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WO OE: B8 87 & ROR A % - 8 BT 15 (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS )il & i (4 ZL Hh i) S R 6 Al s /R ER I AT ik e 53R FERREE 0.2% T Bk - it
(10:90, V:V)#2 5, HLB [EAHZE B4k . 45 Acclaim Trinity P1 &4 BB 738304 (100 mm*2.1 mm, 3 um)BEM .
FEFLE 0.5 mL/min 2L ZJE-20 mmoL/L H BRI (70:30, VIVTE R TR BIAR, #6805 o SR FH — T DUMR AT i e
LB TR B - 22 /W Wl (multiple reaction monitoring, MRM)-17 B 5~ WA = AG I, 435 A SRR - 180, B
FRAR-"50, J bR, HEFTAbRIAE B, AR EURER A SRR ER S0 I 7E 0.0~50.0 pg/kg 1 0.0~25.0 pg/kg 7
WERMESC R AP, HERE P #RT 0999, kil E MR 510 0.4 pgkeg 0.6 pgkg. [HIBCRN
80.0%~93.6%, FIXHRIEN 25 (relative standard deviation, RSD)H 2.14%~6.68%, 45 %7 B4R =, HEH
AAE, 3 VR AL R R R A SRR R 1 5 AT

KB EAYIB Ty, SRk, mEmRER, WAL SRR - B T

Determination of chlorate and perchlorate in liquid milk by high
performance liquid chromatography-tandem mass spectrometry

LIU Yu, ZHOU lJia, ZHU Shu-Qiang, LI Yan, YANG Zhen-Dong, WANG Li-Jun”

(Gansu Institute of Food Inspection, Lanzhou 730000, China)

ABSTRACT: Objective To establish a method for the determination of chlorate and perchlorate in liquid emulsion
by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The samples
were extracted by 0.2% formate water and methanol (10:90, V:V) and purified by HLB solid phase extraction column.
The Acclaim Trinity P1 composite anion exchange column (100 mmx2.1 mm, 3 pm) was used for elution.
Acetonitrile-20 mmol/L ammonium formate (70:30, V:V) was used as the mobile phase at the flow rate of 0.5 mL/min
for gradient separation. Triple quadrupole electrospray ion source (ESI source) ionization-multiple reaction
monitoring (MRM)-anion monitoring mode was used for detection. Using -'*0; and -'80, as internal standards,
internal standard method was used for quantitative analysis. Results The linear relationships of chlorate and
perchlorate were good in the ranges of 0.0-50.0 g/kg and 0.0-25.0 g/kg, respectively, and the correlation coefficients
r? were greater than 0.999. The lower limits of the method were 0.4 pg/kg and 0.6 pg/kg, respectively. The recovery
rates were 80.0%-93.6%, and relative standard deviations (RSDs) were 2.14%-6.68%. Conclusion The

experimental results showed that the method had a high extraction rate, was accurate and reliable, and was suitable
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for the quantitative analysis of chlorate and perchlorate in liquid milk.

KEY WORDS: composite anion exchange column; chlorate; perchlorate; liquid milk; high performance liquid

chromatography-tandem mass spectrometry
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H OIS Bk B A B, HA R R B, ERLE
Jeo MIHCZTE, WRGRAH Q- A BT ., YRR A Pk
J7, RTARBEAP BRI, RO, EYEMER, AR Tk
RO BT DRI, BTSRRI AL AR R L AR AR s
R, ST R RO (T - H I T R I R AL R A
PR A e SRRER ARG IN 3, U (AL rh SR Eh A g
AR RS %

1 RS

1.1 X SR

HEE, Ol FEE i RBHEARAR); B
R e (I al, RETIEMEEARAF), HiR. LmR(f
WA, REFEZEHBHEARAA), &R MR AR
(200 pg/mL). [ SMARFRUES (100 pg/mL)( L% L
BHCARR A, SERARFALZE NAR(200 pg/mL) & @R
[l 2 N AR(100 pg/mL)(AE SR FERHE AT BRZS w);

FeEfh: WARLCRBERL . ARIZL)Y T B
1.2 NEH5REF

5500QTRAP AH (A3 HRIK BT {L (£ 5 AB .SCIEX
N F]); Avantij-26XP BB L (18 [E) BECKMAN COULTER
o]y, BFRSEUEE 0.1 g B MR -I0A 24U R
(" ENA FRZ> 7]; Industries SI Vortex-Genie 2/2T HERR~)
#%(35E Thermo Fisher Scientific 23 7]); RP H:(FEER K /R

BHA R, Cig HLB, WAX [ AIAEBUE (142 60 mg .
3 mL), Acclaim Trinity P1 & & B F3#H(100 mmx
2.1 mm, 3 pm)(3E[E Waters 2 7]); J2SCIENTIFIC A 3l 1E
R [ A A8 BRUS(3E B 1E R [ AR E UL 23 WD)
1.3 XWHE
1.3.1 ArEH &KL H

(DIRA AT A7

HER R BV R AR (200 pg/mL), & BRAR(100 pg/mL)
FRUERBR A | mL K EZF] 100 mL, SRR |
AR W B 2. 1 pg/mL,

(2) R 2 A v ] 4

3 B W R AR (12 05) [V 35 P A(200 pg/mL) .
T AR ("0 [ Z N AR(100 pg/mL)75,20 L & F[F]—
10.0 mL s, FHAE SRR B 2 205 - v i SRR AR 7]
PR NBR-"205 ., B R ER -0, IR 2 P FRITT I vk B 430
1500, 200 ng/mL IR G R OLEK BRI -

QGYRA R R

S AER EEBGR GARMET I 0. 10, 25, 50, 75,
100 pL, KIRA A7 2 AR 100 wL, s FR s vl
MRIFEARE 10 mL, fEMRARME TR .. SRR
R A 0.00,2.00.,5.00,10.0.15.0,20.0,50.0 ng/mL,
AR BRI AR Y 0.00, 1,00, 2.50, 5.00, 7.50,
10.0, 25.0 ng/mL, JRAFRE TR PR ER-"20, . iR
-0, R E 2914 15.0, 2.0 ng/mL,
1.3.2 #onara

(DAL R

HERRFRI 5 gCHE M 2 0.001 )i AR B T 25 mL H 25
OEH, A 100 pL B AR NARE, A 1.0 mL
0.2%H BR/KEWR, H 9.0 mL FEERZE 1 OmL, AHEIR
% 5 min J57E 20000 r/min, 5 °C FE.L> 5 min, B LR
(R AL

Q)RS AL

F 5 mL FEEFT S mL K HLB [EFHAE BURE ke T 4L
LR BGR L. 1 mL/min # 3t HLB BARZEBUE, 35259)
VR, TEHHTRAE 0.22 ZEBUM BT U, A A0 - R
JET TS E
133 HEAK
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X—RFE P Z R 1 &, pne/ke;
C-FRMAE Fh W &, ng/mL;
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V- DN 9 8 25 AR, mL;

m-FEAR SARFE =, g
134 EEMH

(OHtig 4

Acclaim Trinity P1 & & B 72 #41(100 mmx*2.1 mm,
3 um), S A B2, B 4 10 mmol/L R BRI, i
TR BEVEIBL (L2 1) Hi: 0.5 mL/min, A1 40 °C. JEFE
5l

®1 BERBRERF

Table 1 Gradient elution procedures

FUAR (A 3L

i} 7] /min B A% TSI B/%

0.0 75 25

0.5 75 25

3.0 90 10

7.0 90 10

8.0 75 25

10.0 75 25
Q)P RE At

BFR: S5 S K S (curtain air pressure, CUR): 35 psi;
F A S % J1(ion source gas 1, GS1): 55 psi; FiBm#A &
J1(ion source gas 2, GS2): 50 psi; filf i< & J1(collisional
activation dissociation, CAD): FP%5; i 2% Hi [E (ionspray
voltage, IS): —4500 V; & ¥ iR ¥ (temperature, TEM):
550 °C. AL)m 4 FL SR BES B 2.

*2 SEREMSSRILEME. EEBTFHMRESTSH
Table 2 Qualitative and quantitative ion pairs and mass
spectrometric analysis parameters of chlorate and perchlorate

ey BLE 7 FET  HILEE mifEfER
. (m/z) (m/z) Y 5%
83.1 67.2% -100 27
IR
85.1 69.1 -100 -25
99.0 83.1%* -70 -33
AR
101 85.0 -70 -35
SRR AR 89.0 71.1% -90 -30
1= SRR N AR 107.0 89.1% -110 -35

2 EREHR

2.1 BIEHNRE

AcclaimTRINITYP1 & & & F 2¢ # #1 (100 mmx
2.1 mm, 3 pm), 7EFLIA: A BN, B R 10 mmol/L HiR
B, Wi 0.5 mL/min, AEIf 40 °C, BEREHEE S pL #AAF
TR TR, R ERRES B AT IR ETLE 1.
2). ARRELFN S IR IR EM MK E FIEY, FH
WSO BTN Cg SEARMER HLAr il e . PRI A9 R
JH Waters AcclaimTRINITYP1 & &5 T it . %6
TERE ORI G AH e SRR AR AN = G RRAR DL B F a3 i
bW N T TR e a1 O (DR I i 2 R R aE / S R
FEABEE A VLBV R B sl . BARER TR, R
R, BHE DAL, B A TR P AR s A
TR R 1) DU E .

2.0e4 -
1.8¢4 |-
1.6e4 |-
1.4e4 |- \
1204 |-
1.0e4 |-
2 8000.0
6000.0 |-
4000.0 |- 5.42
2000.0 .“‘ 4.20

o7 58 BE /cps

0 Mesbnitoion b )
00 1.0 20 30 40 50 60 70 80 90
Fif /] /min

K1 ERREL . R AR ER S H AR Y (g
Fig.1 Multiple reaction monitoring (MRM) chromatograms of
chlorate, perchlorate and their internal standards

2.2 RBUBTIADESE

KRl ASIZL R BR T 4R, RN T — L
ey 111 M S N Pty S A e A1 L3 e N e O 5 7 N
FERSEEA . BB oK EY . diER . ey
SRR ERZE . BT AR EE, BRI . ok
EY . BEEAAAEHAIER B 2RI & A
0.2% R -FH EE(10:90, V:V)IREL, BREEUTIERE A A,
[ IRBR 25 T B IR R iy — Lo TEHUAL A, $ 0 TR ALY
[T SR FRAS [) 3 3510 1 B BB 7510 X6 RT3 k4300 (G
% 3), ZREY, 02%HER-HEE(1:9, V:V), BN . EHR
PUERCR 00T, $RBOREEEH, PR, BA Ik
K 0.2%H BR-H BE(10:90, V:V)TE R BUA T
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Fig.2 MRM chromatograms of blank and spiked chlorate and perchlorate
3 TEHREURFI EW RSN
Table 3 Influences of different extraction solvents on recovery rate
PRI SR ER TSR /% 1 SR ER TR /%
0.2%ZR-Z5(1:9, V:V) 87.2 83.6
0.2%ZR-FF EE(1:9, V:V) 85.4 84.3
0.2%FiR-FAEE(1:9, V:V) 90.2 92.6
0.2%FR-2 i (1:9, V:V) 85.6 84.7
0.1%H R-ZJE(1:9, V:V) 86.2 82.9

23 [EHEBRLAEREE

ABGTRAT 4 FOSFESER BARREBUNME, 5512
Cig . RP H: L WAX A | HLB AE X S SR BOR A T v b (5
RUWFE 4), 4 FORFE SPE /ML IE MR+, RP
FE A S B FRITR S VA Uk, sl G 75 G (o T AR D A,
RRVERE RS, Cis. WAX. HLB H:#GEIS BB 171
MWW, P, ¥R Cis. WAX., HLB A:fiflalli R ses, 45
SRR HLB A b5 i IR e U e 5 1, AR

FEA ] HLB [ AR A BOREA i B AL A

4 TRIEEZERESEW R

Table 4 Effects of different SPE columns on recovery rates

A T AH 2R ORE ATRE% R ER /%
HLB 88.3 86.4
Cis 82.6 80.6
WAX 78.3 72.9
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2.4 EFRMMN

AESLIG AR, R R AMRIE bR ] i SE
B [ SR A i e o DA FE T EST PN RE L A TR R, Ab
Fryk e B AR B AR AN, RN E R 2 SR A A
T IERRBEE AN, AR I EAL R R R, 7EfRr IR
il I A SRR - 80, Al SR AR -"00,, A5 SR Fiim &
1% 6 R L[R]3 28 AR AERE S T AL ST Rt v, BV 2 R
AR, WA IR R AARA AL, I RRE
Wi, fEEES B BESI B FIRE Fibidfid, FAMEN
Fri) e mE M TR AT AL, #ME T iR ISR 5 R AR
RN AR AR N A A AR Ak, BRIE, ASBFSE R R E A
BEIPRILZE & WA A RO T &, DAl JE 4500 1Y)
SO, Bl R AT A SR E R M I B
2.5 FHEFIIGE
251 AMEER. HERLEEER

FHER 5 AT, VAL b R A A s SRR AR 1 2 M v 1]
SFHIFE 0~50.0 pg/kg Fl 0~25.0 pg/kg, HHKEZRE r*>0.9994

M r*>0.9998, LPES R KA. DL 3 AR HL(SINYH B 4%
B Fr4 A6 H BR (limits of detection, LOD), LA 10 13505 1
L (S/N) I8 & H A5 9 19 78 1t B (limits of  quantification,
LOQ). EMREL MK HIBR 0.1 pg/kg, EEIR 0.4 pgkg, HH
FRER IR B 0.2 pg/kg, LR 0.6 pg/kg, LA
B3R,
252 EKEAAEEE

SR B AR e e L R0 R o) LA 1 AR IR A T
TR BT SRR 2 BE 88 o 70 A el AR i LR & R 4 )
JIA 10, 50, 100 pL 4 1 pg/mL S EREL = SR ER TR A
PRUEVA WL, R b b SR 56 A o SRR R M VR I 203 oA 1
5. 10 ng/mL, ¥/ 1.3 A IR0 L &, FRTFaE iR,
AR ELIE 6 WK, MBI EREEE . 4
W 6. HFE 6 RIH, SRR A &R AR 1Y |1 Ui R Ky
80.0%~93.6%, RSD i 2.14%~6.68%, S Mi% )7t
PMELE, [IBCRFaE, BT Tl Hh SR £ A R SR £

B AN o

x5 SRANMSEMRBHKMSE. BXRY LMEERE. RHIR. E2R
Table 5 Linear equations, correlation coefficients, linear ranges, limits of detection and limits of quantification of
chlorate and perchlorate

F T Hix¥ etk SR L PETEFEl/(ng/kg) G BR/(ng/kg) FE R/ (ug/kg)
ENEN Y=2.33X+0.0382 0.9996 0.0~50.0 0.1 0.4
KR
AR Y=1.24X+0.0204 0.9999 0.0~25.0 0.2 0.6
EN N Y=1.73X+0.0284 0.9996 0.0~50.0 0.1 0.4
FEEREN
[N Y=1.03X+0.0103 0.9998 0.0~25.0 0.2 0.6

R 6 S[ERRFSRERELA RN ERIEEE (n=6)
Table 6 Recoveries and relative standard deviations (RSDs) of
chlorate and perchlorate (n=6)

FGh 24 FK TR (ng/ke) 1R /% RSD/%
1.0 80.6 6.68
1.0 80.0 3.02
1.0 83.0 4.23
5.0 89.8 2.36
WAkFL 5.0 84.2 4.56
5.0 86.4 6.34
10 93.0 2.14
10 93.6 2.56
10 91.0 2.91

2,53 FEIFARER

R FIZIT IR S PR AR ZLRE S TR . 40 LV
ARES . EERERAR 8 L, RV 2.62~11.25 pg/kg
Zl, HRPRGE . RS T, SEREYA AR
R . S U FITE 1.02~6.95 ng/kg Z [0,

3 LSt

AHHFE R AcclaimTRINITYP1 & A BH & 158 ek AE
5y HiHE. 10 mol/L W H EREL- LI 1E T shAH., HLB ik
FEBUHE, PAZ WA (multiple reaction monitoring, MRM)
M7 AT R A, PIARTEE & . SEIR R IZ 0y AT Ab BLP
BRE, ST AL, AFreT g, ErEdER, IR,
A WARFL R R = SRR S e, R ML A
PRAL T HARLRER
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