dr.
Ehrenstorfer/s 7] ) ; " C,-5 LR AN IR 2 b5 Y i
(#1752 BDG Synthesis A A]) ., 435I FH K% i 5F
Wi eI CIREMPR HER T, L 1. 00 g/L 1Y 3L & FR AR
HEAHE WA 100 mg/L 19" C,- 9 £ FR AR At 45 WL
e FH s P FH 7K R a5 VA B R bR A PR, I
R it I I T F s 0 35 PRI i B AR 1Y
ARIEE R,
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1.2 HABLE

W B % 30K 1. 00 mL, % F 5 mL Eppendroff
B A 100 pL 1.0 mg/L “C,-R MR R E N
FRfdi I, A 2.0 mL 3% (v/v) &R RK IR, iiE
%10 s, A HEL S min, T 6 T L4 10 000 r/min &
L5 min, U FHR (pH 0.5~1.0) & T 15 mL H2E
BELET,

W HPRAGRFE 1.00 mL, B T 15 mL HIER.OE
H A 100 pL 1.0 mg/L iy [a) 037 28 P9 Ar i SR, fin
A 2.0 mL 3% (v/v) RS BKE, TERTRA 10 s,

T 1L 3% i B PR v 4 BB in AL 4. 0 L AL
TR, BT 2ETERIR AT, DR KB e
3 min, A 10 000 r/min #.0> 3 min, BB LER, T
JZ/KAH 4.0 mL AT SR B R A5 1 Ik, /I 2
UEEBOR, A 100 pL 1% (v/v) /KN EA R, TR
51, F 45 CHARERE T, A 1.0 mL 0. 1% (v/
V) UKW, BEW R, 5L 0. 22 wm JEE, R,

1.3 oW&EE
131 it &

SHrAE 4 Tonpac AS 19 (3,354 (250 mmx2
mm, 7.5 pm) ; BN AG19(50 mmx2 mm) ;
ASRS 500 B & F 301 4% (2 mm, SMEK ) 5 &
AL BV B RFC-30 7Rk A 37~ A= B B Uk .
0~7.0 min, 5 mmol/L KOH; 7.0 ~ 8.0 min, 5
mmol/L KOH ~ 70 mmol/L KOH; 8.0~ 14.0 min,
70 mmol/L KOH; 14.0 ~ 14.1 min, 70 mmol/L
KOH ~ 5 mmol/L KOH ; 14.1 ~ 20.0 min, 5
mmol/L KOH ; ik it # 4 0. 30 mL/min ; 15 A
30 C ;AN 10 L,

1.3.2 i &t

B IR LSS L B YR AR B AR
R 22 B i ( MRM) #5258 IR0 (TEM) i
650 C ; B TILHE (1S) -4 500 V; <55 A (CUR)
T 10 277 kPa; 65553, ( GS1) [ 118 345 kPa;
B (GS2) [ 114 345 kPaj; fili < ( CAD) 5%
AT AE (medium) , 9K 4R E =BT X m/z
77.0>57.0, Z#EH JE (DP) Sh —40 V, fif ## fE &
(CE) H-15 eV; " C,-5 LR 1Y E 1 3 T X A m/z
79.0>59.0; = B & (DP) - 40 V, fif 1% 6 &
(CE) J-15 eV, it & iR %4 1 000 ms,

IBATIHFAR I, (T A U VR 48 7 3 D) 46 1 1) 46
ZEIEW,5. 50 min B4 =B 7R, 8. 00 min A/
T V)48 ] SR A U LB VR U B I

2 HR5ITE

2.1 [RiESEEHRL

TR ALK T 5 T Bty H ey ) 9 2 TR AR 5
+ BCR AT R 55 B BB AR R B e i
FAOUAL, 56 1 U AT (Q1) i B[ M-H ]~
W DAL M-H ] 1E R0 8 73T i i 2, 7 8 7
HWEMA[M-H-HF] (m/z 57.0) M1 [ M-H-
COO] (m/z 33.0) W & 1, FExT 7l R | il 4
RER G SEOTT AL (T B F M55k 2l L 1
RIS R R cm/z 9 57.0 BIREH B 7155 &,
Mim/z 4 33.0 MIERE 558K, 40 m/z
57.0 B91/10, HIELAF 58 i, SEBRAE b A 0 Bk A7
T AE, WIS ALER m/z 77.0 Al m/z
57. 0 1 B 4, W A IS 0 0 B B A (]
(dwell time ) i (3506 [F) SR A S BHE 15 ~20 Z 1],
AR e E e, AR BB AR
1.3.2 7,
22 BFaIEEGMRL

IO AR KB &Y, e s A B
FEGEAT R IRECR R A= AS 19 FES
TR TER 5 mmol/L KOH XL 5 i i Ji 2. 1k
HEATA3 B, SR )5 FEFH 70 mmol/L KOH #1758 ¥ fid
DL R BR it om AR B8 oy, nl LAY bR 4 5 SR i
Sy BT BN RS2 (8 A U VR T S o
A A BRI S AE T AR B SRS AT R4
PEATHGIN . SR 0.5 mL 4738 Sk 59 [ shvERE L, F
FEFTSEIT 1.0 mL A 7K TH VEHERE 8 I, JSBRFEFEER
FEW, HERE 1000 pg/L 8 £ FR bR e 75 W e itk — %1
A, AR R LR R, ke e
SR 1.3.1 77,
2.3 HREIaEAERL
231 REFIWHEF

TR K M S R, R R B pK, N
2.73%) 7E pH<2 MR 5 1F F al B 4 1R 2 Bk 4
B> 2 ) ol SR A AR T A R R, i
3% (v/v) (e IR A WA S $E U], BE BE 2 U 2
iz XREDLIE BRI, 458 E M, 1.00 mL 13
2.0 mL 3% (v/v) i SBRK T 58 2 UT0E
FBREE T R PR U P R O, ] A B
TH RO/, SR P2 OR A pH {EH 0.5~1.0, 9 &
RSy TIRES , By A ML R AR B, 72 A FLAE BOR
JA 100 wL 1% (v/v) Z K P , A 58 2 1R A 3R
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CREEER, Dl RO R R e & AR i 0. 1%
(v/v) BKEER, IR E 1. 00 mL L2845, 3
J1 10 ng TR ¥ 1. 2 TR AL BRI 22 56 £ TR 1)
ORI A, 55 1. 00 mL M3 EE ik 1.2 R
AFRFFANN 10 ng 0 £ R 1 e 1 AR R AT b A, 25 2R
T, AR A PE LR 2y 88%
2.3.2  ZFEHH
SCHR SO B 22 2R F LR L BRE R R BRI 2
*IJ FZERRT I S LR CBRAA ALY A H
B, MO A R T e, 0 AR R 1. 00 mL
méfz%nm{wﬁﬁnn, N 10 ng W LR, 43 H 4.0
mL BT 3 H RN 2 R TR R4 T 2R ORI 3, 445
7 BT Tk A A S TR (8 15 e 1T AR 1L L TR
R AR LR 1) W TRTFR 24 85 20% , PRI G A e A T 6
ik Ay 2 BGA)
2.3.3 AR pH Wy #HE
W 7 A0 PR b 43 590 FH v SRR i 2 K R &
pH0.5.1.0.1.5.2.0.3.0.4.0 1 5.0, %A
20 ng F LM, 4. 0 mL AT 3 H Bk A T A8 ORI
FEo SRR, 7 pH 0.5~ 1.0 5 Bl PN 9 2 R 4 i
MAE B, K It pHL i VR R0 T 36 Y ik i AR
AR
234 FEBAHMHEF
430 pH 0. 5~ 1. 0 L3 1RV 5 S R $E L
RN 10 ng SRR, FH 4. 0 mL AU T 3 FH kA R 3
UK ITEARRR AR ORI 3% A PR IBRE S A5 1 IR
BURZ N 62% ~64% , 55 2 IR B ZE BUR 2 R 28% ~
30% , Hif 2 U ZE BRI 28 90% ~94% , [F I f

Blank urine
30
20
10

Monofluoroacetic acid
77.0>57.0

Intensity / cps

C -Monofluoroacetic acid
79.0>59.0

Intensity / 10° cps

ZORF 4.0 mLBUT FEHEEARIL 2 UK,
2.4 ERMM

B2 PR R PRIBRE 5 32 1. 2 T iR A 15
F)Z5 AR S AL B, A SR 2 TR bR ME W (10
pg/L) il AV 5L T bR o % W, L BT AL N ( matrix
effect, ME ) 38 1 35 [0 A M 75 1R 700 br 1 V5 W b
SR T I T AR Y 1B < 100% #E1 T4 | 4 ME>
100% Ay 3 J57 48 58 % W, ME < 100% A 3 5 #1071 5%
0 SE R I AR R 2R A R TR
?’Jﬁél%%nm% AR HARE R 2R N ARk T

i, A A RORE TEAE A A A B AR, DT A5 2 1
Qj:
2.5 %ri Gl 4% H FRFNE E R

HF F TR b 5 R RS B BT s MR B2 R 0.1,
0.3.1.0.5.0,50.0.500 #1000 wg/L H % 3 Fx i
W (& 100 wg/L BC,-90 22 A 2 b e v
W) ¥ 1.2 AT AL EE SR A MultiQuant 1 &
A TR AL, DU R R I S AR
(AU TR FR LU B ( Y) XTI %) BT F v B (e, pg/L) i
ATERMERNE (AER 1/2) , MIH 52 Y=0.016 1x
+0. 002 5, F5E R %0>0. 999 , 26V R K i,

TE 2 1L N RGO i v 43 0 I AR B2 1Y) 3
AT , LAy F B T X A {5 M L =3 A1 10 B
FRRE itk B2 A S A6 s FR (LOD ) Al # R (LOQ)
LRI I AR W A R R 43 1R 0. 03 pg/L
0.1 wg/L, ERMR~ 0.1 pg/L 0.3 pg/L, )
R T SR IRGE A, A R BRKE T
TR R it 4 €235 11 DL T 2.,

Spiked urine (0.3 pg/L)
6.69

[
1=

60

Monofluoroacetic acid
77.0>57.0

Intensity / cps

C -Monofluoroacetic acid
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| IR
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Fig. 2 Chromatograms of monofluoroacetic acid splked in plasma samples
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2.6 HnEREIHSER

FEZS IR H 53 5 0.1.,0. 5,50 ,800 pwg/L
4 DMACFIIR TR, 25 FURI 43 3 0.3.5.0,
50,800 png/L 4 NAKFRIFORR 4% 1. 2 ik ity
FEAALIR BN INACE AT E 6 Ik, S5 RERW,
I 2 N RV i 2 R A TR 96. 2% ~
120% , AHXHAR MEIR 22 4 1. 1% ~ 13. 1% (WL 1) ,£F
BRI TR

F 1 DUBRISR AR R R R Z BB B S
HXRAERE (n=6)

Table 1 Recoveries and RSDs of the monofluoroacetic
acid spiked in plasma and urine samples (n=6)
Spiked level/ Found/  Recovery/ RSD/
Sample
(pg/L) (pg/L) % %
Plasma 0.1 0.1 100 13.1
0.5 0.6 120 5.3
50.0 48.5 97.0 1.9
800 831 104 1.1
Urine 0.3 0.3 100 12.3
5.0 5.0 100 6.5
50.0 48.1 96.2 1.9
800 832 104 1.4
3 i

AR v SRR I BT Y I A B
8 - =T DUARAT B ik A DR I 5 afn
IR PR LR, € R LR M BA i, ik
YERG R, BRI A0 PRV L 98, R e, 3E T
T AN PRIBE b H R 9 SRR I E

SE .
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