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Veterinary drugs are commonly used in livestock breeding to
prevent or treat infections of the animals and to ensure their
optimal growth. LC-MS/MS is the method of choice to routinely
control the concentration of their residues in food of animal
origin. As some of the veterinary drugs are banned substances,
the traceability of the methods performance is critical.
Laboratories must follow the European Decision no.
657/2002/EC concerning the performance of analytical methods
and the interpretation of results and calculate two statistical
limits:®

e The decision limit CC, means the limit at and above which it
can be concluded with an error probability of a (1% for
substances with non-permitted limits and 5% for substances
with a permitted limit such as the Maximum Residue Limit
(MRL) that a sample is non-compliant*

e Detection capability (CCg) means the smallest content of the
substance that may be detected, identified and/or quantified in
a sample with an error probability of 8 (5% for all substances
with a permitted or no permitted limit)!

Based on the recommendation of CD657/2002/EC, CCq and CCp
can be calculated with either one of the two following
approaches. The first method is based on the calculation of the
signal-to-noise ratio of 20 blank samples for banned substances
and 20 blank samples spiked at the MRL for permitted
substances. The second approach, based on the calibration
curve procedure defined in the ISO 11843,2 is often preferred by
the laboratories because of its greater ease of implementation
for routine analyses. The calculation is based on day-to-day
calibration of the method analyzing the batch of interest including
the unknown samples to be controlled.®
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Sample Name | Component Name | W Wliel | “MRL 7| “CCalpha 1% ¥ CCalpha 5% | | Ccoeta 7| o <]
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CCalpha_1% CCalpha 5%

Unknown_2 Diclofenac_Auth 1 <0 5000 |s693 5394 5789
Unknown_2 Flunixin Auth 1 <0 20000 | 23564 22028 24056
Unknown_2 Ketoprofen_Ban 1 9277 0000 |0552 8725 0341 8936 0683 8595
Unknown_2 Mefenamic Acid Ban 1| 1036 0000|0615 0421 0.380 0656 0760 0276
Unknown_2 Meloxicam_Auth 1 <0 20000 21401 20797 21504
0 0000|0583 0422 0844
Unknown_2 Oxyphenbutazone Ban 1| <0 0000 0352 0218 0435
Unknown_2 Phenyibutazone_Ban 1 | <0 0000|0481 0298 0595

0

0

Unknown_2 Naproxen_Ban 1

50000 |53644 52073 54.146
0000 |1987 1228 2457

Unknown_2 Tolfenamic Acid_Auth 1 | <

Unknown_2 Vedaprofen_Ban 1

Figure 1. Automatic Analysis. Automatic calculation of CC, and
CC; for both non-permitted and permitted substances with defined
MRL + automatic flagging of samples with concentration above those
decision limits.

The complexity of the calculation requires the use of a
spreadsheet software such as Excel to determine CC. and CCp.
This procedure requires, at minimum, the manual step of
copying/pasting the area of each analyte peak into the
spreadsheet. Therefore for each analyte and each batch of
analyses, CC, and CCp must be first calculated before the
analyst can then compare and review the analyte concentration
versus these decision limits. This means that the procedure is
very time consuming for a laboratory to perform routinely.

Thanks to the inclusion of advanced and flexible calculation
capabilities in SCIEX OS software as shown in Figure 1, this
calculation can now be executed automatically in the software,
saving a lot of time and minimizing the risk of error for
laboratories.

Key Features

e Automatic calculation of CC, and CCg for both non-permitted
and permitted substances at the same time

e Automatic flagging of samples with analyte concentrations
above CC, and/or CCp
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Methods

A set of matrix-spiked calibrants must be analyzed with at least
three levels of equally-distant concentrations. The critical
concentration can be calculated as followed:

e For non-permitted substances
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e For permitted substances with a defined MRL
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Table 1. Definition of the Calculation Parameters.

Parameters Definition
| Number of calibrating levels of concentration
J Number of. replicates per calibrating level of
concentration
K Number of unknown replicates
Xij Concentration of calibration levels
X Average concentration of the calibration levels
XMRL Referenced MRL value of the analyte
4 Residual standard deviation of the regression function
b Slope of the calibration curve
¢ t Student at risk « and for degree of freedom (dof)
@l=2)  equal to (1.J)-2
Sip1)2) Statistical function that can be approximated by using 2

La-2)

The following constant values I, J, K, t student at confidence
level of 95 and 99 % and the MRL are manually entered in the
corresponding custom column. Some of these values can be
different from one analyte to another and can be modified
accordingly. By using b, the slope of the calibration curve and &,

~ 1 N
a custom calculated column of formulae ¢ = p— i =92,

the critical limits CC, and CCp can be calculated for each analyte
and displayed (with or without the other columns) in the results

table. This calculation procedure includes, if necessary, the use
of internal standards.

CCq and CCp Calculation

For non-permitted substances:

Figure 2 displays the results comparison of CC, and CCp
between the automatic calculation with SCIEX OS software and
the classical calculation with a spreadsheet software (bottom
right) for the non-permitted substance Mefenamic Acid.

In this case, the constant values have the following values: | = 4,
J =2, K =2 (only one repetition is shown in the results table),
MRL = 0, t student (1%) = 3.143 and t student (5%) = 1.943.
SCIEX OS software is then able to calculate §(;;_; 4,4 (Delta), &

(Sigma) and finally CCa (1%) and CCp (5%).

As shown in Figure 1, the results obtained with SCIEX OS
software (CC. = 0.615; CCp = 0.760) are strictly identical as
those obtained by the spreadsheet software.

For permitted substances with a defined MRL:

Figure 3 displays the results comparison of CC« and CCp
between the automatic calculation with SCIEX OS software and
the classical calculation with a spreadsheet software (bottom
right) for the permitted substance Tolfenamic Acid.

In this case, the first calibration level is removed thus changing
the value of | (I = 3) and t student (1 %: 3.747; 5 %: 2.132) which
can be done directly in the result table. Additionally, the
regulatory MRL of Tolfenamic acid must be set in the MRL
column. The calculation of CCs (5%) and CCp (5%) return the
exact same results as the spreadsheet software (CCy = 52.073;
CCp = 54.146) confirming the validity of the calculations.
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Custom column: Spcecific value can
be changed directly in the column
A

Calculated Column with Formulae

A
1
Index | Used 7| Sample Name 7| ComponentName ¥|  ISName V| ArcaRatio 7| Caleutated oy el 1 wf = %) )k A0 vt v| *Detta ) *Sigma ]| *CCalpha 1% 7] *CCalpha 5% ¥| *CCbeta %
Concentration stude ... stude ...

» 35 & MuscleBlank 01 Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.00016 0.0000 <0 0000 2000 2000 2000 [3.143 1943 3886 0019 [0615 0380 0.760
G [ MuscleStd1.1  Mefenamic Acid Ban1  Mefenamic Acid C13 | 0.23842 2.5000 23560 0000 2000 2000 2000 3143 1943 3886 0019 [0615 0380 0.760
[ 103 | @ MuscleStd21 | Mefenamic Acid Ban1  Mefenamic Acid_C13 | 045561 5.0000 4915 0000 4000 2000 2000 3143 1843 3886 0019 [0615 0380 0.760

137 | B MuscleStd3 1 | Mefenamic Acid Ban1  Mefenamic Acid C13 | 0.73112 7.5000 7892 0000 Ja000 2000 2000 3143 1943 3886 0019 [0615 0380 0.760
[ 205 | @ Unknownt Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.00569 N/A 0054 0000 4000 2000 f3143 1943 388 Jo01% [os1s 0380 0.760
[ 239 | @ unknown2 Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.09164 N/A 0983 0000 [J4.000 2000 f3143 1943 3885 [o019% [o61s 0380 0.760
[ 2z | @ | unknown 3 Mefenamic Acid Ban 1 Mafenamic Acid C13 | 0.00399 N/A 0036 0000 [f4.000 2000 f3143 1943 3886 [o0196 fo61s 0380 0.760
[ 207 | @ uninown s Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.00231 N/A 0018 0000 [f4.000 2000 f3143 1943 338 [0.019 [0615 0380 0.760
[ 23] = Unknown_5 Mefenamic Acid_Ban 1 Mefenamic Acid_C13 | 0.00454 A 0.042 0.000 4.000 2.000 J3.143 1943 3.886 0.0196 0615 0.380 0.760
[ 375 | @ Unknown s Mefenamic Acid Ban 1 Mefenamic Acid_C13 | 0.00743 N/A 0073 0000 4000 2000 f3.143 1943 3885 [oo01%6 [o61s 0380 0.760

409 | & | Unknown6 Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.00217 N/A 0016 0000 4000 2000 f3.143 1843 3885 [oo1%6 [o61s 0380 0.760
[ 43 | @ Unknown? Mefenamic Acid Ban 1 Mefenamic Acid C13 | 0.00423 N/A 0039 0000 4000 2000 §3143 1943 3886 Jo01% fo61s 0380 0.760

511 | B  MuscleBlank02 Mefenamic Acid Ban1  Mefenamic Acid C13 | 0.00008 0.0000 <0 0000 4000 2000 §3143 1983 3886 Jo001% fos1s 0380 0.760
| 545 | B Musclesd12 | Mefenamic Acid Ban1  Mefenamic Acid C13 | 023735 25000 2557 0000 [f4.000 2000 f3143 1943 3886 Joo19s flosis 0380 0.760
[ 7579 | @ Musiest22 | MefenamicAcic Ban1  Mefenamic Acid C13 | 045115 5.0000 4867 0000 ffa.000 2000 f3143 1943 3886 Jo0196 flosis 0380 0.760
[ 613 =2 Muscle Std 3 2 Mefenamic Acid_Ban 1 Mefenamic Acid C13  0.66809 7.5000 7211 0.000 4.000 2.000 J3.143 19043 3.886 0.0196 0615 0.380 0.760

Area Ratio

Calibration for Mefenamic Acid_Ban 1:y

6.53859¢-4 (r=0.99785,r =

0.99570) (weighting: None)

3 4

Concentration Ratio

L) Mefenam ic Acid MRM1 Mefenamic Acid MRM1
s | Concentration Area dx?
0.000 0.0000" 14.063 b| 0.092566 | 0.001
2.500 023847  1.563 0.00248395  0.012
5.000 045567  1.563 0.99569813| 0.0196 |Sigma
7.500 073117 14.063 138874322) 6 |N2=nu
0.000 0.0001"  14.063 0.53553365  0.002
2.500 0.2374"  1.563
5.000 045127  1.563 0.95 1.943 |t student 5%
7.500 0.6681" 14.063 0.99 3.143 |tstudent 1%
2t V) 3.89 |Delta
K 2 Nb of Sam ples Repetition]
Banned Substance 1 ' Nb of Calibration Level
J 2 Nb of Calibration Level
Replicates
Mean x Sumdx? CCa: 0615
375 625

Figure 2. CC, and CC;g for the Non-Permitted Substance Mefenamic Acid.

Custom column: Spcecific value can
be changed diretl:ltly in the column

Calculated Column with Formulae

A
: Actual Calculated . . . . Bt “t . . . . &
Index |Used 7| Sample Name 7| ComponentName 7|  ISName 7| AreaRatio ¥| M 7| OOl *MRLYAl ¥| ) ¥ K W W 7| “Delta Y ‘Sigma Y| “CCalpha 1% 7| “CCalpha 5% ¥ ‘CCheta %
SES O [MuscleBlank0_1 | Tolfenamic Acid_Auth 1 Tolfenamic Acid_C13 | 0.00153 0.0000 <0 50000 f3.000 2000 2000 3747 2132 4264 00958 [53644 52073 54146
BE2 MuscleStd 1.1 Tolfenamic Acid_Auth 1 Tolfenamic Acid_C13 | 2.13552 25.0000 24484 50000 f3.000 2000 2000 3747 2132 4264 Jo009se |53644 52073 54.146
106 MuscleStd 2.1 Tolfenamic Acid_Auth 1 Tolfenamic Acid_C13 | 4.19500 50.0000 50053 50000 3000 2000 2000 f3747 2132 4264 Joo9se |s53644 52073 54.146
[ 140 MuscleStd 3.1 Tolfenamic Acid_Auth 1 Tolfenamic Acid_C13 | 6.06324 75.0000 73.284 50000 3.000 2000 2000 f3747 2132 4264 [Joosss |s53644 52073 54.146
[ 208 Unknown_1 Tolfenamic Acid_Auth 1 Tolfenamic Acid_C13 | 0.00204 N/A <0 50000 f3.000 2000 2000 f3747 2132 4264 [Joosss |s53644 52073 54.146
[ 222 Unknown_2 Tolfenamic Acid_Auth 1 Tolfenamic Acid C13 | 0.02425 N/A <0 50000 f3.000 2000 2000 f3747 2132 4264 Joosss |s53644 52073 54.146
[ [ 276 Unknown_3 Tolfenamic Acid_Auth 1 Tolfenamic Acid C13 | 0.00081 N/A <0 50000 3000 2000 2000 f3747 2132 4264 Joosse |s53644 52073 54146
310 Unknown_4 Tolfenamic Acid_Auth 1 Tolfenamic Acid C13 | 0.00057 N/A <0 50000 3.000 2000 2000 f3747 2132 4264 Joosss |353.644 52073 54146
344 Unknown_5 Tolfenamic Acid_Auth 1 Tolfenamic Acid C13 | 0.00089 N/A <0 50,000 §3.000 | 2000 2000 §3.747 2132 4.264 0.0958 | 53.644 52,073 54.146
378 Unknown_5 Tolfenamic Acid Auth 1 Tolfenamic Acid_C13 | 0.00167 N/A <0 50000 f3.000 (2000 2000 f3747 2132 4264 Joosss |s53.644 52,073 54.146
| a2 Unknown_6 Tolfenamic Acid Auth 1 Telfenamic Acid C13 | 0.00212 N/A <0 50000 3000 (2000 2000 f3747 2132 4264 Jooose |s53.644 52072 54.146
| 446 Unknown_7 Tolfenamic Acid_Auth 1 Tolfenamic Acid C13 | 0.00041 N/A <0 50000 3000 [2000 2000 J3747 2132 4264 Jo0ose |53.644 52072 54.146
514 Muscle Blank 0_2 | Tolfenamic Acid Auth 1 Telfenamic Acid C13 | 0.00125 00000 <0 50000 [3.000 [2000 2000 J3747 2132 4264 Jo09ss |53.644 52073 54146
543 MuscleStd 1.2 Tolfenamic Acid Auth 1 Telfenamic Acid C13 | 2.18243 25.0000 25.027 50000 f3.000 | 2.000  2.000 2132 4264 Jo.09ss |s3644 52073 54146
582 MuscleStd2 2 | Tolfenamic Acid Auth 1 Tolfenamic Acid C13 | 427148 50.0000 51004 50000 f3.000 | 2.000 2,000 2132 (4264 Jo09ss |s3644 52072 54146
616 MuscleStd3 2 | Tolfenamic Acid Auth 1__ Tolfenamic Acid C13 | 6.29667 75.0000 76,187 50000 |3.000 | 2.000 2.000 2132 4264 Jo0oss |sasas 52072 54146
0.16974 (r=0.99887, r* = 0.99774) (weighting: None)
6 . Tolfenam ic Acid MRM1 Tolfenam ic Acid MRM1
Concentration Area dx?
14
25.000 21355 625.000 b| 0.08042 0170
5 50.000 41950"  0.000 0.00191553  0.103
r -
75.000 6.0632 625.000 0.99773572| 0.0958 |Sigma
r
4 25.000 21824 625.000 176256324 4 [N2=nu
2 50.000  4.2715”  0.000 16.1682802  0.037
= r
& 75.000 6.2967 " 625.000
® 3
g 0.95 2132 |t student 5%
<
0.99 3.747 |t student 1%
2 2, nu)  4.26 |Delta
K 2 Nb of Sam ples Repetition
1 Banned Substance I " 3 |NbofCalibration Level
J 2 Nb of Calibration Level
Replicates
5 10 15 20 25 30 35 40 45 0 55 65 70 Mean x Sumadx® CCa: 52073
Concentration Ratio 50 2500.0

Figure 3. CC, and CC;g for the Permitted Substance Tolfenamic Acid with a MRL of 50 pg/kg.
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Flagging Non-Compliant Results

By adding calculated columns (Flag CCalpha 1%) and (Flag
CCbeta) which compare the calculated concentration of the
analyte in the sample with the calculated CC. and CCp, SCIEX
OS software is able to automatically flag every concentration
above these decision limits. Figure 4 shows the example of the
non-permitted substance Ketoprofen. In this example, the
concentrations of Ketoprofen found in samples “Unknown_2”
(9.277 pg/kg) and “Unknown_7" (0.630 pg/kg) are exceeding
CCq« (0.552) and CCp (0.683) in the first case but only exceeds
CCq« (0.552) in the second case.

| |
ed o oMRLY! *CCalpha 1% 7

Calulat “Fiag
AreaRatlo ¥| oncentration | ccapha 1%

v

“CCbeta v{ “Flag CCbeta 7]

000019 T
039170 2636

0683
2084 0883 1954
4451 0se3 a3
6685 0483 63555
0883
068

072454 5003
103678 7238
001352 <0

132561 9217

06151 038
002472 0027
005455 0239
006576 0319
31061 5630

0683
0563
0683
0683
0663

01245 < 0683

000036 <0 0683
033946 2691 2139 05683 2009

075567 524 4672 05683 asa

AR QN0 RDRD QKN & Q& &

MuscleStd32  Ketoprofen Ban 1 Ketoprofen &3 107588 7501 0000 | 0552 6349 0683 6819

Figure 4. SCIEX OS Software Flags Results Above CC, and CCg.

Therefore, the automatic calculation of CC. and CCg in
combination with the real-time flagging of samples with
concentrations above these decision limits can save a lot of time
and minimize the risk of error for laboratories thus improving the
efficiency of their workflow.
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