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i OE: B8 @I TS S B EOR S G S SO 5 - = 4> PE T v (ultra performance liquid
chromatography-high resolution mass spectrometry, UPLC-HRMS){l & 4~ W i R b & e i i ik Bsk #
i il 45 R 2B ARBUAT, ABEANA DB F5 . 248 Poroshell 120 (50 mmx2.1 mm, 1.9 pm) 835414355,
DA - 1% £ R K VW R T 2 AH SR A T8 BE e MO o R T Hh W6 25 671 18 -5 5 B — B - 5 DU (targeted  single ion
monitoring, tSIM){AHR, 455 RN R NREHITER. &R  7E 0.1~20.0 png/L MTEHEN, mERREEMC
F R IF(°=0.9988), J5 =4 1 B (limits of detection, LODs)HIAE £t FR (limits of quantification, LOQs)/M514 0.1 pg/L
F10.3 pg/L; 3 MIARAKFET, IR 88.7%~116.8%, FIXTARAEMZE A 2.3%~8.1%. TE 30 3= WHFE i HOAS I 4>
Brep, S IREL IR IR 100%, S5 0r BARERIGE, XAREaARCR R, BAMNRAS . MR BRI
AT AR R ER A

KR mARREL, WA AN B R RO (A3 = A BT I R
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ABSTRACT: Objective To establish a method for the determination of perchlorate content in milk using
sugar-induced phase separation and ultra performance liquid chromatography-high resolution mass spectrometry
(UPLC-HRMS). Methods Acetonitrile was used as extraction solvent and xylose was used as phase separation
inducer for sample preparation. The analyte was separated using a Poroshell 120 (50 mmx2.1 mm, 1.9 pm)

chromatographic column and eluted with a gradient using a methanol-1% acetic acid aqueous solution as the mobile
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phase. Quantification was performed by isotope internal standard method under electrospray negative ion mode and

target single ion monitoring (targeted single ion monitoring, tSIM) acquisition mode. Results Perchlorate showed a

good linearity (+’=0.9988) in the range of 0.1-20.0 pg/L. The limits of detection (LODs) and limits of quantification

(LOQs) of methods were 0.1 pg/L and 0.3 pg/L, respectively. Recoveries ranged from 88.7% to 116.8% at the 3

spiked levels, with relative standard deviations ranging from 2.3% to 8.1%. Perchlorate was detected in 100% of the

30 milk samples. Conclusion The method is easy to operate, has a good effect on sample purification, and has the

advantages of low cost and high sensitivity, which is suitable for the detection of perchlorate in milk.

KEY WORDS: perchlorate; sugar-induced phase separation; ultra performance liquid chromatography-high

resolution mass spectrometry; milk
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RE . ARBIFIR R T E I b2 B B A LA 2 25 A
SN, FECTOREE, AR, ST Rk
ROV, BRCH B A A TR B E B i SR R 1 B R
0.01~0.75 mg/kg™ o T, 5 b 4% 2 i W3k 2 o SRR L
MRS Y A UE A S IR R, B A5
B, diAE R RGBT A R R
WheE A BEFE Y B, 9B S B R B T R AR KR
B U AT e SRR b R R S Y R L
ai I B R E, LA B 2 A 5 M R B ARG . R,
AR PR RE WER R AR R 1R
Wy ik o,

A SARER T B, W R U %
P 5 1) 25 €83 - BB I T 3% 7% (ion- chromatography-tandem
mass spectrometry, [C-MS/MS) ., & AH 2335 H B B 15 vk (liquid
chromatography-tandem mass spectrometry, LC-MS/MS) ., i##
o R AR 8335 - = 43 B T3 % (ultra performance  liquid
chromatography-high resolution mass spectrometry, UPLC-
HRMS) S JEA A7 SR, R S0 B i A B 55
LR, AR, R RS A AL B R R
PEFE, PRk, JFA SRR | i 25 A S BRI Al 20 3%
JENEE,

W% S 21 - K 0 #E B (sugar-induced  liquid-liquid
extraction, SU-LLE)J&DUHE NS S, 51k HHS
KAR G B8 (AT A FRR AR AE XTI B T A 4 B 5
KB, TR o R R, R AT At ok R R
ZE B AERACRH 2GR, JETF e, ARBESE A0
BEJ5T, SU-LLE N HTAL B )5 22, Sl P BEFPSE AR EE | L -
K LS SR T, A RO R A ARy, &
57 UPLC-HRMS 5 4= 0 v ey Sk B i 2 ik, B

TE R A= W v i SR A 4 DX, s B 4 — b s sl MR A e
FHBRAGI 53 o

1 MR5ERZE

11wk (E5EH

A IRE S A b A R T

Dionex U3000/Q Exactive #tHLIZ %A B i 43 P
{% (3£ E Thermo Fisher Scientific ZA#]); 3K15 B.OL(FEE
Sigma /A Al); WEIR & #% Vortex Genie 2(3%[F Scientific
Industries 7 7]); BSA224S HL T RKF-(EE 0.001 g [
Sartorius A Hl); Poroshell 120 43450 mmx2.1 mm, 1.9 pm)
(ZEE Agilent A7),

T AR ER PR TR W (C1°0,, MR EE 100 mg/L, 3
[# INORGANIC 2> +]); 5 5B ER M0 2 AR (C1'P0,
JEECHE 100 mg/L, &R TRC 2AH]); HEE.ZIE . 2K .
R (354, 2218 Thermo Fisher Scientific 23 wl), #A4li7K
1 2 [ Millipore 22 A9 Milli-Q {X 2% 1% .

1.2 fRERRAECH

PR P AW A AR BRI 10 pL FEvk ol
100 mg/L [ 5 S HR Fh b HE VA TR FH 8 SR ER 1 [ 6 2 N bRy
W, FBZKRRE, BeH R 1 me/L 5945 A i ] E i,
Itk — 25 AR 2l K W B, Tl AL 100 pg/L AR T R,
BB T-30 °CokAH & .

PRl TAERS W o B SRR R bR v vh A T, B
R R R EWE R 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0,
20.0 pg/L PR HE TAEEW, A5A 20 uL (g FAZE A
B T (P VR (100 pg/L), DABR LR SZ50 PRSI 1k A0 ] 5k
1.3 #Hmbl&

WERA T HR S mL 24F 95 T 15 mL B.048, A 1.5 g
AR FLE S N PRI TR, IRIEIR SIS, 18 AR 0.3 g/mL
HR AW - KT BB IUZIR BV 400 uL, JIIA 600 uL &
&, WHEIRAS 1 min J5, 15300 r/min 2.0 10 min, 8>8G5
¥ B2 NGRS EAEREI D, ARSI 3T
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{35251 Poroshell 120 43#74(50 mm=2.1 mm, 1.9 pm),
FEIRL 40 °C, A Ji AN HIBE, B WSIHIN 1% BOKIRH,
VRN, A 0.6 mL/mine BHEEVENIFET: 0~0.8 min, 10% A;
0.8~2.2 min, 10%~100% A; 2.2~2.5 min, 100% A {3475,
2.5~4.0 min, 100%~10% A, #EEEKFRR 5 ul,

JEiEAF: RA HRMS; BizsHER 3 kv, BAER
BE 320 °C; IMFGREE 450 °C; RAB Ay M — g i
(targeted single ion monitoring, tSIM)¥IIRZL; 43HER N
70000 FWHM, Z3BSSEE N 5 Da, [ 30 3545 1 (automatic
gain control, AGC) N 2x10°, Fe K ARV ARHAIA 100 mst*,
Cl'°Oy I E B T8 miz 98.9481, EM B TR m/iz
100.9451; C1'"80, M E 5 B T4 m/z 106.9678.

1.5 HIENE

TFREESL AT AE 6 IR, SEBRFESL AT 3 IR 2R
H Microsoft Excel 2010 #4704 &8 it Mo #r, R H
Graphpad 9.5 BT B 221l

2 HREHR

21 UEEHHMK

X PR FGE AR YA G, A 35 0 EE AT B 2%
I B BRI o2 MR o SCHk[20-21]58 9,
AR H T H AR, 7 Cs B EMELIPEEE . Poroshell
120 4y Hrdsst s SR Eh HAT R4 43 BRI B3 PERE, X
FERCRRK IR E, &6 1E A RRE I 0 ks #
HRMS 1, (SIM SR AR L v SR SRk 00 1 25 T (/2
98.948 1) HL— L ) Wi, 43 2 T B T8 LI A AR =X
WA, WHA TR mAIYERE . 5 el
L, tSIM AL MTEREIET, R RZE L, EiE A TR
SR H AR A I A B

AN, IR R EEE T HAR YR . R

A 90,

1

]

1.0 +

L

0.5+

AW RERE AR AU AW
ENEIG S el

Je v 1) P2 b R R R H AT S B TR S A
B KNG -K R R . 5 CIEMEL, B EAE D shH
Xt CI'°O, I CIO, H AT BT 1943 16 1 R 5 i 149 g o {2,
A REBRIE T P TP m P2, TR AR A
Wt DAES 2850 0T X0 i A7 7, 38 3 76 R I B 23 7E 26
KA MR IA—E R 1R, M m AR R,
HETHE G AR TR AR R AT R, DAL st e 7R £ B 4
TR0 S LA T I E-0.2% L BRK . FIE-0.5%Z BRIK
FH EE-1% O K I HRBUECR, 5 R BoR, HiE KK
FERE R, SERENIEEECEEE, B 1% KA
0.5%Z K AT X FRIIETE . Blitk, #E A Wahsd
I, B MBI 1% BR/K, BB IL<1.47,
2.2 MHRACEAEARNEESHK

RIALBRTRSE 5, Bl inAR & SR EE T 60% 2N -HE
KW, WRIRIRAIRE 1 min JEi5 SIS E, B4k
MEHABIE KA EET L2 B FIZaTis S
FIFRZE . W BE AR ZEBUE T 3 M etriltfriite, &
B AR IR -
22,1 BIEFRA R0 LG

BEBT I R R 28 e T 2 5 FE S OKIE R RE S &
A, LIRMAER BRI, BiE A
VER AR, A ATE . SR RWE STl doerE .
F AR RWFREEEET 5 ROBERTR, HLAEHARS B i
o B 1 RN, MIFEZMT, AR SR Bk
FHHR 100%, FZEBEABEE TS F7 .
222 WMHEFARE YR

TR 500 00 TR ot S i AR 4 B R B (TR R L
VIERMES S, HCE RN TH S, B2 OGP E4E
BORMGR, BWRROAE O . BETOK, R EA P P
FROLIE LT R, My e e Z M AR R e E T 1%
J7 B BN ZE U . ARG XS IR S0
W BEDEAT T Ak, DAMEAE L2 6 A0 b R e AR

B 140

120 + %

100 el

2 3] TS %

AHE R WM U AW
ENEEES sl

B SRR S50 0 B SR A5 B (AL X [ICR (B) (n=3)

Fig.1 Enrichment factor (A) and absolute recoveries (B) of different types of sugar inducers (n=3)
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B 2 2R BoR, APEREHEEYE 0.18 g¢/mL B, ATLIES: 60%
G- K IR A TR 25 o YARE TR 0.30 g/mL 1,
PR E R P ek, HAEESWKE 035 gmL) F, 5
0.30 g/mL B Y ZEBUSCRICH B 229, R T IR 225 A
AT AR, SRRk PR 0.30 g/mL (AR KEVE
WEBT I 25

NS
25 ¢ I_l
-
20 F -t
T
= 1.5 —
o
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®/ 10 b
05 F
0
S Q \o} Q )
Q Q?' er' Q’b Qﬁ)
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VE: NSFRTIH T S5
P2 IR AR T 0P
Fig.2 Enrichment factor of xylose at different mass concentrations
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40%  50%  60%  70%
Zhg-KiRaE Pl

RN B AR RO o SR AR I SR BCSCR UEA TP . 53
N, TEMENIA SRR B ARG T, ME GRS
(400, 500, 600, 700, 800 uL), %MWM 2JE FIE2A N
PRFRRE 2 34150 . 450, 580, 760, 900 uL). & 3 fir/R, 4
G Ee ) e, AR R A AR AT AU BRI A A,
ot Xof [ WS 3 I U EEAG R 58 e TS o 20 LU 81K 40% 8,
BB SRR, EAx mRRTE 4 MR P ERAL,
M ZNEUSE R 60%HT 7R H BT ) B AR AR BRI R i A X
MR, ZRRHRIR, REEILLGIR 60%M) ZME-/KIRA
WIS 2E B
23 FHEFER
231 RA#E

DA% 500 A 5 R 040 1) 225 11 4 0% 35 S5 4 BUT 40 1)
o AR R, T L B A T A bR o iR 0 RER L PR 3
SRRV (matrix effect, ME)FZI . ME #3%3T 100%, #
Bl ME /). ME>100%3% 7 2k 5T 4 3% ; ME<100% 2 7% 3
Bl ALK ME A 95.3%, 7E Al % 2% U Bl N
(80%~120%)C'34,
232 ZKMHTEEH., HHERE5EER

B BRI BT 0.1~20.0 pg/L AIFRIE TAEER, 1
2 pg/L MDA AR, Dy SUERER (1) B8 (X, pe/L)
AR, TR APREL 5 R PR G AR LG (V) S Ak
bR, hlbrrEdLk . S5 EAE 0.1~20.0 ug/L OE EiRLh
FEWEMHENARARIFMELEXRR, EEFBEN
¥=0.47692X+0.00093179, HI5&ZREL K 0.9988, AMf55 %
FHARAEMZR T B BEAE D IAR A B, 2 I AEE L  3 A%
10 55 B AR B v 82 Sy A 43 v s SRR R X A 1 R (limits of
detection, LODs)Fl 7€ 1 FR (limits of quantification, LOQs).
gE R R, ARHFFEM LODs #l LOQs 43514 0.1 pg/L A
0.3 pg/L, T & SEBRAG I 2R
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Fig.3 Enrichment factor (A) and absolute recoveries (B) of acetonitrile and water mixtures in different ratios
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LA Ty 35 1) B 5 AH X AR Ui f 25 (relative  standard
deviations, RSDs). 3 MNARAK-rh g S ERER 1Y B Ay
88.7%~116.8%, RSDs N 2.3%~8.1%. Z5RAIHI, %A
R SR %R, v HFIE 40 i s e
T,
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RVEAY 30 0 ARG RE S SRR I, X0 A A
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M 4.23 ug/L, RSDs N 5.6%. 543 8l E 30 3 2E 4%
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R AAGHI B A P o e R S
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