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bstract

An already well-described method for the determination of nitrofuran metabolites 3-amino-5-methyl-morpholino-2-oxazolidinone (AMOZ),
-amino-2-oxazolidinone (AOZ), semicarbazide (SEM) and 1-aminohydantoin (AHD) was adapted to the needs of our laboratory and checked
or its robustness regarding sample conditions and the processing step. Using the same data, the method was validated and the measurement

ncertainty was estimated. All criteria and requirements of Commission Decision 2002/657/EC were fulfilled. The CC� determined lies between
.1 and 0.7 �g/kg, the CC� lies between 0.1 and 0.9 �g/kg, the measurement uncertainty was estimated as being between 7 and 17% taking into
ccount matrix, time and sample preparation influences.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The European Union banned the use of nitrofurans as veteri-
ary drugs for food-producing animals. The minimum required
erformance limit (MRPL) for nitrofurans is set at 1 �g/kg
y Commission Decision 2003/181/EC [1] amending Decision
002/657/EC [2].

Nitrofurans are resorbed, metabolised and distributed very
apidly. Even shortly after the uptake of nitrofurans only their
etabolites are detectable as tissue-bound residues [3–7]. These
etabolites act as marker residues for the detection of an illegal

se of nitrofurans.
The method, adopted from the method developed by the

tate Institute for Quality Control of Agricultural Products
RIKILT, Wageningen, NL) [8], describes the determination of

ll hydrolysable (bound and non-bound) metabolites with an
ntact side chain. The marker residues 3-amino-2-oxazolidinone
AOZ) for furazolidone, 3-amino-5-methyl-morpholino-2-
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ation; Muscle; Shrimps; Poultry; LC–MS/MS; Residues; Measurement uncer-

xazolidinone (AMOZ) for furaltadone, semicarbazide (SEM)
or nitrofurazone and 1-aminohydantoin (AHD) for nitrofu-
antoin are quantified as their nitrophenyl (NP-) derivatives
sing the isotopically labelled analogues [1,9,10]. The molecular
tructures of the parent nitrofurans, their marker metabolites and
he corresponding nitrophenyls derivatives are shown in [11] and
he principle according to which the nitrofurans react, is shown
n [8].

The method presented was modified according to the require-
ents of the lab also taking into account the equipment and was

ubsequently validated by matrix-comprehensive in-house vali-
ation with an alternative validation concept using the software
nterVal. This software uses a fractional factorial design based
n an orthogonal experimental plan as described in [12].

By means of the InterVal concept, different factors depending
n the samples (e.g. species, condition/lyophilisation, process-
ng) and method (e.g. operator, duration of sample preparation,
torage of extracts before analysis) may be determined simul-

aneously in one validation study and, at the same time, their
nfluence on the measurement results may be assessed. This
ind of validation gives details on factors that, if applicable,
ave to be fixed within the method description or, it shows

mailto:petra.gowik@bvl.bund.de
dx.doi.org/10.1016/j.jchromb.2007.05.044


atogr

w
(
f
c
n
m
s
s

c
m
a
c
V
u
i
i
c
a
[
i
t
T
p
w
v
t
t

m
c
i
t
c

t
t
d
t
w
d
b
b

A
o
o
i
(

w
n
a

h
t
I

t
p

2

2

v
t
m
i
m
2
w

2

2

m
f

2

a
T
t
f
(

2

w
p
a
c

2

f
c
b
used for matrix calibration samples has to originate from the
same species and show the same condition (lyophilised or not)
C. Bock et al. / J. Chrom

hich kind of samples can be used in which sample condition
fresh/lyophilised, processed/unprocessed). This is necessary
or the determination of the fitness-for-purpose. Compared to
onventional validation studies, where information about robust-
ess is only available with additional experiments, e.g. during
ethod development, the procedure described provides the pos-

ibility to determine robustness within the InterVal validation
tudy.

InterVal is databank-oriented and allows the simultaneous
alculation of validation parameters required according to Com-
ission Decision 2002/657/EC [2] like decision limit CC�

nd detection capability CC�, precision, recovery, calibration
urve(s) and the respective prediction intervals. Moreover, Inter-
al delivers the power curve of the method, its measurement
ncertainty contributions and a quantitative assessment of the
nfluence of individual factors with regard to dispersion and cal-
bration function [13]. Despite this comprehensive information,
ompared to conventional validation concepts, e.g. Mottier et
l. [14] and national and international standards as e.g. DIN
15,16] and ISO [17] in which, e.g. only one species or matrix
s validated without taking other influence factors into account,
he number of experiments that has to be performed is smaller.
hus, InterVal enables validation with a small number of sam-
les (a minimum of eight) allowing the finalisation of a study
ithin one or two weeks if needed. On the other hand, the
alidation study can be interrupted at any time according to
he laboratory’s necessities and be finished at a later point of
ime.

Validations of methods for the determination of nitrofuran
etabolites in muscle using the alternative InterVal validation

oncept have not yet been described in publications. Neither is
nformation on the robustness of the method available. So far
here are only some publications on validations according to the
onventional concept.

Mottier et al. [14] describe, e.g. the validation of a method for
he determination of nitrofurans in chicken meat, during which
he deuterated internal standards are not added until after the
erivatisation with NBA in the form of d4-nitrophenyl deriva-
ives. Instead of the liquid/liquid extraction we use, a clean-up
ith SPE is carried out. Within validation, Mottier et al. [14]
etermine, amongst others CC� und CC�, recovery, within- and
etween-day precision, within-laboratory precision and repeata-
ility.

Finzi et al. [18] use only the two internal standards d4-
OZ and d5-AMOZ in their validation for the determination
f four nitrofurans in poultry muscle. They specify only some
f the validation data required, e.g. accuracy, recovery and,
nstead of CC� and CC�, they indicate the limit of quantification
LOQ).

Furthermore, there are additional method descriptions but
ithout validation with a SPE clean-up e.g. in different species,
ot defined in detail by Edder et al. [19] as well as in pig muscle
nd liver by Leitner et al. [20].
In the following sections it is demonstrated which factors
ave an influence on the measurement results and to what extend
hey are relevant for the performance parameters of this method.
n this context, design factors are analysed as well as noise fac-
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ors. Additionally, detailed validation results of the method are
resented and discussed.

. Definitions

.1. Run, InterVal series

A “run” (InterVal series) represents samples of the same indi-
idual factor-level combination (Section 2.2), worked up simul-
aneously with the same sample preparation procedure. This

eans that one run includes samples of one matrix for the val-
dation calibration curve (Section 2.5), and samples of another

atrix of the same kind for the matrix calibration curve (Section
.6) and the matrix blank sample (Q3) for control purposes as
ell as one sample without matrix as reagent blank (Q2).

.2. Factor-level combination

Combination of the factor levels to be applied to one sample.

.3. Sample preparation procedure

Work-up procedure for all samples (validation calibration and
atrix calibration samples, Q2, Q3) of one run with identical

actor-level combination.

.4. Matrix samples

Matrix samples include validation calibration samples as well
s matrix calibration samples and matrix blank samples (Q3).
he matrix for the validation calibration samples stems from

he same species and shows the same condition (lyophilised or
resh) as the validation calibration samples, but it is not identical
see Sections 2.6 and 3.5.2).

.5. Validation calibration samples, validation calibration

After calculation with an external program and quantification
ith matrix calibration samples, the validation calibration sam-
les (e.g. S01–S24, each with five fortification levels) constitute
validation calibration curve, which is used by InterVal for the
alculation of the required parameters.

.6. Matrix calibration samples, matrix calibration

An individual matrix calibration curve has to be generated
or each series of one factor-level combination (run). The matrix
alibration samples are worked up just like the validation cali-
ration samples (Section 2.5). Pre-tests showed that the material
s the real samples that have to be quantified; in this case the
alidation calibration samples. But the material is not identical
ut most similar. Thus, this procedure of quantification of real
amples is applied analogously in the validation study.
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. Experimental

.1. Chemicals and reagents

Unless indicated otherwise, analytically pure substances
nd HPLC-grade solvents were used. The standards AHD
ydrochloride (99.6%) [2827-56-7], and SEM hydrochlo-
ide (≥99%) [563-4-7] were purchased from Sigma–Aldrich
Deisenhofen, Germany) and AOZ (98.3%) [80-65-9] was pro-
ided by Riedel-de-Haen (Seelze, Germany). The nitrofuran
etabolite AMOZ [43056-63-9] and the labelled metabolites d4-
OZ hydrochloride (d4-AOZ), d5-AMOZ, 1,2-N15,C13-SEM
ydrochloride (1,2-N15,C13-SEM), and (C13)3-AHD used as
nternal standards (>99%) were obtained from Witega (Berlin,
ermany). Hexane, methanol and water were, used in HPLC
uality, obtained from Fisher Scientific (Wiesbaden, Ger-
any). Ethyl acetate (Suprasolv), 2-nitrobenzaldehyde (2-NBA,

.a.), formic acid (1 M, ultra quality) and ammonium formate
>99%) were purchased from Fluka (Taufkirchen, Germany).
ydrochloric acid (1 M HCl, titrisol quality), sodium hydrox-

de (2 M NaOH, p.a.) and trisodium-phosphate-10-hydrate
Na3PO4, p.a.) were supplied by Merck (Darmstadt, Germany).

The ammonium formate solution (10 mM) used for the
obile phases was adjusted to pH 3.5 with formic acid.

.2. Standard solutions

Individual standard stock solutions (1 mg/mL) of AHD,
EM, AOZ, and AMOZ, and the labelled internal standards
4-AOZ, d5-AMOZ, 1,2-N15,C13-SEM, and (C13)3-AHD were
repared in methanol. Working solutions (10 ng/mL or 1 ng/mL)
ere prepared by diluting a stock solution with methanol.
Mixtures of internal standards IS-Mix (10 ng/mL) and NF-

ix 1 with AOZ and AMOZ (10 ng/mL) and NF-Mix 2
ontaining SEM and AHD (20 ng/mL) were prepared to be used
or sample spiking during method validation.

.3. Meat samples

Muscle samples from chicken, turkey and shrimp were
btained by several supermarkets and of different producers.
he meat was either unprocessed or processed as, for example,
arinated or breaded (factor processing). As regards processed

amples, crumbing or marinade was removed mechanically. The
amples were stored at approximately −20 ◦C until analysis.
fter thawing, the samples were minced to homogeneity.
Aliquots of the frozen material were lyophilised for at least

2–95 h until constant weight (drying loss between 73.0 and
9.0%) was achieved. The material was then stored in a freezer
t −20 ◦C until analysis.

.4. Analytical procedure
.4.1. Sample preparation
The sample preparation procedure used was developed by

IKILT [8] and adapted by the CRL/NRL in Berlin and it is
escribed briefly by Wüst et al. [11]. Therefore, the following

a
g

r
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escription focuses solely on the modifications and information
oncerning the factor levels chosen.

An amount of 1.00 ± 0.05 g of the homogenised fresh sam-
les or a corresponding amount of lyophilised samples was used
factor condition). The lyophilised samples were reconstituted
ith H2O.
The internal standard mix IS-Mix, the NF-Mix 1 and NF-

ix 2 were added to the validation calibration samples and
o the matrix calibration samples to obtain the concentrations

entioned in Section 3.5.2.
For derivatisation, hydrochloric acid (0.2 M, 5 mL) and 2-

BA-solution in methanol (0.1 M, 75 �L) were added. The
ample was incubated over night at 37 ◦C either in a ther-
ostated rocking water bath (H2O) or in a rotating mixer (Rmix)

tored in a drying oven (factor derivatisation). After a two-fold
iquid–liquid extraction with ethyl acetate (4 mL) at pH 7 ± 0.5,
he extract was stored over night (4 ◦C) or was immediately evap-
rated to dryness (factor duration) with a Barkey evaporator or
TurboVap device (factor evaporation). The dry residue was re-
issolved in n-hexane (2 mL) and methanol/10 mM ammonium
ormate, pH 3.5 (15 + 85, v/v, 250 �L). After a two-fold cleaning
ith n-hexane, the resulting extract was filtered and collected in

n HPLC vial. The analysis of the samples was carried out with
C–MS/MS either immediately or after storage for 2–3 days at
◦C (factor storage).

.4.2. LC–ESI-MS/MS

.4.2.1. HPLC conditions. A binary solvent delivery system
Agilent 1100 Series, Agilent Technologies, Waldbronn, Ger-
any), including a binary pump and a degasser, was used.
he liquid chromatograph was equipped with a high-pressure
ixing chamber (for the sufficient and reproducible mixing

f solvent proportions). Analyses were performed at 30 ◦C on
Luna C18 column (150 mm × 2.0 mm, 3 �m; Phenomenex,
schaffenburg, Germany) connected with a Phenomenex C18
re-column (4 mm × 2 mm). The autosampler was kept at 10 ◦C
nd the injection volume was 10 �L. The mobile phase A con-
isted of methanol and ammonium formate (10 mM, pH 3.5)
v/v, 9 + 1) and the mobile phase B of methanol and ammonium
ormate (10 mM, pH 3.5) (v/v, 1 + 9). The linear gradient was
pplied at a flow rate of 0.2 mL/min starting with 20% of A, held
or 1 min, increasing to 55% of A within 2 min, increasing again
o 95% of A within 6 min, held for 5 min, and decreasing to 20%
f A in 1 min, followed by an equilibration duration of 10 min.
he retention times for NP-AOZ, NP-AMOZ, NP-AHD, and
P-SEM obtained under these conditions are listed in Table 1.

.4.2.2. Tandem mass spectrometry. The triple quadrupole
ass spectrometer (API 3000, Applied Biosystems, Foster City,
A, USA), equipped with a direct online inlet system and an ESI

nterface was operated in the positive mode with a TurboIon-
pray voltage of 5500 V. The source temperature was adjusted

o 400 ◦C and the entrance potential to 10.0 V. Nitrogen was used

s nebulizer gas (13.0 psi), curtain gas (10.0 psi) and collision
as (9.0 psi).

The detection of the analytes was carried out in the multiple
eaction monitoring (MRM) by analysing two transitions with
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Table 1
Q1 and Q3 mass transitions of the analytes (DP: declustering potential, FP: focusing potential, CE: collision energy, CXP: collision cell exit potential)

Analyte Retention time (min) Transition reactions Q1 mass (m/z) → Q3 mass (m/z) DP (V) FP (V) CE (V) CXP (V)

NP-d5-AMOZ 8.32 340.3 → 296.2 46 310 23 8
NP-AMOZ 8.88 335.2 → 291.1 26 200 23 8

335.2 → 262.1 26 200 25 14

NP-(C13)3AHD 10.60 251.9 → 133.9 41 170 19 10
NP-AHD 10.64 249.2 → 134.0 46 290 17 10

249.2 → 104.1 46 290 33 8

NP-d4-AOZ 10.62 240.3 → 134.0 46 330 19 10
NP-AOZ 10.70 236.2 → 134.0 46 330 19 10

236.2 → 104.1 46 330 31 8

NP-C13(N15)2-SEM 10.87 212.2 → 168.0 36 250 15 12
N
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P-SEM 10.89 209.2 → 191.9
209.2 → 166.0

dwell time of 100 ms with the resolution of Q1 and Q3 set
o “unit”. Transition reactions given in Table 1 as well as the
djustments of the declustering potential (DP), focusing poten-
ial (FP), collision energy (CE) and collision cell exit potential
CXP) of the analytes.

.5. Validation experiment

The validation was performed in accordance with Commis-
ion Decision 2002/657/EC, Technical Annex, Chapter 3.1.3.
pplying the alternative validation approach [2]. Because the
RPL is 1 �g/kg, the concentration levels for the validation

alibration samples for all nitrofurans were validated close to
ero [2].

.5.1. Establishment of an experimental design
For the establishment of the experimental design, the com-

ercially available software InterVal (quodata GmbH, Dresden,
ermany) was used.
In reality, it is not possible to look at a total population with

ll its samples and to be able to verify a representative sam-
le. The advantage of the InterVal validation concept and the
pplication of a stratified experimental plan is that by means
f the targeted selection of factors, varied on two factor levels

cf. Table 2) which means that with this also the borders are
overed, a hypothetic total population is obtained. This hypo-
hetic population covers the most important characteristics of a
epresentative population [12].

t
p
b
a

able 2
actor and factor levels

eading factor: 1 Species

actor: 2 Operator
3 Processing
4 Condition
5 Derivatisation
6 Evaporation
7 Duration
8 Storage
36 260 17 16
36 260 15 14

Therefore, the selection of factors is exemplary and exclu-
ively dependent on the requirements and characteristics of the
ethod and the purpose for which it is to be used. A method for

he analysis of nitrofuran metabolites in turkey and chicken mus-
le and shrimp was to be validated. The species was defined as
eading factor and varied on three levels. For statistical reasons,
ach level of the leading factor requires eight different samples.
dditionally, no more than seven further factors varying on two

evels were needed [21]. The limitation to 7 + 1 factors results
rom the statistical experimental plans used in InterVal. They are
ased on a fractioned 2{7-4}-plan, which allows the orthogonal
ariation of seven factors on two factor levels each with only
ight factor level combinations [12,21].

The selection of the factors depends not only on the method
hich is to be validated, but also on the individual conditions

n the laboratory in which the method is to be established. The
actor levels of the eight factors were defined as follows (see
able 2):

The factor duration of the sample preparation (2d/3d) was
hosen to simulate a break in sample preparation, a situation that
ay occur in the everyday laboratory routine. Sample prepa-

ation (normally 2d) was interrupted after the ethyl acetate
xtraction until the next day (3d). The factor storage of sam-
le extracts (no/yes) was supposed to simulate a situation when

he sample extracts cannot be analysed immediately after sam-
le preparation and have to be stored for 2 or 3 days at +4 ◦C
efore analysis. For a detailed description of the other factors
nd factor levels see Sections 3.3 and 3.4.1.

Shrimps, turkey, chicken

A B
Processed (proc.) Unprocessed (unproc.)
Lyophilised (lyo) Fresh (fresh)
Rocking water bath (H2O) Rotating mixer (Rmix)
Barkey (Barkey) TurboVap LV (T-Vap)
2 days (2d) With interruption (3d)
0 days (no) 2–3 days at +4 ◦C (yes)
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Table 3
Experimental design (proc.: processed, unproc.: unprocessed, H2O: rocking water bath, Rmix: rotating mixer, T-Vap: Turbo-Vap)

Run Sample name 1 2 3 4 5 6 7 8
Species Operator Processing Condition Derivatisation Evaporation Duration Storage

S24 P040142 Chicken A proc. Fresh H2O T-Vap 3 d No
S08 P040144 Shrimps A proc. Fresh Rmix T-Vap 3 d Yes
S17 P040141 Chicken B unproc. Fresh H2O T-Vap 2 d Yes
S12 P020367 Turkey B proc. Fresh Rmix T-Vap 3 d No
S07 P040306 Shrimps A proc. Fresh H2O Barkey 2 d No
S23 P040136 Chicken A proc. Fresh Rmix Barkey 2 d Yes
S10 P040139 Turkey B unproc. Lyo H2O T-Vap 3 d Yes
S18 P030413 Chicken B unproc. Fresh Rmix Barkey 3 d No
S14 P030326 Turkey A unproc. Fresh H2O Barkey 3 d No
S05 P040173 Shrimps A unproc. Lyo Rmix Barkey 2 d Yes
S11 P040137 Turkey B proc. Fresh H2O Barkey 2 d Yes
S01 P010509 Shrimps B unproc. Fresh Rmix T-Vap 2 d No
S21 P040138 Chicken A unproc. Lyo H2O Barkey 2 d No
S16 P040111 Turkey A proc. Lyo Rmix Barkey 3 d Yes
S02 P030414 Shrimps B unproc. Fresh H2O Barkey 3 d Yes
S19 P040282 Chicken B proc. Lyo Rmix T-Vap 2 d No
S15 P020400 Turkey A proc. Lyo H2O T-Vap 2 d No
S22 P030541 Chicken A unproc. Lyo Rmix T-Vap 3 d Yes
S06 P040472 Shrimps A unproc. Lyo H2O T-Vap 3 d No
S13 P030494 Turkey A unproc. Fresh Rmix T-Vap 2 d Yes
S03 P040136 Shrimps B proc. Lyo H2O T-Vap 2 d Yes
S09 P040121 Turkey B unproc. Lyo Rmix Barkey 2 d No
S20 P040299 Chicken B proc. Lyo H2O Barkey 3 d Yes
S Lyo
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04 P020399 Shrimps B proc.

From this data, InterVal creates an experimental design,
hich shows 24 different runs (S01–S24), each with an individ-
al sample preparation procedure based on one of the defined
actor-level combinations (Table 3). To be able to realise these
xperiments during laboratory routine, the experimental order
uggested by InterVal produced through a randomisation process
as slightly changed.

.5.2. Samples and calibration
Each of the 24 runs (S01-S24) consisted of one sample matrix,

hich was divided into the validation calibration samples (Sec-
ion 2.5) spiked at five fortification levels. Quantification was
erformed using individual matrix calibration curves (Section
.6) for each run. Therefore, in addition to the five validation
alibration samples, another seven matrix calibration samples
Section 2.4) and one matrix blank (Q3) were required. Addi-
ionally, a reagent blank (Q2) was needed; thus, a total of 14
amples were worked up for one run.

The calibration curves of the validation calibration sam-
les (Section 2.5) for AOZ and AMOZ or SEM and AHD
ere produced in a concentration range of 0.1–0.4 �g/kg or
.5–2.0 �g/kg. The matrix calibration curves for AOZ and
MOZ or SEM and AHD were produced in a concentration

ange of 0.1–0.6 �g/kg or 0.4–2.4 �g/kg.
. Results/discussion

InterVal validation provides parameters like the critical con-
entrations CC� and CC�, repeatability sr, within-laboratory

b
m
t
(

Rmix Barkey 3 d No

eproducibility swR, recovery, calibration curves, and prediction
nterval and additionally optional parameters like measurement
ncertainty, uncertainties of individual factors, power function,
actorial effects and boxplots. With this comprehensive infor-
ation on robustness and the scope of the method is provided.
or the calculation of these parameters, InterVal uses the ana-

yte contents of the validation calibration samples, calculated by
atrix calibration.
The other parameters required by Commission Decision

002/657/EC [2] such as selectivity/specificity were already
btained during method adaption as well as first information on
obustness and scope of application. Information on stability is
btained in additional experiments. Since trueness (Section 4.2)
an only be determined with the help of certified reference mate-
ial, which was not available in this case, the recovery (Section
.7) was determined as corrected recovery by the use of internal
tandards added to the blank matrix samples.

.1. Selectivity/specificity

The specificity of the method was demonstrated by
nalysing structurally related compounds like the labelled
nternal standards (d4-AOZ, d5-AMOZ, 1,2-N15,C13-SEM and
C13)3-AHD) which can be separated from the analyte by
hromatography and spectroscopy (cf. Fig. 1). The influence
f matrix interference was investigated by analysing the 24

lank matrix samples different in type and condition. The same
aterial was used for the corresponding validation calibra-

ion samples with the corresponding factor level combination
Table 3).
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ig. 1. Ion traces of the NP-derivatives in turkey (NP-AOZ and NP-AMOZ: 0.1
raphic conditions under Section 3.4.2.

.2. Trueness and robustness/scope of application

Instead of trueness, the recovery (Section 4.7), also referred
o as corrected recovery, was determined by means of spiked
lank matrix and the use of internal standards.

The applicability and robustness of the method were proven
y analysing eight samples of different origins and of three
pecies (factor species: shrimp, turkey and chicken). The
aterial may be processed (marinated or with crumbing)

r unprocessed (factor processing) and, at the same time,
yophilised or fresh (factor condition).

The method proved to be robust concerning the factors oper-

tor, derivatisation, evaporation, storage and duration.

The validation study was performed over a period of two
onths, hence the analytical system can be considered sta-

le for this time period at least. The method is applicable to

e
s
t
p

; NP-AHD and NP-SEM: 0.5 �g/kg; internal standards: 0.5 �g/kg), chromato-

hrimps, turkey and chicken. For confirmatory analysis, matrix
alibration with the same species and the same matrix condi-
ion (lyophilised or fresh) is required due to different matrix
uppression effects and recovery. In additional experiments, it
ould be demonstrated that the recovery of the internal standards
lso depends on the matrix. Quantitation with a standard calibra-
ion is, e.g. not possible for AHD due to reduced recovery of the
C13)3-AHD in validation calibration samples, which results in a
igher recovery of AHD. Due to different recoveries of d4-AOZ
n lyophilised compared to fresh turkey muscle, a matching,
yophilised or fresh, matrix calibration curve is obligatory.

In conclusion, to prevent enhanced or reduced recov-

ry, the generation of a matrix calibration curve from the
ame matrix as the samples that have to be quantified and
he use of internal standards are mandatory for quantitative
urposes.
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In general, the slopes of the 24 validation calibration curves
epend on the matrix and the detected analyte. The slopes are
etween 0.92 and 1.09.

.3. Stability

At −25 ◦C the analytes in matrix are stable for at least 12
onths. This was tested with incurred material which was used

or the proficiency test NIFU 0603 organised by the CRL/NRL
erlin, Germany in 2003. In standard solution, the analytes are

table for at least 12 months when stored at +4 ◦C in the dark.
his validation showed that the derivatised extracts of the sam-
les, kept in properly sealed HPLC-vials in the refrigerator at
4 ◦C are stable for a minimum of 3–4 days (comment, see
ection 4.5).

.4. Outlier tests

InterVal allows the application of the Grubbs-test for individ-
al measurement values as well as for calibration functions, the
pplication of the Cochran-test to check the scattering in the cal-
bration curves, and finally the performance of tests to register
actorial effects [13].

For AHD, an outlier was recognised on the third fortification
evel (1.5 �g/kg). Because this outlier could not be explained by
xperiment, it was not excluded from the evaluation.

.5. Confirmation

The lowest fortification level of the validation calibration was
hosen in such a way that at least 50% of the samples are con-
rmable. For SEM and AHD, this concentration was 0.5 �g/kg.
or AOZ and AMOZ, for the detection of which the method was
ound to be more sensitive, it was 0.1 �g/kg.

All samples were confirmable in the case of AOZ. AMOZ
ould be confirmed in all samples, except in one at 0.1 �g/kg.
or SEM and AHD, only two samples each could not be con-
rmed (SEM: 0.5 and 1.0 �g/kg; AHD: 0.5 and 2.0 �g/kg). Only
amples of three different matrices were affected by the lack of
onfirmability: unprocessed, lyophilised turkey (S10), unpro-
essed, lyophilised chicken (S22) and processed fresh chicken
S23), the sample extracts of which were stored for several days
efore the analysis. Nevertheless all values, including the ones
hich could not be confirmed, were taken into account in the

valuation. This is permissible because only one sample each,
nconfirmable for SEM (1.0 �g/kg) or AHD (2.0 �g/kg), lies
bove the corresponding CC� (0.82 and 0.88 �g/kg). Thus, the
hare of unconfirmed samples above the CC� is about 1% (one
f 96 validation calibration samples) and lies below the maximal
ermitted �-error of 5% [2].

.6. Critical concentrations (CCα, CCβ)
The critical concentrations for the analytes were calculated
fter recovery correction by means of matrix calibration curves
nd by using internal standards calculated by the worst case
cenario. This means that an extrapolation at the lowest spiked

a
t
o
c

ecision limit (CC�) (�g/kg) 0.12 0.13 0.67 0.70
etection capability (CC�) (�g/kg) 0.14 0.15 0.82 0.88

oncentration level is carried out by means of parallel projection
nto the y-axis [22]. For all analytes, CC� and CC� are below
he MRPL 1.0 �g/kg (see Table 4).

Mottier et al. [14] calculated CC� and CC� following the cal-
bration curve procedure as explained in Commission Decision
002/657/EC [2] as the conventional validation procedures. In
his procedure, blank matrices of chicken meat were spiked at
ifferent concentration levels and a linear extrapolation results
n the CC�. Nevertheless, the experiment of Mottier et al. [14]
ake time effects into account as being performed within a one-

onth period by different operators and different instrument
erformances, but it does not consider the matrix mismatch
ffects [23,24] in any way. In their study, CC� and CC� were
.21 and 0.36 �g/kg, 0.12 and 0.21 �g/kg, 0.11 and 0.19 �g/kg,
.20 and 0.34 �g/kg for AHD, AMOZ, AOZ and SEM, respec-
ively.

Compared to this one CC� and CC� resulting from our study
ere similar for AOZ and AMOZ, but higher for AHD and SEM.
he main reason for a different method sensitivity is certainly the
ifferent calculation mode. The alternative validation concept in
hich three species and seven further factors have been validated

t the same time, may result in higher CC� and CC�, due to
he higher variability of measurement results coming from the
hoice of factor and from differences in the clean-up procedure
liquid/liquid extraction or SPE). Additionally, the completely
ifferent concept and the mathematical–statistical calculations
f CC� as well as CC� and the application of the worst case
cenario produce different values for the validation parameters
22].

In conventional validation, Finzi et al. [18] verified a limit
f quantification (LOQ) for poultry matrix for the four nitrofu-
an metabolites of 0.5 �g/kg with an accuracy between 70 and
30% (CV < 20%). The LOQ was calculated by spiking a matrix
lank at 0.3, 0.5, 1.0 and 1.5 �g/kg and was verified by 20 blank
amples fortified with AOZ, AMOZ, AHD and SEM to a final
oncentration of 0.5 �g/kg. The limit of detection (LOD) for
MOZ was around 1 �g/kg and for the other three metabolites

lose to 0.2 �g/kg [18]. This study is not taking into account any
ime or matrix effects.

Therefore, LOD and LOQ cannot be compared directly with
C� and CC�. In contrast to the results of Finzi et al. [18] our
alidation results presented show lower values for CC� and CC�

or AOZ and AMOZ whereas they are higher for AHD and SEM.
t has to be pointed out again that by means of the validation
f the three species chicken, turkey and shrimps at different
tages of processing as, e.g. unprocessed or marinated/breaded,

greater variation of the values can be expected. This also means

hat the calculated CC� und CC� will be higher than in the case
f a validation of only one matrix but at the same time, this
omes closer to the real conditions. Real samples also vary to a
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reat extend and do not consist of the same or the same type of
aterial as it is assumed in conventional validation studies.

.7. Repeatability sr, within-laboratory reproducibility swR

nd recovery

In the form of a table (e.g. Table 5), InterVal indicates the
alculated repeatability sr, the within-laboratory reproducibility
wR and corrected recovery for the fortification levels and, by
eans of interpolation also for the concentrations between the

ortified concentration levels.
Generally, the corrected recovery, lies in the range of

3–101% for all analytes in a concentration range below 1 �g/kg
nd thus fulfils the requirements of the Commission (−50 to
20%) [2].

The repeatability sr calculated in InterVal is naturally higher
or lower concentrations than for higher ones. In all cases, it lies

elow 17% for all analytes. The same applies for the within-
aboratory reproducibility swR. For lower concentrations, it lies
ithin the same range as the repeatability sr. But in the case
f higher concentrations, as expected, the within-laboratory

able 5
elative coefficient variation (CV) of repeatability sr, within-laboratory repro-
ucibility swR and corrected recovery of AOZ, AMOZ, AHD and SEM

CV sr (%) CV swR (%) Corrected recoverya (%)

OZ concentration level (�g/kg)
.100 9.1 9.1 92.6
.150 7.2 7.8 95.2
.200 6.1 7.3 96.5
.250 5.3 6.9 97.3
.300 4.8 6.6 97.8
.350 4.4 6.3 98.2
.400 4.1 6.1 98.5

MOZ concentration level (�g/kg)
.100 13.1 13.1 92.9
.150 9.0 9.3 96.3
.200 7.0 8.1 98.0
.250 5.7 7.5 99.0
.300 4.9 7.2 99.7
.350 4.3 7.0 100.2
.400 3.8 6.9 100.6

HD concentration level (�g/kg)
.500 13.8 13.9 94.9
.750 11.0 11.0 95.7
.000 9.4 9.5 96.1
.250 8.3 8.9 96.4
.500 7.5 8.6 96.5
.750 6.9 8.4 96.6
.000 6.5 8.3 96.7

EM concentration level (�g/kg)
.500 16.7 16.7 97.0
.750 12.5 12.5 98.4
.000 10.2 11.4 99.1
.250 8.8 11.0 99.6
.500 7.7 10.7 99.8
.750 6.9 10.5 100.0
.000 6.3 10.3 100.2

a The recovery was corrected by the use of internal standard and matrix
alibration.
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eproducibility is higher than the repeatability. At lower con-
entrations, random deviations, which may e.g. be due to peak
ntegration or sample handling, have a stronger effect on the
esults than at higher concentrations where matrix effects have
greater impact.

Mottier et al. [14] determined recoveries between 85 and
22%, a within-laboratory precision for AHD, AMOZ and AOZ
15% and less satisfactory for SEM (≤35%). The repeatability

t the 95% confidence level was calculated from the within-day
recision [14]. For the validation for the determination of nitro-
urans in poultry muscle, Finzi et al. [18] only use the internal
tandard d5-AMOZ for the quantification of AMOZ and d4-AOZ
or the quantification of AOZ, AHD and SEM. They determined
recovery of 30% for NP-AOZ and NP-SEM as well as about
00% for NP-AHD for a single ethyl acetate extraction step. As
aid above, the results of the recoveries of the validation study
resented lie much closer to 100% and with this show that espe-
ially in the case of confirmatory methods, the use of matrix
alibration is of great importance and strongly advisable despite
he greater effort.

.8. Matrix calibration curves

The samples for matrix calibration were fortified in the range
iven in Section 3.5.2.

.8.1. Sensitivity
The mean value calculated for the sensitivity b0 (standardised

lope) of the matrix calibration curve multiplied with the internal
tandard concentration was calculated for AOZ, AMOZ, SEM,
HD, and the corresponding internal standards (IS). Only in

he case of AHD, the deviation of the standardised slope was
ather high with 16.6%. The deviations of the slopes of all other
alibration curves were below 7.7%.

.8.2. Linearity
The linearity of the individual calibration curves was demon-

trated for all of the 24 matrix calibration curves. Correlation r
as better than 0.99 in most of the cases. Only for SEM (five

ases) and AHD (four cases) the correlation r was between 0.98
nd 0.99.

.9. Validation calibration curves

The prediction intervals of the validation calibration curves
f AOZ and AMOZ are smaller than the ones of AHD and SEM,
.e. the results vary less for AOZ and AMOZ, the method is more
obust for these two analytes.

InterVal presents validation calibration curves presented in a
iscriminable way according to the choice of factor (e.g. Fig. 2).
his way, for calibration curves with a significantly deviating
lope, it can be determined which sample is affected or which
actor has this influence.
In the calibration curves which represent the species shrimps,
urkey and chicken, no tendency could be observed. Thus, the
actor species did not have any influence on the results. Neither
oes the factor operator for AOZ, AMOZ and SEM show any
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ig. 2. Sample calibration curves of the factor operator A (black) or B (grey)
or AHD.

nfluence. But for AHD (cf. Fig. 2), tendencies can be observed:
he results of operator A show less variation as compared to
hose of operator B. But as it can be seen later on (Sections 4.10
nd 4.13), this effect is not statistically significant.

The factor processing shows an effect for SEM which it does
ot for the other analytes: the results of processed material vary
ore than the ones of unprocessed matrix. All the other factors

erivatisation, duration, condition, evaporation, and storage do
ot show any significant effect for any of the analytes.

.10. Measurement uncertainties within the validated
alibration range

Within a diagram, InterVal gives an estimation of the mea-
urement uncertainty contributions of the individual factors, the
ithin-laboratory reproducibility standard deviation (relative

ombined uncertainty) and the relative repeatability standard
eviation (e.g. Fig. 3). InterVal shows, dependent on the con-
entration, the measurement uncertainty contributions of the
ndividual factors, which are reflected in the relative matrix/run

.D. and thus also in the within-laboratory reproducibility
tandard deviation. The latter results from the “sum” of the mea-
urement uncertainties of the individual factors and the time
ffect.

Fig. 3. Measurement uncertainties of AMOZ.
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It can be noticed (Fig. 3) that the measurement uncer-
ainty (relative combined uncertainty) and the uncertainty of the
epeatability (relative repeatability s.d.) decrease, as the con-
entration rises and that, for lower concentrations, they lie in the
ange of 13%, 9%, 14% and 17% for AMOZ, AOZ, AHD, and
or SEM, respectively.

For AMOZ and AOZ, the two factors which have a visible
nfluence are the factor duration and condition. Their measure-
ent uncertainties lie below 6% each. In the case of AMOZ, the

actor operator additionally seems to have a slight influence on
he variation of the measurement results, which was however not
etectable in the validation calibration curves (Section 4.9) and
hich has no statistically significant effect as shown in Table 6.
For AHD, the factors duration and evaporation also play

n important role for the measurement uncertainty but they do
lso not exceed 6%. The factor operator shows a measurement
ncertainty of under 3% and therefore it is not indicated in the
gure of AHD, although the results showed a smaller variation

n the validation calibration curves (Section 4.9) on one level
ompared to the other one.

The factors operator and processing contribute to the mea-
urement uncertainty for semicarbazide. But the contributions
f the different factors to the measurement uncertainty of the
ndividual analytes are not significant as described in Sections
.11 and 4.13.

Whether the factors mentioned above, which mainly con-
ribute to measurement uncertainty, have a significant effect was
hecked separately as described in Sections 4.11, 4.12 and 4.13.

The measurement uncertainty and partially the individual
easurement uncertainty components are taken into account

nly in a few methods in the literature, although it pro-
ides important information on the measurement results,
specially with regard to the decision whether a limit is
xceeded.

Mottier et al. [14] estimated the measurement uncertainty
f the results of in-house tests of spiked samples. Every
tep of the sample preparation was allocated with a defined
easurement uncertainty and resulted in an expanded mea-

urement uncertainty calculated with 2 as expansion factor
or a 95% confidence interval. For AHD, the expanded
easurement uncertainties lie in the range of 22–26% (for-

ification levels: 0.46–0.93 �g/kg), for AMOZ in the range
f 12–21% (fortification levels: 0.60–1.20 �g/kg), for AOZ
n the range of 9–32% (fortification levels: 0.43–0.87 �g/kg),
nd for SEM in the range of 26–36% (fortification levels:
.36–0.72 �g/kg).

The validation study presented, where lower spike levels
ere used for AMOZ and AOZ, but higher ones for AHD

nd SEM, gives lower calculated expanded measurement uncer-
ainties for AOZ (≤12%, fortification levels: 0.1–0.4 �g/kg),
imilar or lower values for AMOZ (≤14%, fortification lev-
ls: 0.1–0.4 �g/kg, e.g. Fig. 3), and comparable values for AHD
≤28%, fortification level: ≤0.5 �g/kg), and for SEM (≤33%,

ortification level: ≤0.5 �g/kg) for the concentration ranges
overed by the fortification levels of Mottier’s and our investi-
ations. In this context, it can be observed that the measurement
ncertainties fall to a constant low value (e.g. Fig. 3) as the
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Table 6
Matrix-induced deviation of recovery in percentage for AMOZ, AOZ, SEM and AHD

+ − AMOZ AOZ SEM AHD

proport. const. proport. const. proport. const. proport. const.

Shrimp 2.638 1.814 0.083 0.594 7.225 4.616 0.215 0.474
Turkey −4.758 −3.343 −1.094 −1.012 −6.462 −3.670 5.354 0.558
Chicken 2.120 1.529 1.010 0.418 −0.763 −0.946 −5.569 −1.032

Operator A B −5.383 −2.643 −2.402 −2.330 −3.735 −1.511 −1.754 1.497
Processing unproc. proc. −5.836 −1.255 −0.942 −0.974 −8.333 −5.391 −3.092 −0.168
Condition fresh lyo −0.576 2.225 −2.884 −0.815 7.389 0.723 5.948 4.604
Derivatisation Rmix H2O −4.657 −0.778 1.786 2.901 −3.316 −1.148 −4.004 −2.662
E 2.5
D 4.9
S −0.8
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vaporation T-Vap Barkey 3.016 1.613
uration 2 d 3 d 6.331 2.653
torage no yes 0.296 −1.906

oncentration rises. In Mottier’s approach no tendency could be
bserved due to calculations only at the four fortification levels.

The measurement uncertainty of the standard solutions (Sec-
ion 3.2) is calculated on the basis of the weighing in of 10 mg,
f taking into account the purity of the standards used, of three
equired dilution steps with methanol, of having regard to the
xpansion coefficient, of the use of a 10 mL volumetric flask.
his calculation results in a measurement uncertainty of 8.6%.
his measurement uncertainty has to be added by means of the
rror propagation law into the calculation of measurement uncer-
ainties by InterVal in the case of the use of different standard
olutions. When always the same solution is used, its uncertainty
eeds not to be included into the total measurement uncertainty.

.11. Uncertainties of individual factors

Uncertainties of individual factors which influence the results
re not available with a conventional validation. But InterVal
rovides a scheme (see Table 6), which allows to make a state-
ent about the uncertainties of individual factors.
The first three lines show the matrix-induced deviations of

ecovery of the leading factor species for the levels shrimps,
urkey and chicken. In general, the values for proport. (con-
erning the slopes of the calibration curves) lying below 10%
nd the values for const. (concerning the position of the cal-
bration curves) below 10% can be neglected. The relative
eviations of the slopes (proport.) of the three leading factors
n this study lie below ±7.2%, with the highest deviation in
he case of semicarbazide, indicating that there might be a dif-
erent behaviour between shrimps (proport.: 7.225) and turkey
proport.: −6.462). Nevertheless the difference is too small to
equire the application of different methods. Especially since
he precision parameters also lie in the required range and CC�

nd CC� are below the MRPL and therefore comply with legal
equirements.

For the other factors, apart from the leading factor species, the
roport. (factorial slope effect) indicates differences between the

ean slope of all calibration curves, the slopes of the “+” level

ariation and the “−” level variation of the respective factor.
he same is valid for the const. (factorial mean effect), which

ndicates the difference between the means of the calibration

a
b
m
(

01 −0.883 −3.164 −1.398 −0.490 0.861
42 4.819 5.467 1.888 −4.752 0.722
63 −2.132 −1.327 −2.353 0.440 −0.414

evels of the “+” level variation and the “−” level variation of
he respective factor. Factorial slope effects and factorial mean
ffects below 10% can be neglected.

.12. Power function

InterVal also calculates the power function, with the slope of
he power curve depending on the analyte, the kind of method
screening or confirmation), the limits prescribed and the scatter
f measurement results determined. It provides detailed infor-
ation on the probability of detecting a contaminated sample

er concentration. With this InterVal represents an instrument
or method assessment and method comparison.

The power curves for AOZ (cf. Fig. 4) and AMOZ are steeper
han those for AHD and SEM. This means that CC� (∼50%
robability) and CC� (95% probability) lie closer together in
he case of AOZ and AMOZ and the method works better for
hese two analytes, i.e. due to the smaller variation range for
EM and AHD, contaminated samples can be detected at lower
oncentrations.

.13. Further parameters which can be determined by
nterVal

InterVal provides other parameters like t-values (factorial
ffects), boxplots of measurement and boxplots of residuals.

Because the t-values lie between −2 and +2, within the val-
dated concentration range, a significant effect on the different
pecies was not produced by any of the factor level of all the
actors and for all analytes The boxplots derived from the data
f this validation study do not show any tendencies or significant
ffects.

With this, the robustness of the method could be proven. All
actors examined in this validation did not show any significant
ffects. Therefore it is possible to stop sample preparation after
he ethyl acetate extraction and store the sealed extract at 4 ◦C
ntil the next day. In addition, it is possible to store samples up
o 3 days at 4 ◦C before the analysis, if the samples cannot be

nalysed directly after the preparation. Nevertheless this should
e avoided to prevent difficulties that might occur in the confir-
ation of samples with low concentrations of SEM and AHD

see Section 4.5).
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Fig. 4. Pow

. Conclusion

The intention of each validation study is the verification of
he fitness for purpose and the highest robustness achievable of
test method.

A validation with InterVal allows an efficient, comprehen-
ive and statistically founded statement on the characteristics
f the method. The most relevant variations of samples which
ight occur in daily routine can be simulated as defined factors
hich can be adapted to the individual needs of each labora-

ory. Amongst these are, e.g. the influence of different matrix
onditions (e.g. lyophilisation, processing) and method param-
ters on the measurement result, and, with this, statements on
he robustness of the method.

In conclusion, after this comprehensive validation and robust-
ess study, the method is checked intensively, very well
escribed concerning probable influences and it can be stated
ith great certainty that the method is applicable to AOZ,
MOZ, AHD and SEM under varying matrix and environ-
ental conditions. The procedure can safely be used for fresh

r lyophilised (factor condition) poultry muscle (chicken and
urkey), and shrimp regardless whether the products are unpro-
essed (fresh) or processed like marinated or breaded muscle
factor processing).

Matrix calibration, using fresh matrix of identical species
as to be applied to avoid enhanced or reduced recovery. For
orrect quantification lyophilised samples also require matrix
alibration using lyophilised material. Therefore, all the tested
ariations may be introduced safely without influencing the
esult of the evaluation of a sample (compliant or not compliant).

With regard to the conditions described above it has to
e stated that all the determined validation parameters fully

omply with the criteria demanded in Commission Decision
002/657/EC [2].

In addition to that InterVal provides a realistic assessment of
he measurement uncertainty and also includes essential com-

[
[
[

ve of AOZ.

onents of measurement uncertainty such as matrix, time and
nfluences originating from sample preparation.
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