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Rapid determination of the content of 21 kinds of emerging mycotoxins in
spices by solid-phase extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry

XU Jia, WANG Yin-Hui, WANG Shuo’

[Chaoyang District Center for Disease Prevention and Control (Chaoyang District Institute of Health Supervision),
Beijing 100020, China]

ABSTRACT: Objective To establish a rapid method for the determination of 21 kinds of mycotoxins in spices,
including conventional mycotoxins and 5 kinds of emerging mycotoxins such as alternariol monomethyl ether by
solid-phase extraction pretreatment coupled with ultra performance liquid chromatography-tandem mass

spectrometry. Methods Sample extracts were purified by dispersive solid-phase extraction, separated on an HSS T3

column. Gradient elution was performed using a mobile phase consisting of aqueous solution containing 0.1% formic
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acid and 5 mmol/L ammonium acetate, and methanol solution containing 0.1% formic acid and 3 mmol/L ammonium

acetate. Electrospray ionization was adopted with rapid switching between positive and negative ion modes. Multiple

reaction monitoring mode was used for data acquisition, and external standard method was applied for quantitative

analysis. Results All 21 kinds of mycotoxins showed good linear relationships within a certain concentration range,

and the correlation coefficients (r) were all no less than 0.99. The limits of detection were 0.10-6.00 pg/kg, and the

limits of quantitation were 0.30-22.00 pg/kg. The average recovery rates of the target substances were 78.5% to

100.5%, and the relative standard deviations were 1.50% to 7.98%. Conclusion The method has excellent accuracy

and precision, and can be used for rapid and accurate detection of many mycotoxins in spices.

KEY WORDS: solid-phase extraction; emerging mycotoxins; high-throughput screening; ultra performance liquid

chromatography-tandem mass spectrometry
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HEHEEME  SEMHE - SHE 7 ENE
TR A N, Tz e Y R, R AR
il e fEAE fad R g e A s R, R AR b
mHEEENLEG R Z =P B, 4 AR
(Alternaria) % ELIA A BN LR B R, BeLE L EFICR 3
PR X R S TR . BOR . IR
B A A i 5 e et

FrrRHEAE R LRI B B Tt B il & 32 2157
ARG, FB IR RE R (aflatoxins, AFs), % %
7 % (ochratoxins, OTs) F1 il & =5 J& %k J] W M B
(deoxynivalenol, DON) . {k ™ 4 % (fumonisins, FBs)%575 4],
HART MK A6 A G AL R ), (A48 TRATE 32
GRS Y, BRI BIEAGAE, ER
Joh e SRR AN 2 e, Fer kR RE AR, SAFEE
€8 3R (AR ZL 3R 22 B0 R) RIS RS i S e i), i
SO ST ARSI 2 R 2 A S I SR AN, T ARAS I 4G
R

MEY, AR MR F B A & ROR A R
#:(high performance liquid chromatography, HPLC)!'?! | ¥4
6 3% - B B B 3% 9% (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)! DL J il B¢ f 928 W B 1t
(enzyme-linked immunosorbent assay, ELISA)'> 181 e,
7 1 00 AH 8 3 - HR I BT 9 % (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
ERER SRR, BEEMARE, ClohE R
[l Bk 3 Hr 22 P LB 5 R A e H R SR, ARG R
S0 3R 5 6 A SR il A e BE T v A OR R FILAR,
S A T (R RO, A, BRI BRI A C g B N-
N3 2 % (primary secondary amine, PSA), H] HEX} L LL4F
E S5 R I T 3R (A0 — BB BE RS JR T 207 AR o BRI B, S Sl
R AR AR R B X R ) 22 B A )y vk
WHEBNRERMISER, KA 10~15 Fiit, X T

0 W1 (alternariol monomethyl ether, AME) . 2 %f i B
(alternariol, AOH)., %% % (tenuoxin, TEN)ZEH 454K 11 7
F RGN AT B P, G B R AR I LR A R 5
ARG B R G PEARA

Ry TEMEAL Gt 1T A B 7 9 A6 T 2 Ak e A AR 1 2 I
£ O A N T S /0 V) N A - F Al 1) S T 72
PSA/Cg/Z-Sep+HL Ak 73 L [ A 2 B (dispersive solid-phase
extraction, d-SPEYf+LIAFR, PSA FH L EEARINIER . A HLER Al
PSSR TR, Crg A RO B B2 R B P (5 R 12,
Z-Sep+XH i g A B B 17 R EL A W s O W BREE R, 4545
1 RS A, DAHASCE 21 FhEE R R (ARSI
RN, WEFED 21 AR ERHTEREN SR
WESRME I 2%

1 RS

1.1 #R5ERF

TR & . BOROR . 2288 SHML BB 97 H
TP, AR RS, R B )
ZE . RS, AR B . SRS

HHRESFEWMEY R EiM&EH R B, (aflatoxin B,
AFB,). HE %7 & B, (aflatoxin B,, AFB,). #HMi# %R
G (aflatoxin G, AFG)) . # 1255 & G, (aflatoxin Gy, AFG,).
it i %% 7 2% A (ochratoxins A, OTA). # M EH K B
(ochratoxins B, OTB). i 45 i 4t JJ TR (deoxynivalenol,
DON) ., 3-Z Pl S8 440 25 Jo3 9k U 11 s B (3-acetyldeoxynivalenol,
3-ADON) . 15- & Wt 5 Bl & 5 )8 % 71 W M BE
(15-acetyldeoxynivalenol, 15-ADON) . 25 J& 9 JJ 14 K %
(nivalenol, NIV), fk B #E % B, (fumonisins B, FB,). tk &7
% B, (fumonisins B,, FB,). 1k @& % B; (fumonisins Bs,
FB;).T-2 & % (T-2 toxin, T-2) HT-2 & 2 (HT-2 toxin, HT-2).
1% 2 R (citrinin, CIT) . 2 4% 76 By 24 B B (alternariol
monomethyl ether, AME) . 32551} (alternariol, AOH), 438
HEAR BT % (tenuazonic acid, TeA). 7% (tenuoxin, TEN).
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ALFEF FE M (altenuene, ALT)FRUESH(FTEMKEIS A 1 mg/mL),
PSA. Cig( HIF LGB AR AR, . B (A5
4li, 3&[E Thermo Fisher Scientific 23 #)); HER . R . #7
BERR M (434, W IE Sigma-Aldrich 2\ #]); Z-Sep+(3H

Phenomenex A F]); Jo/K MgSO4(Zr#ral, it E LT );

NaCl(4r#rali, |-k 2= iR 50 ) 7); 5250 7K 8 4k
(Milli-Q R Gl %)
1.2 UFE5E&

ACQUITY UPLC H-Class # i 20 M @i R 4 .
ACQUITY UPLC HSS T3 fj##:(2.1 mm*150 mm, 1.8 pum)
(Z5[E Waters /A #]); TSQ Altis = 5 PUALFT FiS AL (Bl A
H-ESI in# e 5 55 5 7, 3&[E Thermo Fisher Scientific 2y
#]); A 11 basic Analytical mill 75 3R P HL(FEE IKA A7),
Vortex-Genie 2 % Jie Pk 1% w5 (35 [# Scientific Industries 23 H));
S810R ¥4 & O HL(TEE Eppendorf /A 7l); N-EVAP-34 & /X,
WRF{Y (& E Organomation A7),

1.3 XWFE
13.1 #H &R

b 2 R IR Ad 0.5 mm ARUETT IR, K
FREL 2.00 g (+0.05 g)¥ BTAE AL T 50 mL RV 208 1
fMA 10.0 mL ZJiE-7K-FER(79:20:1, V:V:V)FEEUA T, iR
BANA 4 g Jo/k MgSO, 5 1 g NaCl, ~rEVSMAEH, Wk
=% 5 min, HIPRFEMRAHREI FS L 4000 r/min 2.0 5 min,
PRAE 215 HH -5 7K AR M 5
132 #dmehidit

6.0 mL R, BT A 1200 mg /K MgSOa,
400 mg PSA . 400 mg C,g A1 200 mg Z-Sep+) 15 mL d-SPE
HALE T, IRERYS 10 min, 4000 r/min £ 5 min, AHE
4.0 mL 35, T 40 ° CFAREIEL T 48 1.0 mL
WA S A K EE=90:10, V:V)E ¥, 45 022 um JE B i
MERT RS, A% BRI
1.3.3 #AFpR &R A&

P T R IR G bR e 2 B R 2% RSB PR 5 45 T I
TERbRUES,, P B TR RS, FOHIAL 5 dLANIR] o vk B
WIFREWE, 45 1 H: AFB,. AFB,. AFG,. AFG, [{if ik
BEN 0.1 pg/mL, FREZRFIH 0.5~20.0 pg/mL; 552 4H: OTA,
OTB MYtk M 0.2 pg/mL, pRUEFRSIN 1~50 pg/mL; £
34H: T-2. HT-2, CIT. AME. AOH, TeA. TEN, ALT
FI T W B R 0.4 pg/mL, FrifE RSN 2~100 pg/mL; 55

4 #H: DON.3-ADON, 15-ADON NIV (¥ JF 8 & 2 ng/mL,

FRUEZR SN 10~500 pg/mL; %% 5 4H: FB,. FB,. FB;HJ
JE R E N 4 pg/mL, FRifE R SR 20~500 pg/mL, —18 °C
T-AF o

BE T DCFC AR T AR W A LTSI R AN
HARE R 2 AR ST, R Bk 1.3.1 A1 1.3.2 JF

A TAL I, AR B LT . RS 1 T VR
il 22 471 e A 32 o DG e s o T AR A o
134 =@k

BRASFRBGREESN, Y8 1.3.1 A 1.3.2 £ 9R0E 7.
135 BLEMH

(s &1t

BT FERE 4 ACQUITY UPLC HSS T3 faifil
(2.1 mmx150 mm, 1.8 pum)IY RGE_ AT, BARSHCON: H:
15 40 °C; WA ACK, & 0.1% P EEFI 5 mmol/L Z 8%k 5
B(FE, 5 0.1%M B2 F1 3 mmol/L ZF2%%); ik 0.3 mL/min;
PR 5 L. BREEVEMARY LR 1.

®1 BESIERERRER

Table 1 Gradient elution program of liquid chromatography

A i) /min i ¥ /(mL/min) Al% B/%
0 0.30 95 5
2 0.30 90 10
10 0.30 30 70
12 0.30 5 95
14 0.30 5 95
15 0.30 95 5
19 0.30 95 5

Q)T is &A%

K F HA 168 55" HA, 1 (electron spray ionization, EST)# AR it
A7 IE B F R P sl Ul 4, WA a2 FH 2 i o e
(multi-reaction monitoring, MRM)B A T8R4, HS
Bt f: WEFHEE3.0 kV/ 2.5 kV), B TR (150 °C).
JBEIEE A SR EE (500 °C)5 3 £ (800 L/h) A K 4L U & (50
L/h). FEPHBESELE 2.
14 BIR4LE

ABF58% ] ACQUITY UPLC H-Class+Empower 3 T
Yeuh S B, 4l WPS 2019 Excel Fe4& pEATitt B £ dmAb
H, fifi ] Origin 2022 2 (3% &

2 HERE5HH

2.1 USEBILIEFHRRIL

WoE BN, TERSIAHPEM 0.1% VVF IR, LR
E b e R Al == 5 = Wl N 7 10 ) A s L i R
W27 AR ST B AR 4 R S A 1 B AR,
KA EA: A/B AHHPRRIIN 0.1%H R, LM B it 2
W55 AV B (5 mmol/L 8%, 3 mmol/L), Z5R IR, ZMH%sE
IR A ZRKORH A e Wk B A R T B B R i ROE AR n
BVIIERAE S, AT B AR B nT i 1 2 AR
TGP TE 4, IR 500 B i IR R 1 B 3 e . JE Hon
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#2 BER 2 MEEFE MRM 2%
Table 2 MRM parameters for 21 kinds of mycotoxins in spices

oy g BEEST FETOBHE WAL R
feaw B (2 (mz) fEE/eV HIE/V /min

285.1% 20
AFB,  ESK+ 3131 —————— 30 8.5
2411 40
287.1% 20
AFB,  ESI+ 3151 ———————— 30 8.3
209.1 35
243.1% 30
AFG,  ESI+ 3291 —————— 35 8.1
200.1 45
245.1% 30
AFG,  ESI+ 3311 ——————— 35 7.9
217.1 40
239.1% 20
OTA  ESH 4041 ——————— 40 10.1
211 35
205.1% 20
OTB  ESH+ 3701 ———————— 35 9.8
187.1 30
233.1% 20
CIT  ES+ 2011 ———————— 20 8.4
205.1 30
249.1% 15
DON  ESI+ 2971 ———————— 20 2.8
203.1 20
2311 20
3-ADON  ESI+ 3391 ——————— 30 3.5
203.1 30
201.1% 20
15-ADON  ESI+ 339.1 ——————— 30 3.8
2311 20
247.1% 15
NIV ESL 3130 —————————— 20 25
1751 20
3522% 40
FB, ESI+ 724 — 60 6.8
3342 50
336.2% 40
FB,  ESK+ 7064 ——————— 60 7.1
3182 50
336.2% 40
FB;  ESI+ 7064 ——————— 60 7.4
3182 50
305.2% 20
T2  ESH+ 4843 — —————— 40 11.2
2452 30
2032% 20
HT-2  ESI+ 4423 ——————— 35 10.8
2151 30
28L.1% 20
TeA  ESI+ 3201 ————————— 35 10.5
203.1 35
207.1% 15
AME  ESI+ 2721 ———————— 20 6.5
2281 20
215.1% 20
AOH  ESI- 2070 —————— 20 7.8
187.1 30
2711% 20
TEN  ESI- 4131 ———————— 35 8.0
1411 35
123.1% 15
ALT  ESI- 1671 ———————— 20 9.7
95.1 20
S T

A 0.1% (V:VHRRE Bk & 9 Ie 2 0cE B ir ik
BYIRETE, RS S A N s B, DRI A A K
(& 0.1%H BRI 5 mmol/L ZFRER)FI B A FH (& 0.1%H
FRFN 3 mmol/L ZFR%E) A shAH, WA 1.

1x10° 8
15
g
=
E g0 f 13 21
7
| o [|[l16 18
234 6|1 ‘b\
0 N\/v\ 1 5 1 9 ]

0 10 15

5
PR ER 15} 1] /min
7E: 1. NIV; 2. DON; 3. 3-ADON; 4. 15-ADON; 5. AME; 6. FBy;
7. FBy; 8. FB3; 9. AOH; 10. AFGy; 11. TEN; 12. AFGy;
13. AFB,; 14. CIT; 15. AFB;; 16. ALT; 17. OTB; 18. OTA,;
19. TeA; 20. HT-2; 21. T-2,,

BT 20 FRLERT 2 2R B T3 141 (20 pg/L)

Fig.l Total ion chromatogram of 21 kinds of mycotoxins (20 pg/L)
22 REAERMRL
221 RIRRS RS

W BN, . PEERHOKIR AR RFE R 5544
N REXT S A TR S B A S A SR O REDS 0, Ay
AREWET 4 FEilikzR: FEE-K(70:30, V:V), FIEE-K
2% R(79:20:1, V:V:V) . ZHE-K(70:30, V:V) . ZIiE-K-2%
H2(79:20:1, V:V:V), S5 EIR, EHEE-KIERT, £H
FrAb & M2 Jg 41.8%~65.3%, AHRHRE 2 (relative
standard deviation, RSDs)} 9.5%~13.5%; & FE-7K-2%H
stk R, [l g R+ E 68.9%~98.9%, RSDs A
5.5%~9.5%; TELNE-KIEFR T, B 43.8%~69.2%,
RSDs H 8.5%~13.0%; {EZME-7K-2%FHR(79:20:1, V:V:V)
R, A AW ECRS R 85.9%~104.0%, RSDs
4.6%~7.2% BFFELEFENE T LA FR A SERE A R4
PR ARER RN B R4 5 B BT 43 (A EAEF, M
WERE R, X R, LLZIE A YA AR L
AR T R IA R, XRE N CIEATIER AR
[mIEE, 5 2% B s iR A v S e S i e b
KB T B AEDE, WIMSEI T iRE 2R, KF MK
2%HE(79:20:1, V:V:V)IRG W RESE A HAn¥ k15 5w H.
IecfesE i I, ORI R AR R, LR 3.
222 BEMRFEBARGLF

AR d-SPE #4144k, Z-Sep+E R —FhHi AUIR
A I RE], HMUERG ZrO./Si08 A A BEE i % 5 BT R AR
FH =0 550 A N AR £ 28 SRR M LB T, LHGE T
ZEF MR IR, S2ae R B, U PSA B HARY
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FH1TE

ECRARAR N 45.6%~88.6%, RSDs iy 6.4%~13.5%; 5| A Cjg
o ECR A Tk, A E 68.9%~94.6%, RSDs [ =
4.7%~9.3%, o ARELURIN Z-Sep+ 100 mg ARSIk HE (0, 1
F 200 mg JFARICEIE, A AP Rk sk 5
87.9%~102.6%, RSDs 15HI7E 3.7%~6.2%, FeWI{0 K FIBRBIR:
B3 R E R A 1200 mg Ti7K MgS0,, 400 mg PSA, 400 mg
Cis, 200 mg Z-Sep W G-1E A et d-SPE ik 251, AEfHIER
SRR R SE B T A S SE gk, S5 REENLE 4.

%3 RIUEFIE RS MIEE SR ERER

Table 3 Effects of the extraction solvent on the recovery rates of
multiple mycotoxins from spices

Bl /%
&)
ik WEEK-2%H R LIEK LIE-7K-2%H R

AFB, 438 69.5 43.8 99.0
AFB, 55.8 75.6 55.8 98.6
AFG, 48.2 75.6 65.1 92.1
AFG, 51.9 68.9 59.6 100.6
OTA 57.6 78.1 63.2 103.2
OTB 41.8 76.4 59.8 97.6
CIT 53.9 75.9 60.3 85.9
DON 51.7 68.9 60.1 87.9
3-ADON 49.8 69.8 59.6 98.5
15-ADON 50.6 77.6 58.2 89.7
NIV 65.3 72.6 56.9 97.6
FB, 55.7 74.6 60.9 95.6
FB, 48.6 71.9 51.6 100.6
FB; 57.9 72.8 54.9 103.6
T-2 60.3 74.6 60.8 95.6
HT-2 49.6 70.9 63.9 98.4
TeA 48.6 75.4 68.5 96.2
AME 52.9 71.6 61.9 104.0
AOH 54.6 98.9 69.2 97.6
TEN 53.1 69.9 65.3 100.8
ALT 49.8 71.5 59.7 96.8

23 FHEFSH
231 RS

AT A WA 21 PhEEG R SRR T )
PR BR A 228 L BOROR SRR S s Bk, R
D TRC A 8 T 28 S N7 SR TRT AT SIE 56 R R 35 S G P v o i
RV RIFRE IR ARR U ELIEAN 21 FhIT s aE R 0 5L
BN, FARHE LT BRAER 43 R FRRN | < 20% A 55 5L TR,
20%<| kBTN | < 50% A FP S L TURON;, [ FE BTN [>50% K
SRILTAN . Z5RRE, AR RSLEXT BBk
MR AR IR R R R R R, Rk
PR BTk, Hirp DON. NIV, FB, #l FB, {5 S-fil4%
5o BRBUR R A AU 21 BB S AR Vs 1 B 4, R

H AL Sl BE S E, O 3 RhEE S T i iR
BEH . LTI OO B A e 5 L O . iy
DRAERMETRYE, FITAT R bl 35 R OGS IO b 2 ek 4 2 it DT
BChR i 2 b AT AMpR Ik E B, 2R IR 5.

F4 BTN EFRDSHERSEEERMFE

Table 4 Effects of the adsorbent on the recovery rates of multiple
mycotoxins from spices

[RICER /%
ey 1\; 200 mg Fk ﬁiﬁ()&;ns% 12004135 riﬁg7§$%504,
gSOI;"S“AOO M8 400 mg PSA, 400 mg Cis,
400 mg Cs 200 mg Z-Sep+

AFB, 65.1 70.2 89.9
AFB, 69.5 75.3 98.5
AFG, 68.8 775 96.8
AFG, 75.6 81.6 99.3
OTA 86.4 92.6 87.9
OTB 81.9 88.6 95.6
CIT 86.9 89.4 89.7
DON 74.5 90.6 91.6
3-ADON 73.6 91.5 93.6
15-ADON 65.3 94.2 99.4
NIV 81.6 89.6 97.8
FB, 45.6 90.5 89.9
FB, 52.6 94.6 96.2
FB; 88.6 86.5 100.9
T-2 68.5 77.9 95.6
HT-2 69.1 69.8 100.7
TeA 70.2 88.5 102.6
AME 71.6 68.9 99.5
AOH 75.6 72.5 97.6
TEN 77.2 76.5 89.9
ALT 65.8 77.8 91.6

232 MWEAELEHE

AR 5 (6 FH 2 1 35 S5 DG o o 80 VR 24 T A oA T 2k,
VIV BREE TR FEPrR B, Frds 21 R E B R
BIAS HERRZR 3 R HH RIF R tE e R, HARSC R B(NBK
F 0.99. # HBR(FMEH = 3)FE R (G = 10)7 510
0.10~6.00 pg/kg F1 0.30~22.00 pg/kg, AT R
A E bR B R PR AR EER, PEASS SR T3 6.
233 ERESHEE

TEZS P28 U I 3 Rkl B kAT 3 i
FRAREEACE-(IG . . ) WA DS 6 VP, AR
HOFEFATIRE 6 R(n=6), EAR: (RIREE(1~20 pgkg). ik
JE(5~200 pg/kg). mEE(15~400 png/kg), 21 Fp AR HE R
e 3 R RIIE T R YR B R 78.5%~100.5%, RSDs
h 1.50%~7.98%, WEBIE SHE % 58 a0 2 E AR 211
FEER M ENER, Wk 7,
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x5 TRIEESHRE 3 MERPHERBE(%)
Table 5 Matrix effects of different mycotoxins in 3 kinds of matrices (%)
|FE R |/ %o [ OV |/ %
e — — 7E27) — o
HIHR BB LW HIH B L
AFB,; 13 19 10 FB, 45 40 27
AFB, 15 17 10 FB, 43 49 15
AFG,; 14 13 10 FB; 37 31 19
AFG, 13 15 10 T-2 25 37 18
OTA 17 27 10 HT-2 23 28 23
OTB 15 18 10 TeA 21 28 17
CIT 28 26 16 AME 15 29 11
DON 49 37 21 AOH 20 24 22
3-ADON 23 29 19 TEN 22 25 16
15-ADON 27 31 18 ALT 13 14 11
NIV 45 46 25
£6 2 MULAMNEISTESEISRE, BERSERR
Table 6 Linear ranges and linear equations, limits of detection and limits of quantitation of 21 kinds of compounds
PN PR e i WmB R
=} o u N Ny o . Ry s s . Ry s
ughg) MR MCREC) AN HDCREG) AN HICENE)  (gke)  Angke)
Y=1982.58X Y=1962.75X Y=2002.41X
AFB, 0.5~20.0 4296 5 0.9955 4306.5 0.9952 2765 0.9960 0.10 0.30
Y=2998.65X Y=2968.66X Y=3028.64X
AFB, 0.5~20.0 1458.62 0.9944 +468.62 0.9941 1438.62 0.9949 0.12 0.35
Y=19685.47X Y=19488.61X Y=19882.32X
AFG, 0.5~20.0 +6984 85 0.9923 +6994 85 0.9920 +6964 85 0.9928 0.15 0.40
Y=6985.69X Y=6915.83X Y=7055.55X
AFG, 0.5~20.0 1698 87 0.9915 4708.87 0.9912 L 678.87 0.9920 0.15 0.40
Y=17859.65X Y=17681.05X Y=18038.25X
OTA 1~50 856945 0.9945 _8579.45 0.9942 _8549.45 0.9950 0.30 1.00
Y=1587.56X Y=1571.68X Y=1603.44X
OTB 1~50 85269 0.9950 862.69 0.9947 83269 0.9955 0.30 1.00
Y=2667.96X Y=2641.28X Y=2694.64X
CIT 2~100 1227865 0.9941 12788.65 0.9938 42258 65 0.9946 0.60 2.00
Y=20569.68X Y=20363.98X Y=20775.38X
DON 10~500 11257865 0.9980 1 12588.65 0.9977 112558.65 0.9985 3.00 10.00
Y=4287.56X Y=4244.68X Y=4330.44X
3-ADON 10~500 +789.56 0.9965 4799 56 0.9962 +769.56 0.9970 3.50 12.00
Y=1556.84X Y=1541.27X Y=1572.41X
15-ADON  10~500 +489.65 0.9946 +499.65 0.9943 +469.65 0.9951 3.50 12.00
Y=13254.87X Y=13122.32X Y=13387.42X
NIV 10~500 4269.54 0.9943 4279 54 0.9940 14249 54 0.9948 4.00 15.00
Y=21795.21X Y=21577.26X Y=22013.16X
FB, 20~500 +6358.59 0.9958 16368.59 0.9955 16338.59 0.9963 5.00 20.00
Y=3382.69X Y=3348.86X Y=3416.52X
FB, 20~500 +130.58 0.9948 140,58 0.9945 11058 0.9953 5.50 22.00
Y=20596.85X Y=20390.88X Y=20802.82X
FB; 20~500 +10546.89 0.9951 +10556.89 0.9948 1052689 0.9956 6.00 20.00
Y=3824.32X Y=3786.08X Y=3862.56X
T-2 2~100 _1287.56 0.9951 _1297.56 0.9948 126756 0.9956 0.50 2.00
Y=1558.26X Y=1542.68X Y=1573.84X
HT-2 2~100 486,58 0.9976 496,58 0.9973 _466.58 0.9981 0.60 2.50
Y=6575.58X Y=6509.82X Y=6641.34X
TeA 2~100 +3548.36 0.9938 43558.36 0.9935 43528.36 0.9943 1.50 5.00
Y=19634.25X Y=19437.91X Y=19830.59X
AME 2~100 +6589.15 0.9977 +6599.15 0.9974 +6569.15 0.9982 1.80 6.00
Y=735.89X Y=728.53X Y=743.25X
AOH 2~100 450748 0.9973 153748 0.9970 150748 0.9978 0.50 2.00
Y=5188.87X Y=5137.98X Y=5239.76X
TEN 2~100 4514321 0.9974 4515321 0.9971 4512321 0.9979 0.50 2.00
ALT 2100 Y PB2EX 997y Y3702.16X 09968 Y 76X 9974 0.60 2.50

+3475.56 +3485.56 +3465.56
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Table 7 Spiked concentration, average recovery rates and RSDs for the 21 kinds of compounds (n=6)

— ik BB B AL
(ng/kg) S RN % RSDs/% SRR % RSDs/% I ER/%  RSDs/%

1 85.6 6.81 87.3 6.12 88.9 5.91
AFB, 5 84.9 5.88 86.2 5.18 87.6 4.98
15 79.6 4.11 81.3 3.51 82.9 3.21
1 86.5 7.78 88.2 7.98 89.8 7.68
AFB, 5 82.9 495 84.6 435 86.2 4.05
15 84.6 435 86.3 3.75 87.9 3.45
1 85.6 4.44 87.3 3.84 88.9 3.54
AFG, 5 91.4 4.97 93.1 437 94.7 4.07
15 78.5 476 80.2 4.16 81.8 3.86
1 91.8 471 93.5 4.11 95.1 3.81
AFG, 5 923 6.55 94.0 5.95 95.6 5.65
15 81.6 4.82 83.3 422 84.9 3.92
1 96.3 4.16 98.0 3.56 99.6 3.26
OTA 5 95.8 472 97.5 4.12 99.1 3.82
15 93.6 5.76 95.3 5.16 96.9 4.86
1 93.6 438 953 3.78 96.9 3.48
OTB 5 91.6 7.51 933 6.91 949 6.61
15 92.1 6.81 93.8 6.21 95.4 5.91
5 85.9 5.85 87.6 5.25 89.2 4.95
CIT 50 92.4 3.85 94.1 3.25 95.7 2.95
150 943 4.89 96.0 429 97.6 3.99
20 83.9 2.40 85.6 1.80 87.2 1.50
DON 200 92.7 5.78 94.4 5.18 96.0 4.88
400 87.6 7.32 89.3 6.72 90.9 6.42
20 97.2 2.78 98.9 2.18 100.5 1.88
3-ADON 200 84.6 4.18 86.3 3.58 87.9 3.28
400 89.4 7.18 91.1 6.58 92.7 6.28
20 94.6 485 96.3 425 97.9 3.95
15-ADON 200 932 3.59 949 2.99 96.5 2.69
400 88.3 7.33 90.0 6.73 91.6 6.43
20 92.8 5.85 94.5 5.25 96.1 4.95
NIV 200 923 436 94.0 3.76 95.6 3.46
400 87.6 6.40 89.3 5.80 90.9 5.50
20 93.6 4.05 953 3.45 96.9 3.15
FB, 200 94.1 6.34 95.8 5.74 97.4 5.44
400 89.1 5.40 90.8 4.80 92.4 4.50
20 85.6 4.89 87.3 429 88.9 3.99
FB, 200 92.4 3.89 94.1 3.29 95.7 2.99
400 81.1 4.89 82.8 4.29 84.4 3.99
20 89.4 5.85 91.1 5.25 92.7 4.95
FB; 200 942 3.37 95.9 2.77 97.5 2.47

400 85.3 3.35 87.0 2.75 88.6 2.45
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Anglke) SEH TR % RSDs/% S TR % RSDs/% SEHER/ % RSDs/%

5 88.1 4.88 89.8 4.28 91.4 3.98

T-2 50 85.4 4.56 87.1 3.96 88.7 3.66
150 83.6 4.40 85.3 3.80 86.9 3.50

5 87.6 2.83 89.3 2.23 90.9 1.93

HT-2 50 90.2 4.89 91.9 4.29 93.5 3.99
150 87.6 4.65 89.3 4.05 90.9 3.75

5 92.4 3.35 94.1 2.75 95.7 2.45

TeA 50 91.1 478 92.8 4.18 94.4 3.88
150 87.6 6.76 89.3 6.16 90.9 5.86

5 94.1 3.16 95.8 2.56 97.4 2.26

AME 50 88.3 5.82 90.0 5.22 91.6 4.92
150 89.5 7.40 91.2 6.80 92.8 6.50

5 93.5 2.88 95.2 228 96.8 1.98

AOH 50 87.5 6.85 89.2 6.25 90.8 5.95
150 87.5 5.56 89.2 4.96 90.8 4.66

5 92.4 3.85 94.1 3.25 95.7 2.95

TEN 50 86.6 6.81 88.3 6.21 89.9 5.91
150 85.9 6.56 87.6 5.96 89.2 5.66

5 92.7 5.83 94.4 5.23 96.0 4.93

ALT 50 91.6 3.87 93.3 3.27 94.9 2.97
150 89.6 5.56 91.3 4.96 929 4.66
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