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W E: BHE I E & SOR A @ - 5 BT 2k (high  performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS) il 5 H % o i il Z 7% £ A(ochratoxin A, OTA)MI AW EE . 5% RH
HPLC-MS/MS i, L PC-a5E AL FE i OTA %7!7\]%, DZE TR OTA i F LB AR, ol o 5
PR FRUEMIZE . AR S BTAL IR AN BRI T A M RITE S, 15 G PR MEA B E R R AN S B . AR
M F s OTA M54k 7.59 pg/kg B, HAEAHE N 0.50 pg/kgk=2). & %Iy kilE H b OTA &
AN E AR, U”'ET%ET“E’JEE%KJ?%J*T(EIE@ZH%, FLYR Ay I 5 o 5t AN D e Vs W T
7 BAE S PR R P A T R
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Uncertainty evaluation for the determination of ochratoxin A in licorice by
high performance liquid chromatography-tandem mass spectrometry

HU Ling'*, MA Zhen', WANG Ru-Kun', JIA Jiang-Gang', KANG Chuan-Zhi’>, YANG Jian®"

(1. Ningbo Customs Technical Center, Ningbo 315000, China; 2. Ningbo Academy of Inspection and Quarantine,
Ningbo 315000, China; 3. National Resource Center for Chinese Materia Medica, China Academy of
Chinese Medical Sciences, Beijing 100700, China)

ABSTRACT: Objective To evaluate the uncertainty for the determination of ochratoxin A (OTA) by high
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The concentration of
OTA in licorice was determined by HPLC-MS/MS, using "*C-stable isotope labeled OTA as internal standard.
Mathematical model was established to analyze and evaluate the sources of uncertainty such as measurement
repeatability, standard curve, sample pretreatment, and the combined standard uncertainty and expanded uncertainty
were determined. Results When the concentration of OTA in licorice was 7.59 pg/kg, its expanded uncertainty was
0.50 pg/kg (k=2). Conclusion The overall uncertainty of the method is low, and the main source of uncertainty
results is from standard curve fitting, followed by measurement repeatability and standard curve solution preparation,
which needs to be paid attention to in the actual operation process.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; licorice; ochratoxin A; uncertainty

EETE: Py AR A0 H (2060302)  [EI R HARBF 3 4 T AERH2A L 4700 H (81603241)

Fund: Supported by the Key Project at Central Government Level (2060302) and National Natural Science Foundation of China (81603241)
“BITESE: Mk, 1, R 2%k, E-mail: yangchem2012@163.com

*Corresponding author: YANG Jian, Ph.D, National Resource Center for Chinese Materia Medica, China Academy of Chinese Medical
Sciences, Beijing 100700, China. E-mail: yangchem2012@163.com



3966 1% A T R A

81

1 51 &

TRl 248 A R A Y T R (Glyeyrrhiza uralensis
Fisch.) . Jk % H %5 (Glycyrrhizainflata Bat.) F1% 5 H %2
(Glycyrrhiza glabra LB TRARAMRZE, B—WH A&
[ 2iht, BATEHRT . 2RIk PR BUREE |
oo . Wb o>l BT 24N, TRz A
FHER . PR,

HEEEmFRETR ., TR FEm X, h
TR TR, REERED, AN, 2k
FAgfEHIm, W2 5 % 2] ih & &8 (Aspergillus) . H 58
(Penicillium)%s FLE 1975 441, BETT AT B A= 2 Rk A (AT
FEWEEAHER, Hrh, HREPH#MMEIER A(ochratoxin
AOTA)EARE 5 T EWNAMY 2560, ERRE . FIE
o EROR S E A H R L SR A R T, OTA 1
BRI RGN B . SR bR
JEESEWFFT AL (International Agency for Research on Cancer,
TARC)S1 2 2B 280, WS H 5 LR B il 1
BRAEARIES), B H 3R OTA f9r REAR TS5 20 g/kg '

HETE NS I OTA Kl Jr A w380 AH ik
3)(high performance liquid chromatography, HPLC) . &4
A 8,33 - B8 I T 3% v YY(HPLC-tandem mass  spectrometry,
HPLC-MS/MS) 1 16 57 73 W R0 5 32 11214, fHL OG-
AN R FE ) SCHRARE AR A WL o RS2 45U SIPEE T HPLC %
MEME T OTA 4 MR E B, 1A X HPLC-MS/MS
A WA IARGE . BT H R U B Y 55
WA NE R, AW E L YME RS OTAT R T —
TERIMERE, AT IEM RN R AT SR, A AT O
AN E 5. AR R R A A Y
HPLC-MS/MS % Il 7€ f % th OTA & &, Jf R 4
CNAS-GL006:2019 { fL 431 A if i BE 9 PP Al 4 g ) 1)
1 JIF 1059.1-2012 CIHRAH & PP S 2R ) U8, xh
T AN E FE R TR T 0T, PRI B AR E R, LI IF
M 7 TR AN A J A T S PR R AR, AT R A A G
Rl TAESR S

2 MREREE

2.1 5T
LC-30AD & &0 AH (%A (H A 5 H A F]); AB

SciexQtrap 5500 Fii%{Y(3€E AB Sciex /A 7)); N-Evap
112 F AL (3¢ [ Organomation /A 7]); Sorvall ST 40R &
DAL(ZEE Thermo /A F)); Mettler Toledo MS205DU Ji 43
Z— RV G LR -FE R 24 F]); Multi Reax R %
(#%]E Heidolph 2 7)); Milli-Q M4 /KAX (2 E Millipore
NG

OTA FI[3Cy]-OTA FRUEWIF . OTA HujiE 3% FkE
(immunoaffinity column, TAC)(10 pg/mL, B3sF] Romer
Labs A Al); B, HIR(MiE4E, EE Tedia 23 F]); BifRE:
2% i (phosphate buffered saline, PBS)(pH 7.2, %[ 2k e
ZvF]); 022 pm JRIEIEAR (LRl B AR, LI KR
Milli-Q #B&fiK .

TR T 2)E,

22 LWHE
22,1 AT

TR S U RS, L 60 Bffi. A2z —
FOFFRIL 5.0 g(K5TM 2 0.001 g)FEMH A, LA 20 mL FF
K (80:20, VIVYE L, PRI HEEC 30 min, 5000 r/min B0
5 min, B4 mL 3%, A 1 ng [PCy]-FOTA(100 pLx10 ng/mL),
Fi 12 mL PBS i)l TAC £, DA 2x10 mL PBS ik,
3 mL HEEENE OTA, WA, MASREL 0.5 mL,
i 0.22 pm BERE, LHLIR.

222 BBLEH

WM 63 2 S Eclipse XDB-Cg 03 4
(4.6 mmx150 mm, 5 pm); i 40 °C; WA 0.1%H iR
IKIEW(A)-FF B (B); ¥iik: 0.8 mL/min, #FkERE 5 ul. B
FEVEBLAE . 0~2.5 min, 40% B; 2.5~6.0 min, 40%~100%
B; 6.0~8.0 min, 100% B; 8.0~9.0 min, 100%~40%B;
9.0~10.0 min, 40% B,

JRE S5 H B 25 HY 1 (electrospray ionization, ESI)i
TR, IE& FHEHM, £ 0 (multi-reaction monitor,
MRMBEK, W FSH0LE 1.

223 AR RLH

AR BAR FIA TR HEC ) OTA FRUEM AL 4 1B T
VRV TR B FH Vs 700y R ), I ) OTA:[Cap]-OTA e JEE
A3 1:10, 1:5, 1:2, 1:1, 2:1, 5:1., 10:1 YRI5
W, ML, DL OTA 5 kR Ay AL LR OTA 5
WFR I BE LU E 2l br it 2, SR AR/ e ikif 74k
PG, FAFLEEIE R,

F1 HMESE A RAGHRIESH

Table 1 MS parameters of ochratoxin A and its internal standard

GGRIEY] RS F(m/2) FEF(z) LRV TR fE R /eV
OTA 404 239% 221 70, 70 31, 50
[C2]-OTA 424 250% 145 31
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3.1 HEFER

HHRAE R OTA & x IR AL:
rxnxV,; x 1000
V, x m x 1000

x=
=,

xR OTA HI& i, pne/ke;

r SRRV OTA 5 AR VR BE LU AE, AR o ih £k
1515

N SRR EHEHT I A AR 5, ng;

V- BOR AT, mL;

Vo —FH 588 2 AR e Ak AR L T AR, mL;

m R FE I FRAE I, g;

1000 5 2 5
3.2 THEEXRIES

3 e % AR A RS A K b eT g,
FEA I OTA 2 5 5E B ANHA 8 B 32800 LU ORI

e A Tk B ) A A o

PRUERNZET | AR E B, 45 FRED RS AR
W B, Aol R W T Sk AR B A AR B, b it
LA T AT E R

FEGET AL P FR S | AT E B, A AR E T
AR ERE, SEEERER S A AT E R, RInpNFRs]
AT EE .
33 THMEESENEN
331 EAMIIANRHEE

X ] —H BERE AR R 2.2 P IREAT 10 IREE
Mg, MAEMAHHN 7.946, 7.299, 7.898. 7.321. 7.867.
7.966. 7.279. 7.045. 8.071. 7.211 pgkg, FHI{ETN:
7.590 pg/kgo KA RACNAT RIS i 22 -

A n=10, % s = 0.390 pg/kg, WML MG ARAEXT
A EE N

Uper (1) = ﬁ =0.01625.
3.3.2 ARB KR I|IAK RA R
(1) FRIED IS | AN 2 B
OTA FRUEY) B A 25 H AR E(E R 10.05 pg/mL, ¥~
JRATERE N 0.08 pug/mL(k=2), WA OTA tRAEYIFGIA
A AE XA 88 22 A -
Upel(2) = oo = 0.00398.

()b v Bl 2 VA T e o) 5 | A A8 o

o v R 1 3o B R R BRI TR R A S
(1R 22 S s 30 7 o FH oL vp DR B TR 5 S (R AR AR AR A
Pt R RS A% 1Y 10 mL 255 S5 HE A8 R A
HE JIG 196-2006  (# FHEES BEaR ) UG e BLRE AR AE
10 mL 55 (A ZORY A 25 H+0.02 mL, F LTI ARIAR
Bt BEAR A JIF 1059.1-2012 (B A & BE PR E 540K )
B RAWEEE . RS0 (k=V3)IHE, i, H%
ORI AU R B oo = 115 X 1073 B
M4 AN FE A RO N IR HETEAS 45 HH, 100 pL(fff
FAMFL 100 pL).200 pL(fi AR 200 pL) .1 mL BHAR(fH
FERL0.5 mL), 1 mL BWARE AR 1 mL)WY RAH
SERE Uk=2)433112: 0.15, 0.5, 0.5, 1.5 uL, HBEHSIA
BRI A B ST AR N o HEFAE 20°C Hi s
Y, TSI 3 B S A (2044) °C, 545 R L4 A AR i
FHON 1.2x107/°C, ] p i BE I 805 | AR A 5 BE Ry

I 5150 k=V3): Upel (*&%fg) = “Xg“ =277 x 103,
bR v HE R R B R A RS I AT E R E W % 2,
Te LUBE R ECE AU, BriE rh 2R A e i 51 A AE S A5

TE LN

(12 % 2.872 + 2 x 3.042 + 2 x 2.812
U (3) = =0.01262,

+2.87% + 2 x 3.002%) x 103%2

B)FRUE RIS 5 A A 2 i
Frfi th 8 R Pl G/ D R i TS LG, AR Bl R R
Y=2.7541X - 0.1526, HIK R r*=0.9957, K Y H OTA 5
ARG TE AL LS, X OTA 5NFRAHE . fiks|
NI 52 BERE LR A T4

®2 AEHZRRES TSIANN T HEE

Table 2 Uncertainty introduced by standard curve solution preparation

mH AR R B Urer (32 FL Urel (TR E) B Urel
100 pL B AR 100 puL 12 7.5%x107* 2.77 x 1073 2.87 x 1073
200 pL B AR 200 pL 2 1.25 x 1073 2.77 x 1073 3.04x 103
1 mL B A 500 pL 2 5x107* 2.77 x 1073 2.81x 1073
1 mL Bt 1 mL 1 7.5x107* 2.77 x 1073 2.87 x 1073
10 mL 28 50 10 mL 2 1.15x 1073 2.77 X 1073 3.00 x 1073
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Se |11 Xy — X)?
b, s BRI, AR s, =[BT
Hod a MR uERh 4 AL, b MARIERRZE FI#RIE, vi i OTA
55 PN ) 06 T RR S T (B B A 9 ok 38 Ao R o i 2 4L
G TR0 OTA 5 NARIEIE AR LUAE, §; = ax; + b, P WAf
THASEATINE B, P=10; n briE <k BB S5, n=7;
Xo HEEELH OTA 5 AR IR BE FLME, 22 04T I B HRCF
Y, e b2 & 5 OTA 5 bRHe FE HUAE 2418
A AR E 2R B0 A 5 1A BN A6 2

00952 [1 1 1
U2 | L 11103014 x L = 0.02549.

333 AREA AT A R EE

(OFE RS S AT E

SRR AR T 4 2 — BT KRR AR, tuts]
AT BN B BRI B, 1R TAT 5508 N AL HEIE
FEA: RBEEH 50 g B, HP RBAHEE
U=0.00016 g(k=2).

R, PR SRR S AR A S AN 2

0.00016 -
ure](S) = m =1.6 %X 10 50

) B BUREUR 5 | A A E i

FESL PRI E A 20 mL A% 45 i O B-7K (80:20,
VV)FRBUA T, A5 1IG 196-2006 & IS B2 ) K B
TRIHLE, 20 mL B (A BRI AL 22 4+0.03 mL,
UE5 A BIASH 2 B i BR X 50 404 (k=v3) 3T, BB AS fu

28] AFIHIRE AR E N2 = 8.66 x 104, K S L HUS,

20%xV3
FH 5 mL B AR I 4 mL b3 G o e kR Ak, AR
ZAS WA FOW P R I AR A fE B T A1, Hy AR
B2 B U=2.0 pL(k=2), & IL51 A B AH X AS B 22
——=25x107%,
AR )t T SR 0 £ B, B RS HEIR B Sy 20 °C,
T S22 R (2044) °C, #E15 F B AIK AR BRI ik 22 4
YA 1.2x107 F 2.1x107°C, T p 3R 2 ik 55 | i) P -
Ko(80:20, V) 2 EBU W M ok B A 4k
(1.2x107x0.8+2.1x107x0.2)x4x20=0.08 mL, #3550 Mt
B (k=v3), N H iR AR AR B B AR XS B E B R
é:‘;o =0.00231. [AIBEATSREMMERE 4 mL F34 T
TLEE AR B 1A AR AN 22 BE 4 0.0023 1,
R, BRI 5 A BRI AN 5 i
—4)2 —4)2
Urei(6) = (8'66X102 x)O.-(lJ_O(ZZéSl;( o
Q)R INART A PIASH 5 S
FE AT AL B A PR 100 uL B8 W AG W
[°Ca0]-OTA IR, MRS BAEA W5 A A AL i E 5 4R 43
B B AT, EEBURARARR 20 L i, HA R A E R

=0.00339,

U=0.08 uL(k=2). B, @WI0AERG 1A B E R N:
Uret(7) = 320 = 0.002.
34 THEEHNERK

3.3 AT [l R IS A ANt S FEE 23 AR EL ST, AT
R 35 AR X bR v AN 2

0.016252 +0.00398% +0.012622 +

-
U (X) = ’Zufel(xi) = 10.02549% + (1.6x107)? +
i=1

0.003392 +0.0022

=0.03323
B AR HEASG 22 By
U= T X Uy (X) = 7.590 X 0.03323 = 0.25223,
B 0.95 BEAEMER, W HE T k=2, WY JRAHEEN:
U=kxu=050447,
HERRMMERER A SRS RGN
= (7.59 +0.50) pg/kg, k=2,

4 HFiL5iTie

AW FER v A il - AR I Tk, 46 A TR
JE AL 3 AR B G S AL e, DN 1 1 v iy e it
BER A, XA E T TR a5 R
1, %05 TR ) SR 2 B A/, Sl T 1Y R T
AR AE 2D, R O T AT R 9 b A T
i, AR ER BT | i BCR IBOR N TS T AR 5 T B A
SE LB, PR RS AR AN 2 B0 AT L Z AT
I, S B e R TR A T A A A 2 A o R R o o 2k VA
P il A, A0 S 6 43R R AR A s A DA T /N 0
AR R B i 22
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