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Simultaneously determination of chlorate and perchlorate in liquid milk by
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous deterction of chlorate and perchlorate in liquid
milk by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods Using liquid milk as the base, the

contamination levels of chlorate and perchlorate were determined by LC-MS/MS. The instrument conditions, sample
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extraction and sample purification were tested and optimized, and the methodology of the optimized method was
investigated. Results The optimized detection method employed an ACQUITY UPLC®HSS T; chromatographic
column (2.1 mmx100 mm, 1.8 um), with the mobile phase consisting of acetonitrile and 0.1% formic acid aqueous
solution, at a flow rate of 0.1 mL/min and an injection volume of 5 uL. The extract from the sample was 2.0 mL of 0.1%
formic acid aqueous solution and 8.0 mL of acetonitrile. The solid-phase extraction column was used the SelectCore
HLB-V high chlorate-specific column (150 mg/3 mL). The internal standard method was used for quantitative detection
of chlorate and perchlorate in liquid milk. The linear relationship of chlorate and perchlorate in their respective linear
ranges was good. The determination coefficient of chlorate was 0.9995, and that of perchloric acid salt was 0.9998. The
limit of detection chlorate was 2.4 pg/kg and that of perchlorate was 0.8 pg/kg. The recovery rate of actual sample
detection with spiked samples was between 81.9% and 105.4%. The relative standard deviation (RSD) was less than to
10%, meeting the requirements for quantitative detection. Conclusion This method has the characteristics of simple

operation, high sensitivity, accurate quantification and good repeatability. It is suitable for the simultaneous detection of

chlorate and perchlorate in complex liquid milk matrices.
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WARFLAE 2y R £ 5238 h B AL 4y, KT
ARG JEC 14 G0 R e A e S PR s A A S W X i 2

BAAEEE L AR R IR ERTE PR i ARk
JEAEAE (ng/kg; ng/L)UO0, {45 BRI HA — 2 APk
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(K5 0.1 mg, i LHFREEFER £ /4 H]); H2500R & Uk
BOHLOY R W SR S AR TT LA A R, 5510 @R IR
1% (3£ [E Branson 2y #]); HP-M20 R el a5 [ R IRBMY(F )
AU P PR/ E]]; Waters UPLC BEH Cyg fA3541(2.1 mmx100
mm, 1.7 pm). ACQUITY UPLC®HSS T, f&i#41:(2.1 mmx100
mm, 1.8 um) .PRiIME HLB [EHI#HUH(200 mg/6 cc)(FEE Waters
Nl A7 AR (graphitized carbon black, GCB)[EIAHALEUA:
(500 mg/6 mL, FjM 44 1% 5 BT £ AR A RN H]); SelectCore
HLB-V & &R EE & HIAE(150 mg/3 mL, S5 N R
HIRAF); LHEAC AL 2 U8 (13 mm, 0.2 pm),

R . CNE(Eiksl, EEERA ), & A mRERiaEs
Wi EEEELAEA R EYREE 1000 pg/mL), FARRER-"*0,
FRuE R (TR 100 pg/mL), SAEREL-"30, bRifedy i (R
WYREE 200 pg/mL)(35 88 Sk B B0y A B2 ), SEBe K
HFFE GB/T 6682—2008 4B 5256 2 F/K RIS Fale vk )
FUE R — oK o
1.3 XWFE
13.1 EEMH

(O

kAT Waters UPLC BEH Cig f35FE(2.1 mmx 100 mm,
1.7 um). ACQUITY UPLC®HSS T; fiif41:(2.1 mm=100 mm,
1.8 pm)(E[E Waters 22H]); FzhAH: LI 0.1%H Bk
TR, HEEA 0.1% 9 B/KVE W JEk: 0.1 mL/min, #EFFHE:
5.0 uLo JSHAHBEEE VEMRR T AR 1.

Q)4

B RS s s TR B 2
SR WA, BN R R 2.0 kV; B FURERE: 150 °C;
JBRIEE SRS - 400 °C, FRiES B 2.
1.3.2 A RAR BB A AT U R 0 B )

(DIRA N BLE

e, o] G 1R R A v SR 6 [R) A7 AR A P b R 1D i
WHZ 502 20 pg/mL Al 1 pg/mL; SARR ARG SRR IR A

BRI An P IRDR BT R B 23591 2 pg/mL F 1 pg/mL.

®1 REERERRERF

Table 1 Gradient elution program of mobile phase

At [f1] /min A F(0.1%H BRK)/ % B (2 5 H ) /%

0 5 95
0.5 5 95
4.0 45 55
5.0 75 25
7.0 75 25
7.5 5 95
10.0 5 95

#2 SEH. SERERENGULEYNEIERESH
Table 2 Main mass spectrometry parameters of chlorate,
perchlorate and internal standard compound

o LSS FET HEFLHLE iR RE R
" (M/2) (M2) % /eV
B 83.0 67.0 25.0 18.0
AL
85.0 69.0 25.0 17.0
A 99.0 83.0 18.0 18.0
£ 101.0 85.0 18.0 18.0
A figEh
AR
b 89.0 71.0 25.0 18.0
AN
B =t A
= AR
;Wﬁ 107.0 89.0 18.0 18.0
T vap)
Q)FriE 2 BT i

PEBOR A ZL B A5 r = B ks AR HIR &
FRUE R A TAEGW, I B, Fra ik R R AN R 3 iR,
1.3.3 REARBRSHIRICRIR IR L

W ARFL &I RA T, WHFREL 2.00 gkt
0.01 g)FEAL T 50 mL B0 H(55 8 43), BILA 20 pL SARRERAN
BRI F ARG NPT TR, JRGESEFFE 30 min.
TA 0.1% P /K 5 HL2ERHER S 30 s, AR 15 min,
A LRI (R Bk 206 5 B2 IR TIEIRS) 30 s, BH 4R
B¢ 30 min, B RIS AREHL
1.3.4 3 F B A8 FBUE AL BOR 69 H 8

I 2.0 mL _FiEad EAHZE TR (GCB [ AHZE IR,
HLB-V & EREh% Ak, PRIME HLB [EFIAEUL), #2:
TR, FEJSTRRE 2.0 mL bR EAEZE B, R
T 0.22 pm FAELFAE R UEHE, WO i R R LI E o

#=3 RAMERRPESEINERERE (ng/L)
Table 3 Final mass concentrations of each component in the mixed standard solution (ng/L)

R 2A 43

BRIV AR ET IR

S1 S2 S3 S4 S5 S6 S7 S8
AR 2 5 10 20 50 100 150 200
AR 4 10 20 40 100 200 300 400
R R AR R 2 2 2 2 2 2 2 2
BN E N 40 40 40 40 40 40 40 40
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BT AR B A A, RS S S R A
T UG S PR AL LR 43 B R AT ST Y 1 BT 45 YL AR R g
XF L2 b BE B R Cog (63541 Waters UPLC BEH Cig
(2.1 mmx100 mm, 1.7 pm)F1 =55 B AR 3 TR PRI TR TR C g
{4754 ACQUITY UPLC®HSS T; (2.1 mmx100 mm, 1.8 pm),
Waters UPLC BEH Cg (2.1 mmx100 mm, 1.7 pm){aiH: %}
B AR T LT TR B (PR B I T34 7E 1 min Y, B 1~2),
ACQUITY UPLC®HSS T; (2.1 mmx100 mm, 1.8 pm)ff, i+
XT R AR AR B BT R B, N b i B ACQUITY
UPLC®HSS T; it 3 i 2 7 AH 36 SCHk [25-26] 7 41,
Waters UPLC BEH Cg i Ak bbb & Bl M 55
M 2 A, F T 00 B — S S A P Bl b SRR M Ak A
Y. RS AR A B TR R AT LAAE Cop a5
F AR 55, ACQUITY UPLC®HSS T; 5 Waters UPLC
BEH C g (a3 HAR L AR S 1 C o 52 BRI, HER M T
B2 [5R AR IL(-SIOH), MR T XML & AR 43k
AR AR R, T X S A A A T 20T o
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Fig.1 Retention time of chlorate in different chromatographic
columns
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Fig.2 Retention time of perchlorate in different chromatographic
columns
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Fig.3 Chromatogram of chlorate with methanol as the mobile phase
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Fig.4 Chromatogram of perchlorate with methanol as the mobile phase
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Fig.5 Chromatogram of chlorate with acetonitrile as the mobile
phase
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Fig.6 Chromatogram of perchlorate with acetonitrile as the mobile
phase
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AR HE, 5 3.0, 5.0, 10.0 wL AFRBERERSKEH#HLT
X LSR5 o 38 AT 5 R B A R R B B DB, HLE TR
Gy B R, Rl (% AR B B AT 0 oy g B R B IR
PO R A ERR B 0.1 mL/min, JERERS SR
A 5 A R S S A AR s i 0 U S A T
[l I 258 50 V5 e (g b, ZeF s R, dERERN 5 pL B,
G I T Fic i, FLX (0 1 R (4 R /DN o TR I 2 a0
#H 5L,
24 REIRCIBEHRIMRL

TR 0 LA 5 R A, Ak LR e A i Ak B 5K
S S 1 2 A D ) SR AL RO AR SR 0.1% FF iR
IK SRR, RS S A B UTTE AR 1. At e A G S
HR[30-32] AT A1, FH A oA B B 700 i e [0 3 4 25 5 A 1y
Sid A A ERY), ARG G KA EREA . AT

TE: a~f B RRK:CIE (VIR 8:2, 6:4, 5:5, 4:6, 2:8, 0:10,
K7 2 R ERIBGRITIE S 1808

Fig.7 Protein precipitation effects of 2 kinds of extraction solutions

6 FPHRIBOR L & Jy 2U0F bE SRR SR A1 g SR EL b 127y
29 50 pe/kg 25 pe/kg IFEIIBRIIACR, 25 [ H i
BURRIPROICR o 2S5l DI, HImA Zi§ A ALt
SRR A, FARE & 0 ISR W] AR, A7 2 1 A
H AR B AL DTE M B, U0 B E B B et v 75 22 )
0.1% F R KRS SRR R A SRR R FE /- A s 11k thak 4
ALK G R L 4:6 F1 2:8 (V:V)I, AR AT
HIYTE 80%~120%, H.RSDs /T 10%, HICHFFERMIE R &
Y SN SR IGR AT AT 1E SR ER A e SR ER N bRt [ AR AR 1
FERFRERRAT IR, S SEBe sl RO, 45 AT HLR i AR
(#1 7), 5475 ISR 2 mL 0.1%H BROKIRA 8 mL ZJiE JFF
IR/l

&4 TERIURE ESERFBNRERE (%, n=6)

Table 4 Recovery rates and relative standard deviations of
different extract solutions (%, N=6)

TR s el ARt

2 p RSDs e RSDs

(V)

8:2 74.2~90.8 6.0 76.8~86.5 3.4
6:4 79.4~85.7 2.5 76.1~81.8 2.2
5:5 73.8~107.7 8.5 90.7~102.2 4.1
4:6 80.9~89.9 3.0 91.6~106.4 5.1
2:8 90.1~95.6 1.9 100.5~106.4 2.1
0:10 66.5~75.3 32 76.7~83.6 2.6

AT BRI 22 (relative standard deviation, RSD).

25 BUAFRWHE

[ #H 2% B (solid-phase  extraction, SPE)-2 AR fi51EH k)
FETTREE, BERRIERMTAR T . AR . EAE, A VLR
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FHZEBCH: HLB-V., HLB-V O3B A N-2 s SEnk g
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MRk, R T I8 TR AN, 2SR s SR
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Fig.8 Recovery rates of the spiked samples after purification by 3
kinds of solid-phase extraction columns (n=3)
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R TN 4 DA 0 S T A8 s 1 e S o T 2 4 R
A AR E RN 2B RER, PEAG RN . B U =Sk
JBURS HE H 2 AR 4 /3 50 o o ol 2R )% 100% 0 24 (B 7E
0.8~1.2 Z[u], AIANSEITRON SEATCHE M 234 . SR P
FRFIRA S 14 2 1 58 o 15 ) SR £ v Sl PR R A M 2R 517
B, % LC-MS/MS JE, ARFFHIN AT AR, LIbRIE R 51
AR v SRR R e SRR R Y 5 AR R O A AR AR (X,
ng/mL), WERBLAIAEPR(Y), LR . Lk m
O RERICE R 3R 5. AR ER, AR i B
BOVR 113, ARG 0.94, UKL ZAWT
FEALAC R PR IBOR L BRI, [ ARAE O AL, 456 INARIE
FOEJR, A RO T HETN  IR I ASBIE S 7 ik e i
FRU R o P 0 T SR M v SRR R Y 7

2.7 HWHRFIEERR

] 25 IR 203 3 S50 HP O 0 e A v M LA VR AT
SN, ME AR IMA TR E R 0.8 ngke, EERERTR

INZ R EE Ry 2.4 pg/kg I, SN RT3, @ RE AN
LT 2.5 pg/kg, FRRELININL TGN 8 pe/kg
i, SN BRT 10, FIASHIEFE Y & SRR ER 146 H L (limit
of detection, LOD) >} 0.8 ng/kg, &&
LOQ) W 2.5 ug/kg. HIREL K IR A 2.4 ng/kg, EmbRM
8 ug/kgo I I UE AR AR LA AR ST 20 AT

wh, SRR 2B Rl 0.8 ng/kg (R SR AR AR HEY)
S 2.4 pg/kg MATRERARED) T, I = A BR LR A G K
H100%, SRRER BIAG R 100%.

R (limit of quantitation,

*5 SERRMSSBRILNEEFHEFRERK
Table 5 Regression equations and determination coefficients for
chlorates and perchlorates

MG

ik AR LRIy 2
S /(ng/L)

wn T eam PR o

T v R o

i Eiiiﬁﬁ 0200 YOI 0.9998

M s ORI o

2.8 IRFREISEIRIIE AR ETE RIS B E

55 HEEWE I, R EERBUEFL, BIRRE
FURUK B FLAE R ACREE M, LERES o3 B AR 2k
HEIREE 8. 16, 80 ng/ke Mmsiath 2.5, 5.0, 25.0 ngkg
(LOQ. 2LOQ. 10LOQ)MIFRIEW WHEAT MW A 5258, Lhfm
o [ A3 28 SR 12 7 S 3 ) o Rf P, b DR A1) RSD om
TG BB o AR B AT ST R 3 Wk, SERAR A
FRERTE 8~80 ng/kg, MAMRERTE 2.5~25.0 ng/kg WK FIE
FE A 8] g 24 7E 81.9~105.4% 2 8], RSD /N T 10% (n=3)(3% 6),
VLT ik BT B RO HERf B AR 2

2.9 SEPREEMEINLER
3 PRI SRR SR AN SRR A, AR ELAS

VU BB O ARG 1 ~34.5 ng/kg, i AR ER A HH Y B O R A HY
~27.5 pg/kg, AWFTEAERARD] b SRR A SRR A9 A5 DI

H—E RS A, SR RE 7,
210 S5EZRFEFENAESLEEH

AWF5E 5 GB 5009.291—2023 FEAE@AEF: (4
A . BRBGAF ELB  EAHZEEE f BB N R . A
F GB 5009.291—2023 () ACQUITY UPLC®HSS T; {44+
HEAT ARSI R AG PR A E BRI E AR (E 8), RE TR
WP B i TR, R 2 4R T TR JE ML Al
R T B R
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Table 6 Recovery rates and precision test results of the 3 kinds of matrix spiked experiments (n=3)
p— ‘ AR ‘ AR
IR/ (ng/ke) [ R T /% RSDs/%  isJiit/(ng/kg) ISR /% RSDs/%
8 86.9~104.1 8.8 2.5 88.7~93.5 2.4
fitf 2= L 16 88.2~103.9 8.5 5.0 94.6~105.4 5.4
80 89.6~102.2 6.3 25.0 87.4~93.5 3.1
8 90.2~104.2 7.6 2.5 86.4~95.4 4.6
B REFL 16 91.8~105.3 6.8 5.0 85.5~96.4 5.9
80 82.8~93.2 5.4 25.0 83.5~95.1 5.9
8 85.8~103.4 8.8 2.5 82.9~92.9 5.2
KIEFL 16 90.5~96.9 3.5 5.0 81.9~93.2 6.5
80 85.3~99.7 7.5 25.0 83.6~96.7 6.6
F*7 LIRERENER
Table 7 Test results of actual sample
- B AR ER A 25 R TR SRR A 25 2R
- B s L (ng/kg) Wiftiingkg)  KBERY% W/ (ng/ke) B/ (ng/ke)
it 2R 31, 9 44.4 ND~30.5 10.2 100.0 7.5~22.9 11.5
O AL 9 44.4 ND~34.5 12.4 88.9 ND~27.5 9.1
K 8 25.0 ND~26.0 10.0 100.0 4.0~15.0 7.5
it 26 38.5 ND~34.5 10.9 96.2 ND~27.5 9.5

T ND FR R4 (RIRERE T 2.4 ng/ke, MABREEILT 0.8 peg/kg), T FHEAT, RAGHFEEALL 1/200Q 4b#,

8 AMRAES GB5009.291—2023 Ky SLI £ HFELE
Table 8 Comparison of experimental conditions between this
research method and GB 5009.291—2023

M e
. GB 5009.291—2023 AW 1
2N
i EEES O ACQUITY UPLCE
HSS T;
(SN Jii: 0.3 mL/min; Fii#: 0.1 mL/min;
1 AR 3 UL PR S uL
FRBUA 4 mL 0.1%H g K 2 mL 0.1%FH fR /K
bl B+6 mL ZJ A8 mL ZJE
(R e RN g N
Wik GCB [ AHZE HUk: o R ER T FHAE
Lob AL 10.0 pg/kg FUREL 2.4 ng/kg; WEMR
AR 1.0 pe/kg 0.8 ng/kg
SAMREL 25.0 ng/ke; A SAMEE 8.0 pg/kg;
L0Q : pe/kg; perkg

FARE: 2.5 ng/ke

3 Wit54%R

ABFARAL T LC-MS/MS  [RIIHIN E i 1A 45 A R 5k
A AMRE ORI . R T aikH: . Wl i
TR IE A B R DU R S . P AR S R R I R
ACQUITY UPLC®HSS T; ik, a2 IEM 0.1%
KSR, T3 0.1 mL/min, $EEEEN 5 pL. 244k
J5, SRR AR AR B R A, B, 1ETE
X 2 SEIHA e RN 2.0 g B, RERLEREUECH 2.0 mL
0.1%H BR/K TR AN 8.0 mL ZJif Rl fiff SR Al = S BR £ A

WAy b s ok, HoAA ST AR E A R, B
FrAb A W i DI %y 80%~120% kI3 F2% ] HLB-V
BAAZEIORE, 48R T WIAHZE U 6 1k, P10 09 5 B 25 3R,
VAR T SR LA o AS WIS E L A AL B 2N DT VE
HLB-V Pk LBRE . BRI B FURS, S5
it 0.22 pm BEMEEBRBOR, A GURRER K = SRR [ 07
KPR E R LA A SO BRI TN » R SEI T
TR e S A R v SR R 11 ] PR A I

A5 = SRR 52 2% 3 50 JCHIL B B 7 A0 1 i 7
S, BT R SR R RE R L T MG SR Y C g IR
ACQUITY UPLC®HSS T;. 4 5L 5 ¥ K ik 15 H
ACQUITY UPLC®HSS T; €A 2 SR h M o | iR #h
B E RN . ARWFFE 73S GB 5009.291—2023 A LA
T BHrfb AP LOD, SIRER h FRK 10.0 pg/ke BEILE
2.4 pe/kg. FAERRERHRIFORA 1.0 pg/ke FFKE 0.8 pg/ke, #
o TR A R AR, 9IS T R R A SRR R N = SR
R TR B ARG

2 SEBRRE S AR [T S B0 A5 H SR R R SRR AR 11
EIRZITE 80%~120%. 3 R RIE AR AR 1 & SR
AR . AR b SRR R I B (R /N T
GB 5749—2022 HAILAE ) 7K Hh 15 SRR SR 1A v R 1 R ER
TS RAEM 2023/915 FEILESILE &R e A
PR R B 5 K HR BE i o 5 H Al it X1 1R L ARG 0 45 SR A B,
PN 53¢, DXV A L v G TR kR R TR R R DN 34 £ 43 5 A
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6.06 ng/kg 1 7.86 pg/kgl”, BARFIMIZKEM Y 148 #HEUKLE
fief LA i SR R K e SRR ER A I (B 4330 7.10 pg/kg Fi
4.06 pg/kgt, MR TF AR FELEH . H LA 225 A B
55 b 355 B 558 R A W03 SR A ) b A ST AR IR R A
65 I S R ot B0H B /DS, 0 T i ot DXV A L A 25
RIS

ZE AT, R S ACQUITY UPLC®HSS
Ty GG LA SE B 4505, SEBL T SURRER Al ey SRR £ 14 [v)
ERS IR A3 BT, BRAE AR, IR e, HA BT E
PE, REEM RO ES M, &SRR R, A
FIFHE R KA B S SRR A AR L 1k
TR A o 11 ) SRR AT IR SR . A IR ST
SN A FL v G R AR e SR ER A A R, 45
(o R B R R (2022) ) HEAE AN [R) AR 1% BE AR L
il i H AT P, RS [ TR 2o 3L S R A SRR R A
R R H R ER R, PP A b X R fE R XU R
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