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1. Introduction

ABSTRACT

A rapid and reliable LC-MS/MS method for the simultaneous confirmation of twelve non steroidal anti-
inflammatory drugs (NSAIDs) in bovine milk was developed and fully validated in accordance with the
European Commission Decision 2002/657/EC. The validation scheme was built in accordance with the
MRLs or target analytical levels (EU-CRL recommended concentrations and detection capabilities) of the
analytes, except for diclofenac for which the lower level of validation achieved was 0.5 pg kg~! whereas its
MRLis 0.1 pg kg1. The NSAIDs investigated were as follows: phenylbutazone (PBZ), oxyphenylbutazone
(OPB), naproxen (NP), mefenamic acid (MF), vedaprofen (VDP), flunixin (FLU), 5-hydroxyflunixin (FLU-
OH), tolfenamic acid (TLF), meloxicam (MLX), diclofenac (DC), carprofen (CPF) and ketoprofen (KTP).
Several extraction procedures had been investigated during the development phase. Finally, the best
results were obtained with a procedure using only methanol as the extraction solvent, with an evap-
oration step included and no further purification. Chromatographic separation was achieved on a C18
analytical column and the run was split in 2 segments. Matrix effects were also investigated. Data acqui-
sition implemented for the confirmatory purpose was performed by monitoring 2 MRM transitions per
analyte under the negative electrospray mode. Mean relative recoveries ranged from 94.7% to 110.0%,
with their coefficients of variation lying between 2.9% and 14.7%. Analytical limits expressed in terms of
decision limits (CCa) were evaluated between 0.69 pgkg=! (FLU) and 27.54 pgkg~! (VDP) for non-MRL
compounds, and at 0.10 (DC), 15.37 (MLX), 45.08 (FLU-OH), and 62.96 g kg~! (TLF) for MRL compounds.
The validation results proved that the method is suitable for the screening and confirmatory steps as
implemented for the French monitoring plan for NSAID residue control in bovine milk.

© 2011 Elsevier B.V. All rights reserved.

that they may enter in the human food chain, NSAIDs are legally
controlled and classified. The European Union has set Maximum

Among the veterinary drugs commonly used in dairy cattle, non-
steroidal anti-inflammatory drugs (NSAIDs) are widely employed
for their multiple beneficial effects. These compounds are pre-
scribed for antipyretic, analgesic and anti-inflammatory properties.
Their common action to reduce pain and inflammation is due to the
inhibition of the prostaglandin synthesis. But beside these ther-
apeutic effects, toxicity and side effects such as gastro-intestinal
effects or renal problems, can occur.

NSAIDs can be divided into several groups according to their
chemical structure (Fig. 1) such as the propionic acid derivatives
(KTP, CPF, VDP, NP); the anthranilic acid derivatives (TLF, MF); the
nicotinic acid derivatives (FLU); the pyrazolones (PBZ): the acetic
acid derivatives (DC); the class of oxicams (MLX). Due to the fate
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Residue Limits (MRLs) for some NSAIDs to minimize the risk to
human health associated with their residue consumption. Conse-
quently, there are four NSAIDs authorised for dairy cows: TLF with
a MRL at 50 pg kg1, FLU with a MRL at 40 pg kg~! for its metabo-
lite FLU-OH, MLX with a MRL at 15 pgkg~!, and DC with a MRL
recently set at the very low level of 0.1 ugkg~! [1]. CPF and KTP
have no MRL required for their residues in milk. The levels chosen
to validate were 50 ug kg~! for CPF and 5 pg kg1 for KTP. And the
other NSAIDs, MF, VDP, NP, PBZ and its metabolite OPB do not have
any MRL set within the EU, and therefore should not be found in
milk. Analysis at low concentration levels is required for NSAIDs,
especially for DC (MRL at 0.1 wgkg™!), and for non-authorised
NSAIDs that should be analysed at a level of 5 wgkg~! (PBZ, OPB)
and 10 wgkg~! (NP, MF) which are the levels recommended by
the EU-CRL [2]. No level is recommended for VDP which is diffi-
cult to analyse, so the level set for validation was 50 pugkg~!.For
DC, the EU-CRL informed the National Reference Laboratories to
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Fig. 1. Chemical structures of the 12 NSAIDs analysed.

analyse this residue at least at 1 wgkg~! until a specific method
is developed. These low concentration levels have triggered the
development of analytical methods based on technologies sensi-
tive enough to allow monitoring and accurately quantifying these
compounds in bovine milk. For the other NSAIDs without any rec-
ommended limit, the levels set to validate were 50 g kg~! for CPF
and VDP, and 5 pgkg~! for KTP.

Several analytical methods have been reported in the literature
to determine one or more NSAIDs in biological matrices. Most of
these methods report the determination of NSAIDs in biological
fluids like serum or plasma [3-6] or tissues [7-10]. But very few
methods have been reported for the analysis of NSAIDs in milk.
Moreover, some of them include the reduced analysis of one or
two compounds [11-14]. Recently, a few published multi-residue
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methods deal with the determination of the selected NSAIDs in
milk [15-21]. In 2010, Dowling et al. [18] proposed an acetonitrile
extraction followed by an improved SPE purification for the deter-
mination of 10 NSAIDs in milk by LC-MS/MS. This method featured
some advantages in comparison with the others; the number of
NSAID substances able to be confirmed and the full validation con-
ducted at regulatory levels are the two main issues to be stressed.

In this paper, we display a study we carried out to develop
a multi-residue method straightforward and fast enough for the
routine regulatory analysis of 12 NSAIDs in milk. The use of two
chromatographic columns with runtimes of 23 min and 12 min,
respectively, leads to this reliable method. Compared to the method
of Dowling et al., the proposed method additionally includes OPB,
the marker residue of PBZ, NP and VDP, but ibuprofen is not
considered. Several extraction and purification procedures were
compared in order to choose the most efficient ones to be validated
according to the EU Commission Decision 2002/657/EC guidelines
[22].

2. Experimental
2.1. Chemicals and reagents

The commercial NSAID standards (tolfenamic acid, diclofenac
sodium, meloxicam sodium, phenylbutazone, ketoprofen,
naproxen, carprofen, mefenamic acid) were purchased from Sigma-
Aldrich Co. (St-Quentin Fallavier, France); flunixin meglumine and
d4-diclofenac were obtained from Cluzeau (Ste-Foy-La-Grande,
France); dig-phenylbutazone and oxyphenbutazone monohydrate
were purchased from LGC standards (Teddington; UK); vedaprofen
was supplied by Intervet (Igoville; France); 5-hydroxyflunixin,
d3-flunixin and dz-meloxicam was provided by Witega (Berlin;
Germany). Acetonitrile, methanol and glacial acetic acid were of
HPLC grade and were purchased from Fisher Scientific (Leices-
tershire, UK). Formic acid 98-100% was supplied by Merck
(Darmstadt, Germany). Filters for final filtration of the biological
extracts before chromatographic injection were purchased from
Millipore (Millex GV, 0.45 pm).

2.2. Standard solutions

The individual stock standard solutions were prepared in a mix-
ture of acetonitrile and methanol (90:10v/v) at a concentration of
1000 wgmL-! for each of the 12 NSAID standards and at a con-
centration of 500 wg mL~! for the 4 deuterated internal standards,
d;-flunixin (FLU-d3), d4-diclofenac (DC-d4), dig-phenylbutazone
(PBZ-dqg), d3-meloxicam (MLX-d3). The stock solutions were
stored at —20°C in volumetric amber flasks. The solutions were sta-
ble for 6 months except solutions of PBZ and OPB with a reduced
stability of 3 months especially because they tend to become oxi-
dized and OPB is light sensitive. Working standard solutions were
prepared by appropriate dilution of the stock solutions using the
same mixture of acetonitrile and methanol.

2.3. Instrumentation

Chromatography was performed using a Thermo Fisher
Surveyor instrument (San Jose, CA, USA) and separations
were achieved using an Uptisphere Strategy C18 column
(150 mm x 2 mm; 5 pwm particle size) from Interchim (Montlucon;
France). Chromatographic separation was carried out using a
mobile phase consisting of 1 mM acetic acid-acetonitrile (90:10 v/v)
(eluent A) and acetonitrile (eluent B). In case of confirmation of
ketoprofen only, eluent A was replaced by a mixture of 0.2% formic
acid and acetonitrile (90:10v/v). The gradient conditions were as
follows: from 0 to 15 min ramp linearly from 20 to 80% of eluent

B; hold for 2 min; then ramp again linearly over 2 min to reach
back 20% of eluent B; and hold for 4min to re-equilibrate the
system before moving to the next injection. The high flow rate,
0.4mLmin~!, was set to get thin peaks and the oven temperature
was maintained at 40 °C to reduce the pressure of the column.
Mass spectrometry analysis was carried out using a Thermo
Fisher TSQ Quantum Ultra tandem quadrupole mass spectrometer
(San Jose, CA, USA). The instrument was operated using electro-
spray (ESI) ionization in negative mode, except for the confirmation
of ketoprofen. In case of ketoprofen confirmation, analysis was per-
formed using ESI in positive mode. Data acquisition was performed
using the Xcalibur software. The following MS/MS parameters
were set: sample tube or desolvatation temperature, 350 °C; cap-
illary voltage, 4000V; sheath gas pressure (air), 35 (arbitrary
unit); auxiliary gas pressure (air), 10 (arbitrary unit); ion sweep
gas pressure (air), 25 (arbitrary unit); collision gas pressure, 1
mTorr. Dwell times were set at 50 ms. Standard solutions of each
compound (10 wgmL-! in acetonitrile/methanol 90:10v/v) were
infused through a syringe pump at 5 wLmin~! and introduced into
the LC flow (mobile phase at 80% A, 20% B at 0.4 mLmin~!) viaa T-
piece before it entered the detector. A display of the specific MRM
parameters (2 transitions) for each NSAIDs are shown in Table 1.

2.4. Sample preparation

The raw bovine milk was thawed at ambient temperature and
mixed. Then 2 g of the homogeneous milk sample were weighed
into a centrifuge tube. The internal standard solution (ISge,) Was
added giving rise to a concentration of 10 pg L~! for MLX-d3, FLU-
ds3, CAR-d3, DC-d4 and 40 gL~ for PBZ-dqo. The milk sample was
vortex-mixed and allowed to stand for 10 min in a dark place. Eight
mL of methanol were added and the milk sample was again vortex-
mixed to homogenize the milk with the extracting solvent. The
sample was further placed on a mechanical rotary shaker for 10 min
at 100 rpm and then centrifuged for 5 min at 14000 g in refriger-
ated conditions at +4°C. A 5mL aliquot of the supernatant was
transferred to 12-mL disposable plastic tubes and evaporated to
dryness under gentle stream of nitrogen at +40 °C during about 1 h
and a half. The residual sample was then redissolved in 500 p.L of
a 1mM acetic acid/acetonitrile mixture (80:20v/v). The concen-
trated extract was vortex-mixed briefly and again centrifuged for
5min at 14000 g (+4°C). The final extract was filtered through a
0.45 wm syringe filter, and transferred to a capped vial adapted to
the HPLC autosampler ready for injecting 20 pL into the LC-MS/MS
instrument.

2.5. Method validation according to the Commission Decision
2002/657/EC

The validation study was built using spiked milk samples,
named SC when they stood for the matrix calibration standards
and named SV when simulating the matrix validation samples. The
objective of the study was to give an estimation of the qualitative
and quantitative parameters of the method and to compare them
against the criteria of performance from the Decision 2002/657/EC.
Blank raw milk materials found to contain no detectable NSAIDs
prior to the spiking procedure were subjected to the analytical
process to serve as SC and SV.

2.5.1. Qualitative criteria

The specificity of the method is tested for the two MRM transi-
tions of each analyte by comparing chromatograms obtained from
standard solutions, from different blank milk samples and from
spiked milk samples. No interferences were observed at the reten-
tion times of the 12 NSAIDs. Only the deuterated internal standards



E. Dubreil-Chéneau et al. / J. Chromatogr. A 1218 (2011) 6292-6301 6295
Table 1
LC-MS/MS parameters for the analytes.
Compound Retention Ionisation m/z precursor Tube lens m/z product Collision IS used Mean ion
time (min) mode ion offset ions energy (eV) ratio (%)
KTP 10.3 ES— 253.0 40 209.0 10 FLU-d3 /
/ /

NP 10.5 ES— 229.0 43 169.0 39 FLU-d3 6.1
141.0 51

CPF 12.6 ES— 272.0 49 228.0 18 FLU-d3 121
226.0 22

VDP 17.2 ES— 281.0 48 237.0 15 FLU-d3 0.9
235.0 21

FLU 10.9 ES— 295.0 48 251.0 20 FLU-d3 13.9
209.2 34

FLU-OH 9.2 ES— 311.0 67 267.0 20 FLU-d3 13.6
227.0 29

MLX 9.7 ES— 350.0 55 286.0 17 MLX-d3 72.4
146.0 23

PBZ 14.4 ES— 307.0 72 279.0 20 PBZ-d10 48.1
131.0 26

OPB 10.7 ES— 323.0 67 295.0 20 PBZ-d10 35.0
134.0 22

TLF 15.7 ES— 260.0 47 216.0 18 FLU-d3 0.2
180.3 24

DC 13.2 ES— 294.0 50 250.0 14 FLU-d3 2.8
214.0 20

MF 14.9 ES— 240.0 54 196.0 20 FLU-d3 5.5
192.0 27

FLU-d3 (IS) 10.9 ES— 298.0 48 254.0 20 / /

MLX-d3 (IS) 9.7 ES— 353.0 55 289.0 17 / /

PBZ-d10 (IS) 144 ES— 317.0 72 289.0 20 / /

DCF-d4 (IS) 13.2 ES— 298.0 50 254.0 14 / /

KTP 10.3 ES+ 255.0 91 209.0 20 FLU-d3 52.3
105.0 30

FLU-d3 (IS) 10.9 ES+ 300.0 83 282.0 24 / /

FLU-d3 and DC-d4 share the same transitions but their retention
times are different.

Following the EC Decision, the signal-to-noise ratios, the relative
retention times and the ion ratios corresponding to the less intense
MRM signals of each NSAID against the most intense one were all
evaluated for the SV.

2.5.2. Calibration curves

The SC consisting of samples built with blank milk matrix mate-
rials spiked at 4 concentrations (0.5 MRL or 0.5 TAL, 1 MRL or 1 TAL,
1.5 MRL or 1.5 TAL, 2 MRL or 2 TAL) were processed to evaluate the
linearity of the calibration curves. The levels of concentrations set
for the spiking samples (SC and SV) are reported in Table 2. They
were chosen in accordance with the existing MRLs or with the rec-
ommended concentrations (TAL). Only DC was not validated in line
with its MRL level of 0.1 pgkg~! because it was found not possible
with this procedure to reach 0.5 MRL(0.05 p.g kg~1), so the accept-
able level chosen to validate the DC was set at 1 ugkg~! (1 TAL).

Table 2
levels of concentrations for the spiking samples (SC and SV).

Compound Levels (ngkg!)
0.5MRLor TAL 1MRLorTAL 1.5MRLorTAL 2 MRL or TAL

KTP 2.5 5 7.5 10
NPX 5 10 15 20
CPF 25 50 75 100
VDP 25 50 75 100
FLU 5 10 15 20
FLU-OH 20 40 60 80
MLX 7.5 15 225 30
PBZ 2.5 5 7.5 10
OPB 2.5 5 7.5 10
TLF 25 50 75 100
DC 0.5 1 1.5 2
MFAS 5 10 15 20

A specific method dedicated to DC at 0.1 wgkg~! in milk will have
to be developed in the future. One calibrating SC serie including a
blank milk sample and injected twice (before and after the SV series
in the sequence order) was replicated on 3 different days. The lin-
earity of the response was determined by using a linear regression
model. For this purpose, the peak area ratios (analyte to internal
standard) of the respective NSAID were plotted against the NSAID
spiked concentrations expressed in pgkg~!.

2.5.3. Accuracy considered in terms of trueness and precision

Trueness was assessed through the estimation of the recov-
ery. The recovery was obtained by back-calculating each day from
the matrix calibration curve of the day (SC series) the concen-
trations of the SVs at each level of concentration. The SV are
samples reconstituted with milk matrix materials. They contain
known concentrations of the analytes of interest. In the validation
study, the SV are supposed to simulate the future routine sam-
ples that the analytical procedure will have to monitor. Thus, 6
different batches of blank raw milk materials from various ori-
gins were selected in order to extend the representativity of the
SV, and to include in the quantitative data more variability due to
possible matrix effects. The concentration levels for the SV were
selected at the same levels as those for the SC. Six replicates were
used at each concentration level and for 3 days, that means 18 SV
were analysed per level of concentration. The mean of the back-
calculated concentrations for each level of concentration divided by
the theoretical spiked concentration finally gave the percentage of
recovery.

The precision of the method was evaluated at each level of con-
centration by calculating the relative standard deviation (RSD in
percent) in repeatability conditions (RSD calculated as the mean of
the 6 replicates SV of the day) and in intra-laboratory reproducibil-
ity conditions (RSD calculated from the 18 replicates SV during the
3 days of validation study).
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Fig. 2. Chromatograms of the 12 NSAIDs of spiked raw milk at 1 MRL or 1 TAL, equivalent to 1 ugkg~! for DC, 5pgkg~" for KTP, PBZ, OPB, 10 ugkg~! for NP, FLU, MF,
15 pugkg! for MLX, 40 pwgkg~! for FLU-OH, and 50 pgkg~! for CPF, VDP, TLF, (A) bovine milk extract injected with the uptisphere strategy column method, (B) ewe milk
extract injected with the ascentis express column method and (C) KTP in ESI positive mode, in bovine milk with the uptisphere strategy column method (on the left), in ewe

RT:000-2301 43 ||rT-000- 2301
e NL1SsES 1031 NL:7.05E4
100 TICF.- ¢ SAMma2 100 IC F: - o SRM
BN 00Ed20 00 80
80 [266.53.267.01] M5 220.00@4i430.00
SEvinl 80
oy FLU-OH 1- NP 1- 1189.96-183.00)
* MS SEA-inj01
7 20
20] 1.0 1112
141 306 623 715 11.21 100 1029 HL:5.01E3
506 L2 2IES TIC F:- 0 SRM
100+ TICF.- ¢ SAMmaz 0 bt
E INM@eid23 00 229 01@xid51.00
80 [226.99-227.00] MS oo NP 2- [190.98-141.00]
FLU-OH 2- Etini0l a0 MS SE1-inj01
20
o5z 370 538 886 2 |\1154
o 063 WL 22284
343 850 l 959 1139 0. :527 —LEaM
Ed L2 T4ES -
TICF:- o SAMms2 50 OPB I- i
353 00eidl? 00 a0 [PRANG-205 01]
MLX-d3- [268:59-209.01] MS WS SE1-Inj01
SELin01 20
085 190 500 goz ||115e
105 1065 NL: 75563
£ TIC F:- 0 SRM
z = me2
Joso z37 ssa ss0 ||\ 1038 £ 323.01@cid22.00
2 0 j\ 10 S &0 3
630 NLI4ES 2 OPB 2 [133.99-134.00]
100 TCF-oSAMmsz || ¢ 0 MS SE1-inj01
] 60 00@cidl?.00 £ o
esmime | 2 % 074 410 668 733 008 |11z
80 657
MLX 1- 100
0] E
0 0 FLU-d3-
324416 743 10,20 7
EE)
100+ 20 ‘
049 350 676 6.3 L1199
e 400 1032 NL: B.22ES
TIC Fi- o SRM
MLX 2- a0 ms2
& FLU 1 - 205 00@cid20.00
[250.29-251.00]
a0 M3 SE1-inj01
308 456 502 851 || 1020 5
A0 I oo 267 378 584 860
100 TICF.~ ¢ SAMmsz ML: 1.04E5
263 0@id1D 00 100 : LA
60 [208.89-209.00] MS | R
E1ani01 =0 ms2
50 KTP 1- o0 FLU 2 - 295.01@¢i034.00
a0 [209.19-209.20)
E 40 MS SE1-inj01
20 20
155 305 563 651 e 044 371 589
T - T By ey o T
10 15 20 0 15 20
Time (min)
%@ | rT:001-2301
1281 NL252ES aaz NL:2.98E4
100 F:-c SAM ms2 400 TICF: - ¢ SRM M2
i (g foraogiooss
_ & g . [278.02-279.01]
503 CPF 1 el 50 PBZ | MS SET-inj01
o ] 1290 1638 2008
203 e 40 NL: 1.20E4
1194 | 12,19 16.30 17.56 19.70 ] TIC F: - ¢ SRM ms2
887 ML B 44E4 ] 307.01@¢i426,00
1003 TICF: - SAM ms2 a0 PBZ 2 (e
3 2720¥@cid2200 E - -inj
80 CPF 2- [225.93-228.00] MS k
eo] SELangn [|- 1277 18.02 1834 2048
E =2 B0 NL: 32565
a0 ] TIC F: - ¢ SRM ms2
203 ] 240.00(@s1d20 00
3 b (195.98-198.00]
od 50 MFAS 1- MS SET.inj01
P N 23685 ]
E TICF:- ¢ SAM ms2 o 1278 1569 1271 2097
80 (26399.264.00) MS 2 100 7607 WL 10164
SE kil & TICF:- ¢ SRM ms2
603 DC-d4- 3 ] 240,01 @eid27 00
a0 5 0] MFAS 2- [191.99-192.00]
E < %] MS SE1-inj01
204 £ ]
1 1433 1740 1048 2082 T 1 1188 1456 (| 1563 1780 2120
& ™28 N 23ES = 1557
1004 F.-c SEM ms2 100
294.00@cidM 00 ]
&0y [243.93.250.00) M5 1 TLF 1
SELing1 s0] S
807 DC 1- 1
LI n: 1261 1636 19.04 2052
203 1250 HL: 21363
1438 4
3 1180 JL 1479 1245 2000 " TIC F:- ¢ SRM ms2
o T e 1 1657 260.01<id24.00
1004 1 4 TLF2 - [180.29-180.30]
i 07 MS SEinj01
] DC 2- ol 2 || 1aza | 1755 2088
1822 17 28
ad 2 100+
3 18.10 1
N 1553 10.11 — ]
E | _rese fio- s0-] VDP 1 -
EEE] ML 2HES ]
TCF 0 SPAms2 o 1243 1440 1779 2008
[268.99-269.01) MS 100+ L]
PBZ d10- SEHam 1
s0] VDP 2 - |
o 1247 ||1534 12685 2001 o: 1280 1408 1802 1927
T T T —T T T T Tt T
H 10 15 20 5 10 13 20
Time (min) Time (min)

milk with the ascentis express column method (on the right).




B

E. Dubreil-Chéneau et al. / ]. Chromatogr. A 1218 (2011) 6292-6301

Ewe’s milk
Ascentis express column

RT: 0.00- 1202 =% ||rRT:000- 1202
485 NL:8.56ES . 5567 NL: 3.26E4
003 TICF:- c SRM TIC F: - o SRM ms2
0] msz a0 229.00@ci439.00
211.00@ei 420 00 &0 [162.09-168.00]
[266.99-267.01] MS ovin-SE1-inj02
FLU-OH 1- MS ovin-SE1-injoz 40
20
505
083 143 320 387 3 823 00 NL: 1.67E3
T NL: 1.10E5 TIC F:- ¢ SRM ms2
1004 o a0 220.01@¢id51.00
e ;';F' Ll 60 [140.99-141.00)
E 311.01@¢ld20.00 o NP 2- MS owin-SE1-inj02
FLU-OH 2- (226.89-227.00]
MS ovin. SE1-inj02 20
151 245 403 528
o NL: 187E3
ipo TIC F:- ¢ SRM ms2
Jog1 148 327 447 562 0.35 50 223.00@61420.00
100+ 498 HLBOES &0 [294.99-285.01]
TICF:- o SAM OPB 1- MS owin-SET-inj02
£ %0 = a0

5 %3 ;szoo@cldwnn

H X-d3- 5 : 20

H ML (288.99-269.01) 083 188 3.3z 451 5.5 ||e21

kS M3 ovin-SE1-inj02Z — NL: 49062

£ 3100 TICF: - o SRM ms2

= 20 580 323 01@cid22.00

2 0.41 241 338 568 c e [133.09.134.00]

500 NL: 1.azE6 2 OPB 2- 0z
e TICF:. 0 SRM [ gt
20 me2 £
35000@eid17.00 || & 070 241 8.08 380 847 (| 632
a0 = (285.90-26 01] 357 BOES
MLX 1 MS owin-SE4-inj02 100 1 o SRM m2
40 80 292 00 @cid20 00
20 00 FLU-d3- [263.90.254.00)
081 248 347 481 587 = MS ovin-SE1-inj02
500 NL: 0 40E4
100 ! TICF:. o SRM 20 ]| e7e
| by D40 188 316 374 516 || 700 870 067 1037
20 s 2
MLX 2- | 350.01@cid23.00 100 562 HL: i-‘oE:Ru o
80 [145 80-146.00] TICF:-¢ m
| MS ovin-SE1-inj0Z &0 f;’ﬁnfg@;‘;‘if.;f"
) ¥
I | - FLU 1 MS owin-SE1-inj02
20 \ 40
181 211 321 807 | |\ 680 o
100 647 s 088 341 380 527 |1 878 249 001 1088
TICF:- o SRM o 582 NL: 4.02E4
20 ms2 TICF: . ¢ SRM ms2
KTP 1- 263.00@vid10.00 20 285.01@cid34.00
&0 (200.89-209.00] T10.10:200 %
' M$ ovin-SE1-inj0Z L FLU 2 - Es owin-SE1-inj02
a % :
e Lu.aa 20
078 152 339 485 811 5 120 222 3.25 289 581 880 738 924 1057 1154
L s s e e e e e T T T T T T T |
0 ] 4 8 8 10 12 o 2 L] ] 8 12
Time (min) Time (min)

RT:0.00 - 1202 [@ | rr:001-2301 5
. 857 HL: 12565 00 7.44 NL:552E3 -
e TIC Fre ¢ SRM Tic
&0 ms2 1 307 00

272.00@eid18.00 [278.99270.01) MS
60 PF 1 [227 80-222.00] %0 PBZ 1- ovin-SE1-inj02
C 2 MS ovin-SE1-inj02
741 c08 1188
20 1u§~ 1a NL:282E3
& 735805 9.77 11.14 ;3 ;1§ S‘F; g\uﬂ
857 NL: 1.78E4 ] cid28
100 - - 130.89-131.00) MS
TICF:- ¢ SRM 504 PBZ 2 Erlrin—EE‘LinIlZ]
80 ms2
747 272,01 @oidz2.00
&0 CPF 2- [225.99-226.00] o v 922 1073
MS ovin-SE1-inj02 100 735 HL:1.84E5
. - ] TIC F:- ¢ SAM ms2
5 @85 240 00(@cid20 00
195.08-196.00] MS
2.97_10.94 0] MFAS 1- L.m,aﬂmml
5 876 NL 2 38E6

o TIC F: - 0 SRM 658 \7.58 1094

€ 80 ms2 9 735 NL: 1.04E4

= 29801 @cid14.00 100 TIC F: - ¢ SRM ms2

HLS [233.69-254.00] 3 ] 230,01 @eid27 00

S DC-d4- ME e SEHINGZ | 2 o] MFAS 2- [191.66-182.00) M

z @ 50 owin-SE1-inj02

3 H

o 749 879 970 1032 3, 0.81 758 1024 1104

677 NL:2.33E4 € o 758
100 TIC F: - ¢ SRM
0. ms2 2 28
294.00@cid14.00 [218.10] M5
o0 [243.95.260.00] s TLF 1- ovin.SE1.in
MS ovin-SE1-inj02 1
b DC 1- 656 |99 1053 1160
20 102 CE-) NL: 12463
TE 751 a3 10ss ] TICF:- o SRM ms2
o o - 1 7.58 260.01 @cid24.00
100- i TLF2 - [180,20-180.30) MS
ovin-SE1-inj02
&0
g 8.30 1069 4146
0 o 1
DC 2- i EH NL: 42266
a0 TICF:- ¢ SRM ms2
e 1 281.00@eid15.00
1 [236.66-237.00] MS
i | e1s os7 1047 50 VDP 1 - owin-SE1-in0Z
10 NL-4.490E4
100 TIC F: - o SRM a.:::\ 862 11.16
mez o F—
£
317.00@¢id20.00 100
8O- (268 £0-260.01) ]
- MS ovin-SE1-inj02
e PBZ d10 o VDP2Z-
20 741
104
730 884 1030 11.42 E B | ; 11es
L o e L e L e e L | YT r 7T —r
0 2 ] 0 12 5 10 15
Time (min) Time (min)

Fig. 2. (Continued )

6297



E. Dubreil-Chéneau et al. / ]. Chromatogr. A 1218 (2011) 6292-6301

6298
C Bovine milk
Uptisphere strategy column
RT:0.00-23.00
10,51 NL:
i 86264
o0 TIC F: + o SRM
ms2
80 255.00@ 2000
[
70 208.99-208.00]
MS SE1-inj01
60
50
40
30
20
8656
10
ogz 3056 436 gos 1113 1456 4545 4795 2070
Lt a sl . :
1051 NL:

Relative Abundance
o
=1

063

315 5.48 B34

1034 1403 1546

2024 2082

404E4
TICF:+ ¢ SRM
ms2
255.01@30.00
[

105 .00-105.01]
MS SE1-inj01

TIC F:+ ¢ SRM
ms2

300 00@-35 00
[

217 .89-217 .00]

RT: 0.00-12.00
100

a0

20

70

&0

&0

40

20

20

Ewe milk

Ascentis express column

569

HL:

5.84E4

TICF: + ¢ SRM
ms2
255.00@20.00 [
208.99-209.00]
S
ovin-SE1-inj01

ME SE1-inj01
=10}

50

30

20

174 323 574 657 0913 1092 \1286 1514 17.65 2071
L e o e SIS B B me s s S s S w S e m s e p |
0 5 10 15 20

Time (min)

363
10
077 224 333 430 547 || 544 710 g31 g21 0.00 1055
o ~ * " = NL:
570 g
100 2.73E4
a0 TIC F: + ¢ SRM
ms2
a0 256.01@30.00 [
10%.00-105.01]
@ 70 MS
H ouin-SE1-inji1
= &0
2
]
£ 50
2
F 40
v
a0
20
1 630 gsg
022 222 332 354 5.57 | o 148 888 999 10.70
. 5.55 NL:
100 1.62E5
a0 TICF: + ¢ SRM
ms2
a0 300 .00@35.00 |
217 89-217.90)
70 M3
owin-SE1-inj01
60
50
a0
30
20
10
075 182 308 387 437 556 7.23 836 038 1063
L o e e e LIS B B S m m S e s S p e
0 H 4 5 8 10
Time (min)

Fig. 2. (Continued ).

2.5.4. Matrix effects

To evaluate the matrix effect (ME) expressed as either the signal
suppression or the signal enhancement of the analytes due to the
other components extracted from the milk matrix, two approaches
were applied. First, the global matrix effect of the raw milk mate-
rials was assessed by calculating the ratio in %: ME =(peak area
of standard analyte spiked in matrix/peak area of analyte spiked in
solvent) x 100. This was calculated for each series on the 3 days, but
using the same batch of milk. Finally, the applicability was evalu-
ated by testing the inter-batch effect. This was operated during the
validation by testing different sets of raw milk materials from 6
different origins.

2.5.5. Decision limit and detection capability

The decision limit (CCx) is the analytical limit at and above
which it can be concluded with an error probability of « that a
sample is non- compliant. Detection capability (CC8) means the
smallest content of a substance that may be detected, identified
and/or quantified in a sample with an error probability of 5. The two
critical limits CCa and CC were determined in accordance with the
ISO Standard no. 11843, “Capability of detection - Methodology

in the linear calibration case”, proposed in the European Decision
2002/657EC.

3. Results and discussion
3.1. Method development

The acidic NSAIDs are either authorised veterinary drugs with
MRLs established in bovine milk (and caprine milk only for MLX),
or either non authorised veterinary drugs since no MRLs have cur-
rently been established. They are all, those authorized, regulated
through the Table 1 of the Commission Regulation (EU) No 37/2010,
so the minimum required number of identification points (IP) is set
to three according to Decision 657/2002/EC. In fact, two MRM tran-
sitions were monitored for each of the analytes leading to a earn
of four IP which is enough for confirmatory purpose. In a previous
work (data not published), NSAIDs were analysed by LC-MS/MS
using ESI in the positive mode. But not all the requested MRM tran-
sitions were correctly defined and some were not sensitive enough.
These facts induced variations in signals leading to strong varia-
tions in the quantitation. So optimisation was performed using ESI
inthe negative mode. Only ibuprofen was still not found to have two
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correct and sensitive transitions in our tune and chromatography
conditions and thus was not included in the method. All the consid-
ered NSAIDs gave two suitable MRM transitions in the ESI negative
mode, except ketoprofen. Indeed, only one major transition was
found for KTP, and the selective minor transition of ketoprofen was
not detected in any of the chromatograms. So a compromise was
chosen to include this major transition in the ESI negative mode
method for screening purpose, and to analyse ketoprofen in the ESI
positive mode only in case of a confirmatory need, since two correct
MRM transitions were found in this positive mode. Moreover, it has
to be stressed that ketoprofen is not assigned any MRL as this veteri-
nary drug was not considered at any risk for human consumption
during its evaluation process by the European competent veteri-
nary medicinal product committee. During the optimisation of the
gradient and the choice of the column, we tried to isolate ketopro-
fenin a specific negative ESI segment but after a few set of tests, the
chromatographic separation was still not efficient enough. Then,
the compromise described here above was agreed to be the best
solution.

Except this chromatographic work implemented for ketoprofen,
the liquid chromatographic optimisation for the other NSAIDs was
quite satisfactory. The mobile phase already described by Dowling
etal.[18] was finally chosen, which consists of a gradient between a
low acidic aqueous phase and acetonitrile. No addition of base was
found necessary to deprotonate the acidic NSAIDs in the ESI nega-
tive mode. Adding different concentrations of ammonium formiate
(10mM, 5mM and 1 mM) in the mobile phase during chromato-
graphic trials did not improve any of the signals. So, to this very
low acidic mobile phase, a simple gradient was applied. Then, the
chromatogram was advantageously segmented in two parts to get
the maximum sensitivity. For this work of development and vali-
dation, a classic reversed phase analytical column (Uptisphere C18
Strategy: 150 mm x 2 mm; 5 um) was used. Several months later,
the development was extended to another food matrix, the meat.
Upon this occasion, it was proposed to replace this classical column
by another one featuring a lower particle size diameter (i.e. Supelco
C18 Ascentis Express: 100 mm x 2.1 mm; 2.7 pum) and supposed to
provide narrower peaks, with good separation and faster analysis
finally leading in our hands to runs lasting 12 min against 23 min
with the classical column. The gradient conditions were as follows:
from 0 to 4 min ramp linearly from 20 to 80% of eluent B; hold for
0.5 min; then ramp again linearly over 0.5 min back to 20% of eluent
B; and hold for 7 min to re-equilibrate the system before the next
injection. This new column was finally chosen for the further devel-
opments on different other matrices. Chromatograms obtained for
the two different conditions of columns are displayed in Fig. 2.

The final step in this development study was to optimize the
sample preparation with the aim to keep it rapid, practicable and
robust in such a way to allow an efficient transfer of the method
toward the network of French routine laboratories implement-
ing the monitoring plans for the screening and the confirmation
of NSAIDs. The different stages of sample preparation often cited
in the literature [6,9,10,18] were tested: hydrolysis, ascorbic acid
addition, organic solvents extraction, purification by SPE. First,
different extractive solvent (acetonitrile, methanol, ethyl acetate)
were assessed and the analytes recovery obtained from each of the
extractant was calculated. Furthermore, an acidic hydrolysis was
tested as residues of CPF in particular can form bounds with glu-
curonic or sulphuric acid. The hydrolysis (1 N HCl) was combined
with another ethyl acetate extraction. Results are displayed in Fig. 3.
Eventually, acetonitrile and methanol led to similar recoveries for
the 12 NSAIDs tested but acetonitrile gave some even higher recov-
eries for OPB and PBZ (>120%). The same observation came with the
acidic hydrolysis, which was finally not kept in the method because
it affected sensitivity and recoveries for some of the analytes (CPF,
TLF, and VDP). To complete these results, matrix fortified calibra-
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Fig. 3. Results of recoveries (%) between different extraction solvents.

tion standards were prepared for the methanol extractant, for the
acetonitrile extractant, and for extraction by methanol but with
also defattening with 1 mL of isooctane. The coefficients of deter-
mination (R?) of the calibration curves and the intensities of the
signals were compared for the three series of extractions. Finally,
the methanol extractant was found to give the most satisfactory
results.

A simple methanol extraction (8 mL of methanol for extraction
and 5 mL evaporated) was then compared to the same methanol
extraction but with addition of ascorbic acid prior to the extrac-
tion (1 mL of 0.1 M ascorbic acid). Ascorbic acid addition is often
employed to avoid oxidation of PBZ. The addition led to a loss of
sensitivity for most of the analytes (KTP, VDP, CAR, NP, FLU) and
improved the signal only for OPB. As the signals were the same
for PBZ, we discarded the ascorbic acid addition. To the simple
methanol extraction was further added a purification step by SPE
with a polymeric sorbent; prior to the SPE process, the evaporated
extract obtained from the simple MeOH extraction was redissolved
in 12 mL of water; then for the SPE purification several sorbents
were compared: Strata X, Focus, Oasis HLB, Oasis MAX, Bond Elut
Plexa. The best recoveries were obtained by using the Strata-X car-
tridge but results were found not to be reproducible over different
assays. Finally, a comparison between the single methanol extrac-
tion and a complete 3-step procedure comprising acid hydrolysis,
addition of ascorbic acid and purification by SPE was performed.
Results are given in Table 3. Again, the single methanol extraction
was still found better than the thorough 3-step procedure and so
was kept for the validation stage. At the end, the best internal stan-
dards for all analytes were determined by comparing regression
coefficients of the calibrations applying each internal standard and
especially when no labelled isotopic internal standards were avail-
able. For instance, FLU-d3 was found to fit with most of analytes
(KTP, NP, MF) even though it would be better to have deuterated
internal standards for some analytes like VDP or TLF. For CAR was
used at the beginning of the trials the CAR-d3 but CV % were high
and CAR-d3 was not found stable during our analyses. FLU-d3 was
found to be even more adapted for CAR. However, for OPB, PBZ-d1g
was found to correct the signals better than FLU-d3, even though
the retention times and the chemical properties between OPB and
PBZ-d( are quite different.

3.2. Validation study

The validation study was performed on bovine raw milk, as the
majority of samples collected for the national control plans are
directed toward the cow milk. But after this cow milk validation,
major parameters of the method were also checked on caprine and
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Table 3
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Comparison of extraction efficacy (A: simple MeOH extraction, B: acid hydrolysis (HCl 3 N), ascorbic acid, ACN and C18 cartridge).

Compounds IS R? extraction A (without hydrolysis) R? extraction B (with hydrolysis)
KTP 1 FLU d3 0.9891 0.7284

NP1 FLU d3 0.9674 0.9679

NP 2 FLU d3 0.9463 0.9575

OPB 1 PBZ d10 0.9988 0.8493

OPB 2 PBZ d10 0.9923 0.8295
MLX 1 MLX d3 0.9997 0.9988
MLX 2 MLX d3 0.9995 0.9921

MLX d3 %RSD =2.8 %RSD =77.6
FLU 1 FLU d3 0.9994 0.9995

FLU 2 FLU d3 0.9989 0.9986

FLU d3 %RSD=3.4 %RSD=31.9
FLU-OH 1 FLU d3 0.9986 0.7605
FLU-OH 2 FLU d3 0.9985 0.7620

CPF 1 FLU d3 0.9968 0.9570
CPF2 FLU d3 0.9986 0.9639
DC1 DC-d4 0.9992 0.5518
DC2 DC-d4 0.9946 0.8553
DC-d4 %RSD =3.4 %RSD =13.6
PBZ 1 PBZ d10 0.9994 0.1270

PBZ 2 PBZ d10 0.9989 0.9182

PBZ d10 %RSD =6.7 %RSD =66.8
MF 1 FLU d3 0.9981 0.8406

MF 2 FLU d3 0.9978 0.3399

TLF 1 FLU d3 0.9966 0.9549

TLF 2 FLU d3 0.9973 0.9496
VDP-1 FLU d3 0.9955 0.8583
VDP-2 FLU d3 0.9669 ND

ewe milks. Results were found similar to those obtained on cow
milk. However, the work undertaken during the phase of method
development taught us the importance to use a matrix similar to
the unknown controlled samples when preparing the matrix spiked
calibration curve. This fact came to be needed because this method
does not require a thorough purification to be performed during
the procedure.

Regarding the results of the validation, the qualitative parame-
ters were fully in line with the criteria of the Decision 2002/657/EC
(signal-to-noise ratios, relative retention times and ion ratios).
Mean ion ratios are presented in Table 1. Concerning quantitative
parameters, the 36 matrix spiked calibration curves operated dur-
ing the validation process (3 curves per analyte) were examined
to evaluate the linearity of the response. The coefficients of deter-
mination of the linear regression (R?) were all above 0.97 except 4
random curves over the 36 for which regression coefficients were
around 0.94 (2 for VDP, 1 for TLF, 1 for CAR). For DC, the regres-
sion coefficients were all >0.995 despite the low levels investigated.
This is probably partly due to the efficient use of its own deuterated
internal standard, DC-dy4.

Regarding the accuracy of the method in terms of trueness and
precision, results were all satisfactory. For samples spiked at con-

Table 4

centrations between 1 and 10 wgkg~1, the Commission Decision
2002/657/EC recommends relative recoveries between 70% and
110% (or —30% and +10% in terms of bias), and between 80% and
110% for concentrations over 10 pgkg~! (or —30% and +10% in
terms of bias). All the values obtained fell within these ranges, with
the lower value for FLU-OH (94.7%) and the higher value for VDP
(110%).

The precision of the method is expressed through the RSD values
in %. For intra-day assays (r %), values were less than 12.3% obtained
for OPB and 11.1% obtained for VDP. These 2 NSAIDs are known to
be the most difficult to analyse with signals giving rise to more vari-
ation than for the other NSAIDs. Moreover, no deuterated internal
standards were found available for those 2 compounds at the time
of the development and validation of this method. But these RSDs
are still perfectly acceptable since they are in complete accordance
with the repeatability values considered “between one half and two
thirds” of the reproducibility values as recommended by Commis-
sion Decision 2002/657/EC at alevel of 100 p.g kg1, that means RSD
shall be ranging between 11% and 15%. For the within-laboratory
reproducibility (or R inter-series), the RSDs are not greater than the
RSDs for repeatability. Results of trueness, repeatability (r %) and
intra-laboratory reproducibility (R %) are displayed in Table 4.

Results of trueness (recovery in %), repeatability and intermediate precision (RSD in %) in spiked milk samples (n=18).

Levels of SVs Recovery (%) r intra-series (%) R inter-series (%)
0.5 1 1.5 2 0.5 1 1.5 2 0.5 1 1.5 2

KTP 100.4 99.1 102.9 102.7 39 2.0 3.2 3.5 6.8 7.3 7.3 4.7
NP 105.6 100.6 100.2 99.8 9.6 5.4 7.0 5.5 10.5 7.3 7.1 6.9
CPF 109.6 102.4 99.6 98.5 6.6 6.5 5.1 3.7 7.8 8.5 11.7 10.8
VDP 106.3 110.0 1011 97.7 54 111 9.9 4.4 114 121 10.1 4.4
FLU 102.5 102.8 101.9 101.0 13 1.7 2.1 1.4 4.6 3.8 3.7 3.2
FLU-OH 95.7 94.7 94.9 95.8 5.9 6.2 6.9 53 7.3 7.1 7.7 7.6
MLX 104.3 103.3 102.4 101.5 1.9 1.0 23 14 4.7 3.9 4.5 2.9
PBZ 104.5 103.5 97.9 100.4 4.4 3.5 7.3 5.5 8.1 4.8 10.2 5.1
OPB 98.4 103.1 107.5 106.6 123 8.2 8.3 4.0 11.7 109 9.6 6.4
TLF 107.0 107.3 100.7 100.8 6.2 6.6 7.1 3.9 12.2 5.6 9.7 7.6
DC 105.9 104.4 102.9 101.7 4.7 29 4.1 2.5 7.5 4.0 4.6 3.2
MF 105.9 104.8 99.2 98.0 43 5.5 5.4 3.0 9.8 6.6 8.0 5.9
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Table 5
Results of CCa and CCB.

6301

Compound Concentration range (pugkg') CCux (pgkg™1) CCB(ngkg1) MRLs (pgkg ') EU-CRL recommended concentrations
KTP (ESI pos) 2.5-10 1.29 1.61 - -
NP 5-20 3.43 3.78 - 10
CPF 25-100 19.61 25.05 - -
VDP 25-100 27.54 31.54 - -
FLU 5-20 0.69 0.87 - -
FLU-OH 20-80 45.08 50.15 40 -
MLX 7.5-30 15.37 15.74 15 -
PBZ 2.5-10 0.90 1.14 - 5
OPB 2.5-10 242 3.23 -

DC 0.5-2 0.10 0.13 0.1 12
TLF 25-100 62.96 75.92 50 -
MF 5-20 2.51 3.27 - 10

2 Level to reach until a specific method is developed to confirm at the MRL level.

As it was explained in the method validation part (see Section
2.5.4),two approaches were applied to test the global matrix effects
and the applicability of the method. The first approach was to cal-
culate the ratio ME (%). ME was ranging between 36.6% for NP and
140.9% for MLX, and was found variable day to day for some ana-
lytes (FLU-OH, NP, PBZ). It was difficult to conclude on these results,
but it confirmed the need to use matrix calibration curves instead
of solvent standard curves. Then, the second approach was aimed
at taking into account the inter batch effect. This factor was thus
integrated in the repeatability and in the intra-laboratory repro-
ducibility estimations as it is the case in real-life routine control.
Applicability was not examined specifically nor extracted from the
results. The precision results (r % and R %) were all found acceptable
(see Section here above) with this factor of “matrix effect” included
in the calculation through matrix calibrations.

The CCa and CCPB (see Table 5) were calculated according to
the calibration curve procedure for the non-permitted and for the
authorized NSAIDs [23]. The CCx and CCB were evaluated from
the first/major MRM transitions of quantification for the autho-
rised NSAIDs having an MRL set (i.e. FLU-OH, MLX, TLF and except
DC not validated at its MRL level) and for the authorised NSAIDs
having no MRL set (CPF and KTP). But for the non-authorised
NSAIDs, CCa were evaluated from the second/minor MRM tran-
sitions, always detected with a S/N =3 at least. Obviously, for these
non-authorized compounds, the results for the critical concentra-
tions were depending on the levels of the calibration curves. For
instance, results for CPF and VDP validated at the same levels (lev-
els ranging from 25 to 100 pgkg1) gave higher values for VDP
(CCa=27.54 ngkg1) than for CPF (CCa=19.61 pgkg1), because
of the well-known difficulty to analyse VDP. On another exam-
ple, the limits calculated for FLU were very low (CCa=0.69 pgkg!
with a calibration range of 5-20 pgkg!) because it is a sen-
sitive, and repeatable analyte, with a good correction by the
internal standard FLU-d3. The same demonstration occurred for
PBZ (CCa=1.53 pgkg1) and OPB (CCa=2-42 pgkg1), limits are
lower for PBZ because of the correction by its deuterated inter-
nal standard. But results are even found much lower for KTP
(CCa=1.29 pgkg~1) with the same calibration range (but in ESI+).
For DC, CCx and CCp values are very low but show only that the
method is able to identify clearly DC at 0.13 wg kg—!and confirm its
presence at 0.10 pgkg~1, but confirm with a good quantification
only after 0,5 wgkg~!. So the method is insufficient to quantify at
the MRL (0.10 pg kg~ 1). However, the choice was made to keep DC
in the method because it is still useful for national control plans
to screen DC at its MRL. But there is an urgent need to develop
a specific method able to confirm and quantify DC at its MRL

(0.1 pgkg1).

4. Conclusion

The LC-MS/MS method developed at out laboratory was found
very sensitive, accurate and simple for the detection and the con-
firmation of 12 NSAIDs in milk. The extraction method is based on
simple liquid extraction with methanol and no further clean up
step is necessary; so this reliable method is faster than the current
procedures proposed in the literature. Furthermore, the method
enables the use of two different RP-LC columns (5 wm and 2.7 wm)
leading to runtimes of 23 min and 12 min respectively. Validation
parameters based on Commission Decision 2002/657/EC were all
checked and found correct. The proposed method is a satisfactory
compromise between the prerequisite of the Regulation and the
routine application in field laboratories at screening and confirma-
tion steps.
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