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W OE: BR B FEE-RIR
Ji - BB I J3T 115925 (liquid chromatography-tandem mass spectrometry, LC-MS/MS)7E I % 7 [6] €5 H &R £ Al s &
MRE I —F0rE, A3k FHCIEIKG2, VVIRBOGE | U5k Flgk 32 T it B bR, %Eﬂzﬁ(graphitized
carbon black, GCB)/ME:#fk, LA TonPac™ AS20 B (@Al CSH™ Fluoro-Phenyl AR (il b 4r#rt, =
T VURFF AR, PIbREE E fit o X Ty v 0 5 A B30 1A I S A B0 R 2 S AT . E AR Y
TRERITRIERS, 542 (AR e M o X Ry 0045 (0 v 8 154 72 1 8] TR Bland-Altman (B-A) &I AT #4558 5
Pk, BR WIR T iAS SRR R (R & ER R ) M T AE 1~500 (0.1~50.0) pg/L 3 Bl 9 2k R 47
(r*>0.999), IC-MS/MS 5 LC-MS/MS il 1 5 Sl 4 12 BEBR IR 0.5 pg/kg, SBRERAY & BEBRM1 R 5.7 pg/ke
M 42 pgkg. BICERIEFETH N 82.3%~107.4%F1 94.8%~109.4%, FIXHFRHEM 2250 B4 1.5%~13.6%
1.2%~9.6% . 1C-MS/MS(LC-MS/MS)IMAGAGEE | Wik . B =% b SR 56 A SRR 5R 1 JE B AL 43 5o 12.1%
(22.1%) . 9.0% (27.4%). —24.0% (~11.8%)HI-16.8% (~18.5%). —18.6% (-28.4%). —20.2% (-21.1%). £tk
V3 S T 5 92000 S R ey S Rk A 1 U 2R 32403911 1.0144 F1 1.0908. B-A &1 i 48 K 2508
Pt STV IMA£1.96 FRiEm N0 o G530 RN I i v B RS B8 B A Al 2 A 50 Dy 1 6 3 D)y 2
R, BRPORINAG A RRER . %@i%ﬁmﬁu%%ﬂx—ﬁ, (HAFRERFE LC-MS/MS Z 4t H i 4 53 i i) B

1% (ion chromatography-tandem mass spectrometry, IC-MS/MS)HIEAH (4,
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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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B A% - BB % (ion chromatography-tandem mass
spectrometry, [C-MS/MS)FI #H €4 33 - B8 B¢ 5T 1% 1 (liquid

chromatography-tandem mass spectrometry, LC-MS/MS)#* 29,

oAl Tk R T i A B A U B R AR A JRIBR, TCEk E
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8060 LC-MS = H PUBATBTHEAL(IC 30A —J0m il
FGuH 161 @GRS, HA Shimadzu A H]); AL204 153
Z— BT REGil - Mettler Toledo 23 /)); Milli-Q® IQ Element
IR ML AKX FRBLR 182 MQ-em@25°C, &
4 HLB% (total organic carbon, TOC)<5 ng/L, f&[E Merck
KGaA /> Hl]; Allegra X-30R &2 UL E Eppendorf/ H]);
Vortex-genie 2 iR TR 513 E Scientific Industries 7)o

ZIE(ETES, F#E DIKMA 2A+l); FERGEE 98%,
rEAE s A R REPHEA RA W) S (BTE %, £
Honeywell A 7]); #B4E/K(Milli-Q® 1Q Element JE# G2 4
Wr & R A KA, fHE Merck KGaA Awl); 50% % AL
WL R R RERPR BT . PR ERARME (1000 mg/L, B
[E Laboratory of the Government Chemist £ [1); '*0,-44
R | P05 S R ER A 2 BRI M (PE[E Cambridge Isotope
Laboratory A #]).

ACQUITY UPLC CSH™ Fluoro-Phenyl #:(2.1 mmx
100 mm, 1.7 um, 3£[E Waters 2\ w]); Dionex IonPac™ AS20
H:(2.0 mm=250 mm)(3&[E Thermo Fisher Scientific 723 r);
£ A4 BK B (graphitized carbon black, GCB)[EAHZEH/NM:
(1 Supelco 24 7]); SHY-A-6S B ES FHIi #5(0~300 mA,
o E R A B A H] ),
1.2 tRERRAVEC S

HERHAZI 1 mL A1 0.1 mL SREL | 5 SRR ER bR A TR
(1000 mg/L), FERAEKHFEBL ] SAREL « o SR Eh R
JE53 5024 10 mg/L Al 1 mg/L ) b BRI 4 o TER A%
WOE B[R 2 NARA TR, Al KRR P0,-5mkEh |
150 1o SRR R RLH 4390 1.0 mg/L . 0.1 mg/L [ %
ABR P TR B o WRBGE SR A F (B VA VB A A v )
TR, Al KR R B SRR ER BT RE MR 2 0.1~50.0 pg/L b1
HE TRV, MRRBTREE Y 2.0 png/L, AIRE: N ATR
FIVe B R m E R ER Y 10 5.
1.3 HERATRLE

TEBEEASE . BR, B, B #EAT 4°CHKAH,
48 h WarHT. 24U ki A KEGET, WAJE#
JHoLC-MS/MS ili45 3 i 5 4 S R ER VR B2 43331 0 50 pg/kg
7 ng/L MR, SEREE 250 2.5, 8.5 F1 50 pg/L.
SR ER PRI 2.00 g XS | WA 1.00 g B4 LA TT

BT 50 mL B0 T, A 200 uL INARE (R LR
1 mg/L. &E&EMRE: 0.1 mg/L), 3 P BIHNA BARYIIIR
BRRERI, AR 1 iR, B MREKFEE 8
ANSEAT  FESR A 10 mL 60%Z 5K, IRAER 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
WFEE 1 GCB /MET, FFRFBHW, HEI 1 mL k
W T/, R NESCER R, EALRI

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) IR7KF/(ng/kg)
Hiny W S —
ARt ESARE: SRR N
Wik 50 25 50, 100, 500 5. 10. 100
X 7.0 8.5 50, 100, 500 10, 20. 100
b2 0 50 50, 100, 500 50. 100, 200

1.4 NEohEtt

A5 08 F €035 IR A g — B T R 4,
ISP 2 Fi7R o B (i o s F AR T (R Ak Al
M (B ) (437 38843914 0.35 mL/min 1 0.25 mL/min, B
B R R 63 mA. BEEEVERLAFAN T 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) H {4 1% 5 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: MBS g+
(electronspray ionization negative, ESI-), Z4b i & R
3 L/min, AR 10 L/min, £ F0REE 300°C, Bis
FIRIE 526°C, BEFIEIREE 250°C, MR 400°C,
TSR 10 L/min, 7822 SO0 W A 2 (multiple reaction
monitoring, MRM) & W~ H x4, &4~ HEr9)
1~3 METFEE. & B EYE e =5 TS5
# 3 iR,

#F 2 LC-MS/MS # IC-MS/MS B34 &4
Table 2 Analytical parameters for LC-MS/MS and IC-MS/MS

WA TS ST 25 BT gtk
s 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
iRsILiE! e e
Bl: ZJiE G|
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Table 3 Mass spectrometry parameters of chlorate and
perchlorate
P HIARS  QUIW¥e  mimife  meesy Q3 Mk
F(miz)  HENV eV (mz)  HENV
s 101.0 17 35 85 10
G
99.0 17 36 83* 28
g _107.0 17 55 71 20
AR AT
107.0 11 36 89* 28
L 85.0 29 30 69 24
83.0 30 29 67* 22
. . 91.0 29 30 73 24
ENE N
89.0 30 29 71* 22

TE N ERE T

1.5 HIENIE

f# /] Shimadzu LabSolutions 4C{4:4b B 2 6 %k
P, AR AR A 04 H e Bt 1] AR W s 7 H AR &
YrEtE, FHRFEN R AR R BA b A oe . ff
Fil IBM SPSS Statistics 26 X 9 Fh 7 sk 15 5 B 0047 IE 24
PERT I AN 22 SR 0T 3l A B AR P Ry AR 1
B (R o 225 19 22 SRR R O T AR e M 22 S i
FH Microsoft Excel 16 F1 Graphpad Prism 9 X 5 F v 0 45
BB EAT 180 U Al 28 A9 4814 F1 Bland-Altman (B-A)E 404,
ZEPIRN I — B

2 HER5HH

2.1 ZMSulE. EEMRAKE R

W A ] i B2 )R s VA VR TR PR AL A
AAFHEATINE o B5R R, SEREE(1~500 pg/L)FI e SRR ER
(0.1~50.0 pg/L)TE 5 e FE J RPN S B R AP IO AR SR 3R,

iRl BFRI7ER: LC-MS/MS Fl IC-MS/MS BRIy 5 I Y
LRPEARC R BT 0,999, o, W 2005 SRR A
£ 55 51 Y=1.3248X-0.0081 FI Y=1.6905X-0.0783; ¥
T A5 5 SRR R P IR R 5 2 43711 Y=1.081X-0.0134
Fl Y=0.5641X%-0.0150(H: A, X FRF5I2H 2 A9 BE 5 N AR
P B AR, Y U0 R T 4 43 i {5 PN s 420 i
B FUARD) o LA 3 F5 5 1 FL (SN 2 LC-MS/MS (IC-MS/MS)
RS EIRER BT ER R B M 0.1 (0.2) ng/kg, BMRERRY T
KRR 1.2 (1.7) pgke; BL 10 4% YN #fiE LC-MS/MS
(IC-MS/MS)H fm AR ER A T E Rl 0.5 (0.5) pg/ke,
ARRERR e R R 4.2 (5.7) nglkes

22 [EIER, BEEMERMNY

SR NFREIE 3 FPEEFTAYAS ERE A, 15 B AR 3L T
HRFIN ) A AR, ARG B AR L R A I B 3 s
K, PRUEIIAR K- AR I I A IR ZTE R 2 5k, Nk
1 i, AR AR I B finbr 7K -5 356 5 o A I A A i 7K
- FE A [

TS REIE 5.0~500 pg/L 5L T VG BAR R TR
MAE R, T LC-MS/MS F1 IC-MS/MS Wil i
2zl T AEHRER, 0 3L TG BOhR v ph 2 AN 4lya bR v 2R 1
RERIGEPEM LY . AR IE 4 iR, LC-MS/MS
W32 PR EARITE 3 FPL SR AR EDECR Ry 94.8%~109.4%,
H PYAHXS b5 1 22 (relative standard deviation, RSD,)#l H [&]
FEXAREM 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 U %k 82.3%~107.4%, RSD, F1 RSDp 4 % K
1.5%~13.6%F1 2.7%~4.5%, FEJFTRN H-20.2%~12.1%, LA
S GB 5009.295—2023 { & A E AR E 1k
ST RIS UFE N ) BER

x4 3MERTRANEFIHEYER. BEIRERENE RPN

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

S Jon AR 4 B /(%, n=8) [ RSD/(%, N=8) SEBRAUN/ (%, n=6)
/(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 =[ (FL 5T DL B 2R AR/ SRR 1 B 42 R 5)-1]%100%
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23 EFM9W
23.1 wDKkFE ., RSD fe A R A m

T SE T B BT, R 56 Ty A5 1 F- 35 [ i
RWMEEEGAEIES S HEFE &5, v LA KPR
FrEME R 3 RS B AR A iR EZS
434 (P>0.05), X BRI A5 A S 2 o B BRI R0 [l i
FAIABIE BT B AR 9 F 2 R A Bl T F AR A
Wilcoxon fF SR FIKE I o &5 5L FH, PHFN 7 700 52 1Y 38 HE
Wi B AR5 1] I B AN A I 2 25 57 (P>0.05).

IR, 1IC-MS/MS J5 i [t 2 RSD HY-F-3417KF- 6.4%
(1.45%~13.59%), LC-MS/MS J5 i Hr ER RSD 1 TF-3417K
o 4.0% (1.15%~9.59%). PHFI LIRS IE Y/ NF 15%,
HMEAFEEREES

A2 4 AT, PR ERINRE 3 FhELST A B AR RIZE
MEAETT ] b3 RG R AN h SRR 5 I G SR
H LC-MS/MS [JEEBHE AN 5T IC-MS/MS;
SRR LU FRAHIRON, H LC-MS/MS HYFE AR
FEET IC-MS/MS; 3 Rkt rh s G ERER 25 2 B HE SE T,
IC-MS/MS EEFALAIL T LC-MS/MS.

2.3.2 PG Et
7 B B R] A RS MR A RS M RE I — A BB IR bR,

SE LR RTR M R AR ZE, ARUE MIRSEIRE s
RN (A TS S 0T gLk E AR 0 B s TR A Y
B, ASBIEGEXS P RR O e A5 Y H AR B B ) [ v 22
BEAT T HERGETT . BRI T I A5 i SR R L R T 1] e e
Z¥9°8 0.02 min, LC-MS/MS 7550 HRh A% B4 1] 1] (b v
244 0.03 min, T IC-MS/MS & FBRER 1A B IR el A
WEAW 229 0.17 min, 7T LC-MS/MS fU45 5, Uil IC (it
TERREMER ST LC, XAl fB& i T A (i Ak iR AR
REIRZETE R
24 —HMIEM
241 &KME)aik

S AE TR, %R 43 SR FH R R i B $ ORI S 1E
AT, PA LC-MS/MS A5 I vk BE A A Ak A, LA
IC-MS/MS W15 T4 e BEAE A b, SEA TR IRTA, 12
G 1, LB MR B R s, g5 RS, &t

a 5
23 2.89 : N
OB oo ] * SFHME+1.96hRHE 2
<2 ¥ 2
St R o : S
-0.43 w20 40 msn60
S ik T
a % . .g " o8
E S 3.75p .
= -5.00 SF-HIME-1.96 bR 24

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

ML T 1, DU B AR e e ) — Bt R
K1 s, AR AR T M P BT
0.99, RIERIE R 1.0144, JFHE K 1.0908, HAEH LT 1,
BRI BT LA SR B 7 3 B — B 00T

=70 -
260l Y=1.0144X+0.0863
= =0.9938

E 40

L I

0 10 20 30 40 50 60
IC-MS/MS itV i /(ng/L)

Wi
1

Y=1.0908X+0.1513 RO
=0.992

LC-MS/MSJf ¥k £ /(ng/L)
—_— —_ (3] [\%) w w
W S W (=) W (=)
T T T T T T

%

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

(=]
W

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

242 B-A Bk

B-A AT FH T EOUL R 7 19 A 7 700 5 [R]—HE A i e
HESRUH A A AR — Bt . KRRy A e A R Y 22
EAE R ARDR, WP 5 VRS 0 1 V- BE A B AR AR
— ARy, A PR AR AE R R EAE 95% 8 AR X ] P
(£1.96 bt 22), W AT IZEE R — Bk R4, ADFFEF
F B-A e T LC-MS/MS Fil IC-MS/MS B Fh 75 74 145 (1
23 FURE R FIMARTAT: il Hh S £ A g SRR T B2 LAY — Bk
oL, W 2 Fis, AL 4 S IRER A Rl ) T P-4 {H+1.96
PR 22 L, o5 BT A B R FE IR T 3%, HoAR B
YIVETE 95% EAR XA A, UGB R 7 ik i — BOrEHc A

b 5
D) —~
2150 7 i
22 SEHIE+1.96F M 22
= @ Ofe H z’
2q 050" 10° 20 307
Eﬁ r', S o +ﬂ]{g
=2 d :
S 299} s B
= -5.00 M- 1.96 bR 22

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

P2 PRI A SR R (a) i SR L (b) Rk 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 32 2 1 P A0 FH -
ERMmPERE: . mAREEN T, AR 8
BAPESE 3 FEFTA & ML TN IR 4, el ks
SEES B LC-MS/MS #1 IC-MS/MS T Fh 7 B A7 22,
HFRPIHE . B [ RSD . BE R0 A B3 it )
YERWEFEAaIR, 5 T WA i — SR 2 Sk . 2558
AN B 000 1l B e 2 B R A e — ek, O
EICRICHT 22 5%, 1 FLEDRCR A RSD #/0F 15%. (HM
ZSVEMBERE, B8, LC-MS/MS 15 SRR Eh i 15 B4 1}
AR HEZ MR T IC-MS/MS, WX REERE . UL,
IC-MS/MS Wl G IR E: . w5 SR Bk i 3 J5T 1 i 55 b AIK F
LC-MS/MS. Zi LTk, MRk T 3 Fha S SLmm
MG BREL . AR AR W A R R AR — B, (HE MR
LC-MS/MS ZRGL R B R A MR 47, IC-MS/MS 7Eill
ERMRE: . MARBR R PP TR R, AT
FEi L 3 i I R R A e SRR R IR SE G SR
FASIERA T /9 IC-MS/MS Fl IC-MS/MS i Bl i J5 v
f— 350k, SRy At SR o e 2R 1 I 7 Ty TP A
BTS2

SE B
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