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1 MRERE
1.1 HE&RE5RH

BOLE T ks (1B B B, & &R
B AR (/rHr Al , 36 sigma A H] I L
JiE (5 a0 FEBR R B A BR A 5 150 I K
EBAK
12 UHF5EE

Dionex ICS-6000 & F {4 % , 3 [E Thermo
Scientific 23 A, BC A PO o BE AL 00 ik AL H S A
# \EGC 500 KOH # e H 3 % /E4% . ADRS 600
2 mm FHE Fi0# 8% XCalibur (03% TAFuG; 5%
#, 2¢ E Thermo Scientific 2 7 :lonPac AS19,7.5
pm,250 mmx2 mm (P/N:062886) ;lonPac AG19,

11 pm,250 mmx2 mm (P/N.062888) ; TSQ Quanti-
va — 5 PURL AT BB G 03 &R 48 (MS/MS) , 26 [# Ther-
mo Scientific 23 ] , Bt A HL W5 %5 2 1 1L UK (EST) 1
TSQ Quantiva3.0 Tune T E#X {4+ ;OnGuard 11 RP
HiAb B/, 55 Dionex 23 A Milli-Q.A 10 #8 4(i
KA as, 5% E MILLIPORE A ;0.22 wm JE K,
Agela 23 F] 3 LT K AL104 , #4530 R 2 A%
AR A R R O ML 3K-15, [ Sigma 24
A fH I KN Polystat K6, #2[E Huber 23 A
1.3 tRER KA H

PRI — & JoT i A A B v SR £h SR £h 01
STk, JFEER 1 TRy o i R I A TR
B bR R TAEW

1 RERITERTSSREMSBRANRERE

Table 1 Mass concentrations of perchlorate and chlorate in standard series working solutions

SAMS R gL o % 51 AR 2L R F R g L
& 0.1~2 0.1 0.2 0.5 0.8 1 2
EN Y 0.5~10 0.5 1 2 5 8 10

1.4 HAATAE
141 47 WHE 1 mL A2 T 10 mL B0 8,
A 4 mL ZHEDCHEE A, IR EYEFE 2 min J5 , 7E 4
C, L8000 r/min #%H B.L> 10 min, B LG 1
mL A 9 mL & FRM B, i 0.22 um BJE
Teug M B 5 mL SE A H

RP/MEWE AT ¥ 1 10 mL R 5 mL 2%
BT K RP /MEMRGETE AL o 8 BRI LA 1 mL/
min [ FE i RP /AMEGAL 58 0008, It
W2e 0.22 wm By, EHLHT
142 B4LBECIrsLE  FHFRE 1 g Uik T 4
mL B 4K A ZE 50 C, U3k 78 W i, %
L4157 EE X i 2 4 JUBC 7 FLky A5 A 3
15 BiEEH

& H TonPac AS19,7.5 wm,250 mmx2 mm 53
B 4 ;TonPac AG19,11 pm,250 mmx2 mm f #*
K i ER L .35 °C; Legacy B, 61 mA L,
Wik :0.35 mL/min; HEAEHED .50 pl; AXP ZEAMEK
B Wi :0.8 mL/min; i s AH A B 4liK, R
EGC Wk UE W H 3 & A8 4% 7 26 10 & 4l KOH I,
WS VAR 7 W3R 2,

R2 BMEERBERFR

Table 2 Gradient elution procedure

B 18] /min W fmmol - 1!
0.00 15
10.00 15
10.1 70
20 70
20.1 15
25 15

1.6 RiGFH

TSQ Quantiva H 5K 57 3% B¢ FH A ; EST 7 25 1
& 2 ; Negative Ton (V) :3 000 (V) ;Sheath gas
(Arb):45;Aux Gas (Arb):10;Sweep Gas (Arb):
2, B AL RE (°C).320;Vaporizer Temp
(°C) :400; 2 S i W I (SRM) 2K
1.7 REEMEWENE

R U1 wg/L B AR ER AN 1 pe/L A
MR Eh bR MW 1.5 W 5 SR i SR 6 Ik,
HEATH I E

I HCAR ZL AL T M i, 43 il 3
8 MMAIG rb e v B B i BRI 58 1 4
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A AR AR 0.06 we/L, InARE4> 54 1,5,10
we/L; 55 2 AR 4.43 pg/L, ks it 43 5 R
10,15,20 pg/L BB L LB 7 W5k #E 5 565 1 4
A AR LR 8.53 /L, ks 205 5,10,20 peg/
L5 2 41 A SR £h 98.87 wg/L, IAs & 43 5 N
50,100,200 we/L, SR J5+& 1.4 F5RE A ATALEEFD 1.5
TR A I R R R AR R AT I
3 U WO (E, 1153 J7 3 04 [ e 38 0 AH X s 1
2

2 HREHMH
21 BEEMGMRNK

2.1.1 gk K5 4 B % %5 T Dionex

5x10*f
4x10*F
B8 axi0th
& Z
2x10% ¢ L
1x10* A ‘—J'

12 15 18 21 24 27
i i)
Time/min

(a)AS11 14 B8 i)

TonPac AS19 {341 5 Dionex IonPac AS11 (4%
R B R WL 1, BT ASTL i A i K
Bk, IR TE AST1 (A b HA A i 14 78
P 0 TS SRR B TR VR A 100 mmol/LL
(RPETR B 3h & AR 7= A W e e ) B,
SR ER (1 A4 B N E) 8 1 30 min, HL (U5 I B 45 2% |
5 ASTT (05 KA e, AS19 (0 3% A ELAT B 3 1) 55
ARV, 29 VTR & A 2 2 A 100 mmol/L & 48 AL A
VTR A T R B 5 R R O B ) R 15 min, [F]
B} TonPac AS19 Z3#Hr#E AL 2 K I Ak, Frlh
PEFELL TonPac AS19 53 Mt TonPac AG19 M {4
P,

5x10*F

4x10*F
g 3x10°F
& 4

2x10*F

1x10*f J

3 6 9 12 15
i 1]
Time/min

(b)AS19 {3 B i (8]

1 BREHE AS11,AS19 Bi%FAR B E
Fig.1 Retention time of perchlorate in AS11 column and AS19 column

2.1.2 BB L EGC 7547 E KOH N
W, AL T KOH Wi vk B, XT [k 1 50,70,
100 mmol/L % ¥k FE | W & Wk vk W vk B2 7t v, £ B8 I
4 A SRR B S, WK 2, m&ER
BREE VR o, A AR BT IR N 15 mmol/L E] 70
mmol/L A% B Y, 258 =0 W9 4 4 vT A AS AR 4
4 B, JFalE b T — L R v R R 0RO (R 11
S VR AN H S 61 mA HLHIHIS |, P AR
8, DT 4 B3 I ML TR AR X 5 35 A 00 8 1) 5
M)

2,13 e ER kRO A m AR . R
ERAF I R B s, RIS A
FL S 0 25 RT3 A U 25 40 B 10 g/ L VR AR 38
SUN R E oAU B R DO s T N S IR ST R 8 2

5.50x10"
4.40x10°
330x10' 2 §
220x10° = =
1.10x10°

0.0

. £
'Rt:ld.ﬁx ||||| 2 §° o
FE S
F
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S
N
oS

Rt=14.38min
.
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i (]
Time/min
B2 AERRRETSSRANRENE
Fig.2 Retention time of perchlorate at different
elution concentrations

(A) A2 B 8] 8.8 min, iy SARER (C) £ A e 1)
o 21.9 min, HL S ARG I 25 £ AR [ [RD R HH I X LE
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Fig.3 Chromatogram of IC-CD and MRM spectrometry

of perchlorate and chlorate

SEIL U L TR I AR R e SR Y SRR AR R
R 5 1 SRR 20 1 000 £
22 RiEHEGmRii

TSGR A S R I 500 WL BT R
JE A 10 /L b SR B0 0 e SRR B TR AR VA A, T 2R
WA 20 wl/min, ESI 8 PR, HEE =08

Mass spectrum response intensity

Q1 A4 3 a4 Ak Fi R AN 25 U0 i, 43
FE T EARR (m/z 99) MR AR (m/z 83.8) 1) £
B AR AW T TR EUT  m AR AR
PRUEVE S TS A G 274 (m/2)99 il (m/z)
101 WFEEE - i T AR AP ClL &l Y Y
345, 2C1°0,— 1 & BB, IR B (n/2)99 1E
1 AR R e BoE T BEES T BEE A U Al
50 &R — AR R WA R R T A
BCI'0,—F1 3C1°0,— WA Fr 85+, XTI A+ B8
T3 914 (m/z)83.2 . (m/z)67.3, 1 5 Wi 1 56 JiF 45
KIGEE R (m/2)99/83 Ay i SR +6 28 12t 85 %
TEHE (m/2)101/85 AF e 1 85 T2 [ A, SR $h %
W 28 H W 25 1 B A IS L 7 R (m/2)83.8 | (m/z)
85 WIFHEES 15 L) (m/2)83.8 NHEES T kAT — 40
T, R M R 5 B A R I RS T (m/2) 83.
8/67 AF Jy S e £k F W Fr B3 (m/z) ,85/69 1 N
SE R B RO I A S T X B HEA T B A%
Ak . 4 AR AL BE T BE & (v) \RF lens(V)% 2%
BRI, R MSEEAE T RaE  REE
RE A Zead A, o SR £ AN R £k A A
FIAR 119 53 8 AR Ay Y/ X 33 14 95 e, AR
TR R D)4 s vt oy =X, WL 2& 4,

*3 BEREMEBAERELESH
Table 3 MS parameters of perchlorate and chlorate

1 &ih BT AN 8 T (mlz) F BT (mlz) B3 A IV ek A IAY
AR negative 83.8 67%* 21 69
FE 3 negative 85 69 21 69
& FUR negative 99 83* 26 70
& AR 3k negative 101 85 26 70
T N R T
=T, % > JIfl R 4= V4
Table 4 MS or WASTE o
— — — B, L R A W2 A LA 2R T
. B i e, 2 UL REA BT (R0 0 AT 1 B AR
; e i BT LA B e 2 TR B
24.5 1~2 Bk APUER AR, 208 A T0ERCR | i

2.3 tFmuEraEMAL

23.1 FERULTEE AL A AR A0 22 &)
JLBE T W A il b 0 SR kA SR R L T
LHAHLRA AT IOEEA, TR EmZ

o5 B A BIL IR X 2 (3 B B AT E R 3K
oxt LM AT T AL, B Ol B IA
R LEC T Wik b 2 g FE R ELEINA 20 mL &
i WA R A T B RS S R R e AR AR R A
Wik RE i SN2 A2, BHAE T WA R a9 23
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B, Jo ik B ORI . PRt R R S 2 4 LD
T3 Wk B il B SR L, NS SR B AR 3
X TR RS CIERRBLEL o 1:1.1:4
A 1:9 Iy SRR h A SRR AR 1 S URCR | 25 3R
Bk < I a, nT LA 30 B T O R, (R
SEAIE I T H AR 0 AT E, I TR I
AT R Eh R R 7R AR 2R b ) AR,
i B AR BT 3 2 B AL BEAR TR PR, 3 Al
R IPE . PR, 4 1 mL S240 LD J5 0583 R 5
A 4 mL WS IBUR AR IE T 42 BORCR T H
T R AL R SR MLV B S FE A R P, HL
232 AR R EEA R LR HLB
FE.C18 #1 RP #1 % FF i £ Ol i 17154k . HLB |
C18 RP H:#R g 45 2 i i FE DU . Rk, &M
HLB . C18 .RP A Ml R 55, 45 S 3R B RP A it
b B DR fe i, WL 5, b, ARBF 55 R RP
[P R 2 R R A i Ah BV AR AT

233 RPHAHCRIAB L BUS mL 5 ik
FE 10 we/L bR RP /N, 0 B AUBOTR
FAEWCHE 1 mL, 3L 58, LA, RP & fLkE vk
WA, R 6, 5 FRWMH TRrB b b &

£ 5 KEEHEZE A X E R
Table 5 Effects of different SPE columns

on recovery rates

AL B AR 3B R /% = FBR % /%
HLB 88.3 86.4
C18 82.6 80.6
RP 98.3 92.9

x6 RPHUERBRIE

Table 6 Elution efficiency of RP purification column

5 e WL %1%

1 52.18
2 59.25
3 84.86
4 96.31
5 99.21

ZRVEIEHE, 20 H Rk B2, BT AR AR = 2 min
i Hh B

24 FHEFWIE

24.1 ek AU p R AR AT
e ) 4 R b v 2R 5 AR AN, Lo v SR
R A AR AOKT I 06 TRT AR DA A A A 22 1 A v il 4%
TR EI 27 45 R AR 7,

R7 SEREMESBRIANTEHLNEEEE

Table 7 Linear range and standard curve of perchlorate and chlorate

TS KHTEE/pg- L #% & BT 1) /min By A8 % & B (R?) % ¥ Bt 18 RSD/%
E W& 0.1~2 223 y=25.7585+2.237x10% 0.9998 0.98%
N 0.5~10 8.95 y=1323.77+1.195x10% 0.9995 0.95%

242 KEERE B wy/L W& SRR 1
we/L B SR SR bR Sl R T 1.5 T ik Ak R i SRt
FE 6 UK, B T U6 T LR G B o D 22 (RSD) 43 51 4
1.06%F1 0.96% , 3= WA It 75 VA K %% FE R AT

243 R BRAE R B 0.1 e/l 1Y SR R
F10.5 e/l PR ERBR S W LU BT, AR AY
o W LU RS R BRI ARD 2T Tk i AR A
BN 7 ng/L, & BR A 20 ng/L; SR 6 K6 H BR Ay
1.7 ng/L, B R K 5 ng/L, 5 VF/NgE S50 57 (1) 1
SECURCRE £ 35 T T 6 FH A B, LA RIS HH PR
244 FEEME 1.4 R ST A4 1 A EE 4
JLEC T WMy R S AT A A B, e 1.5 1 B 4%
PR FL i ER L AR O  HEA TR, B 4

6 M FAT ., SRR A WA b e SRR AR R AR
R RSD 4358 2.31%A11 3.45% , ¥1/NF 5% (n=
6); BEA LI 7 Wk B b v e SRR h R £ 1Y
RSD 4390 2.1% 1 3.22%, ¥3/NF 5% (n=6),%
Wz 7 s BT AP B P

245 FoEME R Gy B4l LS O W R R
i, % 1.4 ETA I SR B S 4 HE 0,2,4,6,
8,24,48,72,96 h L HLAG I , 170 & 3 Wk, B
SERIE AT YRR R AN 4 PR RE SR A AL Ay
o B B[R] K JE B AR Ak, P RE S 8 h 1Y
RSD #1<0.4% , % T 4 d /9 H 18] §& % 7% , H RSD
¥1<2.21%, 45 F R WIFE AT DUFE 35K B ] {45
FaE .
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I ! L L 1 ! 117.5 6.28 1 1 L L s L L
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B4 Byp)lRAVHERTEEBETNSBRBRESE
Fig.4 Intraday and inter—day stability of perchlorate and chlorate in the samples of infant formula

2.4.6 AR BRI 4l JLBC T3 WA R
af, 23R R 8 AR R R B AR ah L 3K 1.4
TORTAL BT A 15 1 R O R R e SR R
AIREL & SFATIRE 3 0, BOLF 3 ME, 3153 1]

R, 25 8, R & 414 RSD $9<0.68% , 17
R TE 82.00%~97.85%, F M%7 ik HA BRI
ISR R A% o B bt [ G 00 A4 4% 0 2 &0y )L TS
WA b i R AR SRR R A

8 AN ILED 75 M G N AR T 4

Table 8 Spiked recoveries of milk and infant formula samples

# SIS HBRERE/g L iR E ug L mARE Rl R ug L AR /% RSD/%
4 E 08 0.06 1 0.98 92.00 0.66
5 4.16 82.00
10 9.78 97.20
E 0§ 4.43 10 13.91 94.80 0.65
15 18.39 93.07
20 22.18 88.75
By)Lm i idy HAkH 8.53 5 13.22 93.80 0.67
10 18.11 95.80
20 27.21 93.40
E 0§ 98.87 50 146.27 94.80 0.68
100 195.87 97.00
200 294.56 97.85
247 HEEOHAT AR EES 20 A TR 3 g

WAL FWR (T I I RES 6 4, R AT
FEHENL Y IC-MS/MS J5 kA7 m AR &L | SRk
R, B FE AT 3 UK AR TR E B 20 A4
AR P, mARBKE S S A, T EEEE
0.06~4.35 pwglkg Z 0], AR ERAG 1 4 4>, & 2L
TE 2.43~13.49 pg/kg Z 0, AT R H . 240 L
BC 7 Wik A b e SRR R SR R TR AR B A
R JEEE 1.02~14.95 pglkg Z 18],

AR 38 2 X6 A A Ak B A% 1 S T A
IR TS S BN AL, L T R BT (% - B R
i, RS S A 0 RN B &y DL E W R R b
o AR AR R AR S R T T VR I IR
82.00%~97.85% ,RSD<0.68% , = A MR £k . AR £h 1Y
Kzt BR 435 28 7 ng/L Fil 1.7 ng/L, 22 5 BR 5 51 0
20 ng/L #1 5 ng/L, FRWZI7 i HA B4 21k
B P, D 5 SR MET T 5 L 5% G0 i VORI i
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Fig.5 Chromatograms of chlorate and perchlorate
of infant formula samples
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Fig.6  Spectrum of perchlorate and chlorate standard

at 10 pg/L
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Determination of Perchlorate and Chlorate in Milk and Infant Formula Powder

by Ion Chromatography — Tandem Mass Spectrometry

Zhang Minghui, Jia Ge, Qiao Weicang, Zhao Junying, Chen Lijun”

(Betjing Sanyuan Foods Co., Lid., National Engineering Research Center of Dairy Health for Maternal and Child,

Wang Yaling,

Beijing Engineering Research Center of Dairy, Beijing Technical Innovation Center of Human Milk Research,
Beijing 100163)

Abstract A method for the determination of perchlorate and chlorate in bovin milk and infant formula by high perfor-
mance anion exchange chromatography—tandem mass spectrometry was developed. It was optimized about the protein pre-
cipitation reagent and the purification conditions of infant formula. The protein was precipitated by acetonitrile and the
supernatant was purified by ion chromatographic pretreatment column. The separation was performed on a Dionex lonPac
AS19 high performance anion column with gradient elution using potassium hydroxide eluent at the flow rate of 0.35 mlL/
min. The injection volume was 50 wl. The column temperature was 30 °C. The results showed that the perchlorate and
chlorate could be separated well under the experimental conditions and showed a good linear relationship with its corre-
sponding quantitative ion peak area in a wide concentration range (R?>0.999). The limits of detection for perchlorate and
chlorate were 7 ng/l. and 1.7 ng/L, respectively, and the limits of quantification were 20 ng/L. and 5 ng/L. The recoveries
of milk and infant formula were 88.95%~102.33%, and the RSDs were 1.86%~3.21%. This method has the advantages of
simple sample processing, low limit of detection, low limit of quantification, good stability, good repeatability and recov-
ery, and could be widely used in the detection of milk and infant powder.
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