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Abstract

An approach for simultaneous determination of the main type A-trichothecenes by liquid chromatography and atmospheric
pressure chemical ionization mass spectrometry is described. Parameters for coupling of LC—MS such as cone voltage,
nebulizing temperature and the LC flow-rate, were optimized to provide detection of mycotoxins with maximum sensitivity.
Furthermore, the effects of cone voltage and temperature on the fragmentation pattern of the tested toxins were studied. Main
type A-trichothecenes such as T-2 Toxin, HT-2 Toxin, acetyl T-2 Toxin, diacetoxyscirpenol, monoacetoxyscirpenol
(15-acetoxyscirpenol) and neosolaniol were separated on a reversed-phase narroy,bore C  column, using a linear gradient
and a flow-rate of 0.3 ml/min. Mass spectra were obtained in positive ion mode for confirmation and quantitation. The
method involves extraction and purification of toxins by using multifunctional Mycosep columns. Deuterated T-2 Toxin was
used as an internal standard. A linear working range between 80 andd®@ in matrix with an acceptable correlation
coefficient was observed. The developed method was validated by using a blank oats sample. The detection limit in the
matrix was found to be between 50 and |8§/kg in selected ion mode for all tested A-trichothecenes. Recovery data were
found to be between 77 and 101%. Within run and day-to-day precision were determined as having comparable levels to
those found using GC methods. Furthermore, the matrix effect was investigated by comparing the internal standard versus
the external standard method in quantification studies. In addition, the developed method was applied for the analysis of
naturally contaminated oats, maize, barley and wheat samples.
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F. poae andF. equiseti. Trichothecenes are frequent-
ly detected in food and feeds, especially in cereals
both before and after harvest [1-3]. Trichothecenes
are divided into two groups, type A and type B.
Nivalenol, deoxynivalenol, 15-acetyldeoxynivalenol,
3-acetyldeoxynivalenol and fusarenone X are natu-
rally occurring type B trichothecene mycotoxins,
whereas T-2 Toxin (T-2), HT-2 Toxin (HT-2), acetyl
T-2 Toxin (AcT-2); deacetoxyscirpenol (DAS), 15-
acetoxyscirpenol (MAS) and neosolaniol (NEO)
belong to the type A-trichothecenes (Fig. 1). In
contrast to type B-trichothecenes, type A-tricho-
thecenes do not contain a ketone at C8.

Trichothecenes have been found to be toxic. In
particular, type A-trichothecenes such as T-2 Toxin,
HT-2 and DAS have been reported to have extremely
toxic effects on skin and mucous surfaces and can
induce lesions on the mucosa of the mouth and
oesophageal region in poultry and pigs. The most
toxic trichothecene is T-2 Toxin, which has been
reported to cause dermatitis of the nose and buccal
commissures in pigs [2—4]. The immunotoxicity of
A-trichothecenes, especially those of T-2 Toxin, has
been investigated and they were found to be less
immunotoxic than the B-trichothecenes [5].

Different methods for the analysis of A-tricho-
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Neosolaniol OH OCOCH;
Monoacetoxyscirpenol OH OCOCH;
Diacetoxyscirpenol OH OCOCH;
T-2 Toxin OH OCOCH;3
HT-2 Toxin OH OH
Acetyl T-2 Toxin OCOCH; OCOCH;

thecenes have been reported based on TLC [6-9]
and GC [6,10-17]. Especially high sensitivity can be
reached by using capillary gas chromatography in

combination with electron-capture detection (ECD)

or mass spectrometry (MS) detection after derivati-
zation of both A and B trichothecenes [10-20]. In
particular, heptafluorobutylimidazole derivatization
was performed for ECD [6,18]. Trimethylsilylation
has also been used for both MS and flame ionisation
detection (FID) of major trichothecene mycotoxins

[6,19,20]. Immunological methods such as EIA and

enzyme-linked immunosorbent assay (ELISA) have
also been used [21-23]. However, commercially
available kits based on immunological technique
exist only for the T-2 Toxin.

In contrast to the B-trichothecenes, the A-tricho-
thecenes do not have a conjugated double bond
group and therefore are not amenable to ultraviolet
detection if HPLC is used. As a consequence, the

HPLC-UV technique in this case is less applicable
than gas chromatography [6,24,25]. Owing to sen-

sitivity limitations, HPLC methods for type A-tricho-
thecenes require very effective clean-up procedures,
appropriate derivatization and a more sensitive and

selective detector. Different post-column strategies
have been applied for fluorescence detection after
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Fig. 1. Structures of type A-trichothecenes.
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derivatization with anthracene-9 carbonyl chloride
[26] or coumarin-3-carbonyl chloride [27,28]. Im-

munochromatography was another strategy that has

been employed for the detection of these molecules
[22]. On the other hand, coupling of HPLC and MS

provides a great opportunity for the analysis of such
substances. MS detection in HPLC eliminates the

need for sample derivatization and moreover has the

potential for the confirmation of interested analytes
because of the structural and molecular mass in-
formation it provides. Using the single ion moni-

toring mode the appropriate sensitivity can be
achieved by reducing background noise. The LC—
MS analysis of some trichothecenes such as T-2

the use of HPLC—-APCI-MS on a single quadruple

MS for simultaneous determination of the main types

of A-trichothecenes. The optimization of LC and MS
parameters is reported and the influence of these
parameters on fragmentation patterns and sensitivity
of A-trichothecenes are investigated. Additionally
the matrix effect is investigated by comparing inter-
nal and external quantification methods. The de-
veloped method was validated in oats and was then
applied for quantification of type A-trichothecenes in

oats, maize, barley and wheat samples for feed

purposes.

Toxin and T-2 tetraol has been reported by Voiksner 2. Materials and methods

[29] using a thermospray interface. The determi-
nation of T-2 Toxin, diacetoxyscirpenol, deox-
ynivalenol as well as their metabolites has also been
described by Voiksner et al. [30]. Rajakyla et al. [31]
reported on the use of thermospray for the de-
termination of major mycotoxins, including T-2
Toxin, DAS and HT-2 Toxin. Kostiainen et al. [32—
34] described the comparison of a thermospray
interface with dynamic fast atom bombardment
(FAB) and analysed T-2, HT-2, DAS, MAS and
DON. The LC-—MS methods noted here were re-
viewed briefly by Niessen [35]. Huopalahti et al. [36]
reported on the application of an electrospray ionisa-
tion (ESI) interface for the analysis of some A- and
B-trichothecenes using supercritical fluid for the
extraction of these compounds. Recently an atmos-
pheric pressure chemical ionisation (APCI) interface,

2.1. Chemicals and reagents

Ammonium acetate (98%), ammonia, acetonitrile
(LiChrosolv) and methanol (LiChrosolv) were pur-

chased from Merck (Darmstadt, Germany). Water for
the HPLC mobile phase was purified in a UPW2

system (F&L, Vienna, Austria). Solvents were fil-
tered through authZilter to remove particles and

were degassed using a Waters in-line degasser (Mil-

ford, MA, USA). All mycotoxin standards, including

internal standa?ds[ H ]T-2 Toxin (T-2-d ), were

purchased from Sigma (St. Louis, MO, USA). The
blank oats samples were kindly supplied by Profes-
sor H. Pettersson (Swedish University of Agricultur-
al Sciences, Uppsala, Sweden).

combined with an ion trap mass spectrometer, was 2.2. Chromatography

applied for the analysis of type A- and B-tricho-
thecenes in positive ion mode [37]. Additionally, the
use of an APCI interface in negative ion mode for
the analysis of type B-trichothecenes in wheat sam-
ples was reported by our group [38]. Different
analytical methods were reviewed by Langseth et al.
[39] and recently by Krska et al., who compared all
methods and steps, including LC—MS methods, for
type A- and type B-trichothecenes [40]. Although
GC—-ECD or GC-MS after formation of fluorinated
derivatives are the methods of choice in analysis of
trichothecene mycotoxins, certain method problems
as described in two earlier publications [40,41] were
also observed.

In this publication we describe for the first time

reversed-phage C

HPLC analysis was carried out using a Waters
626-LC pump and a Waters 717plus autosampler
(Milford, MA, USA). For the separation of toxins a
20X 2ammm 1.D column
(Hypersil, Runcorn, UK) packed with 6DS-2
was used and the column temperature was kept at

°GOA linear gradient consisting of 1 vh am-

monium acetate—acetonitrile (80:20, v/v) changing

to acetonitrile 100% (containingM. ammonium

acetate) in 5 min was used. After 3 min washing with
acetonitrile, the column was then re-equilibrated with
W rammonium acetate—acetonitrile (80:20, v/v)

for 10 min. The analysis was carried out using a
HPLC flow-rate of 0.3 ml/min and a run time of
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18 min. Under these chromatographic conditions all
investigated mycotoxins could be separated.

2.3. Mass spectrometry
A Platform Il single quadrupole instrument and

APCI interface equipped with a Pepperpot counter
electrode (Micro Mass, Manchester, UK) was used

andpb@vere injected into the LC—MS system.
Since the A-trichothecenes have no characteristic

absorption maxima, the concentration of compounds
in standard solution could not be determined by
spectrophotometer,

therefore enough toxin was
bought to weigh the standards.

for all mass spectrometry studies. The MS experi- 3. Results and discussion

ments were performed in the APCI positive mode.

The MS parameters were optimized in the scan mode 3.1. APCI mass spectra of A-trichothecenes

(m/z 250-600) by direct injection of each mycotoxin
standard without the use of an analytical column.
Nitrogen of pure quality was used as nebulizing and
carrier gas (Messer Griesheim, Vienna, Austria).
Carrier gas flow was set at 250 I/h and sheath gas
flow was held at 125 I/h. For quantitative analysis
after optimization, the source temperature was main-
tained at 100C and the APCI vaporizing tempera-
ture was kept at 30C. Cone voltage was set at 20 V.

The quantitative determination of all compounds
was conducted in the selected ion monitoring (SIM)
mode by using the molecule ions, ammonium ad-
ducts or the main fragments. Dwell time of 0.3 s and
span of 0.2 u were used for SIM detection.

2.4. Sample preparation

Samples were ground and were then passed
through a 1-mm sieve (Pulverisette 19, Fritsch, Idar-
Oberstein, Germany). An aliquot of 25 g was
extracted with 100 ml of acetonitrile—water (84:16,
v/v) by stirring the mixture for 90 min using a
magnetic stirrer. The extract was filtered through a
cellulose filter (Schleicher & Schuell, Dassel, Ger-
many). Sample clean-up was performed in two steps
using multifunctional Mycosep columns 227 and 216
(Romer Labs., Washington, MO, USA). An aliquot
of 10 ml of crude extract was then transferred to the
culture tube and pressed through the Mycosep col-
umn 227. In a further step, 6 ml of purified extract
were applied to an equilibrated (90:10, v/v)
Mycosep column 216 and eluted with 9 ml of
acetonitrile—water (90:10, v/v). The cleaned-up ex-
tract was then evaporated under a stream of nitrogen
at 60°C in a heated aluminium block. The residue
was then re-dissolved in 600l of mobile phase
(1 mM ammonium acetate—acetonitrile 20:80, v/v)

isovaleryl

In contrast to B-trichothecenes [38], the response
in positive ion mode for all investigated compounds
was found to be distinctly more sensitive than in

negative ion mode. The mass spectra of A-tricho-
thecene mycotoxins in positive ion mode have very
specific fragmentation patterns (Fig. 2). The mass
spectra of T-2, MAS and AcT-2 show intensive
fragmentation even at low cone voltages. As can be
seen from Fig. 2, the registered mass spectra of
tested toxins are almost identical to those noted by
Rajakyla et al. [31] in thermospray (filament on), in
plasmaspray mode [32], in fast atom bombardment
[33] and in multiple MS {MS ) [37]. Generally, it

can be said that the APCI spectra in our experiments
show more intensive fragmentations than thermo-
spray (TSP) spectra [30—34].

For AcT-2, additionally loss of 101 u (isovaleryl)
was noted. The mass spectra of T-2 show a relatively
intensive ammonium adduetNM,] " compared
to fNH] " and fragment ion of 365 u for loss of
side chain 4 —(CH,),
CHCH COOH] was noted. Additionally, for DAS
the fragment ions 307 u asHMCH,COOH]",
349 u asHMH,0O] " and a weak [M-H] " peak
were observed. For NEO, similar mass spectra to
DAS were observed but additionally loss of 78 u for
{M—H,0—CH,COOH]" was registered. Fur-
thermore, for MASNM,] " and [M+H] " as
well as 265 u as+ft+CH,COOH]" were ob-
tained. The loss of the acetyl group could be
observed for all tested molecules.
Berger et al. have reported strong ammonium
adducts in all cases of trichothecenes with an acetyl
group at C15 [37]. In our experiments, only for

NEO, DAS, T-2 and AcT-2 could intensive am-

monium adducts lH,] * be observed. However,



E. Razzazi-Fazeli et al. / J. Chromatogr. A 968 (2002) 129-142 133

362
‘ Monoacetoxyscirpenol
|

\
073 [M+HH,Of

@2 M)

| saMHE

‘ﬂ%

. “1 i \3552 343 400240651 150 4m4.463 4916535
2502602702&32331)310@393403&@3703&3334&41042043}4404&4&4704&)4%5035105203!)5405&

) 384.2[M+NH,J*
| Diacetoxyscirpenol
1
‘
i
t
5 ‘
¢ [M+H-CH,COOH]J g
| 30‘7.2 ‘
! ! ‘
| } [M+H-H,O]* ‘
‘
| 2 |
|
| M+H-CH,COOH-H, 0} | (M ‘/3&’ 4
;[ i) T2 ) i ‘ :5‘7.2
i 2892 ‘ ‘
| \ 084 .
\ ‘ ‘ ‘ {383 ’3&3.4

‘ |30
2652 203 |lapoazs> 3480 ( 4102,
RCACI O o N I dpap P2 ar1 a0 740 ams 571 smosud

Ot it rreerh T
2&32632702&29031)310&031)3403503!)370380&04&)4104204({)4404504834704&)4&)5305105205’!)540550

Fig. 2. APCI mass spectra of tested type A-trichothecenes in positive ionisation mode.



134

E. Razzazi-Fazeli et al. / J. Chromatogr. A 968 (2002) 129-142

. 4002 [IM+NH,]*
Neosolaniol
[M+H-CH,COOH-H,O*
052
[M+H-H,O[
[M+H-CH,COOHJ* 3652
572 om0 3462 | 404
i
| .
0643232 | IMeH)
w2 | mramaplara | | (TS [ReEe2 s
2| s | (e[| w2 85140, 480 ppms s

290 20 270 280 20 M0 310 IO 30 M0

35 360 370 30 30 400 410 420 4 40 4T 460 470 480 4D 50 50 50 60 S0 50

™M MZ

[M+H-(CH,),CHCH,COOH-CH,COOH]*

3052
2752
Yo 152
!
272
|
i 3063
}1 21 32?-2
w72 |
”2632 ‘ ‘( 3073 1‘1 \
i (I P
Dbt ] O

() Lt

1 |
14683
4201 4339 44994612/ |=/

T-2 Toxin

4843 [M+NH,]*®

|
|

352 [M+H-(CH,),CHCH,COOH]* J‘
| |

[M+H]*

46!7,2 Il
4864
i

512

Q2553 ( 524 W70
i ten

Q‘?,
]
8
]
=
g
8
g

B0 3 40 410 420 40 40 450 480 470 4% 4% 500 510 S0 50

UL T4
0 0

Fig. 2. continued)



E. Razzazi-Fazeli et al. / J. Chromatogr. A 968 (2002) 129-142 135

o 4252 [M+HJ*

HT-2 Toxin

232 [M+H-(CH,),CHCH,COOH-CH,COOH]*

4263

[M+N H,J*

i Mt

479,
4660 4302 4956 51635230 5385

k

272
1%" |
| ! AcT-2 Toxin
| !
|
|
} [M#HH(CH,),CHCH,COOH-CH,COOH*
} 34\7‘2 4074 [M+HCH,),CHCH,COOH]*
| !
2572
% ‘ 38}&2 :
— |
‘ %52 |
2752 }
. | { (N
i | imes | 372 | ‘. (33 | . sm2 |
i I i384 | ‘( |408:3 [MHHCH,COOHF  [MkH -
| 2692 “5‘ |‘ i 32_).2335 21 | [ if 4492 5092
! 286,11 | | a080!
’ | V| 202553 e 60| 20 965‘4 | T I 44&0|4504 5103 ‘5273
100 O A P il s w2 msal [, P42
U0 P ' bbbl bl ] e iz

23026)2702&2%IXI)31031)33)31033)36]37038331)4&)410420433440451346)4704804935:0510523530540560

Fig. 2. ontinued)



136 E. Razzazi-Fazeli et al. / J. Chromatogr. A 968 (2002) 129-142

in contrast to the mentioned work [37], for HT-2 an was achieved by repetitive injections of standard
intensive [M+H] " base peak but only a weak [M solution (20ul) into the LC-MS system. Generally
NH,]" was noted. the best response was observed for DAS followed by

Generally we observed intensive ammonium ad- NEO. Response of T-2 and AcT-2 were similar in
ducts only for those molecules with ester groups at intensity, whereas HT-2 and MAS show the lowest
both C15 and C4. On the other hand, in the case of response.
HT-2 and MAS, which do not have two ester groups, Different cone voltages were applied and the
an intensive [M+H]" could be registered. The effect on sensitivity and fragmentation patterns of
formation of [M+NH,]" should be due to the tested substances were investigated. Fig. 3 shows the
presence of ester groups at both positions, which, it influence of cone voltage on the changes of response.
is suggested, have a tendency towards higher am- For all tested compounds, except HT-2, the best
monium adduction [31]. Therefore, we think the sensitivity was observed at 20 V. Only in the case of
formation of [M+NH,] " adducts depends only on HT-2 was an optimum reached at a cone voltage of
the number of acetyl groups, not on their position. 30 V. The mass spectra in all cases show an intensive
This is in accord with the observation of Rajakyla et fragmentation pattern and a decrease of base peaks at
al. [31]. Consequently, the ionisation mechanism in higher cone voltages, as expected. Fig. 4 shows the
our APCI source seems to be very similar to those in effect of changing vaporizer temperature, which was
the thermospray filament on source. varied between 200 an8®G0r NEO, HT-2 and

T-2, a maximum was reached at 3@ and for MAS
3.2. Evaluation of the APCI interface parameters at 400°C, whereas DAS and AcT-2 show the best
sensitivity at 600C. The effect of temperature on

The response in APCI-MS detection has ex- fragmentation was studied: similar to the cone
perimentally been shown to be strongly dependent on voltage effect, generally higher temperatures lead to
the interface parameters. Therefore the main parame- intensive fragmentation and decrease of protonatec
ters were preliminarily optimized in order to obtain molecules and the adduct ions.
maximum sensitivity for all tested mycotoxins. This For the optimization of HPLC flow-rate the mobile

Area [%]

B E— — T LR T S

0 5 10 15 20 25 30 35 40 45
Cone Voltage [V]

Fig. 3. The influence of cone voltage on signal intensity of type A-trichothecenes.
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Fig. 4. Effect of APCI vaporizer temperature on the MS signal of type A-trichothecenes.

phase was changed between 0.3 and 1 ml/min. As show a better sensitivity in the lower range at 0.3
can be seen in Fig. 5, differing behaviour of tested ml/min, whereas MAS shows the best sensitivity at
substances could be observed. T-2, HT-2 and AcT-2 0.8 ml/min. Similar to type B-trichothecenes [38],
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Fig. 5. Influence of HPLC flow-rate on signal intensity of type A-trichothecenes.
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DAS and NEO have the best response at 1 ml/min. and reproducibility in the matrix. Table 1 shows the

Since a narrow bore HPLC column was used for the calibration equatidhsalid their correlation co-

separation of toxins in quantitative experiments, efficients for the tested compounds.

mobile phase flow was set to 0.3 ml/min.

Ammonium acetate in low concentration (1M 3.5. Limit of quantification (LOQ)

was added to achieve better retention time stability.

Especially for MAS, higher retention time fluctuation The limit of quantification was defined as the

was observed when ammonium acetate was not used. minimum concentration of the analyte in oats giving

The selected conditions for the actual LC-MS a signal-to-noise ratio of at least 10:1 under the assay

chromatographic runs were relative to the above conditions. In our experiments the detection limit of

noted variables and chosen as a compromise. the instrument, injecting standard solution without
matrix, was comparable to the results obtained by

3.3. Determination of A-trichothecenes, matrix Berger et al. But when analysing compounds in the

effect investigation, linearity, sensitivity and matrix, differences to the results reported by Berger

precision of the LC—APCI-MS method et al. were observed. As can be seen in Table 1,
quantification limits for T-2, AcT-2, DAS and NEO

The use of an appropriate chromatographic con- were observed at theg8@ level. For HT-2

dition prior to mass spectrometric analysis was Toxin a higher quantification limit witlugkg

necessary in order to determine all type A-tricho- andug®J kg for MAS were noted. Comparing the

thecenes in one step and in such a complex matrix. achieved quantification limits with the results pub-

Under isocratic conditions, it was not possible to lished previously for NEO, DAS, HT-2, T-2 [37],

separate the toxins. Therefore a gradient system was differences were observed, which could be explained

developed, which is able to separate all tested toxins. by various interface design and of course two

A typical total-ion chromatogram is shown in Fig. 6 different instrument types, ion trap and quadrupole.

illustrating the baseline separation of a standard
solution of A-trichothecene. Additionally, the use of 3.6. Precision, accuracy and recovery
a second clean-up Mycosep column 216 was necess-

ary to remove matrix compounds and therefore avoid Intra-day and inter-day precision were assessed by
any possible matrix effects. The validation of the replicate determination of a toxin mixture in spiked
method was carried out using oats. For other ma- oat samples at theg2Rg level. Results shown in
trices such as maize, barley and wheat, a mixture of Table 1 are comparable to those reported in the
toxin standards at a level of 80 and 2(0g/kg was literature [17,37]. The precision values were de-
added to each analysed matrix to ensure the accuracy termined in four series with double injections. The
of tested compounds in samples. Moreover, the intra-assay relative standard deviation values were
intensive fragmentation as an in-source collision- between 5.7% for NEO and 15.9% for AcT-2. The
induced dissociation (CID) has the advantage of day-to-day relative standard deviation calculated
allowing verification of each analyte in the biological from these results for examined compounds was
matrix. between 9.3% for T-2 Toxin and 25.2% for MAS.

To determine the recovery of the complete method,
3.4. Calibration graphs methanolic standard solutions were added to the

matrix extract. The recovery values reported by

Calibration graphs were established using blank Berger (LC-MS) and Schollenberger et al. (GC—
oat samples spiked with amounts of trichothecenes MS) at a level ofu§0OKg are in good agreement
ranging from 80 to 500ug/kg. Internal standards with those of our method at g@dkg.
(deuterated T-2 Toxin) were added to each sample
and the ratios of analyte peak area to internal 3.7. Matrix effect
standard peak area were calculated. For all tested
mycotoxins calibration graphs show good linearity The use of an internal standard has been reported
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Fig. 6. SIM chromatograms (LC—APCI -MS) of an oats sample, which was spiked with 200 ng/g of each toxin in different selected ions
(for details see Section 2.2).
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Table 1

ogr. A 968 (2002) 129-142

Intra- and inter-day precision expressed as relative standard deviation (RSD), limits of quantification (LOQ), recovery of each toxin in
spiked oats with 20@.g/kg of each toxin and the calibration graphs and their correlation coefficigitsf(tested compounds in the matrix

2

Compound Intra-day precision (RSD, %) Inter-day precision (RSD, %) LOQ Recovery (%) r Calibration equation
200 ng/g 200 ng/g (ng/g) 200 ng/g y=ax+b?

T-2 Toxin 74 9.3 50 774 0.9933 y =0.000% — 0.0054

HT-2 Toxin 10.7 19.4 85 90.2 0.9915 y=0.000& - 0.0104

15.9
5.4
121

5.7

Acetyl T-2 Toxin
Diacetoxyscirpenol
Monoacetoxyscirpenol
Neosolaniol

15.11
10.78
25.2

13.7

50
50
60

50

101.1
86.5
95.1

91.5

0.9880
0.9960
0.9928

0.9990

y=0.000& — 0.002
y=0.009& — 0.0869
y=0.004& — 0.055
y=0.003& + 0.016

#x is the injected concentration in ng agyds the quotient of analyte peak area to peak area of internal standard.

to be the best way to eliminate matrix effects during
ion formation [42-45]. Additionally, the use of
deuterated internal standard has the advantage of
eliminating the variation of detector response. In our
experiment the two internal and external calibration
methods were compared by determining the con- 4.
centrations of all tested mycotoxins with and without
internal standard. The recoveries for each toxin were
determined by spiking the oats with an appropriate
amount of toxin, worked up and analysed by LC—
APCI-MS. The two series of data with and without
internal standard were comparable and no significant
difference could be observed between the two sets of
data. These indicate neither negative nor positive ion
suppression and therefore no matrix effect with the
investigated toxins. Nevertheless, ones should be
mentioned regarding the factors affecting the repro-
ducibility of the response when using the LC—MS in
the analysis of complex matrices such as problems
due to dirtiness of the APCI source, cone and the
focusing hexapoles at the front of the instrument.
The use of a stable isotope labelled internal standard
is a great advantage and can provide more reliable
data in terms of reproducibility of response. Further-
more it can compensate for the sensitivity drift of the
LC-MS system within a day. Fig. 7 shows the
LC-APCI-MS chromatograms of a spiked oats
sample in SIM mode.

The developed LC-MS method was further ap-
plied for determination of type A-trichothecenes in
naturally contaminated grains. Mainly T-2 Toxin and
HT-2 Toxin could be found, in six samples=€20).
Only traces of DAS in two oats samples could be A
detected. Other A-trichothecene mycotoxins were not
detectable in analysed maiza={5), barley (=5)

and wheat5) samples. This is in accordance
with the reports published previously, regarding the
occurrence of A-trichothecenes in grain [46,47].

Conclusions

The present study shows that six A-trichothecenes
can be analysed in a single HPLC run, using an
LC—-APCI-MS system. A very simple and time
saving clean-up procedure based on multifunctional
Mycosep columns yields clean reconstituted extracts.
These sample preparation methods are reliable, quick
and rugged. The developed method has been demon-
strated to be selective and sensitive for the analysis
of A-trichothecenes in several types of grains. The
possibility of simultaneously detecting and confirm-
ing main type A-trichothecenes in different grains at
levels as low as 303/&g illustrates that LC—
APCI-MS is an attractive and worthwhile method.
Additionally, the use of internal standard can provide
better robustness and improved reproducibility of
results. However, the combination of HPLC with
mass spectrometry would provide additional advan-
tages and would eliminate the time consuming and
difficult procedure of derivatization procedures re-
quired by both HPLC and GC. In sample prepara-
tion, selective component enrichment and clean up is
necessary when using either LC—MS or GC-MS for
the analysis of mycotoxins in complex matrices.
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