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ABSTRACT: Objective To establish a method for the rapid determination of perchlorate and chlorate in infant formula
milk powder by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
samples were extracted with acetonitrile, purified with n-hexane saturated with acetonitrile, and purified with Acclaim
TRINITYP1 composite chromatographic column (50 mmx2.1 mm, 3 pum) separate. Perchlorate and chlorate were ionized
by negative ion mode under the optimized chromatographic and mass spectrometry conditions. The target compounds were
determined by multiple reaction monitoring (MRM) mode and quantified by internal standard method. Results The linear

relationship between perchlorate and chlorate in their respective linear range was good, the linear correlation coefficients of

EEWH: P RHLITIH (2021PT-044)

Fund: Supported by the Shaanxi Science and Technology Department Project (2021PT-044)

FHE R TR SRR S 1R

“DONG Heng-Tao and ZHANG Ya-Feng are co-first author.

TRiEEE 3035, Wi, B FARZE, BRI N 2 AT, E-mail: 453072249@qq.com

“Corresponding author: Al Yun, Ph.D, Associate Chief Pharmacist, Xi’an Institute for Food and Drug Control, No.26 Yanta Road, Xi’an 710054,
China. E-mail: 453072249@qq.com



%5 16 3]

TEAE T, S AR (- H BT VA I S 4y JLIRC D7 W v B4 v SRR R A S PR R A 6523

the calibration curves were more than 0.999, and the precision experimental results were good, and the recoveries of

standard addition were between 87.9%-109.5%. Conclusion The method can be applied to the rapid determination of

perchlorate and chlorate residues in infant formula milk powder with accurate and reliable results.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; infant formula milk powder;

perchlorate; chlorate
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1.1 MRS

WAL LI T Wy 2 H R TR T K

1o AR EVS IR . SRR ER R EIR W (1000 pg/mL, 3
Bl o2si bifidh A Fl); R ER S0, AR EA (100 pg/mL) .
AIREL 80, FRUEIR M (200 pg/mL) (b HFELHEAE MR A TR
N, G WEE . ECki(faikal, fEE Merck 24 H]); H
MR (G 4l, 35E Thermo Fisher 23 ]); #84/K (FE B K
T 18MQ-cm, 3£ [E Millipore 23 7)o

12 UBEE5EEF

LC-30A #mR0RM AR . LCMS-8045 = PUMAT
U (FCE A 2% 2 75 & LabSolutions Ver.5.96 ffj
B PR SE) (HAEHA ), Milli Q BUERA/KAL(SE

il

Millipore 23 w]); HG05-500DB %4488 5 AL ( 1221 S
BHEABRAFD); TD-600 ML BRMU A BRA R .
1.3 BREIECH

RA R ENPR: 4 50 2 BGE & R £
180, FERER "0, fif £, o R 4l K e ) A e SRR £k
80, A RREL 00, TR 43 B4 200, 1500 ng/mL IR
AR NP

TRA PR e A1 43 ) v o BB i v SR 3 A 4
FRERARHERE AT, BT 100 mL 25, FHBLAKERE
ZI B, A R R A AR R TR B E BN 1.0,
2.0 pg/mL BITRAFRUET B, 4 °CIRAF -

TRAPRUE AR 30 YA et B SR 6 A IR R TR
BARERRGE R, PR A R, 2R AR, 8 FH R -
PSR (20 mmol/L Wit HE=1:2, V:V)ECHIE SR T
YRR, e SRR ik A 1. 2.5, 5. 10, 25,
50. 100 ng/mL, SRFELFHWKE A0 2. 5. 10, 20, 50,
100, 200 ng/mL, FAREHAE TR EAT 2 FhEIZE MR
T AR 180, MAIRER 205, RN/ 2. 15 ng/mL.

B IE OB B 45 2 HUE O k¢ 80 mL & F
100 mL M50 -, INAGE & O 5, RIZUREE, 155
BV fR, 7k )= EN1g .

1.4 #HRETE

HERFRI 1 g IR % 0.01 @)W iR & T 10 mL %
VU 2 M HFE B0 A b, KU A R AR A R IR &
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A 3 mL 2, BARE 10 min, FELL 6000 r/min 8.0
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Table 1 Mass spectrometry acquisition parameters of perchlorate and chlorate

a=L/E2N PR WD % QI M & HE/V Rl fE/V Q3 & HLE/V
. 99.0>83.0" 18 28 28
RN sodiumperchlorate
101.0>85.0 18 28 28
mERREE 0, sodiumperchlorate %0, 107.0>89.0 18 28 28
83.0>67.0° 14 28 22
AR sodiumchlorate
85.0>69.0 14 28 22
AL %0, sodiumchlorate %05 89.0>71.0 14 24 22
TR RN B TR
Rt=1.523 Rt=1.521
100.00 - 100.00
il Rk i R0,
| b
= =
0.00 Bt L b b 0.00 Bt ==
0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 1.5 2.0 25
B} ] /min At ] /min
Rt=1.259 Rt=1.261
100.00 100.00
R W0,
il i
i = L
= ¥ >
= =
000 Eo e e e 0.00 Bt e e et
0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 15 2.0
i ] /min B} ] /min

Bl 1 RARRER(S ng/mL) AR E: (50 ng/mL)fK) MRM &1 1%
Fig.l MRM chromatograms of perchlorate (5 ng/mL) and chlorate (50 ng/mL)



%5 16 3]

TEAE T, S AR (- H BT VA I S 4y JLIRC D7 W v B4 v SRR R A S PR R A 6525

23 ERWM

i RS 43 B 52 2 R TR WL B, AR A 4 SRR
PSRBT TE B IR N ST R T b R b R A
KR, AR EMRMRE . AT RIEREERN, AR
SR FR IR 28 PR 6 905 493 v 1 1 S Rk AN IR R 5k P b 7
FERAIT . LR WAREA 5 R0 H ARZL 3 AH R i Py 34k
2, DR R OR B AT I H B AT 3 S AR 4
BL, RT LA I v G e e R S A R 5 o T i | 4
T RAE AR AL
24 ZMEEEEEMR. KHIR

FE A TR Jo 5 e B ) R SRR RN R RR R VR S bR ME A
W, FEIR 1S R BT AT T INE, ERAR I E R DA
B Lo AR bR, TR FR L A A bR, il ik, L
MR E R 3 AR R BE VR S0 S BR (limit of detection,
LOD), AW R{E R 10 %M & (9 v B 4 5 12 BR (limit of
quantitation, LOQ). FrfSAERH L LR RIF, ZiEH
TR OMSCREL. AHERUES B SOoE B IR A PR LR 2.
Horp, RS AR T A(%)=Cy/Cox100%i135.(C; Zen th <k
W1 BRI AR s e BEE, C /R BRIk
FEfR) . SCHGERH, WA MAIRELES A LB
MR RLT, BRI SEEE .
25 WBEE

Yo A () VA ) v SRR A PN SR R AR TR A A v T AR %
SLE 6 K, LA IUAE R BE, (R B I [ AR T AR Yy 2

EVEZERANER 3 PR, SR BN AR IR
SR A0SR £k B R BR B [R) RD 0 TED AR AH X AR VR R 22
(relative standard deviations, RSD)43- 5|7 0.04~0.18 min Fl
0.76%~3.22%2 0], S FRRE 2 R AFo
2.6 fFREYER

) SR i oA 2 e S R SR R 1 o o £
W, W 4 AUPREESL, S R SRR ER 1 I bR v 4]
5. 25, 50 I 150 pg/kg, SERER AU INbRIREE 4510 10,
50,100 F1 300 pg/kg. MMPRFE 2t FARFTALFERAERS, I
SE 1o AR R AN G BR R B bR BN, i [l i 4% 1 L 3%
4o RIS [ I0AR R R K P 16 57 35 18] ik R AR
87.9%~109.5% [, RSD 1E 0.98%~5.09% [], FEWi%Z )7
B AT R (R A FEE RIORS 26T
2.7  EBREE QM

XFTHE 6 R4l JLECr W5k, &R 1.4 B 5L ATALFE 7
HARBUAE, EAL . MR SCIR A TR R, WA R
A b A 0 1 v SR R A R A, b R AR R (R B
JLFEFE 6.5~64.0 pg/kg Z [0, S BRTh 0 FR B & Fl7E
15.5~112.0 pgrkg Z I8, BT, FE wARGE T s R R
R R ER TS Y W B R bR, SR ST ]S T5 YY)
FRELAY(EC) No 1881/2006 5351124, A7 /D3 A 0k v s 4
&N N E L Aot h v N TN A RS S A
T8 B4 JLTE Jr 05 b3 A7 75 o SRR 6 0 S R £6 1) 5% B3 XU
(Bl 2).

®2 FEHZSHRHRESR

Table 2 Calibration curve of perchlorate and chlorate

& B B £k r LM/ (ng/mL) HEA I /% E R/ (ng/kg) K BR/(ng/kg)
[N 7N Y=0.3422X-0.01002 0.9995 1~100 85.9~107.4 5.0 1.7
AmEh Y=0.1127%-0.07142 0.9995 2~200 98.1~104.3 10.0 3.3

®3 RERBRMEDREEMHLER(n=6)
Table 3 Repeatabilities of perchlorate and chlorate in different
concentrations (N=6)

F4 SEBREBMIERELH IR E YW ERLE R (n=6)
Table 4 Recoveries of perchlorate and chlorate in different
concentrations (N=6)

=N
P S 7*;' E/mf‘j 1R BRI Al /min - WETATRY RSD/%
ng/m
5 0.05 1.26
[N 7N 10 0.09 1.03
25 0.04 0.76
10 0.12 3.22
EivEaN 20 0.18 3.05
50 0.09 2.79

HFK JFRAK-/(ng/kg)  CEBBICER/%  RSD/%
5 108.8 4.18
25 107.8 0.98
AR
50 109.5 2.02
150 105.6 1.75
10 96.3 4.09
A 50 89.4 5.09
AR
100 93.2 3.89

300 87.9 1.69
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Fig.2 MRM chromatograms of sample of a brand of infant formula
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