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Abstract

A selective analytical method based on high-performance liquid chromatography (HPLC), combined with atmospheric pressure
chemical ionisation (APCI−) mass spectrometry (MS), has been developed for simultaneous determination of B-trichothecenes
and the major metabolites of deoxynivalenol. The method allows simultaneous analysis of nivalenol (NIV), deoxynivalenol
(DON), 15-acetyldeoxynivalenol (15-AcDON), 3-acetyldeoxynivalenol (3-AcDON), fusarenon X (Fus-X) and de-epoxydeoxy-
nivalenol (DOM-1). The method is based on one-step sample clean-up using a multifunctional MycoSep column. A linear gradient
mobile phase system, consisting of water:acetonitrile:methanol (H2O:ACN:MeOH) at a flow-rate of 1 ml/min, and a Polar-RP
C18 column, were utilised to obtain the best resolution of all tested compounds along with column and equilibrating within
30 min. Dexamethasone (Dex) was used as internal standard. The developed method shows good repeatability for inter- and
intra-day precisions as well as good linearity of calibration curves (r2 ranged from 0.9936 to 0.9998). Average recoveries for tested
compounds in both matrices have been determined ranging from 63.7 to 102.3% and limit of quantification (LOQ) ranged from
25 to 150 ng/g. The utility and practical impact of the method is demonstrated using contaminated pig urine and maize samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The presence of mycotoxins in food and feed has
long been recognised as a potential human and an-
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imal health hazard[1,2]. Trichothecene mycotoxins
are a large group of toxins produced in particular
by moulds belonging to the genusFusarium. Tri-
chothecenes contain sesquiterpene rings with different
constituents on positions 3, 4, 7, 8, and most of which
have a double bond at positions C-9 and C-10. The
12,13-epoxide ring is responsible for their toxicity
[1]. According to their structure, trichothecenes have
been classified into four groups, named A–D. Type
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Fig. 1. Chemical structures of investigated B-trichothecenes. (a) Structures of nivalenol (NIV), deoxynivalenol (DON), 15-acetyldeoxy-
nivalenol (15-AcDON), and 3-acetyldeoxynivalenol (3-AcDON). (b) De-epoxidation of deoxynivalenol (DON) to DOM-1 and structure of
DOM-1.

B-trichothecenes (Fig. 1a) differ from type A by the
presence of a carbonyl group at the C-8 position and
are synthesised mainly byF. graminearum andF. cul-
morum. Several surveys suggest that the most preva-
lent B-trichothecenes are deoxynivalenol (DON),
nivalenol (NIV), 3-acetyldeoxynivalenol (3-AcDON),
15-acetyldeoxynivalenol (15-AcDON) and fusarenon
X (Fus-X). Type B-trichothecenes have been found
mainly on maize, oats, barley, and wheat[3–5].
Within the trichothecene group, DON is most com-
monly associated with toxicity. The co-occurrence of
DON with NIV, 15-AcDON or 3-AcDON and Fus-X
has been observed world-wide[3–5].

B-Trichothecenes are responsible for a wide range
of toxicity symptoms in animals, including feed re-
fusal, weight loss and vomiting[1,2,6,7]. In particular,
DON can inhibit protein biosynthesis and has been re-
ported to suppress immune responses[6–8]. Swines

are among the most sensitive animal species to DON,
while trichothecenes are detoxified in ruminants[8,9].
The trichothecenes, especially NIV and DON, are sol-
uble in polar solvents and are therefore rapidly dis-
tributed and metabolised after ingestion[10]. They are
excreted mainly in the urine and to a lesser extent in
bile [9]. DOM-1 is formed from DON by gut and ru-
men bacteria through reduction of the epoxide group
of DON (Fig. 1b). De-epoxydation leads to signifi-
cant reduction of toxicity. DOM-1 was first charac-
terised by Yoshizawa et al. and demonstrated in rats
[11], pigs [9,12,13]and ruminants[14]. DOM-1 can
also be produced in vitro[15]. Gas chromatography
(GC)–either electron-capture (ECD)[16] and GC–MS
[17,18] have been used for quantification of DOM-1
in bovine urine and faeces.

Accurate and reliable methods for the determina-
tion of these compounds and metabolites down to the
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ng/g level are required for studying toxicodynamics
or levels in naturally contaminated samples.

A variety of chromatographic methods have been
described for determination of B-trichothecenes.
Methods based on thin-layer chromatography (TLC)
and enzyme-linked immunosorbent assays (ELISA)
have been developed for rapid screening purposes
[19–23]. However, precise quantification by ELISA
is often difficult, due to cross-reactivities of antibod-
ies with 3-AcDON and 15-AcDON. In contrast, GC
with either ECD or mass spectrometric (MS) detec-
tion has been established as the method of choice
in trichothecene analysis[23,24]. Additionally, tan-
dem mass spectrometric (MS/MS) analysis has been
performed recently by Nielsen and Thrane[25]. Gen-
erally, derivatisation steps are performed prior to
GC analysis and B-trichothecenes can be determined
as their trimethylsilyl, pentafluoropropionyl, trifluo-
roacetyl (TFAA) or Tri-Sil-TBT derivatives[23–28].
The use of pentafluoropropionyl ester provides high-
est sensitivity when using MS[24].

Onji et al. have published a GC–MS method with an
improved “cold on-column injection” without derivati-
sation for some typical A- and B-trichothecenes[29].

High-performance liquid chromatography (HPLC)
with ultraviolet (UV) or diode-array detectors have
been applied[23,24,30–35]. Due to poor specific UV
absorption, derivatisation of B-trichothecenes with
cumarin-3-carbonyl followed by fluorescent detec-
tion were performed by Mateo et al.[33]. However,
cumarin derivatives are more suitable for type A- and
not type B-trichothecenes to enhance the detection
limit [33,34]. Prelusky and Trenholm have analysed
DON and DOM-1 in urine by using thermospray
LC–MS [36]. Recently, LC–MS instruments, par-
ticularly atmospheric pressure chemical ionisation
(APCI) interfaces, have been employed for the deter-
mination and identification of trichothecenes at trace
levels [37]. An isocratic HPLC method combined
with negative APCI–MS for determination of NIV
and DON in wheat was published by our group[38].
Additionally, Berger et al. have published a method
for determining various trichothecenes in wheat using
LC–APCI–MS in positive ionisation mode[39].

This paper describes a new HPLC analytical method
for simultaneous determination of five B-trichothe-
cenes and the major metabolites of DON by using
APCI–LC–MS with the advantage of having no

derivatisation step. In addition, the method was vali-
dated for all tested substances.

2. Materials and methods

2.1. Chemicals and reagents

B-Trichothecene standards, including NIV, DON,
15-AcDON, 3-AcDON and Fus-X as well as dexam-
ethasone (Dex) were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). The de-epoxy-metabolite
of DON (DOM-1; 3�,7�,15-trihydroxytrichothec-
9,12-dien-8-one) was kindly provided by Biomin
GmbH (Herzogenburg, Austria). The standards were
individually dissolved in methanol to give stock con-
centrations of 1 mg/ml which were stored at−20◦C
until use. Standard working solutions were prepared
by diluting each stock solution with the mobile
phase consisting of water:acetonitrile:methanol (H2O:
ACN:MeOH) (82:9:9, v/v/v). The MycoSep 227 col-
umn was a product of Romer Labs, Inc. (Washington,
MO, USA). Acetonitrile (ACN) and methanol, both
HPLC gradient grade (LiChrosolv) and analytical
grade, were obtained from Merck (Darmstadt, Ger-
many). Water was purified in a UPW2 system (F&L,
Vienna, Austria). All solvents were degassed using a
Waters in-line degasser (Milford, MA, USA).

2.2. HPLC–MS equipment

Chromatographic separation was performed on
the HPLC–MS system, comprising a Waters 626-LC
pump and Waters 717plus autosampler (Milford, MA,
USA). Detection was performed on a Platform II mass
spectrometer using an APCI interface equipped with a
Pepperpot counter electrode (Micromass, Manchester,
UK).

The B-trichothecenes and the internal standard
were separated on a Synergi 4�m Polar-RP 80A
analytical column (150 mm length× 4.6 mm i.d.,
4�m, Phenomenex, Cheshire, England) using a 4�m
Polar-RP guard column (4 mm length× 3.0 mm i.d.,
4�m, Phenomenex, Cheshire, England). The col-
umn was maintained at a temperature of 30◦C (W.O.
Electronics, Vienna, Austria).

The HPLC was operated with a linear gradient mo-
bile phase system consisting of H2O:ACN:MeOH at
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Table 1
Molecular ions and relative molecular weight (Mr) used for quan-
tification and the main fragments used for verification of tested
compounds

Compounds Mr Fragment ions monitored (m/z)

NIV 312 311, 281, 205
DON 296 295, 265, 249
DOM-1 280 279, 233, 214
15-AcDON 338 337, 295, 265
3-AcDON 338 337, 291, 249
Fus-X 354 353, 263, 205
Dex 392 391, 434

a flow-rate of 1 ml/min without splitting. The HPLC
pump was programmed as follows: start H2O:ACN:
MeOH (82:9:9, v/v/v), increase to H2O:ACN:MeOH
(40:60:0, v/v/v) over 25 min, followed by a return to
H2O:ACN:MeOH (82:9:9, v/v/v), and finally held for
5 min. Injection volume was 50�l.

MS measurements were performed in negative
mode using an APCI interface. The optimisation pro-
cesses were carried out in scan mode (m/z 150–500).
Pure nitrogen as nebulising and carrier gas was pro-
duced in a Parker Balston generator (Tewksbury,
MA, USA). Drying gas flow-rate was set at 300 l/h
and sheath gas flow was held at 150 l/h. The source
and APCI vaporising temperature were maintained
at 100 and 400◦C, respectively, and the cone volt-
age was set at 20 V. Quantitative determination of
all compounds was applied in the single ion moni-
toring (SIM) mode for corresponding deprotonated
molecules, which were analysed with a dwell time
of 0.3 s and a span of 0.2 u. The molecular ions
were used for quantification and main fragments
were used for verification (Table 1). For internal
standard the molecular ion adduct asm/z 434 was
used for quantification process in negative ionisation
mode.

2.3. Analytical procedures

2.3.1. Sample preparation
Sample clean-up steps were carried out using mul-

tifunctional MycoSep 227 columns (Romer Labs,
Inc., Washington, MO, USA). The extraction was per-
formed by stirring mixtures of pig urine (4 ml) with
21 ml of acetonitrile for 1 h. The extract was filtered
and a 10 ml aliquot of filtrate transferred into a culture

tube of the MycoSep 227 column. The purification
step was executed by rapidly pushing the flange end of
the column into the culture tube. The clean-up extract
(6 ml) was then evaporated under a nitrogen stream
at 40◦C. Consequently, the residue was reconstituted
in 600�l of the mobile phase (H2O:ACN:MeOH,
82:9:9, v/v/v) and a 50�l-aliquot was subsequently
applied to the LC–MS system.

Grain samples (25 g) were extracted with 100 ml
of ACN:H2O (84:16, v/v) by stirring the mixture for
90 min. The resulting extract was filtered through a
cellulose filter. An aliquot of 10 ml of crude extract
was then transferred to the MycoSep 227 column.
The clean-up extracts were then treated as described
above.

2.3.2. Recovery experiments
The recovery experiments were carried out on maize

extracts as well as pig urine spiked with different con-
centrations of B-trichothecenes. A 4 ml-blank urine
sample was transferred to a round-bottom Erlenmeyer
flask and then spiked with standard working solutions
of DON, DOM-1 and the internal standard. The flask
was then shaken manually. For spike experiments, a
pool of maize extracts was used. Samples were anal-
ysed according to the described procedure. The per-
centage of recovery was calculated from peak areas
of spiked crude extracts before and after the clean-up
procedure.

2.3.3. Calibration curves on blank urine and maize
Calibration curves were performed by spiking stan-

dard solutions of different concentrations and the in-
ternal standard solution (250 ng/ml) to an extract of
blank maize. Additionally, for DON and DOM-1, stan-
dard calibration curves were performed in blank pig
urine. The resulting mixtures were subjected to the
MycoSep 227 column. The peak area ratios of each
B-trichothecene to the internal standard were plotted
against the respective concentrations and the calibra-
tion curves were obtained by the linear regression
analysis.

3. Results and discussion

As with our earlier investigations, negative ion
mode was used in this study for analysis, since the
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signals of tested compounds in positive ion mode
were 10–20 times lower than those in negative ion
mode. The optimised LC–APCI–MS parameters, in-
cluding cone voltage at 20 V, as well as source and
APCI vaporising temperature at 100 and 400◦C, re-
spectively, were consistently employed as previously
described[38]. The confirmation of B-trichothecenes
was determined with regard to retention time and frag-
mentation pattern. Intensive fragmentation in APCI,
especially in our instrument, is advantageous as a
diagnostic fingerprint and, thus, identifies compounds
in the matrices. The quantification could be carried
out using the mass chromatograms of the molecular
ions as described.

Mass spectra of 3-AcDON, 15-AcDON, Fus-X
and de-epoxy-metabolite are illustrated inFig. 2.
Generally, similar fragmentation patterns and inten-
sive fragmentation could be registered in all cases.
Fragmentm/z 249 could be observed in spectra of
all DON derivatives indicating the fragments [M −
H-CH2O]− for DOM-1, [M − H-CH2O-CH4]− for
DON and [M − H-88]− for acetyl derivates respec-
tively. In the DOM-1 spectrum the molecular ionm/z
279 as [M − H]− and the fragmentm/z 233 as [M −
H-CH2O-CH4]− could be noted. However, the reso-
lution of our instrument is not sufficient enough to
distinguish between the two possible interpretations of
either [M − H-CH2O-CH4]− or [M − H-CH2O-O]−.
Additionally, spectra of DOM-1 in urine were verified
by comparison with those of the standard solution. For
Fus-X an intensivem/z 353 base peak as [M − H]−
was observed, additionally two fragmentsm/z 263
and 205 were noted, which could not be interpreted.

Generally, similar fragmentation patterns but
with very different abundances for 3-AcDON and
15-AcDON were observed. For both the molecular
ion m/z 337 was noted. Them/z 291 fragment was ob-
served in the 3-AcDON spectrum and showed higher
intensity. On the other hand, in the case of 15-AcDON
relatively intensive fragment ofm/z 277 as [M −
H-CH3COOH]− andm/z 295 as [M − H-42]− were
noted. However, none of these were observed of an
appropriate intensity in the spectrum of 3-AcDON.
A similar fragmentation pattern for 3-AcDON, but
with different abundances, was reported by Berger
et al. by using MS2 in positive ion mode[39]. In our
previous publication[38] we suggested the fragment
[M − H-CH2O]− as the cleavage of epoxy group for

NIV and DON. However, as suggested by Berthiller
et al.[40] the loss of 30 amu indicates the cleavage of
C15 group and not the epoxy group. As can be seen
in Fig. 2, the cleavage of 30 amu could be noted in
the spectrum of DOM (m/z 307), which is de-epoxide
form and in spectrum of 3-AcDON (m/z 291). In con-
trast for 15-AcDON, no [M − H-CH2O]− fragment
could be observed.

3.1. Development and validation of the
HPLC method

The only published simultaneous HPLC separation
method for the mentioned compounds was described
by Walker and Meier[32]. In contrast, all other de-
scribed methods including those of Berger et al.[39]
and Jiménez and Mateo[31] could not perform a
separation of 3-AcDON and 15-AcDON by using
either gradient or isocratic HPLC. In addition the
method described by Walker et al. performs changes
of flow-rate and a much more complex gradient
system[32].

In our experiments, a number of analytical columns,
mainly based on reversed-phase C18, were used
to separate the tested compounds. However, it was
not possible to separate 3-AcDON and 15-AcDON.
An adequate resolution and base line separation of
3-AcDON (RT = 12.05 min) and 15-AcDON (RT
= 11.58 min) could be successfully obtained by em-
ploying a column with more selectivity for polar
components, such as Polar-RP. Additionally, a gra-
dient system had to be applied for separation even
after using a selective column. The linear gradient
system was used in accordance with simultaneous de-
termination of all tested B-trichothecenes and internal
standards within 30 min (Fig. 3a and b).

We could not use hydrocortisone as internal stan-
dard suggested by Berger et al.[39], since this
component occurs naturally in urine of animals.
Consequently, Dex, a synthetic glucocorticoid was
employed as an internal standard to compensate the
variability during the HPLC–APCI–MS analysis. Al-
though the retention time of the internal standard is
far from the tested B-trichothecenes, by using this in-
ternal standard we could at least reach a compensation
of the drift of LC–MS response due to uncleanness
of the APCI source, cone and the focusing hexapoles
at the front of the instrument. This is especially a
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Fig. 2. Mass spectra of investigated B-trichothecenesin negative ionisation mode (LC–APCI/MS).
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Fig. 2. (Continued ).
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Fig. 3. LC–APCI/MS chromatogram of a contaminated pig urine sample containing 185 ng/ml DON and 80 ng/ml DOM-1 (a) and spiked
maize sample with 250 ng/g of each toxin (b) in single ion monitoring mode with the internal standard (dexamethasone 250 ng/ml).
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problem when employing LC–MS in the analysis of
complex matrices.

3.1.1. Implementation of the MycoSep 227 column
with pig urine

The mixture of ACN:H2O (84:16, v/v) provided the
best extracting efficiency for B-trichothecenes [28].
Therefore, an aliquot of urine was simply mixed with
acetonitrile to reach the appropriate ratio. Besides the
optimal extraction efficiency, the extract could be di-
rectly followed by the MycoSep 227 column, which
provides a simple and rapid clean-up process. In con-
trast to our previous publication [38], we decided not
to use an additional MycoSep 216 column due to the
time consuming procedure for maize samples and the
relatively less endogenous interference with pig urine.

The clean-up extract of urine was clear and con-
ceivable enough to be directly applied after recon-
stitution without additional modification. However,
the clean-up extract of grain samples generally had
to be centrifuged prior to injection into LC–MS. The
advanced percentage recoveries of all tested com-
pounds across the linear range obtained are displayed
in Table 2. An exception was noted for DOM-1, due
to the lack of a commercially-available DOM-1 stan-
dard. Therefore, recovery of DOM-1 with 96.6% was
evaluated at a concentration of 100 ng/ml. Our results
were comparable to those reported by Dahlem et al.
with 86% for DON and 93.6% for DOM-1, when us-
ing GC–ECD for analysis of DOM-1 in pig urine and
faeces [16]. Also, the recoveries for DON in urine
matrix (83.8%) are comparable with the GC–ECD
methods, but higher than those in maize matrix in
our study (81.5%). Prelusky and Trenholm have also
reported similar values of DON recovery (93.8%)
from spiked pig urine at a level of 100 ng/ml by using
thermospray LC–MS [36].

The use of �-glucuronidase in analysis of metabo-
lites is normally performed; when the degree of glu-
curonidation in the biological samples is quite high.
The first indication on the degree of glucuronidation
of DON in swine was reported by Prelusky et al. [9].
The authors found out that only small amount (<5%)
of glucuronide conjugate metabolite was present in
urine of the trial animals after DON was admin-
istered intra-gastric or intravenously. Therefore, in
our experiments, we did not perform an enzymatic
deglucuronidation step prior to sample clean up.

Table 2
Average recoveries of tested compounds

Compounds Concentration
(ng/g)

Recovery (%)
(n = 4)

(a) Spiked maize extract
NIV 100 62.3

200 68.5
500 50.9
1000 73.1
Overall 63.7

DON 100 70.2
200 85.9
500 81.3
1000 88.0
Overall 81.5

15-AcDON 200 98.5
500 102.4
1000 106.1
Overall 102.3

3-AcDON 100 83.8
200 75.9
500 70.3
1000 89.1
Overall 79.7

Fus-X 100 97.1
200 79.7
500 88.9
Overall 88.6

Concentration
(ng/ml urine)

Recovery (%)
(n = 3)

(b) Pig urine
DON in urine 100 78.4

200 85.7
500 86.6
1000 84.4
Overall 83.8

DOM-1 in urine 100 96.6

Fig. 3b shows selected ion chromatogram of
a spiked maize sample. Generally, recoveries in
maize matrix for DON (81.5%), 3-AcDON (79.7%)
and 15-AcDON (102.3%) as well as for Fus-X
(88.6%) are comparable to those reported by
Berger et al. [39] or our previous report with
LC–MS [38] and those recorded by GC–MS and
GC–ECD methods [27,28,33]. Similarly, as reported
by Weingärtner and co-workers [23,27], for NIV
(63.7%) significantly lower recoveries have been
obtained.
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Table 3
Limit of quantification (LOQ) and linearity for tested B-trichothecenes

Compounds LOQ (ng/g) Linearity

Range (ng/g) r2 y = ax + b

(a) Spiked maize
NIV 70 70–1000 0.9998 y = 0.3006x −0.0399
DON 50 50–1000 0.9986 y = 0.7882x − 0.1448
15-AcDON 150 150–1000 0.9997 y = 0.0326x − 0.0013
3-AcDON 50 50–1000 0.9936 y = 0.5346x + 0.0123
Fus-X 50 50–1000 0.9931 y = 0.3961x − 0.0363

LOQ (ng/ml) Linearity

Range (ng/ml) r2 y = ax + b

(b) Metabolite in pig urine
DON 25 25–1000 0.9965 y = 0.0629x + 1.6259
DOM-1 25 25–100 0.9990 y = 0.0913x + 1.098

Table 4
Precision of the developed method for tested trichothecenes and
the de-epoxy-metabolite

Compounds Concentration
(ng/g maize)

Inter-day
precision
R.S.D.
(n = 4)

Intra-day
precision
R.S.D.
(n = 4)

(a) Spiked maize extract
NIV 100 14.0 10.3

200 10.4 9.6
500 12.5 10.2
1000 9.2 8.6
Overall 11.5 9.6

DON 100 11.1 12.1
200 14.6 9.8
500 10.5 4.9
1000 7.1 3.5
Overall 10.8 7.5

15-AcDON 200 15.1 12.3
500 10.7 11.9
1000 9.1 9.2
Overall 11.6 11.1

3-AcDON 100 9.8 9.3
200 5.9 4.5
500 3.5 8.6
1000 4.1 3.1
Overall 5.8 6.4

Fus-X 100 11.5 9.7
200 9.1 4.8
500 3.6 5.2
Overall 8.0 6.5

Table 4 (Continued )

Concentration
(ng/ml urine)

Inter-day
precision
R.S.D.
(n = 3)

Intra-day
precision
R.S.D.
(n = 3)

(b) Pig urine
DON in urine 100 9.5 5.4

200 15.3 11.5
500 11.1 11.9
1000 9.6 6.0
Overall 11.4 8.7

DOM-1 in urine 100 9.4 8.8

3.1.2. Linearity and sensitivity for tested
B-trichothecenes and the de-epoxy-metabolite

Calibration curves were obtained by linear regres-
sion analysis and revealed good linearity and repeata-
bility within a concentration range of 100–1000 ng/ml
in urine and ng/g maize, respectively. The limit of
quantification (LOQ) for the method in SIM mode
was determined by S/N to be more than 10/1 [41],
for triplicates in spiked pig urine and maize extract.
The quantification limits in pig urine and maize are
illustrated in Table 3. As can be seen the developed
method shows excellent sensitivity for DON and
DOM-1 in urine. Moreover, the detection limit in our
LC–MS system seems to be matrix dependent, if the
DON values in urine (25 ng/ml) and maize (50 ng/g)
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are compared. In maize, detection limits for all tested
substances are about two times higher than in urine
(data not shown). In urine, similar detection limits
of 50 ng/ml for DON and DOM-1 were reported by
Dahlem et al. [16] by applying GC–ECD. Prelusky and
Trenholm have performed thermospray LC–MS for
determination and confirmation of DON and DOM-1
with a detection limit of 1 ng/ml [36]. In contrast, our
LC–APCI–MS method shows a quantification limit
of 25 ng/ml for DON and DOM-1 in pig urine. The
LOQ in maize matrix for NIV and DON as well as
15-AcDON, 3-AcDON and Fus-X were comparable
to those reported by Berger et al. [39]. An interesting
observation was the outsized difference in sensitivity
for 3-AcDON (50 ng/g) and 15-AcDON (150 ng/g), if
it is taken into account that these two molecules dif-
fer only in the position of the acetate substitute. This
observation reveals once more the substance speci-
ficity of LC–MS interface. Overall, we can report that
the LC–MS method does not seem to be as sensitive
as the GC–ECD or GC–MS methods [23]. However,
it can be seen as a less time consuming powerful
technique for the analysis of the tested compounds.
Subject to error-prone derivatisation processes and
problems reported by Pettersson [42] and Krska et al.
[23], LC–MS could be seen as an alternative method.

3.1.3. Precision of the developed method
Precision assessments were carried out with cor-

responding concentrations and internal standard in
pig urine and maize extract, except DOM-1, which
was performed at 100 ng/ml due to the limitation of
DOM-1 standard as described (Table 4). The overall
intra-day precessions for NIV with 9.6% and for DON
with 7.5% as well as for 3-AcDON with 6.4% and
Fus-X with 6.5% in maize matrix were satisfactory.
In the case of 15-AcDON, a higher relative standard

Table 5
Comparison of LC–MS data vs. GC–MS

Sample NIV (ng/g) DON (ng/g) 15-AcDON (ng/g) 3-AcDON (ng/g) Fux-X (ng/g)

LC–MS GC–MS LC–MS GC–MS LC–MS GC–MS LC–MS GC–MS LC–MS GC–MS

Maize (a) <70 <50 <50 <50 <150 <50 <50 <50 <50 <50
Maize (b) <70 <50 1300 984 330 250 <50 <50 <50 <50
Oats (a) <70 <50 <50 <50 <150 <50 <50 <50 <50 <50
Oats (b) 300 219 1890 2389 <50 <50 710 960 <50 <50

deviation (R.S.D.) 11.1% was observed. The inter-day
precisions for tested compounds (Table 4) and the
overall inter-day R.S.D. for all tested compounds are
generally comparable to our previous report and those
obtained by GC–MS and GC–ECD [23–27,38].

3.2. Application of the method to contaminated pig
urine and maize samples

The developed method has been applied to anal-
yse a number of contaminated pig urine and grain
samples after the validation to verify practicality. The
contaminated urine samples were provided by the
Medical Clinic for Ruminants and Swine at the Uni-
versity of Veterinary Medicine in Vienna after pigs
were fed with deoxynivalenol contaminated feed at
a level of 0.23 mg/kg body mass per day. The par-
allel control group were fed with DON-free feed.
Urine samples were taken and the content of DON
and DOM-1 in urine was determined by the devel-
oped LC–APCI–MS method. The mean concentration
of DON in urine of animals in the trial group was
580 �g/l, whereas DOM-1 was 32 �g/l. Fig. 3a shows
an obtained selected ion chromatogram of contami-
nated pig urine. The urine samples of those animals
in the control group were negative throughout and
no DON and DOM-1 could be detected. Those urine
samples of animals fed with naturally contaminated
feed were positive.

3.2.1. Inter-laboratory comparison
In an inter-laboratory comparison we compared and

verified our results with a validated GC–MS method.
Different maize and oats samples were analysed by the
developed LC–MS method after being analysed at the
Federal Institute of Agrobiology (Linz, Austria). The
LC–MS analysis of two negative samples showed no
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peaks of any tested compounds. Two additional sam-
ples with different contaminations of B-trichothecenes
were analysed to ensure the selectivity and accuracy of
the LC–MS method (Table 5). Those samples, which
were contaminated with trichothecenes, could be ver-
ified. Moreover, the quantitative analysis of LC–MS
differed 27% or less from those obtained by a vali-
dated GC–MS method.

4. Conclusions

The presented LC–APCI–MS method with the in-
ternal standard allows for the first time separation,
identification, and simultaneous quantification of ma-
jor B-trichothecenes and the important metabolite
DOM-1 of DON at trace levels in maize and pig
urine. In particular, DOM-1 was alternatively eval-
uated by this method and it could be resolved from
other B-trichothecenes. The rapid one-step sample
clean-up by using the selective RP C18 column for
polar substances allows for a satisfactory separation,
especially for 15-AcDON and 3-AcDON. The per-
formed simple gradient system delivers highly repro-
ducible retention times of tested toxins within 30 min
without changes of flow-rates as described by Walker
and Meier [32]. The linearity and repeatability of the
method have precisely accessed and demonstrated
their impact and feasibility. Due to the selectivity
and simplicity of the method, it is ideally suited for
determination of B-trichothecenes in biological matri-
ces. Although the sensitivity of LC–MS is generally
poorer than those of GC–ECD or GC–MS, the latter
method necessitates time-consuming derivatisation.
The presented LC–APCI–MS method can be em-
ployed for the measurement of B-trichothecenes in
grains or for diagnostic purposes in cases of suspected
toxicity.
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