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ABSTRACT: Objective To examine the consistencies between ion chromatography-tandem mass spectrometry
(IC-MS/MS) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) for the determination of chlorate
and perchlorate in different foods. Methods The targets in eggs, milk powder and spinach were extracted using
acetonitrile/water (3:2, V:V), cleaned up by graphitized carbon black (GCB) cartridge, using IonPac™ AS20 ion
chromatography column and CSH™ Fluoro-Phenyl liquid chromatography column for separation, respectively,
detection with triple quadrupole mass spectrometer, quantification through internal standard method. The resulted
data were tested for normality and differences. The retention time drifts of the two methods were compared to
investigate the chromatographic stability. Linear regression and Bland-Altman (B-A) plot visualization of the
concentrations measured by both methods were performed to examine method consistency. Results The mass
concentration of chlorate (perchlorate) measured by 2 kinds of methods showed good linearity within the range of
1-500 (0.1-50.0) pg/L (r2>0.999). The limits of quantitation for the determination of perchlorate by IC-MS/MS and
LC-MS/MS were both 0.5 pg/kg, while the limits of quantitation for chlorate were 5.7 pg/kg and 4.2 pg/kg,
respectively. The recoveries of the targets measured by IC-MS/MS (LC-MS/MS) ranged from 82.3% to 107.4%
(94.8%-109.4%) with the relative standard deviations of 1.5%—-13.6% (1.2%-9.6%). The matrix effects of chlorate
and perchlorate in eggs, milk powder, and spinach measured by IC-MS/MS (LC-MS/MS) were 12.1% (22.1%), 9.0%
(27.4%), —24.0% (-11.8%), and —16.8% (—18.5%), —18.6% (—28.4%), and —20.2% (-21.1%), respectively. The linear
regression method showed that the slope of the regression curves for the determination of chlorate and perchlorate
concentration by the two methods were 1.0144 and 1.0908, respectively. The B-A chart showed that the vast majority
of data points are within the mean+1.96 standard deviation range. Conclusion The accuracy and precision of the
two methods are complied with the general principles for the validation of chemical test methods. The results of the
chlorate and perchlorate concentrations measured by the two methods exhibited good consistency, but the retention
time stability of chlorate in the LC-MS/MS system is better, and the capability of IC-MS/MS to reduce the matrices
interference is superior to LC-MS/MS during the determination of chlorate and perchlorate in foods.

KEY WORDS: chlorate; perchlorate; liquid chromatography-tandem mass spectrometry; ion chromatography-

tandem mass spectrometry
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KB 4 P SRR R AR SR A B B
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8060 LC-MS = PUBATBTHEAL(IC 30A —J0m il
FGuH 161 E @GRS, HA Shimadzu A 7]); AL204 153
Z— BT REGil - Mettler Toledo 23 /)); Milli-Q® IQ Element
JREICR ML AKX FRBLR 182 MQ-em@25°C, &
4 HLB% (total organic carbon, TOC)<5 ng/L, fE[E Merck
KGaA /> Hl]; Allegra X-30R &1 25 UL Eppendorf /2 H]);
Vortex-genie 2 iR TR 513 Scientific Industries 7 ).

ZIE(ETES, F#E DIKMA 2Awl); FERGEE 98%,
HEIEARBEREAERAHE), CE(iEH%, EH
Honeywell A 7]); #B4E/K(Milli-Q® 1Q Element JE# G2 4
Wr& R A KA, fHE Merck KGaA A wl); 50% % AL
WL SRR ER PR MBI T . PR ERARER (1000 mg/L, B
[E Laboratory of the Government Chemist £ [1); '*0,-&44
Rk | P05 SRR A1 2 BRI (PE[E Cambridge Isotope
Laboratory A F]).

ACQUITY UPLC CSH™ Fluoro-Phenyl #:(2.1 mmx
100 mm, 1.7 um, 3£[E Waters 2\ w]); Dionex IonPac™ AS20
#:(2.0 mm»250 mm)(3£[# Thermo Fisher Scientific /3 ]);
f1 A4 BK B (graphitized carbon black, GCB)[EAHZEHL/M:
(Z[H Supelco 22 7]); SHY-A-6S B F 1| #£(0~300 mA,
o E R R AR R RA ] ),
1.2 tRERRAVECH

HERHAZIR 1 mL A1 0.1 mL SEPREL | 5 SARER bR IR T
(1000 mg/L), FIRBAUKFGBERLHIERE: . & AREL Pk
JE43 5024 10 mg/L Fl 1 mg/L i) b BRI 40 o TR 7%
WOE BRI R AR, A KRR "0,-5mkEh |
150 1o SRR AR R REH L4300 1.0 mg/L . 0.1 mg/L [ %
NBR P TR B o WRBGE SR I F BV VB A s v )
R, A Al KR R B e SRR ER BT RE MR 2 0.1~50.0 pg/L 1
HE TRV, ARRBTREE Y 2.0 png/L, AIRE: K ATR
HIV B R s E R iR Y 10 5.
1.3 HEmATRLE

TEBEEASE . BoR, B, B #AT 4°CHKAH,
48 h WarHT. 247U Uik A REGET, WA A&
JHoLC-MS/MS ili45 3 ik 5 4 S R ER VR B2 4330 1 50 pg/kg
7 nug/L MR, SEREE S50 2.5, 8.5 F1 50 pg/L.
SrER PRI 2.00 g XS | A 1.00 g B4 LA TT

BT 50 mL B0 T, A 200 uL INARE (IR LR
1 mg/L. &&EMRE: 0.1 mg/L), 3 FELF 3 BIHNA BARYIHIR
BRI, IAREREINER 1 iR, B MREK S 8
ANSEAT  FESR A 10 mL 60%Z 5K, #RAER 4 30s, #E
20 min, #AAFEH 30 min. LA 8000 r/min &.0> 5 min, F
6 mL 60%ZJiE/KTEfL GCB/IMT, B2 mL &0 5 19 b
W EE 1 GCB /MET R, FFRFBHTE, BB 1 mL k
WWCF /N, FEERE /NSRRI

F1 O BEMERDSBRANS SRR ARMMRRE
Table 1 Background and spiked concentrations of chlorate and
perchlorate in milk powder, eggs and spinach

B FEA R L (ng/kg) 7K/ (ng/kg)
Hirdn — —
AR =R SRR N
Wik 50 25 50, 100, 500 5. 10. 100
X 7.0 8.5 50, 100, 500 10, 20. 100
i 0 50 50, 100, 500 50. 100, 200

1.4 {USBEHEH

AW 008 F O PR A Gk B R4,
ISR 2 Fi7R o B (i o s F AR T (R Atk Fn
MR (B ) (437 38843914 0.35 mL/min 1 0.25 mL/min, B
BRI R 63 mA. BREEVENL AT B Ak
Z45(0 min: 90% A1, 7.00 min: 60% Al, 10.10~25.00 min:
30% Al, 25.01~35.00 min: 90% A1)k H {4 3% & 45
(0~1.00 min: 70% A2, 3.00 min: 40% A2, 4.00 min: 2% A2,
6.25~8.00 min: 70% A2), FUIEAMFAIT: BB fE T
(electronspray ionization negative, ESI-), Z4b i & R
3 L/min, AR 10 L/min, £ F0REE 300°C, Bk
FIRIE 526°C, BUEFIEIREE 250°C, MR 400°C,
TSR 10 L/min, 7822 SO0 WA 2 (multiple reaction
monitoring, MRM) & ¥4~ H x4, &4~ HEr9)
1~3 METFEE. & BREYRE e 258 TS5
# 3 iR,

2 LC-MS/MS # IC-MS/MS B &4
Table 2 Analytical parameters for LC-MS/MS and IC-MS/MS

WA ETE ST 25 BT gtk
g ACQUITY UPLC CSH™ . N
f7- ™
R Fluoro-Phenyl £ Dionex IonPac™ AS20 £
FEIR/ C 35 35
PERER /UL 3 5
1734 /(mL/min) 0.35 0.35
. AL 0.1%HIRK;  A2: /K; B2: 100 mmol/L
iRslLiE! e e
Bl: ZJiE KAk
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Table 3 Mass spectrometry parameters of chlorate and

perchlorate
P HIKES  QUINEE  gipsne morms+ Q3 Mk
Fmz  WIEN eV (mz)  HUEN
I 101.0 17 35 85 10
D
99.0 17 36 83* 28
P, _.107.0 17 55 71 20
= AR AR
107.0 11 36 89* 28
Sk 85.0 29 30 69 24
83.0 30 29 67* 22
. . 91.0 29 30 73 24
ARER AR
89.0 30 29 71* 22

TE N ERE T

1.5 HIENIE

f# /] Shimadzu LabSolutions 4C{4:4b B 2 #E 4k
Wi, AR AR A 04 H e st 1] AR W s 7k H AR &
YrE e, FAREA R AR R BA b A oe . ff
Fil IBM SPSS Statistics 26 X 9 Fh 7 ik 15 5 B 0047 IE &
PERT I AN 22 SR T 3l A B AR P Ry AR 1
B (R o 25 19 22 SRR IR O T AR e M 22 S il
FH Microsoft Excel 16 F1 Graphpad Prism 9 X W #7215
FIBCEEAT [0 U Al 28 A9 4814 FT Bland-Altman (B-A)E 404,
HEEPIRN I i — S

2 HER5HH

2.1 ZMSulE. EESMRAE R

K A ] i B2 )R s VRV W b IR O PR AL A
AAFHEATINE o S5 RN, SAREE(1~500 pg/L) Rl SRR ER
(0.1~50.0 pg/LYTE 5 (e 8 0 B P9 S B R AP IO AR S R,

iRl BFRI7ER: LC-MS/MS F IC-MS/MS BRIy 5 I Y
LRPEARC R BT 0,999, o, W 05 SRR A
e R0 9l Y=1.3248X%-0.0081 il Y=1.6905%X-0.0783; Wi
T A5 5 SRR R I IR R 5 2 43911 Y=1.081X-0.0134
Fl Y=0.5641X%-0.0150(H: A, X FoRF5I02H 2 A9 BE 5 N AR
VI BE R ELAE, Y WU A 0 2H 4 A i 1015 PR bR A i
69 H ) A 3 A3 S HL(SIN) & LC-MS/MS (IC-MS/MS)
RS IR ER BT EER R B M 0.1 (0.2) ng/kg, BAMRERRY T
KRR 1.2 (1.7) pgkg; BL 10 4% YN #fiE LC-MS/MS
(IC-MS/MS)H1 fm AR ER A T I E IRl 0.5 (0.5) pg/ke,
ARERM e R R 4.2 (5.7) nglkeo

22 [EIER., BEEMERMN

SR NBREIE 3 FPELBTAYAS (R d, 19 B AR 3L
HRFIN ) A AR, AR B AR L A A I B 3 s
K, PRUEIIAR KA R I AR IR Z2TE R 2 5k . ansk
1 iR, AR AR BE finbr 7K -5 56 5 v A I A A iR 7K
T EEAAH [

TSR E 5.0~500 pe/L 5L T VG BAR HER TR
MAE R, F LC-MS/MS 1 IC-MS/MS Wil i
22l TAEMRER, 0cHE 3L VG BOhR T h 2 A 4liya bR v 2R 1
RER AN LTSN . AL g 4 FiR, LC-MS/MS
WA PRR EARITE 3 FPL SR AR [EDCR Ry 94.8%~109.4%,
H YA XS b5 M I 22 (relative standard deviation, RSD,) il H [&]
AAXAREM 22 (RSDR) B 1.2%~9.6%F1 2.5%~2.9%, &
SRR H—28.4%~27.4%; IC-MS/MS 5= Bl F kx4
Fr I8 0 % K 82.3%~107.4%, RSD, F1 RSDp 4 %l K
1.5%~13.6%F1 2.7%~4.5%, FEFTRN H-20.2%~12.1%, LA
S GB 5009.295—2023 { B 2 E bR 1k
ST RIS UEE N ) BER

F4 IMHERFRANEFIHEEER. BRERENE RPN

Table 4 Recoveries, relative standard deviations and matrix effects for 2 target compounds in 3 kinds of matrices

S Jon kR SR/ (%, n=8) [l g% RSD,/(%, n=8) B RRL/(%, n=6)
I(nglkg) LC-MS/MS IC-MS/MS  LC-MS/MS IC-MS/MS LC-MS/MS  IC-MS/MS
50 100.6 99.2 45 9.4
AR 100 97.1 82.3 6.6 13.6 22.1 12.1
: 500 101.7 101.8 1.6 2.7
HE 10 99.7 90.1 8.3 4.1
R 20 102.1 88.9 3.4 9.0 ~18.5 -16.8
100 100.2 103.6 1.6 45
50 94.8 97.4 9.6 11.2
AR 100 95.1 107.4 8.6 12.4 274 9.0
" 500 104.4 100.9 3.8 1.9
ks 5 99.4 99.4 5.0 10.4
R 10 98.8 96.6 3.2 49 -28.4 -18.6
100 101.1 102.7 1.2 25
50 109.4 104.9 4.2 5.4
AR 100 105.3 99.8 9.2 6.9 —24.0 ~11.8
. 500 104.2 101.8 3.2 1.5
LES 50 103.3 89.83 8.7 7.6
1 SRR 100 101.2 94.5 2.7 3.8 -21.1 -20.2
200 100.2 89.0 1.9 3.5
T FE TN =[ (F 5T DL B 2R AR/ SRR 1 B 42 R ) -1]%100%
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23 EFM9W
23.1 wDKkFE ., RSD fe R A m

T SE T EO BT, R 56 Ty A5 1 25 [l
RWMEEEGAEIES S HEFE &5, v LA KPR
FrFE R 3 AR B AR -2 A iR EZS
434 (P>0.05), X BRI A5 A S 2 o B BRI 002 [l i
FAHABIE BT B AR F Y R A BT F AR A
Wilcoxon FF SR FIKE I o &5 5L H, PHFN 7 700 52 1Y 38 B Bl
Wi B AR5 1] I BN A I 2 25 57 (P>0.05).

IR, 1IC-MS/MS J5 i [t 3R RSD K F-357KF- 6.4%
(1.45%~13.59%), LC-MS/MS J5 i H ER RSD 1 TF-3417K
o 4.0% (1.15%~9.59%). PHFI I IR RSB LY/ NF 15%,
HMEAFEEREES

A2 4 AL, PR ERIRE 3 LT A B AR RIZE
WEAETT ] b3 RGN h SRR 5 I TG SR
H LC-MS/MS [JZEBH AN i 5T IC-MS/MS; e
ABRER UL RN, H LC-MS/MS BIEEFM 300 .
FE@T IC-MS/MS; 3 Rkt rh s SRR ER 25 2 B HE ST,
IC-MS/MS B NAIL T LC-MS/MS.
2.3.2 ARG Et

7 B B R] A RS MR 0 RS M RE I — D BB IR AR,

SE LR RTR M R AR, ARUE ISR | sl

AR (A TS S 0T gLk E AR B0 B s ) A Y
B, ASBHEGE S P RR O A5 Y E AR B B ) [ B o 22
BEAT T HERGEIT . BRI 1 I A5 i SR R L R ek 1] o e
#Z¥9°8 0.02 min, LC-MS/MS 7550 BRER A% B4 sF 1] (AR v
#°4 0.03 min, T IC-MS/MS & () G BRER 1A B IR el A
WEAW 229 0.17 min, 7T LC-MS/MS BU45H, $il IC
ERREMER ST LC, XAl RER i T A @A kAR K
REIRZETE R
24 —HMIEM
241 &KMw)ak

S AE TR, %4 SR FH R SR B $R ORI S 1E
AT, LA LC-MS/MS A5 I vk BE A A Ak A, LA
IC-MS/MS W15 (4 T4 e BEAE Ak b, SEA TR IRTA, 12
WG 1, LB MR R s, g5 R, &

a 5
% S 289 : . N
OB e * SFHME+1.96hRHE 2
2 :r . o
25 g “ .
—0.432FF4:20 S T | - (]
S ik T
a % . ‘g " o8
E S 3.75p .
= 2500 SEIME-1.9685 W 2=

IC-MS/MSHILC-MS/MS 41 /(ng/L)

BT 1, D BH PG Ay 2 00 e  — Bt bR . 0
B 1R, SRR ER S R R I ki 1 HRTF
0.99, RIFERIR N 1.0144, J5# N 1.0908, ¥HERW LT 1,
PSR LAA R T A 25 i — B e 0s

a
~70
260l Y=1.0144X+0.0863

o 12=0.9938

2 40

L I

0 10 20 30 40 50 60
IC-MS/MS i 1 5 /(ug/L)

Wi
1

Y=1.0908X+0.1513 RO
=0.992

LC-MS/MSJE i /(ng/L)
— — [\*) [\) W w
W o W (=) W (=)
T T T T T T

%

10 15 20 25 30
IC-MS/MSJFH JE /(ug/L)

(=]
W

1 PR BAS SRR R (a) 2 SRR R (b) ¥ BE UL [T ) th 2
Fig.1 Linear regression curves of chlorate (a) and perchlorate (b)
measured by 2 kinds of methods

242 B-A Bk

B-A EW] T WL R B A Ty 20 5 [ — LA it s
HESRUH A AR — Bt . KRRy A e A SR Y 22
EAE AR, WP 5 VRS 0 1 V- BE A A R A AR
— ARy, PR AR AE R R EAE 95% 8 A5 X ] P
(£1.96 bt 22), W ATAHIZEE R — Btk R4, ARDFFEF]
F B-A E e T LC-MS/MS F1 IC-MS/MS B Fh 75 74 75 11
23 FUVRE R FIIATAT: ity Hh S £ A g SRR R Wk B2 LAY — Bk
0L, W 2 Fis, AL 4 S IRER B ROl ) T P-4 {H+1.96
PR 220 L, o5 BT A B R FE IR T 3%, HoAR B
YIVETE 95% EAR XA A, UGB R 7 ik i — BOrEHAS

b 5
E —~
2150 7 i
! S +1.96 bR R 2%
= @ Ofe H :7
2@ 075/ 10° 20 307
=2 PR &1
=2 ) :
S 299 . B
= -5.00 FIME-1.96 bRt 22

IC-MS/MSHILC-MS/MS 341 /(ng/L)

P2 PRI A SRR R (a) il i SR L (b) Mk BE (L 1Y B-A 53 BT
Fig.2 B-A analysis of chlorate (a) and perchlorate (b) measured by 2 kinds of methods
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LC-MS/MS il IC-MS/MS J& H R fe 3= 2 1 W A0 FH T
ERMm P ERE: . AR, AR 8
BAPESE 3 FETTA & ML TN ISR 4, el ks
SZES B LC-MS/MS #1 IC-MS/MS T Fh 7 e A7 22,
HARPIWREE . MIKER [l RSD . BE B 400 AR B4 B [A]
YRR ARAR, BT WAL — 82 Rk, 4558
AN B 2000 2 1l B e 2 B R A e — ek, O
R TCH B 22 5, M H R R RSD #/hF 15%. {HM
ZRMMEKRE, B, LC-MS/MS iﬂﬂ%%&@ﬁ%ﬁﬂ@ﬁ%aﬂ‘
AR HEZMRT IC-MS/MS, X REERE . 1L,
IC-MS/MS il & SR 5k %Eﬁihﬁﬁ%ﬁﬁﬂﬂiﬂxﬁz fiKF
LC-MS/MS. ZE LTk, MR+ 3 Fha S SLm i
AR MARI W ELS R A -5, HEAMmEE
LC-MS/MS ZRGEHI R B R A e MR 47, IC-MS/MS 7Eill
FEAMREL . W AEIREL R P BT RE Sy R . AR
FEA L 3 b I R R A e SRR R bR SE B 4h SR
FEBSIER T #9 IC-MS/MS Fil IC-MS/MS FHFf 5 1% ) 22 5 12
f— 3Pk, SRy At SR o e 2L 1 I 7 T TP A
BRIt T S%.
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