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bstract

Following the ban of four nitrofurans in the mid-90s (furazolidone, furaltadone, nitrofurantoine, nitrofurazone), the nifursol, a veterinary drug
rom the nitrofuran class of antibacterials which has been used prophylactically as feed additive for treating turkeys against histomoniasis (blackhead
isease) was also declared in Annex IV of the European Union Directive no. 90/2377/EC in 2002 according to the Regulation no. 1756/2002/EC. As
or the four other nitrofurans, nifursol disappears from tissues within a few days after treatment of food-producing animals. But toxic metabolites are
till present for longer periods (several weeks or even months). The major metabolite that can readily be monitored in the tissues following nifursol
buse is the 3,5-dinitro-salicylic acid hydrazine (DNSAH). This article displays some improvements and the revalidation of the analytical method

y liquid chromatography coupled to electrospray tandem mass spectrometry (LC-esiMS/MS) already in use in our laboratory for monitoring
itrofuran metabolites but also including the nifursol metabolite at the confirmatory minimum required performance level (MRPL) of 1 �g kg−1.
he validation is applied both to artificially and to naturally incurred turkey muscle.
2007 Elsevier B.V. All rights reserved.
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. Introduction

The nitrofurans are antimicrobial drugs that have been widely
sed as veterinary therapeutics or feed additives for treating bac-
erial diseases in cattle, swine and poultry production. Due to the

oxicological hazard for human consumers (carcinogenicity and

utagenicity) provoked by these drugs [1], their ban in food ani-
al production was effectively declared in the European Union
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D
p
(
2
m
(
s

003-2670/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2007.01.024
ofurazone; Nifursol; Turkey muscle; LC–MS/MS

n the mid-90s for furaltadone, nitrofurantoine, nitrofurazone
nd further for furazolidone. The four compounds were put into
he Annex IV of the European Union Directive no. 90/2377/EC
n 1993 and 1995 [2–4].

In accordance with European Directive 96/23/EC [5] and
ecision 657/2002/EC [6], a definitive minimum required
erformance limit (MRPL) was finally set for these drugs
markers = metabolites of nitrofurans) at 1 �g kg−1 in March

003 [7]. Analytical methods essentially based on liquid chro-
atography coupled to electrospray tandem mass spectrometry

LC-esiMS/MS or LC-esiTandemMS) instrumentation as pre-
ented in the article of Leitner et al. [8] were developed to

mailto:e.verdon@fougeres.afssa.fr
dx.doi.org/10.1016/j.aca.2007.01.024
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Fig. 1. Metabolites considered for the analysis of the

onitor these drugs in food from animal origin. The nitrofu-
an antibacterials are rapidly biochemically transformed in still
oxic metabolites which have the property to be highly bound
o proteins and thus stable for longer periods (several weeks
r even months) in the food producing animals [9–12]. These
etabolites are 3-amino-5-morpholinomethyl-1,3-oxazolidin-

-one (AMOZ) for furaltadone, 1-aminohydantoı̈ne (AHD) for
itrofurantoine, semicarbazide (SEM) for nitrofurazone and 3-
mino-2-oxazolidinone (AOZ) for furazolidone (Fig. 1). For
heir analysis either by HPLC-UV [13] or by LC–MS/MS [14],
hey absolutely need to be derivatized to finally attach a mass
ortion for enhancing their detection (Fig. 2). The method was
ransferred at the Laboratory for Research and Study on Veteri-
ary Drug and Disinfectant of the French Food Safety Agency
AFSSA-LERMVD) in 2002, qualified and further validated on
LC-esiMS/MS instrument [15,16] according to the methods

eveloped in the framework of the Foodbrand European project
17].

Following the ban of the four nitrofurans in the mid-90s,
5th member of the family, the nifursol (3,5-dinitro-
′-(5-nitrofurfurylidene) salicylhydrazide), still in use for
rophylactic treatment as a feed additive for treating turkeys
gainst histomoniasis (black-head disease) was finally also with-
rawn from the authorized list of additives in feedingstuffs [18]

s
m
w
u

es of the five nitrofurans in food from animal origin.

ollowing the 2001–2002 meetings of the Standing Commit-
ee for Animal Nutrition of European Commission-Directorate
eneral for Health and Consumer Protection (EC-DGSANCO
CAN) [19] and the Commission Regulation no. 1756/2002/EC
20]. As for the other nitrofurans, nifursol disappears rapidly
rom tissues within a few days after treatment of the food-
roducing animals. But toxic metabolites are still present for
onger periods [21–25] and the major metabolite that can read-
ly be monitored in the tissues following nifursol abuse is
he DNSAH, 3,5-dinitro-salicylic acid hydrazine (Fig. 1). It
an be detected with the same principle as for the previously
anned nitrofurans (Fig. 2). The present article demonstrates
he feasability of a multi-nitrofuran residue monitoring tak-
ng into account the metabolites (AMOZ, AOZ, AHD, SEM,
NSAH) of the five banned compounds within a unique method

26,27]. The demonstration displays some improvements of
ur previous 2002-method particularly at the sample prepa-
ation and extraction steps. The plan for revalidation of our
C-esiTandemMS analytical method is applied both to arti-
cially and to naturally incurred turkey muscle [28]. The

cope of the method also extends to other species and ani-
al food products such as chicken, quails, swines, shrimps,
hole egg and honey for which testing assays were satisfactorily
ndertaken.
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Fig. 2. Derivatizing reactions leading to the ni

. Experimental

.1. Reagents and standards

All reagents and solvents were of analytical grade or better.
ethanol was purchased from Fisher Scientific (Loughbor-

ugh, Leicestershire, UK). 2-nitrobenzaldehyde and ammonium
ormiate were obtained from Fluka-Sigma–Aldrich Chimie (St
uentin-Fallavier, France). Sodium hydroxide (NaOH) and

nhydrous dipotassium hydrogenophosphate were from Prolabo
Fontenay-sous-bois, France). Ethyl acetate and 12 N hydrochlo-
ic acid (HCl) were from Merck (Darmstad, Germany).
ltra-pure water was demineralised using an Alpha-Q Millipore
urification system (Molsheim, France). 3,5-dinitrosalicylic
cid hydrazine (DNSAH) was obtained from Mikromol
Luckenwalde, Germany), 3-amino-2-oxazolidinone (AOZ),

-amino-5-morpholinomethyl-1,3-oxazolidin-2-one (AMOZ),
emicarbazide (SEM·HCl) and nifuroxazide, a compound fur-
her hydrolysed and derivatised as salicylic acid hydrazine
SAH), were purchased from Sigma–Aldrich Chimie (St

t
d
s
s

nyl derivatives of AOZ (A) and DNSAH (B).

uentin-Fallavier, France), d4-3-amino-2-oxazolidinone (D4-
OZ) was obtained from CSS (Belfast, Northern Ireland), 1-
minohydantoin (AHD·HCl), 13C isotope of 1-aminohydantoin
13C3-AHD), d5-3-amino-5-morpholinomethyl-1,3-oxazolidin-
-one (AMOZ), 13C and 15N isotope of semicarbazide
13C15N2-SEM·HCl) were purchased from Witega (Berlin, Ger-
any). Individual stock standard solutions of the four nitrofuran
etabolites (AOZ, AMOZ, AHD and SEM) were prepared

t 1.0 mg mL−1 by dissolving with methanol the appropriate
mount of analytical standards in 25 mL volumetric flasks. The
tock standard solution of DNSAH was specifically prepared
t 0.04 mg mL−1 by dissolving with methanol the appro-
riate amount of analytical standards in 250 mL volumetric
asks. Individual stock standard solutions for the five internal
tandards, either isotopic (13C15N2·SEM, 13C3-AHD), deuter-
ted (D5-AMOZ, D4-AOZ) or analogue (nifuroxazide to be

ransformed in SAH) were also prepared at 0.1 mg mL−1 by
issolving with methanol the appropriate amount of analytical
tandards in 100 mL volumetric flasks. These stock standard
olutions were all stored in a cool dark room and were considered
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table for more than 6 months. Intermediate working standard
olutions were prepared in order to finally give the following two
orking standard solutions used for the fortification of the tissue

amples: a solution at 10 ng mL−1 of DNSAH, AOZ, AMOZ,
HD and SEM in methanol (called 5WSTD) and a solution
f the five internal standards (named 5IS) containing nifurox-
zide at 20 ng mL−1, D5-AMOZ at 100 ng mL−1, D4-AOZ at
00 ng mL−1, 13C15N2·SEM at 100 ng mL−1 and 13C3-AHD at
000 ng mL−1.

.2. Apparatus

An Agilent Technologies (Waldbronn, Germany) liquid chro-
atograph (HP1100 series) fully automated and run in gradient
ode was coupled to a Micromass (Altrincham, UK) tandem
ass spectrometer (Quattro LCZ). Chromatography was per-

ormed on a Symmetry® C8 50 mm × 2.1 mm column with
.5 �m particle size connected to a guard column Symmetry®

18 10 mm × 2.1 mm with 3.5 �m particle size (Waters, Mil-
ord, Massachussetts, USA). The chromatographic separation
as achieved by a gradient elution using a flow rate of
.2 mL min−1 and segmented in four parts over a total period
f 16 min of analysis. The first segment was a linear gradient
f 20% methanol mixed with 80% 1 mM ammonium formiate
t T = 0 min to 95% methanol mixed with 5% 1 mM ammonium
ormiate at T = 7 min. The second segment was a 1 min gradi-
nt stop (T = 7 min to T = 8 min) at 95% methanol mixed with
% 1 mM ammonium formiate. The third segment was a lin-
ar gradient of 95% methanol mixed with 5% 1 mM ammonium
ormiate at T = 8 min decreased to 20% methanol mixed with
0% 1 mM ammonium formiate at T = 10 min. The fourth seg-

ent was a 6 min gradient stop (T = 10 min to T = 16 min) at 20%
ethanol mixed with 80% 1 mM ammonium formiate.
The interface between LC equipment and tandemMS appa-

atus was operated in a positive electrospray ion mode. The

t
s
0
o

able 1
iagnostic ions for the five nitrofuran metabolites and their internal standard counter

itrophenyl derivatized analytes Parent ion > daughter ion

P-AHD 249 > 134.1
249 > 178.1

3C3-NP-AHD 252.1 > 179.3

P-AOZ 236 > 134.1
236 > 104

4-NP-AOZ 240 > 134

P-SEM 209 > 192.1
209 > 166.1

3C15N2-NP-SEM 212 > 168

P-AMOZ 335 > 291.1
335 > 262.1

5-NP-AMOZ 340 > 296.1

P-DNSAH 376 > 166
376 > 211

P-SAH 285.8 > 121.1
a Acta 586 (2007) 336–347 339

arameters of the source were optimised for the five compounds
nd their five internal standard counterparts with a capillary
oltage of 3.2 kV, a source temperature of 150 ◦C, a desolva-
ion temperature of 350 ◦C, a nitrogen desolvation gas flow of
70 L h−1 and a nitrogen nebulizing gas flow of 80 L h−1. The
olecular ions were selected as precursor ions and fragmenta-

ion was operated in the collision induced dissociation cell using
rgon as the collision gas at a pressure of 2.2 × 10−3 mbar. Data
cquisition is performed in MRM mode using the parameters
isted in Table 1.

.3. Sample preparation, extraction, derivatization,
lean-up and analysis (for total residues)

The turkey muscle tissue sample is defrozen, thoroughly
rinded and homogenized and a portion of 1.0 ± 0.02 g is then
eighed and distributed in a 50 mL disposable polypropylene

crew-capped tube. Appropriate amount (50 �L) of the work-
ng internal-standard solution (5IS) is added to every 1 g tissue
ortion. For calibration purpose, appropriate amounts of the
orking solution made of the five analytes (5WSTD) are added

o the six 50 mL-tubes containing each a 1 g portion of blank
uscle tissue matrix in order to get a matrix-match calibration

t 0.0; 0.5; 1.0; 1.5; 2.0 and 5.0 �g kg−1 for the five ana-
ytes. Fifteen minutes later, 4 mL ultra-pure water are added
o the sample followed by 0.5 mL of 1 M HCl and 150 �L of
0 mM methanolic 2-nitrobenzaldehyde (prepared from 189 mg
f 2-nitrobenzaldehyde dissolved with 25 mL of methanol in a
lass-ambered volumetric flask). The 50 mL-tube is then capped,
ortex-mix for 10 s and finally incubated either in a +37 ◦C
gitated water bath for 16 h (one night) or in a +55 ◦C agi-

ated water bath for 4 h and protected from light. The next
tep is the neutralisation of the solution by adding 5 mL of
.1 M di-potassium hydrogenophosphate followed by 300 �L
f 1 M NaOH. Swirling the tube for few seconds, the pH is con-

parts

Dwell (s) Cone voltage (V) CID (eV)

0.25 25 12
0.25 25 15

0.15 25 15

0.25 25 12
0.25 25 22

0.15 25 12

0.25 20 12
0.25 20 12

0.15 20 10

0.25 25 12
0.25 25 17

0.15 25 12

0.35 25 17
0.35 25 15

0.15 32 18
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rolled at 7.0 ± 0.5 with pH strips adding few drops of NaOH
f necessary. The subsequent step is a liquid–liquid extraction
ith 5 mL ethyl acetate added to the neutralized solution and
ixed for 20 min on a rotary homogenizer at about 100 rd min−1.
he ethyl acetate portion is then extracted by centrifugation at
000 × g for 10 min at 4 ± 1 ◦C and the supernatant transferred
nto a clean 10 mL disposable polypropylene tube. A second
iquid–liquid extraction with a 3 mL volume of ethyl acetate
s applied to the neutralized solution and mixed for 20 min on
rotary homogenizer at about 100 rd min−1. Centrifugation at

000 × g for 10 min at 4 ± 1 ◦C and transfer of the new super-
atant into the same 10 mL disposable polypropylene tube are
hen carried out in order to recover a 8 mL ethyl acetate volume
ontaining the nitrophenyl derivatized residues of the nitrofuran
etabolites. Evaporation at 45 ◦C under gentle nitrogen stream

own to nearly dryness is implemented leading to an oily extract
o be redissolved into a 400 �L solution of methanol/1 mM
mmonium formiate (60/40; v/v) thanks to a 1 min water bath
ltra-sonication. The recovered extract is transferred to a clean
ppendorf tube and ultra-centrifuged at 19200 × g during 20 min
t 4 ± 1 ◦C. Then the supernatant is filtered onto a 0.45 �m
VDF filter and the 300 �L filtrate is transferred to a microvial
apped and adapted to the LC autosampler.

.4. A specific sample preparation for tissue-bound
esidues (also called washing procedure)

The preceeding sample preparation is applied when a total
itrofuran metabolite residue monitoring is requested. But
hen a specific ‘confirmatory’ information on the tissue bound

esidues of nitrofuran metabolites is needed then a specific, time-
onsuming (2 h more), sample preparation (hereafter described)
ust be applied prior to the extraction-derivatization and ana-

ytical process.
After defrozing and thoroughly grinding of the turkey muscle

issue sample, the homogenized 1.0 ± 0.02 g portion distributed
n a 50 mL disposable polypropylene screw-capped tube is sub-

itted to a series of 4 solvent washing. The first wash is carried
ut adding 6 mL of a methanol/water solution (50/50; v/v) to the
ample followed by a 15 min 100 rd/min rotary homogenisation
nd then by a 10 min 3500 × g centrifugation at 4 ± 1 ◦C. The
upernatant is discarded and the sample is processed to the next
ashing step. The second wash is carried out adding 6 mL of
methanol/water solution (75/25; v/v) to the sample followed

y the same rotary homogenisation and centrifugation as for

he first wash. The supernatant is once more discarded and the
ample is processed to the next washing step. The third wash
onsists to add 6 mL of pure methanol followed by the same
otary homogenisation and centrifugation as for the first and

p
w
e
o

able 2
lanification of the eight series of analyses

urkey batch 24 Washing + hydrolysis 37 ◦C N
urkey batch 27 Washing + hydrolysis 37 ◦C N
uinea fowl batch 25 Washing + hydrolysis 37 ◦C N
uck batch 42 Washing + hydrolysis 37 ◦C N

ydrolysis at +37 ◦C is carried out during 16 h (1 night); Hydrolysis at +55 ◦C is car
a Acta 586 (2007) 336–347

econd washes. Once more, the supernatant is discarded and the
ample is processed to the last washing step. The fourth and
ast wash consists to add 2 mL of ultra-pure water followed by

20 s vortex-mix and the same centrifugation as for the pre-
ious washes. The supernatant is discarded and the sample is
hen ready for the analytical preparation as already described
ere above for the total residues. This washing procedure is
xpected to remove large amount (near 100%) of any free nitro-
uran metabolite that might still be present into the tissue sample.
igh percentage of nitrofuran-free metabolite in a sample is now
idely considered not to be sufficiently specific of a veterinary
rug treatment abuse with banned nitrofuran compounds, espe-
ially in the case of nitrofurazone abuse (i.e. monitoring of the
emicarbazide metabolite) [29–37].

.4.1. Validation scheme and statistical analysis
The validation is performed with taking into account the cri-

eria and the recommendations of the European Commission
ecision 2002/657/EC [6] implementing the Council Direc-

ive 96/23/EC [5] and concerning the performance of analytical
ethods and the interpretation of results. The fully validated
atrix is poultry muscle tissue (turkey, duck, guinea fowl) and
ith satisfactory qualification, the method has been extended to
ifferent other species and animal food products: chicken, quails,
wines, shrimps, whole egg and honey. The method is validated
n a multi-residue scale with simultaneous analysis of DNSAH,
OZ, AMOZ, SEM, AHD (Fig. 1) as their derivatized nitro-
henyl counterparts: NPDNSAH, NPAOZ, NPAMOZ, NPSEM,
PAHD (Fig. 2). The calibration of the five analytes is car-

ied out taking into account an internal standard correction as
ollows: d4-AOZ for the AOZ, d5-AMOZ for the AMOZ, 13C3-
HD for the AHD, 13C15N2-SEM for the SEM and nifuroxazide

further hydrolyzed in salicylic acid hydrazine SAH) for the
NSAH.
For each analyte, the performance of the method is assessed

hrough its qualitative parameters: analyte specificity, molecular
dentification in term of retention time (RT), of signal-to-noise
atio and of transition ion ratios, and also through its quantita-
ive parameters: linearity, accuracy in term of trueness and of
recision expressed as the intra- and inter-day/series repeatabil-
ties, and analytical limits (limit of decision CC� and capacity
f detection CC�). The validation is planned with a set of eight
eries of analyses dispatched in four batches of different mus-
le tissues (two turkey batches, one guinea fowl batch and one
uck batch) analysed against two different parameters (tem-

erature/time conditions of hydrolysis and solvent washing/non
ashing conditions prior to analysis) (Table 2). For each of the

ight series, the experimental plan (Table 3) comprises of 2 sets
f 14 samples: 6 calibrating samples (further named standard of

o washing + hydrolysis 37 ◦C No washing + hydrolysis 55 ◦C
o washing + hydrolysis 37 ◦C No washing + hydrolysis 55 ◦C
ot tested Not tested
ot tested Not tested

ried out during 4 h.
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Table 3
Experimental plan for validation

Samples Level Concentration (�g kg−1) Parameters estimated

Calibrating samples (SC or SE) 1 0.0 (Fortified matrix) - Specificity
2 0.5 (Fortified matrix) - Identification criteria (2 transitions, RT, ion ratio, S/N)
3 1.0 (Fortified matrix) - Regression parameters for each batch of analyses: linearity
4 1.5 (Fortified matrix) - Analytical limits: CC� and CC� for each batch of analyses
5 2.0 (Fortified matrix)
6 5.0 (Fortified matrix)

Validating samples (SV) 1 0.3 (Fortified matrix) - Specificity
1 0.3 (Fortified matrix) - Identification criteria (2 transitions, RT, ion ratio, S/N)
2 0.7 (Fortified matrix) - Back-calculation of estimated concentrations
2 0.7 (Fortified matrix) - Linearity of the validating standards
3 1.2 (Fortified matrix) - Accuracy in term of trueness
3 1.2 (Fortified matrix) - Precision in term of repatability intra-series (r)
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4 3.8 (Naturally incu
4 3.8 (Naturally incu

alibration SE) and 8 validating samples (further called standard
f validation SV). These two different sets of samples allow to
imulate their analysis on a routine basis, i.e. the SE samples
imulating the routine calibration and the SV samples (possibly
nalysed in blind) simulating the real-life control samples.

.4.1.1. Specificity. This parameter is assessed for each of
he analytes directly onto the chromatograms obtained from
tandard solutions, blank tissue matrices, and fortified tissue
atrices; and when possible also from naturally incurred tis-

ue matrices. It consists of both detecting any extra-peaks in the
etention time window of the analyte for the two multiple reac-
ion monitoring (MRM) transitions of interest onto the blank

atrix chromatograms and also checking the matching of the
etention time observed for the spiked analytes compared to the
queous standard analytes with a tolerance of ±2.5% according
o CD 657/2002/EC (point 2.3.3.1).

.4.1.2. Identification. The criteria for identification are those
f liquid chromatography coupled to tandem mass spectrometry.
dentification of the analyte in the matrix is based on four criteria:
he stability of the chromatographic retention time better than
.5% when compared to the retention time in the standard solu-
ion, the presence of the two relevant transitions from the analyte

olecular peak (Table 1), a signal-to-noise ratio of the ionic tran-
itions greater than 3, and the stability of the ion ratio between

he two transitions for each analyte in accordance with the tol-
rances recommended by the CD 657/2002/EC (point 2.3.3.2)
Table 4). The ion ratio of each analyte is effectively measured
n each of the chromatograms. It always corresponds to the less

able 4
olerances for ion ratios according to Commission Decision no. 657/2002/EC

on ratios (less intense signal/
ost intense signal)

Tolerances in LC–MS/MS (%)

≥50% ±20
≥20% et <50% ±25
≥10% et <20% ±30

<10% ±50

t
f
i
c
s

2
i
r
t
T
i
O

atrix) - Precision in term of repatability inter-series (R)
atrix)

ntense signal (low transition) against the most intense one (high
ransition). The mean ion ratio is calculated taking into account
he calibrating standards from 0.5 to 5.0 �g kg−1. The relative
eviation (%) of the ion ratios measured on the SVs, spiked or
aturally incurred, compared to the mean ion ratio of the SEs is
hen calculated and compared to the acceptable tolerances.

.4.1.3. Statistical analysis of the linearity. The adjustment of
he linearity of the estimated concentrations for the validat-
ng standards, SVs, at 0.3, 0.7 and 1.2 �g kg−1 and also at
.8 �g kg−1 for DNSAH specifically, back-calculated from the
atrix-match calibrating standards, SEs, at 0.5, 1.0, 1.5, 2.0

nd 5.0 �g kg−1, are investigated using the following statistical
ools: a linear regression (by analysis of the mean least squares),
he calculation of the coefficient of determination (R2), the anal-
sis of variance (ANOVA) of the linear regression and the testing
f the slope and of the intercept (Student’s t-test).

.4.1.4. Accuracy in term of trueness and recovery. The per-
entage of trueness of the estimated concentration of the SVs
ack-calculated from the matrix-match SEs and expressed as the
ias to the real spiked concentration was estimated for each ana-
yte and at each level of concentration of the SVs at 0.3, 0.7 and
.2 �g kg−1 and also at 3.8 �g kg−1 for DNSAH specifically.
he estimated concentrations of the SVs were calculated from

he most intense signal (Transition no. 1) after correction from
he appropriate internal standard. The estimation of the recovery
or the five analytes was not considered because the calibration
s effectively including this parameter through the matrix-match
alibrating standards (SEs) corrected by the appropriate internal
tandards.

.4.1.5. Precision. The precision in terms of repeatability and
ntra-laboratory reproducibility was evaluated by calculating the
elative standard deviation (R.S.D.) of the results obtained from

he SVs and for each analyte and at each level of concentration.
he repeatability and reproducibility were particularly exam-

ned to evaluate the within- and between-day/series variations.
ne batch (series) is analysed each day.
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the less intense and/or the most variable signal for which the
most critical analytical limit shall always be met. The limits
for CC� and for CC� accepted for the validation are the medi-
ans of the eight results. Moreover, the limits obtained through
each of the two routes of calculation (either by the regres-
sion line and ISO Standard 11843 or by the signal-to-noise
42 E. Verdon et al. / Analytica C

.4.2. Analytical limits

.4.2.1. Limit of decision CCα, and capacity of detection CCβ.
he two analytical limits recommended in the European decision
o. 657/2002/EC [6], CC�, the critical concentration at risk
lpha also called the limit of decision (parag. 3.1.2.5 of CD
57/2002/EC), and CC�, the critical concentration at risk beta
lso called the capacity of detection of the method (parag. 3.1.2.6
f CD 657/2002/EC), were both calculated taking into account
he two possible routes of calculation proposed in the European
ecision, i.e. either as it is stated in the ISO Standard 11843 [38]
r with the calculation of the signal-to-noise ratio for 20 blank
aterials per matrix (samples from different origin).
The Decision limit (CC�) means: “. . . the limit at and above

hich it can be concluded with an error probability of � (1% for
on-authorized substances) that a sample is non compliant . . .”
EC 657/2002 Annex 1, 1.11). The principle of the calculation
s:

C� = Cyo + 2.33 × Syo

ith Cyo the concentration back-calculated at the intercept of
he regression line, and Syo the standard deviation obtained from
he regression line for the intercept.

In the case of the ISO Standard 11843, the calculation derived
rom the analysis of variance of the regression leads to the
ollowing equation [39]:

C� = t1−�(IJ − 2)
σ̂

b̂

√
1

K
+ 1

IJ
+ X2∑

(xij − X)2

here t(�,IJ−2) is the Student’s t at risk of � for IJ − 2 degrees
f freedom,

σ is an estimation of the residual standard deviation of the
regression function;
b is the slope of the regression function;
I the number of levels of calibration;
J the number of replications of the calibrants;
K the number of replication of the control sample(s) analysed
on a routine basis;
X2 the grand mean square of the concentrations;
�(xij − X)2 the sum of the squares of the residual variations of
the concentrations.

In the case of the estimation based on the 20 blank materials,
he calculation leads to the following equation:

C� = 3 × S

N20 blank samples

with S/N the signal-to-noise ratio obtained as the mean of 20
epresentative blank samples.

The capacity of detection (CC�) means: “. . . the smallest
ontent of the substance that may be detected, identified and/or
uantified in a sample with an error probability of � (5% for non-

uthorized substances) . . .”. In the case of substances for which
o permitted limit has been established (i.e. MRPL substances),
his means that detection capability is the lowest concentration
t which the method is able to detect truly contaminated samples

r
s
m
(

a Acta 586 (2007) 336–347

ith a statistical certainty of 1 − � (95%) (EC 657/2002 Annex
, 1.12). For non-authorized substances, the detection capabil-
ty is calculated above the CC� and is also depending on the
recision of the method. CC� can be calculated as follows:

C� = CC� + 1.64 × S.D.CC�

with S.D.CC� the standard deviation at the CC� level of
oncentration which can also be estimated by calculating the
ithin-lab reproducibility of the method at this level of concen-

ration.
In the case of the ISO Standard 11843, the calculation derived

rom the analysis of regression leads to the following equation
39]:

C� = δ
σ̂

b̂

√
1

K
+ 1

IJ
+ X2∑

(xij − X)2

here �(IJ−2;�;�) is a statistical function that can be approxi-
ated by using 2.t1−�(IJ−2).

t(�,IJ−2) is the Student’s t at risk of � for IJ−2 degrees of
freedom;
σ is an estimation of the residual standard deviation of the
regression function;
b is the slope of the regression function;
I the number of levels of calibration;
J the number of replications of the calibrants;
K the number of replication of the control sample(s) analysed
on a routine basis;
X2 the grand mean square of the concentrations;
�(xij − X)2 the sum of the squares of the residual variations of
the concentrations.

In the case of the estimation based on the 20 blank materials,
he calculation leads to the following equation:

C� = CC� + 1.64 × S.D.20 CCα samples

ith CC� expressed as 3 × S/N20 blank samples, and
.D.20 CC� samples expressed as the standard deviation obtained
rom the 20 representative blank samples spiked at CC� level.

All the limits discussed in this paper (CC�, CC�) are cal-
ulated for each of the eight series and are taking into account
atio and 20 blank materials) are further subjected to compari-
on. The calculation took into account only four different blank
aterials and analysed them twice in three different conditions

Table 2).
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. Results and discussion

.1. Applicability

The method was successfully assessed by analyzing the five
itrofuran metabolites after their spiking in poultry muscle tis-
ues (turkey, guinea fowl, duck) during the validation but also
fter their spiking in chicken, quail and swine muscle tissues,
n deshelled shrimp, in whole egg (yolk and white in natural
roportion) and in natural honey during several routine analyses
erformed further on after the validation. The method was also
uccessfully implemented during the validation for analyzing
NSAH metabolite in a set of frozen samples of turkey muscle

issue obtained from a natural contamination during an animal
tudy on turkeys fed with nifursol additive about 1 year ago in
ermany [22].
The eight different series of analysis (n = 112 samples) show

he possibility to modify the hydrolysis-derivatization step in

erms of temperature and time moving from 16 h at +37 ◦C (six
eries—n = 84 samples) to 4 h at +55 ◦C (two series—n = 28
amples) without any significant change in the resulting data.
he scope of the method can easily be extended from turkey

m
o
e
t

ig. 3. (A) Chromatogram of a spiked turkey muscle tissue sample spiked at 1 �g kg−
issue sample (with washing process applied).
a Acta 586 (2007) 336–347 343

uscle tissue to other poultry species and also to other matri-
es such as honey, whole egg and swine tissue. The method can
ither be implemented on a tissue-bound nitrofuran metabolite
esidue analysis scheme with solvent washing steps for confir-
ation of a nitrofuran veterinary treatment (Fig. 3A and B) or

t can also be simply applied for a total (free + protein-bound)
itrofuran metabolite residue analysis scheme with no solvent
ashing steps prior to hydrolysis-derivatisation (Fig. 4A and
). The method is then more dedicated to screening for large
uantities of samples in a more reduced frametime.

.2. Stability

The stability of the metabolites in matrix sample was not
tudied specifically during this validation period but as an exam-
le the samples with nifursol natural contamination have been
uccessfully analysed for their DNSAH content in the range
f concentrations expected from the first analyses carried out

ore than 1 year ago in Germany (2–6 �g kg−1) [22]. The

ther metabolites (AOZ, AMOZ, SEM, AHD) have also been
xamined for their stability in different biological matrices even
hough not extensively during several experiments or material

1 (with washing process applied). (B) Chromatogram of a blank turkey muscle
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times for all the analytes both for the spiked samples and for the
naturally contaminated samples with relative deviations always
better than ±2.5% (Table 5). Consequently, the method is con-
sidered very specific for each of the five nitrofuran metabolites.

Table 5
Relative deviations of the chromatographic retention times for the five analytes
and their internal standard counterparts

Analyte as their
nitrophenyl derivatives

Mean Retention
time (min)

Relative deviation

AHD 7.8 From −1.0% to +0.9%
13C3-AHD (IS) 7.8 –
AOZ 8.1 From −1.2% to +0.9%
D4-AOZ (IS) 8.1 –
SEM 8.5 From −1.2% to +1.0%
13C15N2-SEM (IS) 8.5 –
ig. 4. (A) Chromatogram of a spiked turkey muscle tissue sample spiked at
issue sample (with no washing process).

reparation for proficiency testing [40–42]. The recognized per-
istence of these protein-bound metabolites in tissues for several
eeks or even month after cessation of the treatment strongly

peaks for a good stability observed with the samples stored in
rozen conditions. “Even for the nifursol metabolite which is
ore quickly depleted than the furazolidone one [21–22], it is

lso observed a good stability of the residues when the samples
re stored in frozen conditions.”

.3. Specificity and selectivity

Every analyte is structurally identified with two ion tran-
itions each (Table 1). None of the analytes shares the same
olecular mass or even the same transition. No interference

rom the matrix was observed that might disturb the signals
xcept for one transition of the AOZ metabolite for which an
nterfering signal may appear in some matrices in a close vicin-

ty of the retention time of the second transition (236 > 104).
nother matrix interference was also considered for one of

he transitions for DNSAH (376 > 166) specifically in the case
f the tissue-bound residue analysis after the solvent washing

A
D
D
S

g−1 (with no washing process). (B) Chromatogram of a blank turkey muscle

teps (see Fig. 3B). All the chromatograms obtained throughout
he validation study show a very good stability of the retention
MOZ 9.1 From −1.0% to +0.9%

5-AMOZ (IS) 9.1 –
NSAH 10.0 From −0.9% to +0.6%
AH (IS) 9.9 –
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.4. Identification

The mean ion ratios measured for the five analytes on the
alibrating standards (SEs) were 22.3% for DNSAH, 28.4% for
HD, 89.1% for AOZ, 88.2% for SEM and 31.4% for AMOZ,

espectively. The relative deviations of the ion ratios observed
uring the validation on the SVs (n = 48 for AHD, SEM, AMOZ
nd AOZ and n = 64 for DNSAH) were very satisfactory with
egard to DNSAH, AHD, SEM and AMOZ. Only for AOZ
ere observed 2/48 analyses with unacceptable ion ratios at the

mallest tested concentration of 0.3 �g kg−1 (Table 6).

.5. Linearity

The 40 calibrating regression lines were all satisfactory with
coefficient of determination (R2) always higher than 0.9970 for
ll the eight series over the five analytes. The tests for the linear-
ty of the estimated concentrations of the SVs are satisfactory
xcept for AMOZ for which the slope is considered different
rom 1 and the intercept different from 0. Consequently, the cal-
bration for AMOZ might be performed with preferably taking
nto account a blank matrix calibrant. Moreover, care must be
aken to never apply a single-level calibration for the estimation
f the AMOZ concentration (Table 7).

.6. Trueness

The results displayed in Table 6 show a satisfactory match
f the estimated concentrations of the SVs for all the levels of
oncentration tested and for all the analytes monitored with this
ethod. The worse bias of −4.9% is observed at 0.3 �g kg−1

or DNSAH but is still very acceptable with regard to the criteria
f CD 657/2002/EC (point 2.3.2.1).

.7. Precision

The results displayed in Table 6 show a satisfactory
erformance of the method in term of repeatability intra-
ay/intra-series and also in term of repeatability inter-day (8
ays) and inter-series (8 series). This intra-laboratory precision
s here accepted by the authors as the intermediate reproducibil-
ty of the method and successfully compared both to the criteria
f CD 657/2002/EC (point 2.3.2.2) and to the published data on
recision of analytical methods at ppb and sub-ppb levels from
. Thompson [43]. Only the samples containing DNSAH at

.3 �g kg−1 level of concentration were not sufficiently precise
n a inter-day/inter-series basis with an unacceptable interme-
iate reproducibility of 42.3%.

.8. Limit of decision CCα, and capacity of detection CCβ

According to the two routes proposed in CD657/2002/EC for
he calculation of the critical limits CC� and CC�, the results

btained during this validation are summarized in Table 8. It is
emonstrated that both CC� and CC� critical limits are always
n line with the minimum required performance limit set for the
itrofurans at MRPL = 1.0 �g kg−1. Nevertheless, the nifursol Ta
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Table 7
Overview of the validation parameters in term of linearity of the calibration

Analyte No. of analyses No. of series Mean Slope S.D. Slope test
(calc. Student’s t)

Mean intercept S.D. Intercept test
(calc. Student’s t)

DNSAH 64 8 1.1512 0.2795 −0.1210 1.615 Student’s t factor
0.0407 Accepted 0.0749 Accepted (62,0.95) = 1.999

AHD 48 8 1.0171 0.7176 −0.016 0.802 Student’s t factor
0.0238 Accepted 0.0195 Accepted (48,0.95) = 2.013

AOZ 48 8 1.0086 0.6800 0.0027 0.260 Student’s t factor
0.0126 Accepted 0.0103 Accepted (48,0.95) = 2.013

SEM 48 8 1.0065 0.4132 −0.003 0.272 Student’s t factor
0.0156 Accepted 0.0128 Accepted (48,0.95) = 2.013

AMOZ 48 8 1.0515 4.1208 −0.044 4.312 Student’s t factor
0.0125 Denied 0.0103 Denied (48,0.95) = 2.013

Table 8
Analytical critical limits obtained from the validation

According to CD657/2002/EC DNSAH
(�g kg−1)

AOZ
(�g kg−1)

AMOZ
(�g kg−1)

AHD
(�g kg−1)

SEM
(�g kg−1)

According to ISO11843 and calibrating samples CC� (n = 8 series × 5 calibrants) with Tr1 0.19 0.08 0.13 0.20 0.20
CC� (n = 8 series × 5 calibrants) with Tr1 0.24 0.10 0.17 0.25 0.25
CC� (n = 8 series × 5 calibrants) with Tr2 0.54 0.21 0.25 0.40 0.24
CC� (n = 8series × 5 calibrants) with Tr2 0.66 0.26 0.31 0.50 0.29

A a s) wit
s) wit
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ccording to signal-to-noise ratio of 20 blanks CC� (n = 20 blank sample
CC� (n = 20 blank sample

a Only CC� is calculated according to the signal-to-noise ratio of 20 blanks.

etabolite (DNSAH) still remains the most critical analyte to
onitor with a CC� edging at 0.5–0.6 �g kg−1. The comparison

f the two routes for calculating the critical limits satisfactorily
eads either to a close agreement between the values for DNSAH
r to a more realistic higher critical value obtained when using
he regression function (ISO Standard11843) for AOZ, AMOZ,
EM and AHD. These observed discrepancies can be explained
y the less stringent calculation applied with the signal-to-noise
atio route. Actually, this calculation is essentially based on the
ean deviation of the different noises of the 20 materials. With

ur method in all the different analysed samples, the noise is
ound to be very low for AMOZ, SEM and AHD signals (for
ransition no. 1 as for transition no. 2) and for AOZ (for transition
o. 1). Conversely, the noise is found higher for AOZ signal
transition no. 2) because of the co-extractive interfering signal
ometimes observed on the transition no. 2 (236 > 104) as it
as been specified previously in this paper. As a consequence
f this observation, it can be assumed that the CC� and CC�
alculation derived from the mean signal-to-noise ratio of 20
lanks is realistic in evaluating the analytical limits only from a
ange of signals all displaying a significant range of noises.

. Conclusion

The monitoring of five nitrofuran metabolites in muscle tissue

ithin the same method on a multi-residue frame is demon-

trated to be acceptable and is validated according to the CD
57/2002/EC. The different series of analysis show the possi-
ility to adjust the time frame of the method to the capacity

A

s

h Tr1 0.47 0.14 0.01 0.01 0.02
h Tr2 0.65 0.68 0.02 0.10 0.03

f the laboratory. The hydrolysis-derivatization step can be
hanged from 16 h at +37 ◦C to 4 h at +55 ◦C with no signif-
cant change in the resulting data. The scope of the method can
asily be extended from turkey muscle tissue to other poultry
pecies and also to other matrices such as honey, whole egg
nd swine tissue. The method can also be implemented on a
issue-bound residue scheme, with solvent washing steps for
onfirmation of a nitrofuran veterinary treatment. Or it can be
pplied on a total nitrofuran residue analysis scheme, with no
olvent washing steps prior to hydrolysis-derivatisation and then
ore dedicated to screening for many samples in a more reduced

rametime.
The assessment of performance of the method demonstrated

hat the more variable signal and thus less precise analysis is
learly operated for the DNSAH, the nifursol metabolite. This
an certainly be attributed to less intense ionic signals with
egard to the other nitrofuran metabolites and also because of
he lack of an isotopic internal standard which is substituted
n this study by an analogue of the DNSAH: the SAH, obtained
rom another nitrofuran compound, the nifuroxazide. Yet, all the
onic signals (two transitions) are sufficiently expressed to give
satisfactory analysis for all the five nitrofuran metabolites and
own to 0.5 �g kg−1 as it was calculated through the analytical
ritical limits reported in Table 8.
cknowledgments

The authors are grateful to the Bundesamt für Verbraucher-
chutz und Lebensmittelsicherheit (BVL) from Berlin-Germany



himic

a
n

t
H

R

[

[
[

[
[

[

[

[

[

[
[

[

[

[
[
[

[

[

[

[

[

[

[

[

[

[
[
[

[

[

[

[

16–19, 2006.
E. Verdon et al. / Analytica C

nd particularly to Dr. Claudia Bock for the kind supply of
ifursol-naturally-incurred turkey muscle materials.

The authors also acknowledge the financial support from
he European Union Commission—Directorate General for the
ealth and Consumer Protection (DGSANCO).

eferences

[1] J.E.M. van Koten-Vermeulen, M.F.A. Wouters, F.X.R. van Leeuwen,
Report of the 40th Meeting of the Joint FAO/WHO Expert Committee
on Food Additives (JECFA), World Health Organization, Geneva, WHO-
TRS no. 832 (1993), 32–40 http://www.who.int/ipcs/publications/jecfa/
reports/en/index.html.

[2] EU Council Regulation No. 2901/93/EC, Off. J. Eur. Comm. No. L264/1
(1993).

[3] EU Council Regulation No. 1442/95/EC, Off. J. Eur. Comm. No. L143/26
(1995).

[4] EU Council Regulation No. 2377/90/EC, Off. J. Eur. Comm. No. L224/1
(1990).

[5] Commission Directive No. 96/23/EC, Off. J. Eur. Comm. No. L125/10
(1996).

[6] Commission Decision No. 2002/657/EC, Off. J. Eur. Comm. No. L221/8
(2002).

[7] Commission Decision No. 2003/181/EC of 13 March 2003, Off. J. Eur.
Comm. No. L71/17 (2003).

[8] A. Leitner, P. Zollner, W. Lindner, J. Chromatogr. A 939 (2001) 49–58.
[9] L.H.M. Vroomen, M.C.J. Berghmans, P. van Leeuwen, T.D.B. van der Stru-

ijs, P.H.U. de Vries, H.A. Kuiper, Food Addit. Contam. 3 (1986) 331–334.
10] R.J. McCracken, W.J. Blanchflower, C. Rowan, M.A. McCoy, D.G.

Kennedy, The Analyst 120 (1995) 2347–2350.
11] R.J. McCracken, D.G. Kennedy, J. Chromatogr. B 691 (1997) 87–94.
12] T. Zuidema, J.A. vanRhijn, B. Schat, P.P.J. Mulder, P.J.F. Kooij, Y.J.C.

Bolck, L.A.P. Hoogenboom, D.G. Kennedy, in: T. Eklund, H. Brabander,
E. Daeseleire, I. Dirinck, W. Ooghe (Eds.) Proc. Euro Food Chem XII,
KVCV (2003) 570–573.

13] A. Conneely, A. Nugent, M. O’Keeffe, The Analyst 127 (2002) 705–709.
14] R.J. McCracken, D.E. Spence, S.D. Floyd, D.G. Kennedy, Food Addit.

Contam. 18 (2001) 954–959.
15] D. Hurtaud-Pessel, J. Blot, Standard Operating Procedure LMV/

UCM/P02/27 October 2002 and LMV/03/02 version 1, October 2003 (in-
house document), 1–16.

16] D. Hurtaud-Pessel, J. Blot, Validation Report LMV/UCM/P02/27, October
2002 (in-house document), 1–62.

17] D.G. Kennedy, W. DeBeuckelaere, K. Schmitt, J.A. vanRhijn, L. Kovac-

sics, M. Franek, M. O’Keeffe, in: L.A. vanGinkel, A. Ruiter (Eds.), Proc.
Euroresidue IV, 10-12 May, vol. II, Veldhoven, The Netherlands, 2000, pp.
663–667.

18] Opinions of the Scientific Committee for Animal Nutrition, European Com-
mission, Health & Consumer Protection Directorate-General summary

[

[

a Acta 586 (2007) 336–347 347

records of the 137th, 141st and 142nd SCAN plenary meeting, Brussels,
3–4 July 2001, 5–6 February 2002, 17–18 April 2002.

19] Commission Regulation (EC) No. 2430/1999.
20] Council Regulation No. 1756/2002/EC, Off. J. Eur. Comm. No. L 265/1

(2002).
21] T. Zuidema, P.P.J. Mulder, J.A. van Rhijn, N.G.M. Keestra, L.A.P. Hoogen-

boom, B. Schat, D.G. Kennedy, Anal. Chim. Acta 529 (2005) 339–346.
22] C. Bock, J. Polzer, F. Hamann, C. Stachel, P. Gowik, Euroresidue V 1

(2004) 135–141.
23] A. Kaufmann, P. Butcher, Euroresidue V 2 (2004) 607–611.
24] M. Vahl, Food Addit. Contam. 22 (2) (2005) 120–127.
25] P.P.J. Mulder, T. Zuidema, N.G.M. Keestra, P.J.F. Kooij, I.J.W. Elbers, J.A.

van Rhijn, The Analyst 130 (2005) 763–771.
26] E. Verdon, P. Couedor, P. Sanders, 119th AOAC International Annual

Meeting, Orlando, Florida, 2005.
27] E. Verdon, P. Couedor, Standard Operating Procedure LMV/UCM/P02/35,

January 2006 (in-house document), 1–15.
28] E. Verdon, P. Couedor, Validation Report LMV/UCM/P02/35, January

2006 (in-house document), 1–90.
29] EFSA, Advice of the ad hoc expert group set up to advise the European

Food Safety Authority (EFSA) on the possible occurrence of semicarbazide
in packaged foods, July 2003.

30] J.A. VanRhijn, D.G. Kennedy, P.P.J. Mulder, I.J.W. Elbers, T. Zuidema,
P.B. Young, Euro Food Chem XII, Bruges, 24–26 September (2003).

31] P.Sanders, Note on analysis of nitrofuran residue semicarbazide confir-
mation, CRL-AFSSA-LERMVD, website http://crl.fougeres.afssa.fr, 18
November (2003).

32] A.S. Pereira, J.L. Donato, G. DeNucci, Food Addit. Contam. 21 (2004)
63–69.

33] K. Hoenicke, R. Gatermann, L. Hartig, M. Mandix, S. Otte, Food Addit.
Contam. 21 (2004) 526–537.

34] D. Baiwir, J. Widart, G. Eppe, J. Lignian, F. DeMeester, G. Maghuin-
Rogister, E. dePauw, Euroresidue V 1 (2004) 286–290.

35] C. Bock, P. Gowik, Euroresidue V 1 (2004) 352–357.
36] D.G. Kennedy, J.A. VanRhijn, S. Kanarat, Euroresidue V 2 (2004) 612–617.
37] A. Becalski, B.P.Y. Lau, D. Lewis, S.W. Seaman, J. Agric. Food Chem. 52

(2004) 5730–5734.
38] ISO 11843-2: 2000, Capability of detection—part 2: methodology in the

linear calibration case (2000).
39] E. Verdon, D. Hurtaud-Pessel, P. Sanders, Accreditation Qual.

Assur.—ACQUAL 11 (2006) 1–2, 58–62.
40] D. Hurtaud-Pessel, E. Verdon, J. Blot, P. Sanders, Food Addit. Contam. 23

(6) (2006) 569–578.
41] V. Gaudin, E. Verdon, R. Fuselier, 5th International Symposium on Hor-

mone and Veterinary Drug Residue Analysis, Antwerp, Belgium, May
42] K.M. Cooper, D.G. Kennedy, 5th International Symposium on Hormone
and Veterinary Drug Residue Analysis, Antwerp, Belgium, May 16–19,
2006.

43] M. Thompson, The Analyst 125 (2000) 385–386.

http://www.who.int/ipcs/publications/jecfa/reports/en/index.html
http://crl.fougeres.afssa.fr/

	Multi-residue monitoring for the simultaneous determination of five nitrofurans (furazolidone, furaltadone, nitrofurazone, nitrofurantoine, nifursol) in poultry muscle tissue through the detection of their five major metabolites (AOZ, AMOZ, SEM, AHD, DNSAH) by liquid chromatography coupled to electrospray tandem mass spectrometry-In-house validation in line with Commission Decision 657/2002/EC
	Introduction
	Experimental
	Reagents and standards
	Apparatus
	Sample preparation, extraction, derivatization, clean-up and analysis (for total residues)
	A specific sample preparation for tissue-bound residues (also called washing procedure)
	Validation scheme and statistical analysis
	Specificity
	Identification
	Statistical analysis of the linearity
	Accuracy in term of trueness and recovery
	Precision

	Analytical limits
	Limit of decision CCalpha, and capacity of detection CCbeta



	Results and discussion
	Applicability
	Stability
	Specificity and selectivity
	Identification
	Linearity
	Trueness
	Precision
	Limit of decision CCalpha, and capacity of detection CCbeta

	Conclusion
	Acknowledgments
	References


