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Abstract

The aim of this study was to develop an analytical method for determination of T-2 toxin and HT-2 toxin level
in cereals and to survey their levels using LC-MS/MS. The T-2 and HT-2 toxins were simultaneously analyzed
by electrospray ionization with a positive ion mode and multiple reaction monitoring (MRM) after filteration and
immuno-affinity column clean-up. A matrix-matched standard calibration used for quantification and recoveries of
T-2 and HT-3 toxins were in the range of 100.6+7.2% and 96.8+9.4%, respectively. Limits of detection and
quantification of T-2 and HT-2 toxins were estimated to be 0.5 and 1.5 pg/kg, respectively. Each repeatability
(RSRr) of T-2 and HT-2 toxins was determined to be 0.9~6.0%, and 4.9~6.1%, respectively. Total 115 samples
cereals were collected from 9 types of cereals for analysis. The positive percentages of T-2 and HI-2 toxins obtained
from collected samples were found to be 72% and 80%, respectively. The contamination level of T-2 toxin and
HT-2 toxin in cereals were 37.1 ug/kg, and 5.4 1g/kg, respectively. Therefore, this study suggests that the developed
method could be an useful analytical method to determine the T-2 and HT-2 toxin level in cereals and the present
data could be used as a reference to estimate the risk assessment.
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chromatography(TLC)'H 2 & 47 & 21 (enzyme-linked
immunospecific assay, ELISA), 9| ZZv}l& 72| 3] (high
performance liquid chromatography, HPLC), 7| H| A 20} &
712} 9](gas chromatography, GC) 5-°l] thdt &Aool B
oA 1 th4-6). 12}, TLCH 2 ELISAY & U k3
o7 =49 IRIXFAPoR A5 HA7} 1Hstn
A Hgoz FAE F ole Aol o, 444
ZUEE AA A AFEs7] of 1, FAEA o] E7FsgH
o] itk FEFAH o2 FAst=H T2 ARHE-E = HPLC
H 2 GCH2 A=e) 3842 =o]7] 913l hydroxylation,
trimethylsilulation, flouoroacylation®. 2 F=43} 3},
flame-ionization(FID), UV diode array(DAD), fluorescence
(FLD), electron capture(ECD), mass spectrometry(MS) 52
theket AE71E Al o sk ©do] itk ujelA] &
79 T2 %4 9 HT2 54 AgHe FEARE AR
% HPLC/FLD®} GC A1 o] A5 oA o LC-MS
MS WHOo 2 FAIEA ek AT FAlsith
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Fig. 1. Chemical structures of T-2 toxin (A) and HT-2 toxin (B).
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Table 17} 2t} 7948 Al E 259k Fd o3
A BeE APAR SA] ERbete] HA AlRE Al 4
7](Food processor HR7625, Philips, Guangdong, China)E&
olga] #23 F <F 100 g G2 ZT | x|
o}l g3l 20Tl B3

Ak A I

T-2 54x(101. 4 pg/mL in acetonitrile, 98.7%, 1 mL) %
HT-2 =2~(HT-2, 101. 4 pg/mL in acetonitrile, 98.4%, 1 mL)
XEFEHE Z7; Sigma-Aldrich A 3(Sigma-Aldrich, St
Louis, MO, USA)°| A F9)ste] AM&staitt E20le=4
(reference material, RM)E+ # 8] 7}FH(T2280Q0)3 A&
st o, FAAGNEAE H7F71 72 Fera(The Food
and Environment Research Agency, York, UK)ol| A <13}
o] AMESlAth oM EYEY, vk A Az ntE T
7] 5 (Merck, Darmstadt, Germany)2] 75 A-8-3}%1 1, 7}
1] A+-2 Sigma-Aldrich #| & (Sigma-Aldrich, St Louis, MO,
USA)ZHE 15 A2k T3] AHgsisith 718t =&
Alke S e dAA2rtE T B48-E AHEEA
FIE SF5A 27| (Barnstead International, Iowa,
USA)ll 9J3] 182 MQem 2.2 FAE S/H5E AMH-
SFATE Al AHe-E M9 8Hd 42 EASI EXTRACT
Z+<] (r-Biopharm Rhone Ltd., Darmstadt, Germany) % }

of AHgT,

—Z.
i, =

=89 M=

xE8 TE
= 1 e EFIYE ARSSle] 2442 o EYER
o] 10 ng/mLE AT 42te] ¥FE AL 3
oHIEHEZ R s]Aal] T2 54 4
S pgml)s ZASIGITE T2 54 B HT2 54 8
EFEA(1 pgml)S 3 5-& 57 -8-(quality control), A&
4 FH & FFYer AMEStaL, oM EYE- S Thsto]
2.5~100 pgkge] H =5 Alxste] A A8 28
o' AR

T-2 4 HT-2 |49 & % HA

LC-MSMSE ©]83ll T2 54 9 HT2 54 F45 9|3
Al A ddsgt IRAIEE FEsHA 25
g2 500 mL 2 7](Ultra Turrex, IKA) 2§ &7] #3}
25 g YU EEY 100 mL 90% "Eke £-4(90:10, viv)=
Y #A7E o] &35t 5§ B FEIT FE2SF 92
AR 7] S o] &3lo] 155 FoF YA H-2](1,600xg)5} 1L
2}z ol-2- o] 9}x](Whatman No.4)& o] 2}3lt}, A 31314
2 S o83l Y8l oJ=d 10 mLE 40 mLe] 4% A3t

1=
j=4
& S AT Tl T FdES 5wt
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WAAZ] ohe & Eete] vl LA (1,600%g, 15+)
sttt dAwE §F, AEds e Fo A (GHB,
Whatman) 2 ]38} 1 o]}l 20 mLS ¥ 1 &9 &%
2 1A A S THAFTE AR oJFdo] BT &
e, Mg 2E S & 15 mLE A3l 3715
Fdste] 712 QlofErh MR d o Yolde &
A5 oMHEYEY 3 mLE §E3A 592 50TCelA]
A4 Ausidth Az AFE 1% 79t 3 50%
HEE 89 1 mLol| Fo|al o] & 0.2 yme] WHEF<
Y2 of et A 5 LS FHst] AAA=ntET-A
FEA 7 AZFE7I 2 A8 THS).

T-2 U HT-2 =49 HZHEHY

HAARrtETY Y] BA 208 ZS phenyhexyl
column(100x2.1 mm, 3.0 um, Phenomenex)S A}-8-3} 1, Z+
H 2EE 35CE, 42 04 mLminZ &2t ©|%
& & 272 Table 291 20| ARg-slSith A w2719
spray voltage= %°]-&4] E.=(positive ionization mode)
& 40 kV , capillary &%= 270CE o] L3} a}%ich F3o]
4 dd EFNS 1.0 pgkgs AHE3l] present ion
9 product ionol] Wt FAZ2A B FFo| 54 tharh-gA
Z] (multiple reaction monitoring, MRM) -2} Z71-2 Table

12 2o

T-2 % HT-2 529 24

WA ZrntETef 9)-H FE
IF/ & T2 54 9 HT2 =
FHAdR7IE et F3EATH9). R
(25~50 pg/kg) @l 7% 60~130%, EFHAFE= 40% ol stolTt.
LA Fe FFol HTEETF F A 29 w=ot

T2 T2 54 2 HI2 54 £592 371808, 74
HHE Zste] RTAHAHO)E Ttk A F49 71&
7l(slop, S)# FTHAE o]&std HESHA(limit of
detection, LOD, 3&/S), 7 #3tA|(limit of quantification,
LOQ, 10§S)= 2FH&Eatdth L AsA & 72t 79| =
Mof] FFNS- 7}6l0] matrix mateched 7 %
ng/kgoll Al 243 ste] 244 (linearity) = <1
He] A 2 Agde 259 H7PY
(reference material)< ©]-8-3+ 3|4-& A=
FFd H7PH-2 2ul, 5ul, 108 7 ZEHA ] @l S
A FEE Aste] 1 8FES IRl el
39 $3P3to] dui(intra-day) B 3UZE WHESEC]
(inter-day)°l] gt JE=E 3%
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Table 1. Analytical conditions of LC-MS/MS for T-2 and HT-2 toxins

Parameters Conditions
Column Phenomenex Phenylhexyl (100x2.1 mm, 3.5 jim)
(A) 1% Acetic acid in water, (B) Methanol
" Mobile phase A: 95% (0-2 min)— 5% (2-10 min) — 95% (10-15 min)
B: 5% (0-2 min)— 95% (2-10 min) — 5% (10-15 min)
Flow rate 0.4 mL/min
Injection volume 5 uL
Column temperature 35C
Mode ESI (Electro-Spray Ionization), MRM (Positive)
Spray voltage 4.0 kV
Sheath gas 40
MS/MS
Aux gas 15
Capillary temp. 270C
Collision pressure L5
Compounds MRM transition Tube lens (V) Collision (V)
489.157— 245.0 27
) (Quantitation ion)
T-2 toxin 168
489.157— 387.0 »
(Qualification ion)
447.101— 285.0 18
titation ion
HT-2 toxin (Quan ) 180
447.102— 345.0 ”

(Qualification ion)




562 Sk A FAAAE S A Al22d A4S (2015)

do o nE 9.44% 02 Halgolgd S & 5 U A(Fig 2), T2 54

2L HT2 542 A7ke 4, 2, dvl s dAe)ste] 24¢

IR S T-2 2 A HT-2 2 SA 7124 =2 =& NA AZepE T8 o) FEA ) A Bk—“&;éiﬂ AzvlED
7 T wRolEE F20 /M ol AMgdle vige /e 2 Frgd el BlA mE AlRle] 7 REE
< olgste] T2 B4 B HT2 548 F3stast aigle Ao Aol 29 sl 75 Al dA)3he gl
™, T-2 %i HT-2 %—i T oEA BT g g SIIthEig 3). T2 54, HT2 5429 7F S tigh Ak
&3 2 wE Sade BAY10. & PH I EE Fg 49 2k AR SN T2 549

e AR ﬁﬂP@Zil%Tz SL9HE2 520 53 54012 myz 245, HI2 549 540]€ myjz 2858 34o]
Hel sli= WA BYE AHEsiel olflslont, Lo YD T2 SEE my 7 59012, HT2

B ARE el 2 Eellmst A0l 7he et AFEA] 2E mjz 345 E4Jo] S ol o2 Melsle] s}
= %l/ﬂ %]a]: /\4 ].oiq_ u].aqg,] 717 ]H/H Z7ow B H/ﬂ gﬂ}\q_ ]Eﬂ‘?} 7] ]xyq EU=z o]—OiI _graqo:]al— —':ﬂro]
a9l Wl Vg AlTio] T2 B4 HT2 54 Z7Ho1s%, & Al@W ol =akle] wie] ZF 5 T2 54 9 HT2

AT DGg- 1500 Su TG

24e ML
100 18368
3_ 1 T MW Wipphk
2 40 14 1
5 &
&
o«
= A
s 20 I )
b i BT 196 203 T65 230 Fg a3 s5ep 441 BELET1 g am f LS5 yope 1010 1085 1289 131 1430
ud
Loy FRLT
5 - A M ——
E’ 1] A. o F e B
: J I L j gy
5 &0 e T 5 { P
? 5 i ! s Ol el
EII:I (e TP || 3
= 10
L o 042 082 116 205 308 24p 389 461 SH 560 600 BTS 720 TES 6% | LR 10E7 1200 1288 T3M 1355 WES
[E}]
100+ | Py
- . e B & il
H WE Bl
:"1 B
g ﬁﬂ: | b Rl
o |:I: ) A
& 40
& 3 |
5 10
= ol 076 184 268 366158 437 £07 44 597 W76 TEd 7RG RO I laar ) MM o 1263 1347 e
I ML
1og il 418
2 - £ L0 SO TEE Fi = gifRa
P c o f,ltu.lr Ty o
3 J i L | sl s
g APE g I st
< s, i e ] 24 001 WS
= 4} Bl | L
£
E 10 |
= 076 173 203 264 320 ATE 430 506 STO MMM gry rs @S flase 1005 137 1298 1266 1281 1435
0 Hdd
II]'I]: |
it
£ 3
£ 8
: 1 D
5 604
= 3
o€ p
E =
= 1
- gd 045 086 163 215 18 186 449 51 480 B30 BES 766 BA2 004 | | OB VO0RT 100 1172 1244 1381 107
a ! 2 3 ] 5 B ? 8 ] [} " 12 13 14 15

Tr=s (mrim)

Fig. 2. LC-MS/MS chromatogram of T-2 and HT-2 toxins standard solution at 10 ugkg.
A (mjz 285), B (m/z 345) of HT-2 toxin, C (mjz 245), D (m/z 387) of T-2 toxin.
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Fig. 3. LC-MS/MS chromatogram of fortified unpolished rice (10 ug/kg).
A (mjz 285), B (mjz 345) of HT-2 toxin, C (mjz 245), D (m/z 387) of T-2 toxin.

4 gy U fEAS AEsh 93] matrix-matched 7 ZA-& A&t T2 54 2
HT-2 54+ 25~100 ngmLe] F=2 ZFIAE 24
S0|=L SAAEY REd AT Az & Hv), 2 5 THY T2 54 2L HT2 54 %
T-2 54 5 HT2 527F 7420 AT/ 30 ugke geaae] Aall4R)7} 0.990] 024 Fadh 24
HES RFEAS WM A, 2, Ane AEFENS 4o vehdchTable 3).
73] WkESle] BAg & A gheo] ¥EAt 3 V1eTE T2 54 9 HI2 5471 095A] &2 A8 5 A
o83kl 747k 3659} 106/S< Wikl AEdAI} HFT  gle gy FE AL Wrlslel Ae]d Lolo] A=n}
AL Tttt dEeHle 2 FRER Atol= gllon, EOAS Hwe BW T2 54 9 HT2 549 #iE
T2 54+ 05 ngke, HT2 S54F 1.5 ngkg o 2 YRS A7to] Ax|8la TR oW Wkl wlo| A} ¢SS BHolsy
FH(Table 2). o AE 9F RS RE HF T T2 54 Y HT2 548
LC-MS/MSE ©]&3t F/Z T2 54 3 HT-2 54 BAs7d Meg 2 Beler) 228 4 5 ok (Fg.
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Fig. 4. LC-MS/MS spectrum of fortified unpolished rice (10 ug/kg).

A (mjz 285), B (m/z 345) of HT-2 toxin, C (mjz 245), D (mjz 387) of T-2 toxin.

Table 2. Limit of detection (LOD) and limit of quantification
(LOQ) T-2 toxin and HT-2 toxin

Table 3. Linearity of matrix-matched calibration curves to
analyze multi-mycotoxins

Milled rice Foxtail millet Unpolished rice Range

Compounds P Food Compounds ~ Slope  Intercept ~ R2 (Ne/MI)
b LOQ LoD LOQ LoD LOQ il e T2 O 805 X5 0% 2510

T2 toxin 05 L5 05 L5 05 15 HT2 toxin 27836 16625 099 2.5-100

HT2 toxin 05 15 05 15 05 15 Foxall mileg T2 101 218028 21160 099 25100
LOD - 33 (/5. LOQ = 10 (&) HT2 tosin 59534 20383 099 25100
6: Standard deviation of the response, S: slope of the calibration curves. Unpolished rice T2 toxin  -13741 23161 099 2.5-100
HT2 toxin -34234 16671 099  25-100

2z n| vpegal gl T2 54 9 HI2 54 238 E
folS 3709 FE(2L0Q, 5LOQ, 10LOQ)7} = == H7le}
T A elste] EA8IIT o EAIEE 3 F<t wHES
o AT & SRlsisint O A3} 7} wmek AF
THAA 3FEL T2 5429 45 72.1~1082%, HT-2
=29 A% 72.1~1082%2 VehHGIth € BUSA AA]
she BeE AW T2 S4& 60~120%, HT-2 542

50~120%5 wrsh™, 33] whEo] ofdt AuiETHA
(relative standard deviation)”} 2t 18.4%(RSDr)E Yeh}
EU 7ol =2}l RSDR < 30%°] 2 g8l th(Table. 4-5).

o
N
Jn
k>
¥
T
o
N
n

4 MEef=Al
) 1157 gislq T2 54
2 HT-2 =20 3t 0 9% A thTable 6). 271+
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Table 4. Recovery of T-2 toxin and HT-2 toxin in cereals

Spiked level (ugkg)

565

0.6 ngkg 0.2 AZAFTOZ ZAEATE o] = T2 =

& 8 HT2%4 B4o] QuiX|3} o] Aol Feg

Fod  Compundy — o R A7) e, 9 5ol o 71X 29l old Jee
T 059M6)  0L2833 4749 7] v ol dwkstelrlE ofEtu, FHATEU)AA
-2 toxin 914, 243, WEZY -
Milled rice ° 2003”1 Oﬂ A A5k SCOOP(SClentlﬁc co- operation) Z2A
N 1_, _L. 1:1 15T
2 toxi + + +
Foxtl mille T2 toxll.l 101.7£74 105.74.6 93.7+1.7 l‘iﬂ Oﬂj‘i HL@H] 1:7], 87%, 16% ol 9‘%157], 10 llg/kg 2k
HT2 toxin 970107 1003:84  902¢77 v m et ) %3 T,
Undliod e T2 10982187 1ILIETS 1016536 that, thoket ZEo] A o] we Caluet 24T o
npolished rice
7o HT2 toxin ~ 934%173  1182+77  905%59 20l ;o] = =8 J_Eq slo] AZ = 2ol B cjxj
YRSDr: Relative Standard Deviation. jﬂ'a% ‘Clqé‘ﬂ, T2 54 HT 2 =4 oﬂ ‘:HE} Q ouﬂE 7\}—?-—%
oo o) olelaer @ Aol
gt Wulel A= T-2 H4 3 HT-2 547 25 HEHA b S ity of T2 toxt > toxin in corcals
orobr}. w3t 242 37 F 2AdN T2 S47) 2zt Table 5. Reproducibility of T-2 toxin and HT-2 toxin in cerea
50, 52 ugkg= HE= A3 HT2 545 HEHA] %k Food Compounds Spiked level (ughkg) =9
Seseol ] T2 SA7) 371 eheo® Ar) ghoz AZH A0Q  5L0Q  10LOQ
\_ -2 toxi + + +
o} o] A9 71ZZH100 ngkg) B} e G230l Milled 1ice T2 toxin ~ 95915.61)  95.073 96.85.9
Z2m0] AL T2 54 9 HT2 54 25 24359, HT-2 toxin 95.619.9  107.1£100  105.045.5
1AL ALE T2 E47) 15704 25 A&H o] Hi Foxtail mille T-2 toxin 99.543.5 1123482 1019485
43 ng/kg L9 =5 YeER| 1 HT-2 %5:_1,:_ 154 = 1274 HT-2 toxin ~ 99.5t103 104441  94.6164
HES AL Gt 08 nghkg LAEE WERARITE Heje] 25 ol e 12O 1060FL IBIIS3 11392110
254 F 2370 T2 547} HAEH o H 12 ngkeS HT2 toxin -~ 91670 1005154  101.5£10.9
VERI S AL, HT-2 54% 257 3 13%10] AEH o] Wit "RSDR: Relative Standard Deviation.
Table 6. Occurrence of T-2 toxin and HT-2 toxin in cereals
Concentration (1ig/kg)
Food group N Positive T-2/HT-2 toxins "y > g/;ga Sdev (%)
ean n X tdev (%
15 T-2 toxin 43 42 4.7 ND.
Common millet 15 -
15 HT-2 toxin 0.8 ND. N.D. ND.
0 T-2 toxin ND. ND. N.D. N.D.
Wheat flour 15 .
25 HT-2 toxin N.D. N.D. N.D. N.D.
o 0 T-2 toxin ND. ND. ND. ND.
Milled rice 11
3 HT-2 toxin N.D. N.D. N.D. ND.
23 T-2 toxin N.D. N.D. N.D. ND.
Barley 25 X
13 HT-2 toxin N.D. N.D. N.D. N.D.
15 T-2 toxin 118 6.6 371 94
Sorghum 15 -
15 HT-2 toxin 52 5.1 54 ND.
Vi ; 2 T-2 toxin 5.1 50 52 ND.
aize
0 HT-2 toxin N.D. N.D. N.D. N.D.
4 T-2 toxin 43 42 44 N.D.
Foxtail millet 4 -
3 HT-2 toxin N.D. N.D. N.D. N.D.
12 T-2 toxin N.D. N.D. 13 N.D.
Glutinous rice 4
8 HT-2 toxin ND. ND. N.D. ND.
12 T-2 toxin 23 2.1 4.0 ND.
Unpolished rice 13 -
11 HT-2 toxin 26 24 42 ND.

Total

115
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2], 97, 4% AJUEF LA 2 M sta, YAEe T
F, gt & A AH o8 FA A 8E
LCMSMS A8 & BA819TE T2 4 2 HI2 549
AZETH 3 A= 22 05 nghkg 2 1.5 ngkg AT
matrix-matched 5 7 &2 oA @A 4= 0.99 o] 4te] 2]
AE ARem, T2549 HT-2 54 208004 1089
AHFHAZ RTENS A7 AlRoA F4E&L2 T25
29} HT-2 =4 27} 100.6+7.2 %, 96.8 + 9.4 %= EU
Zhol=glel A AAehe FRA 7 i-% TS T
LC-MS/MS 4 &< o] &3t Ul 7/ 9F5 11579
sl T2 549 HT2 549 QAEE ZAMO% B Ay,
AR ZF 1154 FAA T2 4% 837, HT2 4=
934 HEHN oW ePEE T2 54E N.D-~37.1 ug/kg,
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