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Determination of chlorate and perchlorate in infant formula milk powder by
ion chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determination of chlorate and perchlorate in infant formula milk
powder by ion chromatography tandem mass spectrometry (IC-MS/MS). Methods The sample was extracted,
purified to remove the protein and fat material, then separated by IC, and determined by electrospray ionization
tandem mass spectrometry, with %0, chlorate and '*0, perchlorate used as isotopic internal standard for quantitative
analysis. Results The separation and analysis of chlorate and perchlorate were completed within 10 min. The
recoveries were ranged from 79.7% to 96.4% for chlorate and perchlorate at 3 spiked levels. The relative standard
deviations (RSDs) were less than 5% (n=6), and the limits of detection(LODs) for chlorate and perchlorate were 1.0
pg/kg and 0.3 pg/kg, respectively. Conclusion This method is accurate and reliable, which is suitable for the
determination of chlorate and perchlorate in infant formula milk powder.
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AR, SRR S AR — 2 5 ey, 3%
Bk e, FERERE I B AR B AR v Rl
P, H I BE KK R AR R R — R A A A TS
ey REORIEF T . A BT A R
BRSBTS T S R A AR R
HARRE .. SIS SR, ml B RKR
TR, KT 1 K RIS YL,
M R AT AR O R S U e AT X
NI RREAL B . 5T S, Rk A ey SRk 25 BH A%
FFODR B X B A W 5T, 31 5 0 R ) 2 R B Sl B it A
L BOBURE . AL, SUHERY L, RagmH
WRIREE S FHAREEAE S XLEENER"T, i,
T B 40 JLIE 7 ks v SR A e SR 1 1 AT I ik
EHAEL.

AT, XTSI IR ER 0 0 Jr ik iy 2
SRTPTE R ST, EAEIRAK . HFROKEE, Rl ik
FEAA B AR RIS O HR IR R O
B {0 3% 58 B BT 3% 75 (lon chromatography tandem mass
spectrometry, [C-MS/MS)2*244 5 7o 3 vy 5 o 7130 52 7K
FE SR AR AR R 1w AL T s, HZ 5 Y R BRMETE
T B0 et R R R IR B B ), H 52 A I s+
T, [RIA, 52 A AR il BRI A 1 £ 1 il 2 BOE 1 F
SR E G BRI AR L, B e B R SR 1 Bl
FATEL L AL, T8 I 2% L BRI s, A
AN A% o A0S AR LER R IBD T S A AR B R
WA, P AU AR, (] B RE A T A R BN B
oI 25 1 A5 5 o PR, AR - i 40 B ROR D
ERIDE BT ASIBE AAH I, S SR A6 ey SR 3 [m] B 43
Br, 27 RE R . ER . T S HbAS I SR 4 LIC Jr ok b
SRR FI S ERREL AR B AL, (W] Sy ORS00 e 0
W3 Az 7 Al 8 Jo e A i A A — TR A A ik

2 MHEREE

21 UE5EF

Dionex ICS-3000 & 1~ {0,3%1% . Thermo Access MAX
g G AN (36 Thermo Fisher Scientific 72y #]);
Millipore Milli-Q # 4l /K 4 (3 E Millipore 2% A );
Eppendorf Centrifuge 5804 & .0 HL (18 [E 3 A &8 F]);
Heidolph Reax i i€ % 3% #% (1% E Heidolph 2\ Al );
METTLER TOLEDO H ¥ X % ( 3£ METTLER
TOLEDO A #).

AR EFRAEIR (1000 pg/mL), 75 FBR Eh br v I
(1000 pg/mL)(3£[E Inorganic Ventures 2\ ]); SMREE-"%0,

[F)43 Z IFRIA (200 png/mL, fE[E EU Reference Laboratories
AT T RMRER-0, FN R NFRE (100 pg/mL, 3 [
Cambridge Isotope Laboratories, Inc 23 Fl).

ZNE . IECke(fhik4al, 35 Thermo Fisher Scientific
AT, SEERE KRN Milli-Q #alik. B4 ILE I kA
BrEe. TBYEL. T B BOSRI T,

22 ELWHE
22,1 RREH

TRAPRE I /3 5IMERIR 0.3 mL SARRERPRIER
(1000 pg/mL)FN 0.1 mL = A MRERRIER (1000 pg/mL),
T[> 100 mL A8, FHBAUKmREEZIE, 55,
SRR ER . SRR MR B 43 3,00 1.0 ng/mL YIRS
B (B

RA TR RNBRE: 20 SRR 1.0 mL SRR
PR NFREI (200 pg/mL)FI 1.0 mL 255 EE: FAL 2 AR
(100 pg/mL), B TF[F—/> 100 mL &, Ha
KRR ZIE, 85), HIRAmRE-""0,. mEAmLE-"0,
A3 2.0 pg/mL . 1.0 ng/mL AR R 28 AR -

B INARE IR B AR AESE G MERIZER 0.1, 0.5, 1,2,
5. 10 mLIRAFRHEHR VT 100 mL 540, fERA%
WP ERBEA 1.0 mL IRA R ZNFRE, KERE
100 mL, SPRER Ak BEEAK IR 3.15.30.60. 150,300 pg/L,
FARRER AR 1, 5, 10, 20, 50, 100 pg/L,
FiAREGE R P 54 20 pg/L SRE:-"%05 #1 10 pg/L &
FRRER-"°0,, BT B S Mk B AR A FR v

IR FIE CeR: B 500 mL IECBENIA 50 mL
CIEIRAHS)GE, fELRE, BUEC k2.

222 HSETAE

VERFRER 2.00 g FESLCRERE 2 0.01 @), BT 50 mL %
BT, B 200 pLIRA R ZE AR, A 10 mL
K, WHEED 5 min, FESLSEETERIG I IGES 20 mL,
RGIRAYA5))E, LA 8000 r/min M JE &0 15 min, ¥ I
HW AR B e 08 D, A 10 mL ZERARL Y IE
CREAI, JRSIRAIAR, LL8000 r/min FEEE 2.0 15 min,
FELZIECKE, BUFZHRZ 0.22 pm S 85 R
223 ARFE AR D E

(1) K% B

Bas (AR 6 1Y, 43I 40 uL %A 3.0 pg/mL 5
FRERA 1.0 pg/mL S BRER AR A br P e, RO SRER
WhNEE R 60.0 pg/kg, mAMRERASINGE R 20.0 pg/ke, FERT
A TP 200 pL {5 R R NARIE(2.0 pg/mL 54 7R
-0, F1 1.0 pg/mL FEEREE-"°0,), R 2.2.2 HFTHE
SEATAREE, A 2.2.4 SIS AR UEF T E A AE o

(2) M &

Bas FARERL 18 0, 400 3 41, 25 1 4LRE S 4 B n
4 uL JEAPRAET (3.0 pg/mL ZARERFI 1.0 pg/mL B4
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MRh), ENEAMRERINE N 6.0 ngke, mABRETINE K
2.0 pg/kg; &5 2 AFEST ARG 8 uL AR T HE
(3.0 pg/mL EERELFN 1.0 pg/mL & EREY), RGBT
BN 12.0 pg/kg, SAERERANINESN 4.0 ngkg 55 3 AR
SN 40 pL IR-ESFREPEIEG.0 pg/mL ERRELA 1.0 pg/mL
AR, MEMRERINEHR 60.0 pgke, AT
WK 20.0 pg/kg. [, FEFAFES R EIMA 200 pL A
[ Z NARIE (2.0 pg/mL R IREE-"205 Fl 1.0 pg/mL 4R ER
Eh-1%0y), SRIGHE 2.2.2 PEATRERLATACHE, 4% 2.2.4 L7
PTG, TS RSO R B v 25 .
224 BT E#E-ERAELMF

(1) BFaEim

Dionex lonPac AS20 FH & Fi%H(2 mmx250 mm),
Dionex IonPac AG20 {£H741(2 mmx50 mm), £ 30 °C, ik
VR A sh & A g AE L =2k SR AL B R R TR, B R R A 1
1 PR, JERER 10 pLo NHIZER A SME KGR,
Dionex ASRS 300 2 mm, #ilHL7 19 mA,

&1 REERERRERF

Table 1 Gradient elution program of mobile phase

i ] /min i3 /(mL/min) KA/ (mmol/L)
0.0 0.3 25
6.0 0.3 25
6.1 0.3 70
8.0 0.3 70
8.1 0.3 25
10.0 0.3 25

(2) ikt
B MBI H ) ESI(-), W% HUER: 3000 V, B

JEJ1: 45 arb, HEISE S 20 arb, B FEHEIRIE: 350 °C,

P 2 .
23 BEITE
YR UE R B H T A O R i i 5 1k
Mg DR 22, ARBF 70 R &R - 20, s & idh-"*0, 1
H AR EL A R AR ER W N AR AT AR IS E . 7E BR
I 25N, 43 500 5 R it R A oA P O v 7o R
PN 49 S5 ) W6 TR AR, AR A6 FE VR v o D 49 5 N AR 1
WREE FUARLAE B AR AR, 18 DU 5 PR b 0 1 e T R L (LA
R AR, B AR HEI L. B AR R SRR S N
TRy TR LU AR, AR HE R 2k A5 B0 AR &L W b R
Y15 AR R BE PR, R T 8 A KSR B A
LREERUIE7/JiDRes—
- RxcxV X@
m 1000

b XOURERL FP AR 54, ne/kgs RO HARifEH it
ST BN AR P RRI 5 R RV LU (B ¢ CARRRC
NARYIRI TR IR, ng/L; V RFEM A E BT, mL; m oy
FEAAYIBURERE, g

3 HREHR

31 BETFaEEHMmii

AT R VR A BE B R T 2 (S A SRR 2
AT R AL 4 5% Dionex IonPac AS 19 i 5
Dionex IonPac AS 20 (A E4T T L BAHE, BT AS 19
BiK PGSR, AL IR ERTE AS 19 @il F HA %
SRIGORERME, MU S S AR B R 25 mmol/L B,
FAIRECAE 5 min ZEA7 UG, T = EURRER ) AR 7 B U] A
20 min(/&l 1B), 5 AS 19 @S AH L, AS 20 A HATH
SR SEACNE, MR & A #R A 25 mmol/L AU A LB E
FTUemipet, SRR ER AN SR ER M 7E 3 min, 4 min /245 H)
(B 1A), [RIE, 8 T3 2 5 BB I ZER, 85T iR
72 mm A ERERE, (AR 4 0.3 mL/min ZE47 .

IR SR P v 2 5 ) SR 6 A SR A A
BRIl — AN R 3R, SRR e B kv, VL RE T B,
PRER I IE]# . 1%6FH Dionex IonPac AS 20 (2 mmx250 mm)
g, UL 0.3 mL/min MBI HALT 5. 15, 25, 35,
45. 55, 65. 85 mmol/L F AL HIM IR TR AR, SR
A AR AR BN 2 Pis . WRUEHHR B =
A0 T AR ER AN SRR R 0 Hh e st IR], SRR S R R
BRI E) 2 25 TR, H % R B B A e A A T S
W A REAIC, [RIEPRIESE AN SEE07E 10 min WSB48R
JE AN SR 25 mmol/L 2 A ALIE A bk PR TR A Ve M e
T 70 mmol/L AL B v BEAE -, B5EEBEMLARF ISR 1.

BEAN, AAT T o R S X O B I ) S i, S
W, FETRLAE 20~30 °CHYTE FEl A I EASE A 23 T 0 9 43 B ROR,
(PR B EF I i o A 30 %) T 5 T S A AR AR, A S 0 e R TE
30 °CHER T AT R ER A ey SRR LR 1 o ik 40 i3 .
3.2 FRIEEHMHK

FEHLIBE 55 (1 67 AR, SRR AR R i SR R
PRUET IR ST A4 )5 400077 4= miz 83.0, m/z 85.0, LAK
m/z 98.9, miz 101.0 4 FirEl 1. i T ARA T PCL &l
STCLI 345, 5CI05 F1 PCI0, W&, A%
m/z 83.0 Fl m/z 98.9 43 HIAE A SR £8 Rl ey SRR £R 1) M %
ERIEEE T AR IR B T P C1'0, & TR R 4
B FER—A R FRBA R T, 774 P10, f °c1'%o
PR B, XA B 7 e A B miz 67.3, miz
51.5, BERENR N SR BRI R m/z 83.0-67.3 HEREF
X 3). UM, m AR AR T P Cl0, R 5 AR



55113 KR, BT ER DT I B A LD A H SRR A e SR R 3477
lgg RT: 3.31 A 100 RT: 5.65 B
60 b
40 _
% Clo, . cwo;l
100 RT: 3.30 100 RT: 5.65
60 60
40 o 40
B 20 CI*o, # 20 07 |
ﬁ 108 B
& ) £ 100 .
E 80 RT: 4.43 Z 'S RT: 21.11
60 60
40 .
20 cIeo, ‘2‘8 c1eo,
0
lgg RT: 4.45 lgg RT: 21.16
60 60
40 C1#0, 40 CI#0,
20 20
0 0 ..........................................................................
0 1 2 3 4 5 6 7 8 9 10 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
i} 8] /min AstE] /min

VE: A: Dionex IonPac AS 20 &% #}; B: Dionex IonPac AS 19 4% .

1
Fig.1

F 2 FEKE R R S Hh AN S SBR E A0 B R
Table 2 Effect of different concentrations of eluent on chlorate
and perchlorate

AR AR NIT SRR IR B )
/(mmol/L) /min /min
5 4.1 8.4
15 3.5 5.2
25 33 4.4
35 33 4.2
45 33 4.0
55 32 4.0
65 32 39
85 32 3.8

*3 SMBMSERHEREARYRIESH
Table 3 MS parameter of chlorate, perchlorate and isotopic
internal standard

oy BEF  FET MLk RiERERE
4
(m/z) (m/z) IV IV
83.0 67.3% 53 24
AR
83.0 51.5 53 30
98.9 83.2% 50 25
RN
98.9 67.6 50 40
FARER-"80; 89.1 71.3 51 21
A0,  107.1 89.1 51 30

TE O ERE ST

U TS SR A T 56 HERE P 53

Separation effect of chlorate and perchlorate on different chromatographic columns

PC1'°0; Fl ¥C1'°0, 2 Rl s 1, HXE I 1 B F I Ao
Fo 4330 miz 83.2, miz 67.6, a0 R 5 BE AT K B e A
m/z 98.9—-83.2 N E BB T-XH(FK 3). 2 BIN BS54k
FLHE JE (tube lens). & Filf i i i (collision energy, CE).
WSS HLIE . B TR E . BRUE T BB RUE S kT
B ah ik, 2R Rl e R 5 2 A SRR E e S
14 50 335 2% A

A M, SR Eh AN SRR £E N AR I T & 3 R R
B P, 90 miz 89.1 il miz 107.1 Jg B 7347
HRBTE, R N R ALK m/z 89.1—71.3 Fil m/z
107.1-89.1 1 AR |85 (3% 3)

3.3 HEIRCEBEHIK

P T G 8 R s G R R AR K b TR R R R, IR
A LUK R dh EA TR, [RIA Sk T 0ide sk vh i B
5, TAEAKH A —E LB 20 o AR %2R T K-
AR 1:0. 1:1, 1:3. 0:1 WERRERFN S A IR R B4R IR
BOR G5 RRI, YA 2 g FESR FUIMA 20 mL KBS, HAR
FESRERE AR, H b 098 B SO S8 A ULTE,
FHEBORAEF B, M7E 2 g FEM TP EIZMA 20 mL 20
W, W R A RS RS kA AR R, FEWRR Ak
JEIE AL S, BH AL 0 A8, 5 B5ORE i P 3 17 SRR R
AR IR 2 . K- IEARBUL R 1:3 B, BT
IR H B B EAIR, RS TCTE S8 T I MOK-C SRR
1:1 B, FESDSETEAR, FARBUR i T, SRR E .
HIEAWF7E KA 10 mL KEBEEN, REHAZEERE
20 mL, FHIEC B R RS P RIR DI R, I
WA B — A gk
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34 FHENZMTCEREER

FEARAG I B AR S 30 25 1R, 8 T T 4 1 3R 90 A
5 FH YR R ARG I, DL B 5 P bR A R B
(ELFR M A b, A o 06 T BB BB S A A, B AT 4R
PRI, AT Zetk e . 2tk v 1B B A i BR (S/N=3) Fil &
B (S/N=10)25 L L2 4,

5 Y00RE 00 T ST 0Bk I R PRI E, A 9T ST Y B
T R R BRI, SRR R 1.0 pg/kg,
e SR ERAS RN 0.3 pg/kge X2 DR N B 1 (a3 i vk
Tk A g A AR P A B A AR B, TR T Bl
AR TS SRR, B T AT ik AR I R A
35 MREEXN

H1e 5 AT, SRR ER A Ry SRR R (A AF X AR D 25 43 31
1 2.88%711 3.78%.

3.6 [EUERSLE
2 6 I Hl, FEARLIAMT, AL AR

R BN 79.7%~91.9 %, 80.5%~96.4%, HHR A7 HE i
FN 2.27%~3.84%, FHAM Iy REMEMG . O 5EH R
WL ) LIC 5 WK SR R AN i SR SR 1 B i
3.7 SEPRHEmNE

T AR (9 IC-MS/MS 71, X F AR
ANTE] b R R &y )Ly A v S e A e R R 1 iR T
Kl oA o B2 7 WL, AR 15 St B ah )Ly
Wik, For 2 HEURE S SR ER A S i <3.0 pg/kg, 9 it
YRR TR ER (0 B E 20~100 pg/kg, 4 UK TP &R
R EE>100 pg/kg, KN 73.3%. [, 6 HEUAE i
EARER I <10 pg/kg, 4 HEVREES T AR ER 0 A
TE 3~10 pg/kg, 5 LKA R R ERER () & 5>10 pg/kg, i
HEH 60.0%. Z55RER, B4 LI Wk b SCAE R
PR 1 SRR % B 125201 SHESOR A A i A % g SRS 17 53|
AEM. B 2 RS REYILE U T B B
IC-MS/MS i [&]

F4 FofEfhZ. LMSTEMG LR

Table 4 Linear regression equations, linear ranges and detection limits of chlorate and perchlorate

& kT MERF P KM/ (L)  KHBRS/N=3)/(ugke)  EHFE(S/N=10)/(ug/kg)
AmRER Y=1.251X-0.023 0.9992 0.3~300.0 1.0 3.0
AR Y=2.894X+0.138 0.9998 0.1~100.0 0.3 1.0
*x5 SRAMSEERIAESNELR(N=6)
Table 5 Repeatability results of the method (n=6)
o L 1 2 3 4 5 6 A AERT R T A 22 /%
AR ER B i/ (ng/kg) 55.0 54.6 53.6 51.1 52.8 55.1 53.7 2.88
AR &/ (ug/ke) 17.5 19.3 19.1 18.6 18.9 17.9 18.6 3.78
F 6 FHEMEWEIEEE(n=6)
Table 6 Recoveries and precision RSDs of the analytical method(n=6)
wEY W0/ (ug/kg) SLIRZE R (ug/kg) [ /% S TR % AERS B M D 22/ %
6.0 4.78~5.07 79.7~84.5 81.9 2.40
AmRER 12.0 9.85~11.0 82.1~91.8 85.9 3.84
60.0 51.1~55.1 85.2~91.9 89.5 2.88
2.0 1.61~1.75 80.5~87.5 83.8 2.81
TR AR 4.0 3.22~3.42 80.5~85.5 82.7 2.27
20.0 17.5~19.3 87.5~96.4 92.8 3.78
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Table 7 Results of the chlorate and perchlorate content in infant
formula milk powder

B B A AR om mARRS R
/(ng/kg) /(ng/kg)
1 111 430
2 99.8 7.80
3 Bl LB T Wby 137 “lo
1 HrB ’
4 <3.0 <1.0
5 88.8 3.25
1 543 9.02
2 27.9 18.6
B LIS W
3 o 187 <1.0
11 BB
4 <3.0 <1.0
5 48.8 13.2
1 54.6 16.4
2 24.7 15.5
3 B L T Wk - “lo
111 B Bt ’
4 40.2 <1.0
5 70.8 14.3

100 RT: 3.30

20 CI¥0o,

100 RT: 4.40

AT

40 C1|504-

100 RT: 4.42

40 1o,

0 -
0 1 2 3 4 5 6 7 8 9 10

18] /min

P2 B4 LIy ik h SRR ER AN SARRER Y 1C-MS/MS {3 ]
Fig.2 IC-MS/MS chromatogram of chlorate and perchlorate in
infant formula milk powder

AW TR AR ER-"205 I R ER-"20, VE R IR &
WFRY, RIS F % B I B (IC-MS/MS)TA SR B 22 40 )L
B 7 W% A3 rp R A R SRR R 1 [RS8
H79.7%~96.4%, AHXSARAEN 22 /N T 5%(n=6), FRRELF
AR A6 FR 23514 1.0 pg/kg A1 0.3 ng/kg o ASHIF5E X}
A T AD AR B T 8 sR B S B T Ak, BAE
FRT B DR, 02 5 SR MR P, T R A LI S ks R
SRR R i SRR B 1 1) [RIRAGH

EE P
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