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AORC Guidelines for the Minimum Criteria for Identification 
by Chromatography and Mass Spectrometry 

  
 
1. This document provides a set of internationally-agreed recommendations for the 

comparison of chromatographic and mass spectral data consistent with ILAC-G7 
Part B  “Guide for Establishing the Presence of Prohibited Substances”. The AORC 
recognises that these represent guidelines for analysts and laboratories, whose 
responsibility it is to ensure the quality and integrity of the data is defensible and fit 
for purpose. Furthermore, AORC laboratories should have their own minimum 
criteria defined and documented.  

 
 
GENERAL ANALYTICAL REQUIREMENTS  
 
2. In general, chromatographic separation coupled to mass spectrometric detection 

can be sufficiently specific to be used alone as a confirmatory method. 
 
3. The injection sequence for a confirmatory batch should be consistent with Part B 

Clause 14 of the ILAC-G7 document. An example of a sequence appropriate to a 
range of analytical circumstances is as follows: 
⋅ Negative control (can also serve as system blank for non-threshold substances)    
⋅ System blank  
⋅ Test sample to be confirmed 
⋅ Reagent blank or negative control 
⋅ Reference sample (reference material or other positive control) 

 
 
CHROMATOGRAPHY 
  
4. When using a suitable internal standard or marker, the relative retention time (RRT) 

of the analyte in the test sample should not vary from that in the reference sample 
by more than the following: 
⋅ +/- 1% for gas chromatography (GC) 
⋅ +/- 2% for liquid chromatography (LC). 

 
5. Otherwise the following absolute retention time criteria should apply: 

⋅ +/- 1% or 6 seconds for GC (whichever is the greater) 
⋅ +/- 2% or 12 seconds for LC (whichever is the greater) 
 

6. When using high resolution separations techniques, such as ultra high performance 
liquid chromatography (UHPLC), the maximum difference in retention time of the 
reference standard and the test compound should be within +/- 50% of the half 
height-peak width or 3 seconds, whichever is larger. 
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7. Laboratories using high efficiency separation techniques other than UHPLC, should 
set criteria appropriate for the technique used. 

 
 
LOW RESOLUTION MASS SPECTROMETRY 
 
8. For any full-scan MS technique, a minimum number of 3 ions is required to be 

selected, from the test (sample) spectrum, for the purpose of matching their relative 
abundances (R.A.) with those in the reference spectrum obtained within the same 
injection sequence.  
 

9. The ions selected for matching should be a molecular ion, quasi-molecular ion or 
fragment ion whose presence and abundance are relatively more characteristic of 
the test substance (analyte). The molecular ion or quasi-molecular ion must be 
included if it is present at a R.A. of greater than 5% in the test spectrum.  
 

10. For product-ion scan MS/MS techniques, the selection of the precursor ion (even if 
it is also the molecular or quasi-molecular ion) for matching should be avoided. 
However, in case of insufficient ions it may still be selected, provided its R.A. in the 
test spectrum is between 10% and 80%. 
 

11. Further techniques or derivatisations may be used in combination if a single 
technique produces less than 3 ions suitable for matching. 
 

12. The signal of any ion used for matching must be significantly above the background 
level (noise). Typically, the signal to noise ratio should be well above 3:1 in the 
single ion traces. 
 

13. Within the common mass range, all ions that can be ascribed to the analyte and 
appearing in the reference spectrum with R.A. greater than 10% must also be 
present in the test spectrum. This requirement is independent of those in Clauses 
14-16 for the ions selected for matching. 

 
Maximum permitted difference (tolerance) for the matching ions: 

 
14. The relative abundance (R.A.) is the abundance of a particular ion relative to that of 

the most abundant ion (base peak) expressed as a percentage. R.A. may be 
calculated by integrating signals of single ion traces or from background-subtracted 
mass spectra. 
 

15. The maximum permitted differences in R.A. are as follows: 
⋅ Single-stage MS: 10% absolute or 30% relative, whichever is the greater 
⋅ MS/MS & related techniques: 20% absolute or 40% relative, whichever is the 

greater. 
 
These criteria apply to all common ionisation techniques in the full scan mode, 
irrespective of the type of mass analyser used. 
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16. The maximum permitted difference (tolerance) in R.A. in the test spectrum may be 

absolute or relative, and is always calculated with respect to the R.A. of the 
corresponding ion in the reference spectrum: 

 
 

 R.A. of matched 
ion in reference 

spectrum 

Full-scan  
single-stage MS: 

 Full-scan MS/MS  
& related techniques: 

 Acceptable R.A. in test 
spectrum (10% absolute 

or 30% relative) 

Acceptable R.A. in test 
spectrum (20% absolute 

 or 40% relative) 
100% (Base Peak) 70-100% 60-100% 
90% 63-100% 54-100% 
80% 56-100% 48-100% 
70% 49-91% 42-98% 
60% 42-78% 36-84% 
50% 35-65% 30-70% 
40% 28-52% 20-60% 
30% 20-40% 10-50% 
20% 10-30% 0-40% 
10% 0-20% 0-30% 
5% 0-15% 0-25% 
1% 0-11% 0-21% 

 
Extraneous ions:  

 
17. The presence of extraneous ions with m/z larger than 100 in the test spectrum 

should each not exceed 20% R.A. unless it can be demonstrated to be extraneous 
using extracted ion chromatograms. This may be calculated from a background-
subtracted spectrum or from single ion traces. 
 
Application of background correction (subtraction): 

 
18. The approach to background subtraction should be consistent across a batch of 

samples. The details of the background subtraction applied should be appropriate 
to the individual sample. 

 
SIM: 

 
19. Since full-scan data is preferred to selected-ion monitoring (SIM) for the 

confirmation of the presence of an analyte in a sample, tighter criteria should be 
applied. A minimum of 4 ions should be used with a maximum permitted difference 
in R. A. of 10% absolute or 25% relative, whichever is greater.   
 



AORC MS Criteria Document Accepted 5 Jan 2015, Modified 23 Aug 2016               Page 4 of 6 

SRM: 
 

20. For comparison of selected reaction monitoring (SRM) data a minimum of 3 
transitions should be used with a maximum permitted difference in R.A. of 10% 
absolute or 30% relative, whichever is greater. The use of non-characteristic 
transitions such as loss of water or TMSOH should be avoided where suitable 
alternatives exist. 
 

 
HIGH RESOLUTION ACCURATE MASS MS 

 
21. In general, when compared to mass spectra obtained using unit mass resolution 

and nominal mass assignment, the use of accurate mass data provides additonal 
confidence in the attribution of a mass peak or ion chromatogram to a confirmatory 
analyte. This increased confidence allows some relaxation in the criteria applied to 
confirmatory analysis.   
 

22. The mass error for any ion in either the test spectrum or the reference spectrum is 
calculated by subtracting the measured mass from the exact mass derived from the 
chemical formula (allowing for charge). The use of mass error is prefered but can 
only be determined when the formula of the ion is known.  
 

23. The mass difference for any ion in the test spectrum is calculated by subtracting 
the measured mass of this ion from the measured mass of the corresponding ion in 
the reference spectrum. 

 
24. Accurate mass data may be presented either in the form of mass spectra (full scan 

data) or as extracted ion chromatograms (EIC). The criteria applied to extracted ion 
chromatograms should be treated as equivalent to SIM (in the case of single stage 
MS) or SRM (in the case of tandem mass spectrometry).  
 

25. The low resolution mass spectrometry criteria stated in clauses 8-20 above and 28 
to 32 below apply equally to high resolution techniques. 
 

26. The requirements in clauses 10, 13 & 17 shall not apply for accurate mass MS 
provided that the mass error (or mass difference) for each ion selected for 
matching or the mass width of extracted ion chromatograms shall be within ±5 ppm 
or ±2 mDa (whichever is greater). 
 

27. Ions arising from a non-characteristic neutral loss should not be selected where the 
precursor ion has been used for matching and where suitable alternatives exist. 

 
 

Protein and peptide based analytes:  
 
28. Laboratories working on macromolecules other than proteins and peptides should 

set criteria appropriate for the technique and mass range used. 
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29. Harmonised definitions: 

Peptides are usually less than or equal to 100 amino acids. 
Proteins are much longer and normally contain more than 100 amino acids. 
Proteolytic peptides are all peptides resulting from enzyme digestion (i.e: trypsin, 
V8...). 
Proteotypic peptides are discriminative peptides resulting from enzyme digestion. 
Bottom up is referred as the confirmation of a protein / peptide molecule by the 
analysis of its specific proteotypic peptide fragments. 
Top-down is referred as the confirmation of an intact protein / peptide by direct 
mass spectrometric analysis (without enzyme digestion). 

 
30. The sequence of the target protein (whether using a bottom up or top down 

method) must be demonstrated to be unique in terms of its likely presence in the 
analytical matrix. For example, BLAST searches or similar proteomic tools should 
be used to identify any proteins / peptides which contain an identical sequence. 
Where such proteins / peptides are identified the likelihood of their being present in 
the analytical matrix along with the probability that cleavage of that protein to 
generate a peptide identical to the sequence of the analyte should be evaluated. 
The definition of ‘uniqueness’ will be context dependent i.e. in some cases it may 
be sufficient to demonstrate that the sequence is not known to be present in the 
species in questions, whereas in others it may be necessary to go further than this. 
 

31. The amino acid sequence of a protein could be similar among different species or 
synthetic analogues.  As a result, the proteotypic peptide identified for confirmatory 
purposes might be the same among various species or synthetic analogues.  As 
long as the protein from any of these species or the synthetic analogues should not 
be naturally present in the matrix of the animal tested, it would represent a 
contravention of the rules. 
 

32. The maximum permitted difference (tolerance) in R.A. for protein and peptide 
analysis: 
• SlM / ion chromatograms extracted from single stage MS data (4 ions 

minimum) 10% absolute or 30% relative, whichever is the greater, 

• Single-stage full-scan MS (3 ions minimum) or SRM / ion chromatograms 
extracted from MS/MS or related techniques (3 transitions minimum): 20% 
absolute or 40% relative, whichever is the greater 

• Full-scan MS/MS and related techniques (3 ions minimum): 25% absolute or 
45% relative, whichever is the greater 
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REFERENCE MATERIALS  
 
33. The suitability of reference materials used in chromatographic and mass 

spectrometric analyses shall be consistent with Part B Clause 16 of the ILAC-G7 
document. Materials of known, certified content are preferable for use as reference 
materials. Where these are not available, the source of a reference material should 
be documented in detail and its identity validated. 
 

34. It is acceptable to use any of the following as positive control to obtain reference 
data: 
⋅ Extracted or non-extracted reference material 
⋅ Extract from a sample-matched matrix spiked with a reference material 
⋅ Isolate from a sample taken after an authenticated administration of the 

appropriate substance. 
⋅ Isolate from an in-vitro incubation of the appropriate substance with liver cells or 

microsomes. 
 
35. The mass spectral or the deconvoluted mass spectra for polycharged proteins and 

chromatographic data obtained from the protein (top down) peptide(s) (bottom up) 
must be compared to those of a standard (in the case of ‘bottom up’ methods either 
produced synthetically or derived from a proteolytic cleavage equivalent to that 
used to analyse the target protein).  
 

36. In any case, the mass spectral (and chromatographic) data obtained should be 
attributable to the analyte concerned. 

 
Ratio of sample and reference material concentrations: 
 

37. The mass spectral and chromatographic data obtained from the reference material 
should provide a definitive data set for comparison with those from the unknown 
test sample. The reference material concentration used should be such that the 
retention time and mass spectral data obtained are unaffected by instrumental or 
matrix affects. It is not necessary to match the concentrations of test and reference 
samples, although it is good practice to consider the potential for variations in mass 
spectral and chromatographic data due to concentration or matrix effects. 

 
 
 
 

- END - 
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