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Determination of sodium fluoroacetate in milk powder by liquid
chromatography-tandem mass spectrometry
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(Chinese Academy of Inspection and Quarantine Comprehensive Test Center, Beijing 100123, China)

ABSTRACT: Objective To establish a new liquid chromatography-tandem mass spectrometry (LC-MS/MS)
method for determination sodium fluoroacetate (1080) in milk powder by derivatization treatment.
Methods Samples were ultrasonically extracted with water-acetone and purified by anion resin AG 1-X8, and then
extracted by 3-nitroaniline-edac derivation and HLB purification treatment. The target compound was separated by
BEH Cig (2.1 mmx100 mm, 1.7 um), and analyzed by a negative electrospray ion multiple reaction monitoring mode.
Results Sodium fluoroacetate (1080) had good linear relationships in the range of 1.0-100.0 ng/mL, with
correlation coefficients were 0.9993. The limit of detection was 0.3 pg/kg. The recoveries at different spiked levels
were 99.1%—-103%, with the relative standard deviations (RSDs) of 2.0%—6.2%. Conclusion This method is
accurate and sensitive, which can be used in the rapid and accurate determination and quantitative analysis of sodium
fluoroacetate in milk powder.
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B 2 #M (sodium fluoroacetate), X FR 1080, 15
2, gL —, MTRKERMGREY . Hiby:
PERRRE, BALE . A r AL T MW A2k,
TEAEYE L5 5% B W BAETE, I ESh R 2 &
EERBEEING, WA IR Kb EERE, XL,
AR mE R 7E 20 e 70 484, REC %2k
AR s, HA)E T A R T 2 b o BRI
2 WK 45 [ AT e Ve PR IR D, AL
TSR M 1 /)N 5 BRI 22 T B LA B BB o 48 2 R LL 5 3 e
TR EE TR . JUHRAERTVE 22— ST S AR B 2R
B, W 2R A PO ORI A B KR U . T
TS ] K — I T L T R, AR E
T T LR AN T R PR UEHE P50 22 42 S M LR
BRI YA B BAT S2BR R S

XUEAESR G R AN ARSI R T A P A W R 0
SR AT — S T ERBEAE U O R SR AR T
ORI AIF T o % LA S b i 2 R A T A o1, e
FE L DAl . FRT, 80 T BRI 0 5 A
RGN SN W ECN iR 27 RN B N - 7 SN
M- FR TG S OO B A Bk PO B
HL UK IR - vk R AR,  FLIEFRMEAR SR, S 6
TR — R I Al . R AL A5 T By s HOp ik, BRI
FAOIE AT ARG A AP BRI AR T O R AR E I, HARAMEER
B, IS PR AL A PREINE o SR B - FR IR
FRAE LA, T 9 O R AN AE SO (5 AL TR B s,
Gy Z LTS T R, 6 BRI B = A6 BROKF- o i,
5 A S5 RIE S 18 YA 620335 - F K B v DR I £ v A A
SRR PR IAF] 10 pg/kg!™, gk SO R FH S Bk
WA 35575 (ultra performance liquid chromatography, UPLC)
200 A ) LFL ] P B9 Z R B R A H BR D 0.2 mg/kg.
R 3 oS UTVIN 2 5 R v 0 R 2 R A F 5T AT 3k B
1.0 pg/kg e BERR, (%7 e 5k TR A EAE ) €4
- DU AR AT/ FL 32 U B v 0 B ST AR ), I B B A A
ISR AN BA 0 e T 247 A A AL 35 Y 9 2 RR BN R T
VRURH €35 - H IR B350 43 BT R [, D 7 g, e B A 5
BN, ER . EPEER, HIAb B KA I i e B A T
PE, S THEST, DAINE A H R HE T O FUR IR 2 R B ) M

2 MREREE

2.1 {UEE5ERF
ACQUITY M A . Xevo TQ-S = H MUK
RIS (€ 1 Waters A ]);  Milli-Q #8 4di /K #L (35 [

Millipore /A F]); Avanti J-25 B0 HL (15 [E Beckman /23 F]); SI
Vortex Genie 2 {liei3 i & #ir (3¢ [E Scientific Industries 23 #]);
Oasis HLB [EFHZEHUH:(60 mg/3 mL, £[E Waters A H));
SR-2DS #EF#s(H A TAITEC A7),

LR AR A (1080, ZHEE: 97%, 7%[E DR.E A H]);
BCy *Dy-IR L FRN I AR (LI : 98%, #iPi: BDG
Synthesis 23 ) ).

G (i%S, 5 Fisher A H]); HEL(AiEH, EH
Baker /A H)); HER((AIER, JEE Sigma AH]); EE . &5
B (arral, E259E AT RA ), EDAC(1-3-F 4
FENHE)-3-2 Shfi — WM EhFR AR, /e Arall, Pabkib T A
BN D), 3-RHFEFERE(AHTal, vEBetb T A FRA D, FH
BFAsIg: AG 1-X8, 50~100 HE 100~200 1) AG 1-X8
S GEEMARA ), S8 /Ky Milli Q #E4liK .

22 WA
22.1 AR RELH

HEGRPRIBGE 5 91 £ TR A1 I T £ TR A TR 25 N BRAR T,
G K I (20:80, VIERIFERE 10 mL, 55|
1000 mg/L bRUERE T, 4 °CIATE . BUE LW, il Al
100 ng/mL I 50 ng/mL FIARE TAEE W B AR TR Z
frH b A LA S, B2l 1~100 ng/mL FrufiEpH4k .
222 HSAra®

WEFFRECELRS 2.5 g(R B % 0.01 g); Nk 5 mL %A,
INAGE B FRE, AR 10 mLIEAT; 23 )5 4000 r/min
B0 10 min, FIHWAT AG 1-X8 FIES T-RINE G LA 3, 4%
ZKRHLIN AG 1-X8 B FHAR, IMA 2.5 mL /K. KR5ig
I BE A IR e A . RRIEDRL R ORI AT,
A 1 mL 0.2 mol/L FYER RV IRIEA Tk, I 5 mL 0.2 mol/L
FER RIS BT IR o VR, FEfITAE

TERRTE A T, MRS 5IMA 1.25 mL 20 mg/mL 3-
filHEHERE . 0.25 mL 100 mg/mL EDAC ¥ . 0.5 mL 2 mol/L
FAACHAIETE A 1 mL 0.05 mol/L BEMR — A 8MAM, =R
7540 °C KRN 20min; U BLE EEIR, fgk.

P A7 A wOom A B B AL 4P B9 HLB [ AR A5 Bk
(60 mg/3 mL, 2 mL HIfEE{L); KUK 2 mL 7K. 1 mL 25%
BREREW . 1 mL 0.1mol/L BRER SANIAE . 2 mL /K
T HEEEMT; A 5 mL T 3 BE-1E CLeiE (T3,
VUEl, EASHHT; 40 CCKBRAIREIE TMA 0.5 mL
CIE KWL, VEE, 21 0.22 pm (UEHR, £l
223 RABEHE-FRAE LM

(1) WA R A

3%~ ACQUITY UPLC BEH C4(100 mmx2.1 mm,
1.7 um, [ Waters A Fl). WA A HZNE, Wshtd B A
K(E 0.1% P IR); W 0.5 mL/min; #FREHAR 10 pL, HE
40 °C; BpEE LR FEF: 0~0.8 min, 5%A; 0.8~3.0 min,
5.0%A~49.7%A; 3.0~3.5 min, 49.7%A~95%A; 3.5~4.0 min,
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95%A; 4.0~5.5 min, 95%A~5%A

(2) Funk st

RS E  HL B 28 1 B T4 5K (electrospray ionization,
ESI-); Wai#s=t: 22 5 Wil (multiple reaction monitoring,
MRM); LS/ RS, 150 L/h; BAEHLIE: 3.0 kV;
FWRFTH: AR, 1000 Ly PR 150 °C; R <k
ER BTN 500 °Co FHLFREN B NART YIS S
BIELE 1,

3 HER5SMH

FRIig &t
1E ESIHET, AR AGI 56 £ BR BN A7 A W0 (M) 4 S5 3
Ak, B e AR S T T IM-H]-, Hom/z
51 196.8, DAL BN S A FLELE, (i ny (i . =2
Ja U1 F B TR, TR RE R, RAF 3 AR
BT m/z 146.9 .m/z 133.9 Fl m/z 117.8, PiibmiEAE =22
B, T B TGS B s, XN Y e Rl AR )

31

Hh 14, 18, 19 eV; HiiF, m/iz 2y 146.9 W38 BE e, T+
W/, BHEAEAERE T B 1 AR BRI AR
VAL 254 T 1 MRM @5 E

A ik R

HRFE LT WA 510 CF-/K(ACN-H,0), i
-0.1% ' i (ACN-0.1%H,0) F1 Z fiti -10 mmol/L Z. M8 &%
(ACN-10 mmol/L NH,Ac)3 FiAR[RIAZ %} H ARk &9 895
BROR o LR, 3 MR T, SR IE KK R B iZ H
B B LA bR I d ;. L -0.1% WP IR IR & B, T
TOAT HRR, M6 ARk &2 e FAeseR, S iy
%; R ZHE-10 mmol/L Z FREAR By, Fomm 48 2 i
-0. 1% KR R IEMIE 10 £, BAKTZNE-KIKZR . LR 3 Fh
R IR RN, TR 20, A SRR B S 1 i Bl
A, BRI TYRRE 3G oR, L bR R 5 5 4
2 FMRRWI BN, LZEF R 2 FINER, RACHE-
10 mmol/L ZFREAE R sIAH . 3 Fhi shAR ik 25 HAnd K&
L PBRATTAE 490 % e 1z 1 PR o o S ) S e L LI 2

3.2

#z1 RIZEW. "CD-RIBWITEMRILESH
Table 1 MS conditions for sodium monofluoroacetate derivative, '*C,?D,-sodium monofluoroacetate derivative
& BEE - (m/z) FEF(m/z) B B ) 8] /ms HEFLHLE/V i1 BE /e V
146.9* 0.032 25 14
RN AW 196.80 133.9 0.032 25 18
117.8 0.032 25 19
149.9%* 0.032 25 14
BC, DI L BRENAT Y 201 134.9 0.032 25 14
459 0.032 25 20
T e E T
201>149.9
100 196.8>146.9(FA) 100+
3.80e4 2.16e5
% B %!
0 . . . . . 0 . . . . .
2.60 2.80 3.00 2.60 2.80 3.00
201>134.9(13C2D2-FA
100. 196.8>133.9(FA) 100. ( )
.3.02 2.22¢4 7.71e4
%} %+
0 . . 0 L L L .
2.60 2.80 3.00 2.60 2.80 3.00
MRM of 7 Channets ES-

196.8>122(FA) 201>45.9(13C2D2-FA
100 3.01., 100 ( )

3.36e4

% A

2.60 2.80 3.00
A

K1
Fig.1

6.48¢4

% /\

2.60 2.80 3.00
B

PACSEAF T 2 BRENATT A4 MRM B3 &L (A)FIAR AL S50 T IR S ERE A FRATT A= ) MRM B 5] (B)

MRM mass spectrogram of sodium fluoroacetate derivatives under optimized condition (A) and MRM mass spectrogram of internal

standard derivatives of sodium fluoroacetate under optimized conditions (B)
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»FA 2FA-UC/D, = FA-'*CD,[H(F

ol i
o P::
® o %

ol e

5000

0
ACN-0.1%FA ACN-10mM NH,Ac ACN-H,0

2 GRS IR . PCy *Dy- T £ BRANAT A= 4 i g B
PR [l ST 3 49 52 1 (n=6)
Fig.2 Response of sodium fluoroacetate and 3¢, *D,- sodium

fluoroacetate and the recoveries of the internal standard on different
mobile phases (n=6)

3.3 THERGHAIERE
ARTTIE AT SCHRAGE R -EDAC Il 3-AF R 1Y

-EDAC 2 Fpfif AR R O RENZ R IE-EDAC Fi 3-fif 5K
JWe-EDAC 2 Rt A= il FR4T A6 5 43 545 B & o= e F 3-fi
S-SR 2 I B(EL 3). 2 ) BT B A I RERS
SRR, (R o TR B AR E, W2 BT
PARABCR . TR, 2% 3-RNEFERE-EDAC VERTE IR .
34 {THERE, fTEREMRK

s 2.2.2 BIARIR T VL, 43BN RIEFE] 10, 15, 20,
30, 40, 60. 120 min X952 B2 AN B I P ARAT AL SR A5
W HEA T 4%, [R5 8RN [RTRLE 2544 20, 30, 35, 40, 50,
60 °CXi i L FR AN S HL N ARTIT AR SR 52 . SER R, 8
RN AT AR Z I R IR, 20 min 35 B LA
AR, N BRI AR SR M EAS [] B i) A9 25 1k b - 2%
TR AL E 20 min I AERT AR E] . [ AT A )R]
20 min &M, BRI ST B2 B R AT
HERCRIN AL, S5, 4520 min, 35 °CJ5 fiitEBURAS
LB, SCH6 I AR 40 °C/K IR 20 min A FRATAE I A]
HAb#AEILE 4, K 5,

H
ONa HN NO
F /\l( + 5 N EDAC N . /\"/ N NO,
KOH/KH,PO,
0 0
Chemical Formula: C;H.FN,O,
Exact Mass: 198.04
Molecular Weight: 198.15
&3 ORI 3-TH LR -EDAC i AE AL 2% UL
Fig.3 Chemical reaction of sodium fluoroacetate derivatized by 3-nitroaniline-EDAC
12000 72000 HE PB4 06 3R S UM G R B SRR AE 1.0~
o 1000 }/1/{—¥—4/H |20 #1000 ngmL fE B YR HE O R R K, 247 RN
& go00 | 8 ¥=0.06539X+0.003891(FHC R EL 1=0.9993), UL 3 fH{5M:LL
= 11700 = N
] 000 - 11600 = (SIN=3)WE R iR AG: H B (limit of detection, LOD). 10 {7
(ﬁ“&-l 1 1500 g W LY (S/N=10)1E Ry 7 1 2 i PR (limit of quantitation, LOQ),
K 00T & WMIFE4. 2. LOD 7 03 ng/mL . LOQ J 1.0 ng/mL
£ ool onomzmmmmen M0 E o HER A ng/mL, LOQJy 1.0 ng/ml..
—— IR A BB - 1300 100000 - - 4500
0 1 1 1 1 1 1 1200

10 15 20 30 40 60 120 u 90000 74000 o

A A A /min e 80000 43500 N

& 70000 13000 &

4 AERFXEZ R, DR Rkl R T {2500 5

0 (n=6, c: 5.0 ng/mL) £ 40000 I 42000 g

Fig.4 Effects of derivative time on the derivative efficiency of % 30000 L 41500 =

. 13 2 . —, . =

sodium fluoacetate and Czn]gD/z—ms](j;ilum fluoacetate (n=6, c: 5.0 20000 | — 13C22D2—ﬁ/§,@€|’]ﬂrﬂ] Rifl 11000 %

10000 | —o— T TRGIATEE Yy A 4500
0 1 Il 1 1 1 0

35 FHAEZMSEE. KRERERESR

1E_ ERALSOE T, Ll B XN PC, "Dl
FRENAEE T AR L AL BR(Y), PABRHE TARMR (0.0, 1.0,
2.0, 5.0, 10.0. 20.0, 30.0. 50.0, 100.0 ng/mL)NHEALFR(X)
PATERAENEE, 5T O BRENTFE 1.0~100.0 ng/mL F¥H

20 30 35 40 50 60
A IR/ PC

5 FIAIREEX S BREN . PCo "D Sl Z BRANAT A BOR RS )
(n=6, c: 5.0 ng/mL)
Fig.5 Effects of derivative temperature on the derivative efficiency
of sodium fluoacetate and *C, D,-sodium fluoacetate (n=6, c: 5.0
ng/mL)
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3.6 FHEREIWERIEEE

XL HEAT 3 AU EEACE (7 B S g, Ak
AFHAT 6 IREL, /3 AEARF HIAGEAT 3 L5k, M
HARE G FICRFRG % ELEF R 20 AR ENTY
FIKCRAE 99.1%~103%22 [6], RSD 7E 2.0%~6.2%2 [A], 4
FHH, 0O ELA AT A I B AR A

3.7 FEREWMENRBEE

B U FLR EAT IR [ S 55, VS N 9 2 R M A 14
SRV E AT H M 1,00, 2.00., 4.00 pg/kg 3 MK, FAEKRE
BEEWE 6 K, HERIbA Y0 (5 AR b v i 22 10
T 3, 3 DIFRACEAI 22 T7E-3.70%~3.41%Z [, %5
FeW, T I ORG  E REAR EAAT

F2 FHPRIERWNERERENRERE

Table 2 Recovery and relative standard deviation of sodium fluoroacetate in milk powder

5w G s ] Py BIRIE (nglkg)  MEME(pgke)  FEIRER/(%, n=6)  FF%E RSD (%, n=6)
1.00 1.03 103 5.8
Day 1 ¥Y=0.0305X+0.0005 2.00 1.99 99.8 5.4
4.00 3.95 99.1 44
1.00 1.00 99.4 2.0
BN Day 2 ¥=0.0286X+0.0033 2.00 1.96 102 2.0
4.00 3.85 103 6.2
1.00 0.99 100 2.7
Day 3 ¥Y=0.0609.X+0.0005 2.00 2.07 96.3 2.2
4.00 3.98 99.4 2.0
R3 IAMPRIHEPAERENENRERE
Table 3 Accuracy and relative standard deviation of sodium fluoroacetate in milk powder
W22 {H/(ng/kg)
IR /(ng/kg) G0 Bt i) ¥IMEH/(%, n=6)  KE% B RSD/(%, n=6)
1 2 3 4 5 6
Day 1 1.08 1.05 1.00 1.03 0.93 1.09 1.03 3.07
1.00 Day 2 1.02 1.05 0.97 1.06 0.92 0.98 1.00 —-0.19
Day 3 1.05 1.02 0.92 0.96 1.00 1.00 0.99 —0.83
Day 1 1.96 2.05 2.00 1.96 1.94 2.01 1.99 —-0.58
2.00 Day 2 1.92 2.01 2.00 1.91 1.96 1.99 1.96 -1.82
Day 3 2.21 2.09 2.00 2.07 2.02 2.02 2.07 3.41
Day 1 4.01 3.81 3.87 3.91 4.09 4.01 3.95 -1.25
4.00 Day 2 3.81 4.01 3.87 3.86 3.79 3.78 3.85 -3.70
Day 3 3.93 4.11 4.01 3.93 3.98 4.02 3.98 0.58

3.8 SLPRtERIMNE

¥ BEASCHr R 735 100 ANEC 5 W . R 94 455
P22 9 OOk Re S E T, RK I RN,

4 &

AR ST ST T A A AR I R LR R SR RN B T Ik,
LGB R RO A TS e R B B AT A . IR FRRE,
SR, IR, KRR RIS % B R B Bk, AR IE
T RTINS SR ERR P E A B, W R L P R LR AN IR

oM. WOrE AT H R DS SRR W
SE Mk
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