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Abstract

A method for the determination of T-2 toxin and HT-2 toxin in cereals and baby food
was validated by collaborative study.

In short, the method is as follows: A test portion of a sample is extracted with a
mixture of methanol/water (80/20, v/v). This raw extract is then diluted, filtered, and
applied to an immunoaffinity column. After washing and elution with acetonitrile the
eluate is evaporated to dryness. T-2 and HT-2 toxins in the dry residue are then
derivatised with N-methyl-N-trimethylsilyl-trifluoroacetamid (MSTFA)/
trimethylchlorosilane (TMCS) (99/1, v/v), injected into a gas chromatograph, and
detected and quantified by mass spectrometry.

Fourteen laboratories from ten different countries were selected to participate in
the collaborative study. They received six different test materials as blind duplicates.
The test materials consisted of a blank cereal mix, two cereal mixes naturally
contaminated at different levels, a blank baby food, and two baby foods naturally
contaminated at different levels. Furthermore, two blank cereal mixes and two blank
baby foods together with specific spiking solutions were provided for recovery
determination. The sum of the mass fractions of T-2 & HT-2 after spiking were 50
ng/kg in the cereal mix, and 25 pg/kg in the baby food.

Reported recoveries in the baby food ranged from 83 to 130% with 102% for
the mean value. The RSDg values were 25% at a natural contamination level of ca. 10
ug/kg, 17% at ca. 23 pg/kg, and 14% for the spiked material at 25 pg/kg. The Horwitz
ratios (HorRat) ranged from 0.6 to 1.1. For the cereal mix recovery values ranged
from 84 to 115% for the sum of T-2 & HT-2 with a mean value of 99%.
Reproducibility relative standard deviations (RSDg) for the cereal matrix were 17% at
a natural contamination level of ca. 32 pg/kg, 13% at ca. 77 pg/kg, and 10% for the
spiked material at 50 pg/kg.

Since all these performance parameters lie well within the acceptable ranges set

forth in European legislation [1] this method is suited for official food control.



Introduction

The A-type trichothecenes T-2 toxin (4f,15-Diacetoxy-3a-hydroxy-8a-(3-
methylbutyryloxy)-12,13-epoxytrichothec-9-ene, CAS No: 21259-20-1) and HT-2
toxin (15-Acetoxy-3a,4p-dihydroxy-8a-(3-methylbutyryloxy)-12,13-epoxytrichothec-
9-ene, CAS No: 26934-87-2) present a non-negligible risk because of their high
toxicity and their prevalent occurrence in cereals. Therefore they have come into focus
of competent food authorities in the EU and have been part of an exposure assessment
study in 2003 [2]. In addition, T-2 and HT-2 toxins are planned to be regulated in the
EU for human food [3]. The exposure assessment revealed that there was a lack of
suitable methodology for the reliable determination of T-2 and HT-2 to make
enforcement of regulations possible. Performance criteria for such methodology are
laid down in European Commission Regulation 401/2006 [1].

Different methods for the determination of T-2/ HT-2 have been published.
Biselli et al. [4] used LC/MS/MS with a MycoSep® clean-up to detect several
mycotoxins including T-2/ HT-2. Only wheat flour was studied and recoveries were
71% for T-2 and 54% for HT-2 with a RSD of 3% for both. A HPLC-FLD method has
been described by Visconti et al. [5] involving immunoaffinity clean-up. Recoveries
were reported for pure wheat, maize or barley samples with a range of 70 to 100% and
RSDs below 8%. Eskola et al. [6] and Jestoi et al. [7] used a MycoSep® clean-up with
GC/MS to determine several mycotoxins including T-2 and HT-2. The validation was
performed with a mix of wheat, rye, and barley and the reported recoveries were
around 100% with RSDs between 4 and 10%. But oat, which seems to be the cereal
most affected with T-2/ HT-2 contamination, was not included in any of the above
mentioned methods

We decided to develop a method based on immunoaffinity clean-up, because of
its superior purification selectivity compared to other solid-phase clean-ups, and
GC/EI-MS, because of its high chromatographic resolution, fast run times, robust
ionisation characteristics and high selectivity in single ion monitoring mode. The
matrices studied were mixtures including all common cereals like oat, wheat, barley,
rice, and maize, as well as soy, and other common ingredients found in baby food. The
method was subjected to an interlaboratory validation trial according to the Guidelines

for Collaborative Study Procedures To Validate Characteristics of a method of



Analysis [10], so as to derive performance characteristics and to evaluate its suitability

to be used for official purposes.

Materials and methods

Test materials for the collaborative study

For this study various types of cereals and brands of baby food were purchased from
local supermarkets. After confirmation that these raw materials did not contain
detectable amounts of T-2 or HT-2 toxins using an initial version of the described
method, they were milled and mixed as described below. The so obtained blank
materials were again tested for the presence of T-2 and HT-2. Table 1 and 2 describe
the composition of those blank mixes.

To obtain naturally contaminated test materials, the blank materials were
blended with different amounts of contaminated materials. The blank cereal mix was
blended with highly contaminated oats at different ratios to obtain the two
contamination levels (see Table 1). The two contamination levels for the baby food
matrix were obtained by blending the blank with two different contaminated baby
foods (see Table 2). Those two contaminated baby foods were obtained from a regular

store.

Table 1: Composition of cereal mix test materials

Test Material Ingredient Amount (kg)
Wheat 5
Rice
Corn
Soy
Barley
Oat
Blank mix
Oat
Blank mix
Oat

Blank

High

Medium

— W= (N[N W hn[W

Full grains were first milled with a Romer RAS"™ mill prior to blending. All
other materials were blended directly in a modified rotating-drum mixer for 30

minutes. After blending the whole lot was milled with a Retsch centrifugal mill



(Model ZM 100) with a sieve of 3 mm. This milled material was again mixed in the
rotating-drum mixer for 30 minutes and milled, for a second time, down to a particle
size of < 1 mm in the centrifugal mill. Then the material was mixed again in the
rotating-drum mixer for 2 — 3 hours and milled once more to a final particle size of
< 0.5 mm. Subsequently the materials were filled into 50 mL polyethylene containers
at approx. 30 g each. The containers were kept at —18° C until analysis for

homogeneity or dispatch to the participating laboratories.

Table 2: Composition of baby food test materials

Test Material Ingredient Amount (kg) Composition
Wheat 2.5 Wheat
Rice 2.5 Rice
Baby food 6 Oat bran
Wheat semolina, milk powder,
Blank Baby food 2 plant oil, sugar, Vitarlzqines
65% oat, malt extract, sugar,
Baby food 4 wheat flour, starch of maize,
salt, glucose
maize 3 maize
Blank mix 2 (see: “blank mix™)
Low Oat flour, wheat flour, 21%
Baby food 1 dried fruits (apples & bananas)
rye, barley
Blank mix 2 (see: “blank mix™)
Medium 65% oat, malt extract, sugar,
Baby food 1 wheat flour, starch of maize,
salt, glucose

Homogeneity of the Test Materials and In-House Method Performance

For homogeneity testing, one tenth of all containers were selected from each batch
during packing and subjected to the GC/MS method under study.

The selection was done such that out of the series of the first ten containers one
was selected randomly and then every tenth container thereafter, e.g. container 3, 13,
23,..., and so on until 10% of all containers were selected. After thorough mixing the
content of each selected container was split into two equal parts and analysed.

Analysis of Variance (ANOVA) was used to compute within-container and
between-container mean sum-of-squares for the two analytes and their sum at each
contamination level in the two materials. Homogeneity of the packaged material was

accepted when a F-Test of those two mean sum-of-squares resulted in a probability p



of larger than 0.1. This a error of falsely rejecting possible homogeneity was chosen
with 10 % to keep the [ error of falsely accepting homogeneity small.

Furthermore, the overall means for the two analytes and their sum at each
contamination level and its associated relative standard deviation under repeatability
conditions (RSD;) were also computed. Table 3 lists the results for the two
contamination levels of the two different matrices which were prepared.

Calibration data were acquired on three different days at 10 different levels
from 0 — 50 ng/uL in the injection solution for T-2 and 0 — 100 ng/uL for HT-2. A
calibration function, and the minimum detectable level (MDL) were then computed as
outlined in section "Statistical evaluation". The calibration data for T-2 showed a
slight negative curvature best explained by a 2" degree polynomial. The calibration
data of HT-2, because of higher variability, could be explained well by a 1* degree
polynomial. The calculated MDLs [ng] were 0.4 and 1.0 for T-2 and HT-2,
respectively. That means, if 0.4 ng of T-2, or 1.0 ng of HT-2, were eluted from the
IAC column, assuming complete derivatization, one could be 95% confident that
detectable peaks would result.

Apparent recoveries were determined by spiking a blank material with the two
toxins and subjecting the spiked material to the GC/MS method under study. The
determined mass fractions were then compared to the added mass fractions. Since
preliminary experiments with the baby food matrix at three different mass fractions
levels (three preparations, duplicate injections) showed no indication for a
concentration dependency of the apparent recoveries for either T-2 (p=0.3) or HT-2
(p=0.6) it was decided to determine apparent recoveries only at one mass fraction for
each of the two matrices. Those mass fractions were chosen such that they would
reflect relevant scenarios. Table 4 lists those results.

Acceptable performance criteria as set forth in European legislation [1] are
RSD; values smaller than 40% for HT-2 mass fractions of 100 — 200 pg/kg and T-2
mass fractions of 50 — 250 pg/kg, and recoveries in the range of 60 — 130 per cent.
Whereas these criteria refer to collaborative study performance, within-laboratory
performance characteristics should also fulfil these criteria, of course. The recovery
percentages found were all within the range of acceptance except for baby food spiked
with HT-2 at a level of 17 pg/kg (136 %). Given the fact that the performance criteria
for recovery are valid for much higher mass fractions of HT-2 (100-200 pg/kg), this

slight exceedance was considered acceptable.



Table 3: Results of the homogeneity test and relative standard deviation under

repeatability conditions (RSDy)

Toxin  Material Level MEAN RSDr N p
medium* 8.7 11 10 0.35

Cereal e
T high 18.7 7 10 0.25
Baby low 1.8 15 20 0.14
food medium 7.0 5 20 0.86
medium® 19.6 8 10 0.77

Cereal 1
HTo0 high 34.5 11 10 0.39
Baby low 7.8 6 20 0.43
food medium 17.2 7 20 0.86
medium* 28.3 9 10 0.88

Cereal 1
Sum T- high 53.2 9 10 0.36
2/HT-2 Baby low 9.7 5 20 0.13
food medium 24.2 6 20 0.79

1- Homogeneity of the cereal materials was tested with an early version of the proposed method without internal
standard, VICAM IAC columns , and Tri-SIL-TBT as derivatization reagent

Table 4: Results of the recovery experiments, showing the added and the determined
mass fractions of the respective toxins in pg/kg, the recovery in per cent, and the
number of measurements

Toxin Material Added Determined % N
Cereal 17 17.7 104 4
T-2
Baby 8 8.2 103 4
food
Cereal 33 37.7 114 4
HT-2
Baby 17 232 136 4
food
Cereal 50 55.5 111 4
Sum T-
2/HT-2
Baby 25 31.4 126 4
food

Statistical evaluation

Calculations of the precision parameters were done according to Youden & Steiner|[§]
and are detailed below:
The square root of the within-laboratory mean sum-of-squares (MS,) was taken

as estimate of the repeatability standard deviation.

s, =MS, (1)

r



The laboratory related variance was calculated as the difference of the between-
laboratory mean sum-of-squares (MSy) and MS, divided by the number of replications
per laboratory (n=2).

5 = MS, —MS, @)
n
Finally the reproducibility standard deviation was calculated from the residual

and the laboratory variances.

Se =/SL+S; (3)

Relative standard deviations (RSD) were calculated as standard deviation times
100 divided by the mean value:

s*100
X

RSD =

(4)

Repeatability and reproducibility were calculated by multiplying the respective

standard deviation with 2.8 with gives roughly a 95% confidence at two replications:
r=2.8%*s. (5
R=28%s; (6)

The precision parameters were calculated using the EXCEL macro
CLSTD.XLT (V3.6) [9].

Based on ISO guide 11843 Part 2 calibration functions for data with non-
constant variance were calculated with iteratively re-weighted least square. The
formulas were extended to calibration functions including a o degree term. Minimum
detectable levels (MDL) were then calculated from the estimated calibration and

variance functions.

Design of the collaborative study

The design was based on the "Guidelines for Collaborative Study Procedures to
Validate Characteristics of a Method of Analysis" [10].

The participants were selected from a list of interested parties and a total of 14
laboratories from ten different countries were chosen to participate in this collaborative

trial (Figurel).



Figure 1: Distribution of the selected participants by country for the inter-laboratory comparison.

The participants represented governmental (57%), industrial (36%), and

academic (7%) food control laboratories. Among these were three National Reference

Laboratories (NRL) for Mycotoxins appointed by European Union Member States.

All participants received cereal and baby food samples.

laboratory returned the samples because of unavailability of a GC/MS system, 2

selected laboratories received samples but never reported, and one selected laboratory

reported results with the remark that their instrument was not working properly.

Subsequently that laboratory was excluded from the evaluation.

names and addresses of the laboratories which reported results and were included in

the evaluation.

Table 5: List of participating laboratories in alphabetical order

Participant Institution Address
AGES Austrian Agency for Health and Food
Wolfgang Brodacz 2?:3(;}8?33?;};;?}3 i:gi?;ﬁz:}?;  GmbH Wieningerstraie 8, A-4021 Linz, Austria
Competence centre "Cluster Chemistry Linz"
Michel Cam CAPINOV Z1 de Lanrinou, 29206 Landerneau, France

Jiirgen Danier

Technische Universitit Miinchen (TUM),
Zentralinstitut fiir Erndhrungs- und
Lebensmittelforschung (ZIEL), Abteilung
Bioanalytik Weihenstephan

Alte Akademie 10, D-85350 Freising,
Germany

Ronald Schothorst

Rijksinstituut voor Volksgezondheid - RIVM

PO BOX 1, NL-3720 BA, Bilthoven, The
Netherlands

Argyro Koufogiannaki

General Chemical State Laboratory, Ministry
of Economy and Finance, Directorate
General, Division of Environment

An. Tsoha str. 16, GR-11521 Athens, Greece

Klaus Michels

LUFA Augustenberg

Nesslerstralie 23, D-76227 Karlsruhe,
Germany

One selected

Table 5 lists the
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Participant

Institution

Address

Jaroslava Petrova

UKZUZ Praha

Za Opravnou 4, 150 06 Praha 5, Czech
Republic

Phillip Slack

LGC Ltd., Food and Environmental Division

Queens Road TW11 OLY, Teddington,
Middlesex, UK

Michele Solfrizzo

CNR Institute of Sciences of Food
production

Via Amendola 122/0, 70126 Bari, Italy

Ulle Piiii

Agricultural Research Centre, Laboratory for
Residues and Contaminants

Teaduse 4/6, 15501 Saku 75501 Harjumaa,
Estonia

For the collaborative trial each participant received:

1. 12 containers of coded samples for determination of T-2/ HT-2 mass fractions

v ® N bk WD

10. One copy of the spiking protocol (see Annex IV)

One ampoule identified as “TMS reagent”
18 immunoaffinity columns for T-2/HT-2

11. Report form (see Annex V)

12. Questionnaire (see Annex VI)

4 containers of samples for spiking identified as “Spike C” and “Spike B”

One ampoule identified as “T-2/HT-2 standard in acetonitrile” (for calibration)
One ampoule identified as “Spike C solution in acetonitrile”

One ampoule identified as “Spike B solution in acetonitrile”

One ampoule identified as “ISTD solution in acetonitrile”

One copy of the collaborative study method (see Annex III)

The 12 sample containers contained blind duplicates of either blank, medium, or

highly contaminated cereal (see Table 1) or blank, low, or medium contaminated baby

food (see Table 2). Each of the 12 materials was to be prepared once and measured

twice by each laboratory. For recovery determinations two blank materials, either

cereal or baby food, were provided to be spiked in duplicate with the respective spiking

solution.
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Results of the collaborative study and Discussion

As it is foreseen to regulate the maximum levels of the sum of the two type A
trichothecenes T-2 toxin and HT-2 toxin detailed results are only reported for the
summed-up mass fractions uncorrected for recovery. The results for the individual

toxins can be found in Annex I.

Baby food

Tables 6 lists the summed-up mass fractions of the reported values for T-2 and HT-2
toxins by laboratory, each row representing one laboratory identified by the codes used
for reporting, and the columns representing the different materials. Cells show mass
fractions as reported, where no value was reported the cell is empty, n.d. indicates not
detected (for computational purposes this was taken as zero). A gray shading indicates
exclusion from the statistical evaluation, light gray for non-compliance, dark gray for
being an outlying result (Grubbs and/or Cochran test). Non-compliance was
established when a laboratory deviated from the protocol at points considered to be

crucial, or when no or only one result per duplicate material was reported.

Table 6: Sum parameter (T-2 & HT-2 toxin) in baby food

Lab Blank Low Medium Spike APP.
Recovery

ID | [mgrkg] | [mglkg] [g/ka] [ha/kg] %]
1 73| 75]18.2]|19.4)30.0]32.4] 120 130

6[71| 70[153]14.0]29.6|285([352|34.7] 113111
51|58 63[131]133]26.7]|255(30.0[27.8] 96| 87
56 148] 39]10.8(11.8)23.4[254]|31.2]30.4 (107|104
57148 45 11.3(26.7 1254 | 88| 83
89153 561211241276 |283(322[356] 107|121
94134 28(109| 801224 ]|1236(27.3]|243 | 97| 85

120143 36| 88| 9.6[20.8]23.8|255|27.0f 86| 92
136 92| 6.2[245]18.1(283]|294[113] 117
506 [0.0| 00| 86| 94]16.7|203]1229(228| 92| 91

Empty cell — no value reported; n.d. — not detected; Spike — nominal value 25 pg/kg; light gray — non-compliant;

dark gray — outlying result

Table 7 lists the performance parameters of the tested method for baby food. The
mean of the reported results for the blank material indicates a contamination of 4.3
ng/kg for the sum of the two analytes. However the associated relative reproducibility

standard deviation of 50% indicates that this value cannot be quantified with sufficient



13

confidence. When looking at the results of the individual toxins in Annex I it can be

seen that almost all of it is contributed by HT-2 since most of the values reported for T-

2 are zero or very close to zero (mean T-2: 0.2 pg/kg, RSDg T-2: 222 %).

Table 7: Performance parameters for the sum of T-2 & HT-2 toxins in the baby food

Mean N nc outl. n r S, RSD, R SR RSDr HORuoq

Blank 43 10 1 1 8 100 036 8 603 215 50 2.3
Low 105 10 1 O 9 307 110 10 7.37 263 25 1.1
Medium 235 10 1 0 9 560 200 9 112 3.99 17 0.8
App.TECOVery 155 19 o o 10 153 546 5 402 144 14 0.6

at 25 ug/kg

Legend: Mean —mean mass fraction [pug/kg] or mean percentage; N — number of labs; nc — non-compliant laboratories; outl. —
outlying laboratories; n — number of laboratories used for statistics; r — repeatability [ug/kg], s, — repeatability standard deviation

[ng/kg], RSD, — relative standard deviation under repeatability conditions [%]; R, sk, RSDr— the respective values for

reproducibility, HOR,,q — the HorRat value for reproducibility modified after Thompson [11]

Since for recovery determination the blank material was spiked the reported

values for the spike have been corrected for the values reported in the blank material.

The resulting mean apparent recovery is then 102 % for baby food which is statistically

not different from 100 %. The modified Horwitz ratios of 0.8 and 1.1 for the low and

medium contaminated materials, respectively, demonstrate acceptable performance.

The apparent recovery and the values for the relative standard deviations of

repeatability and reproducibility are well below the limits set forth in [1].

Cereals

All the results for the cereal mix are listed in Table 8 for which the same

conventions apply as for Table 6.

Table 8: Sum parameter (T-2 & HT-2 toxin) in cereal mix

Lab Blank Medium High Spike App.
ID [ [mg/kg] [ug/kg] [ug/kg] [ug/kg] | Recovery
1 26.7 [ 25.2 50.6 | 46.3 [ 101 93
6| 94|82[386]|38.1]79.5[805]61.8]60.2]106] 103
51| 7472371371824 (854 |575(565]100] 98
56 | 6.9|6.1|34.6|284[84.2]88.1[586 582104103
57 35.0 | 34.8 | 81.2 | 72.0 [ 54.0 | 43,5 [[108 87|
89| 8.18.7]39.0(37.8(83.2(81.6]636]626]110] 108
94 | nd. [40]359][327]79.2]76.9(51.0[475] 94| 87
120 | 4951306330689 715(475[49.1| 85| 88
136 | n.d. [3.2] 304 22.4H46.4 45.1| 86| 84
506 | 0.0 | 0.0|226]264]60.1]514][575]533][115 ] 107

Empty cell — no value reported; n.d. — not detected; Spike — nominal value 50 pg/kg; light gray — non-compliant; dark gray

— outlying result
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Table 9: Performance parameters for the sum of T-2 & HT-2 toxins in the cereal mix

Level Mean N nc outl. n r S, RSD, R SR RSDr HoORuoqg
Blank 4.9 10 2 0 8 374 134 27 9.76 3.49 71 3.2

Medium 323 10 O 0 10 7.33 2.62 8 15,5 5.53 17 0.8
High 766 10 1 1 8 991 354 5 28.2 10.1 13 0.6

App. recovery

at 50 pg/kg 99 10 O 1 9 10.0 3.58 4 276 9.84 10 0.5

Legend: Mean —mean mass fraction [ug/kg] or mean percentage; N — number of labs; nc — non-compliant laboratories; outl. —
outlying laboratories; n — number of laboratories used for statistics; r — repeatability [ug/kg], s, — repeatability standard deviation
[ng/kg], RSD, — relative standard deviation under repeatability conditions [%]; R, sk, RSDr— the respective values for
reproducibility, HOR,,q — the HorRat value for reproducibility modified after Thompson [11]

Table 9 lists the performance parameters of the tested method for the cereal mix.
Again, as for the baby food blank material, the mean of the reported results indicates a
contamination of 4.9 ug/kg with an associated relative reproducibility standard
deviation of 71 %. This means no reliable quantification is possible at this
contamination level. The mean apparent recovery after correction for the blank results
is 99 % (no statistical difference to 100%). The performance for the medium and

highly contaminated materials is acceptable (HoRp.q 0.8 and 0.6, respectively) and

together with the apparent recovery within the limits set forth in [1].

Graphical representations

When plotting the first replicate result of a laboratory versus the second so called
Youden plots are created. They display in one glance repeatability (closeness of points
to the identity line) and reproducibility (tightness of the cloud of points). Figures 2 to
5 show the Youden plots for the sum of T-2 and HT-2 for the blank, the two naturally
contaminated, and the spiked baby food material, respectively. For the blank, the two
naturally contaminated, and the spiked cereal mix figures 6 to 9 show the respective
Youden plots. The plots for the individual toxins can be found in Annex II.

Mean & range plots are a second way of displaying the data. Here the mean
value for each laboratory and its range are plotted compared to the overall mean value.
This kind of plot allows the quick identification of an individual laboratory's bias
compared to the overall mean value. Figures 10 to 13 show the mean & range plots for
the sum of T-2 and HT-2 for the baby food materials, and figures 14 to 17 for the

cereal mix materials. The plots for the individual toxins can be found in Annex II.
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Sum T2/HT2 : blind replicates

= accepted data

X outlier data

O non compliant data
——45° line

-120

Rep 2, ug/kg

0 1 2 3 4 5 6 7 8
Rep 1, ug/kg

Figure 2: Youden plot of the sum of T-2 and HT-2 for the blank baby food material

Sum T2/HT2 : blind replicates
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X outlier data

O non compliant data
——45° line
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12 + -
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- T120

Rep 2, ug/kg
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1
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Rep 1, ug/kg

Figure 3: Youden plot of the sum of T-2 and HT-2 for the low contaminated baby food

material
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Sum T2/HT2 : blind replicates

= accepted data
X outlier data

35 O non compliant data
——45°line
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25 +
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Rep 1, ug/kg
Figure 4: Youden plot of the sum of T-2 and HT-2 for the medium contaminated baby

food material
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120 +
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0 t
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Rep 1, %
Figure 5: Youden plot of the sum of T-2 and HT-2 for the recovery determination in

baby food material
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Sum T2/HT2 : blind replicates

= accepted data

X outlier data

O non compliant data
——45° line
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Figure 10: Mean & range plots of the sum of T-2 and HT-2 for the blank baby food
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Figure 11: Mean & range plots of the sum of T-2 and HT-2 for the low contaminated
baby food material
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Figure 12: Mean & range plots of the sum of T-2 and HT-2 for the medium
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Figure 13: Mean & range plots of the sum of T-2 and HT-2 for the recovery

determination in baby food material
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Figure 14: Mean & range plot of the sum of T-2 and HT-2 for the blank cereal mix
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Figure 15: Mean & range plot of the sum of T-2 and HT-2 for the medium
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Figure 16: Mean & range plot of the sum of T-2 and HT-2 for the highly contaminated

cereal mix material
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determination in the cereal mix material



23

Comments from collaborative trial participants
The questionnaire, which was sent along with materials and reagents, was filled in and
returned by 9 laboratories. Below are some of the answers given:

The question whether there was a deviation from the protocol was answered
with Yes by five labs. One of those five labs was Laboratory 27 which did not have
any valid results. They have used a cool-on-column injector instead of the
recommended split/splitless injector. Another one was Laboratory 94 which used with
the Gerstel KAS system a non-standard split/splitless injector. But in this case there is
no indication of a negative influence on the results. The other three deviations
concerned the use of a different column, different temperature programs between the
first and second run, or the use of an initial full-scan measurement. Again, in these
cases no indication of a negative influence is recognized.

The questions whether there was familiarity with the procedures used in the
protocol and whether the method description was adequate were answered with Yes by
all 9 laboratories.

Criticism/ Suggestions were brought forward by six laboratories. Two remarks
concerned the ion m/z 185, which was supposed to be used for the calculation of ion
ratios. It was remarked that it is insufficiently specific which is correct if seen by
itself. The specificity is given by the combination with the two other ions per analyte.
Furthermore, there is a significant contribution of m/z 185 coming from the internal
standard which needs to be taken into account but which we failed to mention in the
method description. Laboratory 27 mentioned that they normally use Tri-Sil-TBT
derivatisation with subsequent partitioning between hexan and phosphate buffer. For
that procedure the cool-on-column injections in that laboratory seem to work. Other
remarks were the recommendation of a different column, lack of information on extract
stability, and the evaporation step not being optimized. One remark concerned the low
volume of the injection solution. We realize that the handling of such small volumes
needs practice, but we also see the small volume as the strength of the novel
derivatisation procedure since the low volume leads to higher analyte concentrations in

the injection solution.
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Conclusions

The results of this collaborative trial show that immunoaffinity clean-up in
combination with GC/MS is a suitable procedure to determine the two type A
trichothecenes T-2 and HT-2 in cereal and baby food based matrices.

The novel trimethylsilylation reagent introduced in this trial works well if some
precautions are considered: the efficient handling of the small injection volumes need
some experience, the autosampler settings need to be adjusted such that no sample
washes are performed, and cool-on-column injection techniques might be deleterious
to successful separation and detection. We believe that the small injection solution
volume has helped considerably in achieving the reported precision parameters.

Since some of the labs have successfully used columns other than the
recommended one it can be concluded that this method is quite robust in that respect as
long as sufficient separation of the two analytes is achieved.

Recently a fully °C labelled HT-2, analogue to the fully "°C labelled T-2 used
in this study, has become available. Its inclusion is strongly recommended.

The blank materials of baby food and cereal mix proved to be not blank but
contaminated at a very low level. But the levels reported by the laboratories varied
widely so that it must be said that determination at such a low concentration is not
possible with an acceptable level of reliability.

The results of this collaborative study show precision characteristics for the
sum of the concentrations of T-2 and HT-2 toxin which fulfil the criteria (RSD;, RSDg
and recovery) as set forth by European legislation [1] for all tested levels in both cereal
mix and baby food.

The JRC is currently transforming this method into CEN format and will
submit it to CEN TC 275/WG 5 for adoption.
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Annex |
Table 1: Reported results for T-2 toxin in baby food
. App.
Lab Blank Low : Spike
Medium [pg/k Recover
D | [uokal | [ug/kg] okal 1 ugikg] overy
1 21] 33 8.0 8.0]122 (141
6 1.2 00| 34| 33 9.7 881101 9.8]|119( 115
51 0.9 1.2 26| 26 8.2 79| 86| 8.3 94| 91
56 03| -05] 17| 1.7 6.7 65| 83| 82| 105|104
57 44| 94| 88| 118 | 110
89 | 0.0 0.0] 3.3|] 3.6 9.6 89| 89| 92111114
94 | 00| o0 SIS 7.0 60| 9.0| 7.6 12195
120 | 0.3 0.1] 15| 22 7.4 70| 82| 84101 | 102
136 | n.d. | nd. [ nd. | nd. [ LOQ@E.3) | LOQ®) | 9.6 9.9 120 124
506 | 0.0 0.0] 26| 3.0 5.6 6.6| 82| 84| 103] 105

Empty cell — no value reported; n.d. — not detected; LOQ — below limit of quantification; light gray — non-compliant; dark

gray — outlying results

Table 2: Reported results for HT-2 toxin in baby food
Lab Blank Low . Spike APP.
D | mokel | Mmgkg | Mediumluakal | e
1 5.2 4.2 10.2 11.5(17.8]18.3 | 105 | 108
6 59| 7.0]11.9| 10.7 19.9 19.7 | 25.1 1 24.9 | 110 | 109
51 50| 5.0] 105 | 10.6 18.5 176 | 21.4 | 19.5 97 85
56 45] 4.4 9.1]10.1 16.7 189|229 ] 222|108 | 104
57 48| 45 6.8 |17.3| 16.6 74 70
89 53| 56| 88| 8.8 18.0 1941 23.4|26.5| 106 | 124
94 34| 2.8 7.2 6.7 15.4 176 | 18.3 | 16.8 89 80
120 | 40| 3.5 7.3 7.4 13.3 16.8 | 17.3 | 18.7 80 88
136 18.7 1 19.5] 110 | 115
506 | 0.0| 0.0 6.0 6.4 11.1 13.7114.7 | 14.4 86 85

Empty cell — no value reported; n.d. — not detected; light gray — non-compliant; dark gray — outlying results

Table 3: Performance parameters for the two toxins in baby food

Mean N nc outl. n r S, RSD, R sk RSDgr HORoqg
Blank 02 10 2 0 8 1.06 038 174 135 048 222 10.1
Low 23 10 1 1 8 107 038 17 321 115 50 2.3

T-2
Medium 73 10 1 0 9 218 078 11 449 160 22 1.0
App.TeCOVery 4148 19 o 2 8 798 285 3 275 981 9 0.4

at 8 ua/kg

Blank 41 10 1 1 8 098 035 9 549 196 48 2.2
Low 82 10 1 1 8 138 049 6 6.44 230 28 1.3

HT-2
Medium 162 10 1 1 8 403 144 9 930 332 21 0.9
App.Tecovery o7 19 o9 o 10 163 582 6 429 153 16 0.7

at 17 ua/kg

Legend: Mean —mean mass fraction [png/kg] or mean percentage; N — number of labs; nc — non-compliant laboratories; outl. —

outlying laboratories; n — number of laboratories used for statistics; r — repeatability [pg/kg], s, — repeatability standard deviation

[ug/kg], RSD, — relative standard deviation under repeatability conditions [%]; R, sg, RSDg— the respective values for
reproducibility, HOR,.q — the HorRat value for reproducibility modified after Thompson [11]
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Table 4: Reported results for T-2 toxin in cereal mix

Lab | Blank . High Spike APP.

D | [okg | Medumiuokal | puier | (ugkg) e
1 9.1 8.8 225208 | 132 ] 122
6 ﬁ 111| 104|209 | 204 | 203 | 20.7 | 100 | 102
51 | 20| 1.9 8.9 87252 | 257|176 |17.7| 92| 93
56 | 1.8 1.3 8.9 80| 248|269 |182|181] 98| o7
57 105 | 100|296 | 28.2 | 205 | 19.3 | 121 | 113
89 | 28| 3.3 106 | 113|261 | 248|187 |17.9| 92| 87
94 | nd. | nd. 9.1 93| 271|265 | 182 | 17.6 | 107 | 104
120 | 14| 16 8.8 92| 235 | 242 | 175|167 | 94| 89
136 | n.d. n.d.m 93| 84| s5[ 49
506 | 0.0 0.0 7.7 901197172 |17.9 | 175 ] 105 | 103

Empty cell — no value reported; n.d. — not detected; LOQ — below limit of quantification; light gray — non-compliant; dark

gray — outlying results

Table 5: Reported results for HT-2 toxin in cereal mix

Lab Blank Medium High Spike Recovery
ID corr.

1 176] 164 28.2 255 854 [77.2
6 | 53|57 275 | 27.7(58.6[60.1[41.5][39.5] 109 | 103
51 | 54| 53 28.2| 28.4|57.1[59.7[39.9 ] 388 105 101
56 | 5.1 4.9 25.7| 205 [59.4 | 61.3]40.4 | 40.1] 108 107
57 | 41] 45 245| 248516439335 24.2 885604
89 [ 53] 54 284 | 265 |57.1[56.9[44.9[44.7] 120 119
94 [nd. | 40 26.9 | 23.4[52.1[50532.8[29.987.2]785
120 | 35| 36 21.8| 238|454 |47.4]30.0]32.4]80.2]875
136 | n.d.| 3.2 22.3 18.4m37.1 36.7 | 103 | 101
506 | 0.0 | 0.0 149 173|404 |34.2| 396|358 120 108

Empty cell — no value reported; n.d. — not detected; light gray — non-compliant; dark gray — outlying results

Table 6: Performance parameters for the two toxins in cereal mix

Mean N nc outl. n r S, RSD, R Sk RSDg HORpq
Blank 11 10 2 1 7 06 021 18 3352 1.20 105 4.8
Medium 94 10 0 1 9 138 049 5 291 1.04 11 0.5
T-2
High 244 10 1 1 8 276 099 4 967 345 14 0.6
App.recovery g5 15 g o 10 99 352 4 5622 20 21 0.9
at 17 pa/kg
Blank 36 10 1 0 9 339 121 34 605 216 60 2.7
Medium 233 10 0 O 10 525 1.88 8 12.6 4.49 19 0.9
HT-2
High 522 10 1 1 8 758 271 5 232 829 16 0.7
APp.TECOVer 159 19 o 1 9 129 460 5 406 145 14 0.7
at 33 ua/kg

Legend: Mean —mean mass fraction [pg/kg] or mean percentage; N — number of labs; nc — non-compliant laboratories; outl. —

outlying laboratories; n — number of laboratories used for statistics; r — repeatability [ug/kg], s; — repeatability standard deviation

[ng/kg], RSD; — relative standard deviation under repeatability conditions [%]; R, sg, RSDg— the respective values for
reproducibility, HoR,.q — the HorRat value for reproducibility modified after Thompson [11]
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Mean & Range plots:
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Foreword

THIS IS A STUDY OF THE METHOD, NOT OF THE LABORATORY. THE
METHOD MUST BE FOLLOWED AS CLOSELY AS PRACTICABLE, AND
ANY DEVIATIONS FROM THE METHOD AS DESCRIBED, NO MATTER
HOW TRIVIAL THEY MAY SEEM, MUST BE NOTED ON THE REPORT
FORM.

WARNING — The use of this protocol can involve hazardous materials, operations
and equipment. This protocol does not purport to address all the safety problems
associated with its use. It is the responsibility of the user of this protocol to establish
appropriate safety and health practices and determine the applicability of

regulatory limitations prior to use.

WARNING - trichothecenes are highly toxic. Gloves and safety glasses should be
worn at all time and all standard and sample preparation stages should be carried

out in a fume cupboard.

NOTE — Care should be taken to avoid contact of organic solvents (standard
solutions, reagents, extracts) with plastics, like pipet tips, containers, etc., as much
as possible. Constituents of the plastics, f.i. plasticizers, might dissolve in the organic
solvent and cause increased background and additional peaks during the GC/MS

runmn.
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1. SCOPE

This protocol specifies a candidate method for the determination of T-2 and HT-2 in
cereals, baby food and animal feed using gas-chromatography with mass spectrometric
detection. This candidate method will be validated for the determination of T-2 and HT-2
via the analysis of naturally contaminated and spiked samples of cereals, baby food,
and/or of animal feed at levels starting from 2 ng/g for the individual toxins or 10 ng/g

for the sum of both toxins.

2. PRINCIPLE

T-2 and HT-2 are extracted from cereal, baby food, and animal feed with a
methanol/water solution. The extract is cleaned up using immunoaffinity columns (IAC).
T-2 and HT-2 are eluted from IAC using acetonitrile, which is evaporated to dryness.
The dry residue is derivatized using a trimethylsilyl reagent. T-2 and HT-2 are
quantitatively assessed by gas chromatography (GC)/ mass spectrometry (MS).

3. APPARATUS

Usual laboratory equipment and, in particular, the following:

3.1. Conical flasks

250 mL capacity with screw caps
3.2. Flask shaker

3.3. Bulb pipettes

2 mL (Class AS, £0.01 mL)
10 mL (Class AS, =0.02 mL)
20 mL (Class AS, + 0.02 mL)

100 mL (Class AS, £ 0.08 mL)
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34. Heating block with nitrogen gas supply or centrifugal vacuum

evaporator
3.5. Vortex mixer
3.6. Analytical balance (d= 0.01g)
3.7. Folded filter paper (f.i. Whatman 113V 18.5 cm)
3.8. Glass micro fibre filter (f.i. Whatman GF/A 15 cm)
3.9. GC/MS instrumentation, comprising the following:

3.9.1. GC: capable of splitless injections onto capillary columns, f.i. Agilent GC
6890N

3.9.2. Autosampler: capable of injecting sufficient volumes of injection

solution with sufficient repeatability

3.9.3. MS: with electron impact ionization, capable of measuring the ions
described in 7.2 with sufficient repeatability, f.i. Agilent MSD 5973N with
EI

3.9.4. Chromatographic column: capable of baseline separation of T-2 and
HT-2 — The following column has shown to be suitable for this separation:

DB-5MS, 30 m x 0.25 mm I.D. x 0.25 pum film thickness

3.10. Glass filter funnel, f.i. 11 cm O.D.

3.11. Autosampler vials of 2.0-2.5 mL with crimp caps

3.12. Conical inserts for autosampler vials (3.11) for small volumes
3.13. Reservoirs for immunoaffinity columns

20-50 mL capacity with adapter for connection to top of immunoaffinity columns
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3.14. Volumetric flasks

20 mL (Class A, = 0.04mL)

3.15. Gastight Hamilton syringes

100, 250, 500 and 1000 pL capacity

3.16. Support rack for immunoaffinity columns (12 mm O.D.)

. REAGENTS AND MATERIALS

During the analysis, unless otherwise stated, use only solvents and reagents of
recognized analytical grade and only distilled water or water of grade 1 as defined in

EN ISO 3696. Solvents shall be of HPLC or better quality.

4.1. Double distilled or deionized water
4.2. Methanol
4.3. Extraction solvent

Mix 80 parts methanol (4.2) with 20 parts of water (4.1, v/v).

4.4. Methanol solution (16 %)

Mix 10 parts of extraction solvent (4.3) with 40 parts of water (4.1, v/v).

4.5. Acetonitrile
4.6. Dichloromethane
4.7. TMS reagent

5 mL N-methyl-N-trimethylsilyl-trifluoroacetamide (MSTFA)/ Trimethylchloro-
silane (TMCS) (99/1, v/v) are provided labelled as "TMS reagent". After opening

transfer and store reagent in glass container with gas-tight, Teflon-lined cap.
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4.8. ISTD solution

5 mL of a solution of 250 ng/mL 3C,,-T-2 toxin (Biopure, Tulln, Austria) in
acetonitrile (4.5) is provided labelled as "ISTD solution in acetonitrile". After
opening transfer and store solution in glass container with gas-tight, Teflon-lined

cap.
4.9, T-2/ HT-2 stock solution

10 mL of a mixed standard solution of T-2 and HT-2 toxin in acetonitrile (4.5) at
100 and 200 ng/mL, respectively, are provided, labelled with "T-2/HT-2 standard
in acetonitrile". After opening transfer and store solution in glass container with

gas-tight, Teflon-lined cap.

4.10. T-2/ HT-2 diluted solution for calibration

To a 20 mL volumetric flask (3.14) add 2.0 mL of the T-2/ HT-2 stock solution
(4.9) using a 2 mL bulb pipette (3.3) and make up to 20.0 mL with acetonitrile
(4.5). This will result in a diluted solution with 10 and 20 ng/mL of T-2 and HT-

2, respectively.
4.11. Calibration solutions

Using Hamilton syringes (3.15), to 6 autosampler vials (3.11) add:

Vial | T-2/HT-2 stock | T-2/ HT-2 diluted ISTD Amount (T-2/
solution (4.9) solution (4.10) solution (4.8) HT-2)
[uL] [nL] [nL] [ng]
1 100 100 1/2
2 500 100 5/'10
3 200 100 20/ 40
4 350 100 35/ 70
5 500 100 50/ 100
6 100 Reagent blank

This will create 5 levels of calibration solutions containing 1, 5, 20, 35, and 50 ng

T-2, and 2, 10, 40, 70, and 100 ng HT-2 plus a reagent blank.
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4.12. Spiking solution

You are provided with two vials containing 3 mL each of spiking solutions of
unknown T-2 and HT-2 concentrations in acetonitrile (4.5) labelled as "Spike C
solution in acetonitrile" and one of either "Spike A solution in acetonitrile" or "

Spike B solution in acetonitrile".

4.13. Test samples

Eight naturally contaminated and four blind blank samples in coded plastic
containers and four blank samples, labelled "Spike C" and one of either "Spike

A" or "Spike B", are provided.

4.14. Immunoaffinity columns with antibodies specific to T-2 and HT-2

18 EASI-EXTRACT T-2 & HT2 columns are provided (R-BIOPHARM RHONE
LTD, Glasgow, Scotland G20 OSP)

. PROCEDURE

5.1. Extraction of T-2 and HT-2

Weigh, to the nearest 0.1 g, 25.0 g of the test sample and 1.0 g of sodium chloride
into a 250 mL conical flask (3.1), add 100.0 mL of extraction solvent (4.3), cap and
shake vigorously by hand, so that the material disperses evenly. Then put on a flask
shaker (3.2) for 30 min. The material should be mixed well without collecting in the

top of the flask.

Allow the sample to settle after shaking. Prepare a filter funnel (3.10) and filter paper
(3.7). Filter the extracted sample into a 250 mL conical flask (3.1). To 10.0 mL of
filtrate add 40.0 ml of water (4.1) and mix. Filter the diluted extract through a glass
microfibre filter (3.8) and collect the filtrate.

5.2. Clean up

Take an immunoaffinity column (IAC, 4.14) and attach a reservoir (3.13), do not

empty storage solution from column. To the reservoir add 5 ml of the 16 % methanol
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solution (4.4), 100 puL of the ISTD solution (4.8, using a 100 pL gastight Hamilton
syringe (3.15), and 10.0 mL of the diluted, filtered extract (5.1, equivalent to 0.5 g
sample). Mix carefully and allow everything to pass slowly through the column.
Preferably this is driven by gravity without application of any positive or negative

pressure (vacuum). The result will be a flow rate of about one drop per second.

After the extract has passed completely through the IAC, wash with 10 ml of 16 %
methanol solution (4.4) in order to avoid precipitation of extract constituents in the

IAC sepharose gel. Then wash with 20 mL of water (4.1).

Using a large syringe, or something similar, with an appropriate adaptor to fit the
IAC, pass air through the IAC in order to expel excess water. Then place an
autosampler vial (3.11) under the IAC and elute with 0.75 mL of acetonitrile (4.5),
collecting the eluate with the purified toxins. After all of the acetonitrile (4.5) has
passed through the column, wait for approximately one minute. Then add another
0.75 mL of acetonitrile (4.5) and continue to collect the eluate in the same vial.
Carefully pass air through the column in order to collect most of the applied

acetonitrile (4.5).

5.3. Derivatization for gas chromatography:

Evaporate the eluted extract (5.2) or the calibration solutions (4.11) to dryness. This
can be done either with a centrifugal vaccum evaporator or under a gentle stream of
nitrogen at 50 °C in a heating block (3.4). To ensure that the evaporated samples are
absolutely free of water for derivatisation add some dichloromethane (4.6) to the

visually dry vials and dry again.

To the dry residue add 50 pL of MSTFA/TMCS (99/1, v/v), cap vial and shake on
vortex mixer for 30 seconds, making sure the lower part of the vial is thoroughly
washed with the reagent. The reagent is moisture sensitive so the capping should
be done immediately. Incubate at room temperature for 30 minutes and transfer
solution with a glass Pasteur pipet to an autosampler vial (3.11) with conical insert
(3.12) for GC/MS analysis. Again, because of the moisture sensitivity this should

be done as quickly as possible to minimize contact with ambient air.
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. SPIKING PROCEDURE

To 25.0 g of spiking material add 1.0 mL of the respective spiking solution (see also
attached "Spiking Protocol"). Let stand for one hour before proceeding with the

sample extraction (5.1).

. MEASUREMENTS:

7.1. GC operating conditions

Using the equipment outlined in 3.9.1, the following conditions have proven to

produce adequate separation:

— Injection volume: 1 pL with injection port at 250 °C,;

— Injection mode: pulsed splitless with a 160 kPa pulse for 1 min (regular splitless

will work with appropriate adjustment of the initial temperature hold time);

— GC oven conditions: initial temperature 140 °C for 1 min, 60 °C/ min to 250 °C,

10 °C/ min to 300 °C and hold for 3 min;
— Carrier gas: helium at a constant flow of 1.2 mL/min;

— Attention: There is a substance co-eluting with HT-2 that might generate a
significant m/z 185 signal. Care should be taken to optimize the separation
to achieve baseline separation of this substance from HT-2. With the stated

conditions this was possible (see attached chromatograms).

7.2. MS operating conditions

— GC/MS: SIM mode with electron impact ionization using the following ions:
185, 350, 436 m/z for T-2, 185, 347, 466 m/z for HT-2, and 365, 455 m/z for
13C,,-T-2 (ISTD).

7.3. Batch (Sequence) composition

Each of the 12 coded test samples and the four spike samples are to be prepared once
and to be injected in duplicate. For each batch (sequence) of samples that is run on
the GC prepare two reagent blanks and two sets of 5 levels of the calibration

solutions (4.11). Inject each preparation of the reagent blank and the calibration
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solutions once at the beginning of the batch of samples and again at the end. This
results in four injections, two injections per preparation, of the reagent blank and

each level of the calibration solutions.

7.4. OPTIONAL: In-house standards

If there are in-house standards for T-2 and HT-2 toxins dilute these standards such
that a mixed stock solution of 100 ng/mL T-2 and 200 ng/mL HT-2 in acetonitrile
(4.5) is created, according to 4.9. Then add three times 250 uL of this in-house stock
solution to three autosampler vials (3.11). To each of these three vials also add 100
L ISTD solution (4.8). Then dry and derivatize as described in 5.3. Run these three

preparations in duplicate with a sample batch.

7.5. Identification criteria

For the reagent blank runs display the extracted ion chromatograms for the ions 365,
and 455 m/z. There should be only one location where peaks line up for both traces.

These peaks represent the ISTD (4.8). Note the retention time.

Next repeat the above with ions 185, 350, and 436 m/z for each of the calibration
runs. At the retention time of the ISTD peaks in all three traces should line up. These
peaks represent T-2. Calculate the on ratios of the peak heights of ion 350 divided by
ion 185, and of ion 436 divided by ion 185.

Next repeat the above with ions 185, 347, and 466 m/z. Close to the already
identified peak of T-2 peaks in all three traces should line up. These peaks represent

HT-2. Note the retention time and calculate the ion ratios of the peak heights of ion

347 divided by ion 185, and ion 466 divided by ion 185.

The retention times and ion ratios of T-2 and HT-2 will be used to identify the

respective substance in the sample chromatograms.

For this display the appropriate extracted ion chromatograms and near the retention
time of the respective substance look for three peaks lining up, f.i. ions 185, 350, and
436 m/z of T-2 and the retention time of T-2. Only if peaks in all three traces line up
and have similar ion ratios as established from the calibration runs of the respective
substance (f.i., 350/185 and 436/185 for T-2) is the peak positively identified. Only

positively identified peaks shall be used for the determination of the concentration.
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8.

7.6. Calibration

Using the extracted ion currents for ions (m/z) 436 (T-2), 466 (HT-2), and 455
(ISTD) integrate the peaks representing the respective substances. Divide the peak
areas of T-2 (A,;¢) or HT-2 (A,,) by the peak area of the ISTD (A s5).

R, = Ayze/Agss OF Rypy = Ayge/Ayss

The resulting area ratios (R, Ryyr.,) of the four injections of the reagent blank and

the 5 levels of calibration solutions are then plotted versus the corresponding
amounts (4.11). The expected calibration plot has a slight curvature to it best
described by a second degree polynomial. But since the quadratic term is small and

for simplicity reasons a simple linear regression of the form
y=b,+bx

is to be performed, with y being the area ratio for either T-2 or HT-2, x the respective

amount of T-2 or HT-2, b, the intercept, and b, the slope. This is the calibration

function.

DETERMINATION OF CONCENTRATIONS

Inverting the calibration function (7.5, I1) yields the analysis functions:

Inserting the intercept (b,) and slope (b;) of the calibration function and the area

ratios () for either T-2 or HT-2 (7.5, I) of the unknown samples yields the estimated

amounts x for T-2 or HT-2, respectively.

Since the cleaned-up extract represents 0.5 g of the original sample multiplying by

two yields the final concentration estimate Cy_, 1., in pg/kg:
Crp=2xp,

Cura = 2Xyr)

Page 12 of 13

(M

(1D

(IIT)

V)

(V)



9. Appendix A:

Example chromatograms
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File :C:\MSDChem\1\DATA\2006\11 November\20061128\0201002.D

Operator : abr
Acquired : 28 Nov 2006 9:36 using AcgMethod T2HT2 10KMIN.M
Instrument : Instrument #1

Sample Name: Animal Feed
Misc Info :
Vial Number: 2

Abundance TIC: 0201002.D
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File :C:\MSDChem\1\DATA\2006\11 November\20061128\0301003.D

Operator : abr
Acquired : 28 Nov 2006 9:51 using AcgMethod T2HT2 10KMIN.M
Instrument : Instrument #1

Sample Name: Calibration solution
Misc Info
Vial Number: 3

Abundance TIC: 0301003.D
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Spiking Protocol:

In order to calculate the recovery of the method you are supplied with 2 different vials
containing 3 mL each of a mixed T-2/ HT-2 standard in acetonitrile

The vial marked with "Spike B solution™ has to be used to spike the two samples marked
"Spike B".

The vial marked with "Spike C solution" has to be used to spike the two samples marked
"Spike C".

Prior to analysis shake all containers vigorously (e.g. with a vortex shaker).

These containers are exclusively reserved for the spiking experiments and MUST NOT
be used for direct analysis.

After shaking the spike sample containers weigh, to the nearest 0.1 g, 25.0 g of the blank
material into a clean flask and add exactly 1.0 mL of the respective spiking solution
(4.12, e.i. "Spike B solution™ for "Spike B" sample) using a 1000 pL Hamilton syringe
(3.16). Dispense right onto the sample making sure that the spiking solution is evenly
distributed across the sample. Do not dispense onto the glass surface of the flask. Gently
shake the flask by hand to achieve some mixing. Leave the spiked test sample for at least
1 h before proceeding with the extraction as described in the protocol, section 5.1,
paragraph 2.

Retieseweg 111, B-2440 Geel - Belgium. Telephone: (32-14) 571 211. http://irmm.jrc.ec.europa.eu
Telephone: direct line (32-14) 57 12 83. Fax: (32-14) 57 13 43.

E-mail: jrc-irmm-crl-mycotox@ec.europa.eu






Annex V:

Name of the participant

00X (code of the participant)

Run 2 Run 2 Run 2
Ratio Ratio Area Ratio Ratio Area Ratio Ratio Area Ratio Ratio Area Rat Area Ratio Remarks
436 350/185 436/185 436 350/185 436/185 466 347/185 466/185 466 347/185 466/185 455 455/365 455 455/365

|  spkeA2t | | o |\ |
|  sSpkeB2 | | o | |
|  spkeco | | o |\ |
|  ReagemtBlankPrep2l | | o | |\ |
|  caipep2 o 2 3 |
|  caloPep2 s 1 s | |
|  cadpep2 20 4 e | |
|  calaprep2 3 7 05 | |\
|  _caspep2l sl 100 sl | |\ |

| 25| sof 7 0 ]
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Results Questionnaire for the T-2/HT-2 Collaborative
Study

Name of the participant

00X (code of the participant)

PLEASE ANSWER THESE QUESTIONS AND USING THE SUBJECT LINE "T-2/
HT-2 trial" SEND THEM TO:

CRL on Mycotoxins
European Commission
DG Joint Research Centre
Institute for Reference Materials and Measurements
Retieseweg 111, B-2440 Geel, Belgium
Fax No: +32-14-571343

Email: JRC-IRMM-CRL-MYCOTOX@ec.europa.eu

AFTER YOU HAVE SUBMITTED YOUR RESULTS.

Retieseweg 111, B-2440 Geel - Belgium. Telephone: (32-14) 571 211. http://irmm.jrc.ec.europa.eu
Telephone: direct line (32-14) 57 12 83. Fax: (32-14) 57 13 43.

E-mail: jrc-irmm-crl-mycotox@ec.europa.eu



General comments on the method:

1. Did you already use a similar method for the determination of T-2/ HT-2

including immunoaffinity clean-up or solid phase extraction and GC/MS
detection?

[ ]Yes []No

If yes, please state source:

2. Have you been familiar with the procedures used in this method?
[ ]Yes [ ]No

If no, please specify briefly which procedures were unfamiliar to you:

3. Was the method description adequate?

[ ]Yes []No

4. What criticisms and/or suggestions could you make concerning the method and/or
its performance? (Please attach additional sheets if necessary).
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Specific remarks about execution of the method:

5. What type of shaker was used for the initial extraction of materials?
[ ] Side-to-side [ ] Wrist action [ ] Rotational
[_] Other please specify:

Type/Manufacturer:

6. Did you encounter any problems during filtration (e.g. low flow rate)?
[ ]Yes []No

If yes, please state the exact problem and for which sample(s) this occurred
(include codes):

7. What procedure was used for sample application to the IAC?
[ ]Gravity [ ]Vacuum
[] Other please specify:

8. Did you encounter problems during application of the extract to the IAC
(e.g. slow flow rate, discolouration of immunoaffinity gel)?

[ ]Yes []No

If yes, please state the exact problem and for which sample(s) this occurred
(include codes).
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9. What was the average run time for sample application to the IAC
minutes

10. Did you encounter any problems during evaporation?
[ ]Yes [ ]No

If yes, please state the exact problem and for which sample(s) this occurred
(include codes):

11. What evaporation system was used?
[] Vacuum centrifuge [] Heating block with N,
[ ] Other please specify:

12. How long were the samples dried for?

minutes

13. Specify manufacturer and model of the gas chromatography system used:

14. Specify manufacturer and model of the mass spectrometer used:
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15. Specify specifications (Manufacturer, Name, Dimensions) of the GC column
used:

16. Specify GC parameters:
Injection volume in plL:

Injector temperature [°C]:

Injection mode (split, splitless, or pulsed modes thereof):

Temperature program [°C]:

Transfer line temperature [°C]:

Head pressure (if constant pressure mode) or flow rate (if constant flow):

Carrier gas:

17. Specify MS parameters (if applicable):
lon source temperature [°C]:

lonization energy [eV]:

Scan speed [scans/s]:

18. Specify whether peaks were integrated valley-to-valley or using a horizontal
baseline:

[ ] Valley-to-Valley [ ] Horizontal baseline
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19. If manual integration was used, specify the samples and peaks affected and the
reasons why:

20. Was any data smoothing applied before integration?

[ ]Yes []No

If yes, please specify name of the algorithm:

21. Describe any deviation from the protocol other than what has been mentioned
above:

Please supply copies of all chromatograms obtained (similar layout as the
chromatograms in the appendix of the method protocol) and detailed calculations.

Thank you for completing this questionnaire.
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Abstract

A method for the determination of T-2 toxin and HT-2 toxin in cereals and baby food was validated by collaborative study.
In short, the method is as follows: A test portion of a sample is extracted with a mixture of methanol/water (80/20, v/v).
This raw extract is then diluted, filtered, and applied to an immunoaffinity column. After washing and elution with
acetonitrile the eluate is evaporated to dryness. T-2 and HT-2 toxins in the dry residue are then derivatised with N-methyl-
N-trimethylsilyl-trifluoroacetamid (MSTFA)/ Trimethylchlorosilane (TMCS) (99/1, v/v), injected into a gas
chromatograph, and detected and quantified by mass spectrometry.

14 laboratories from 10 different countries were selected to participate in the collaborative study. They received 6 different
test materials as blind duplicates. The test materials consisted of a blank cereal mix, two cereal mixes naturally
contaminated at different levels, a blank baby food, and two baby foods naturally contaminated at different levels.
Furthermore, two blank cereal mixes and two blank baby foods together with specific spiking solutions were provided for
recovery determination. The sum of the mass fractions of T-2 & HT-2 after spiking were 50 pg/kg in the cereal mix, and 25
pg/kg in the baby food.

Reported recoveries in the cereal mix ranged from 87 to 127% for the sum of T-2 & HT-2 with a mean value of 107%.
Reproducibility relative standard deviations (RSDg) for the cereal matrix were 19% at a natural contamination level of ca.
32 pg/kg, 11% at ca. 79 pg/kg, and 12% for the spiked material at 50 pg/kg. For baby food the recovery values ranged
from 91 to 127% with 116% for the mean value. The RSDg values were 23% at a natural contamination level of ca. 10
Mg/kg, 15% at ca. 23 pg/kg, and 16% for the spiked material at 25 pg/kg. The Horwitz ratios (HorRat) ranged from 0.5 to
1.1.

Since all these performance parameters lie well within the acceptable ranges set forth in European legislation [1] this
method is suited for official food control.
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