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1. Introduction

Gas chromatography-mass spectrometry (GC-MS) and liquid-chrdmatography (LC-
MS) are hyphenated techniques that can provide unequivocal evidence of the presence

of a prohibited substance in doping and residue analysis (1).

According to ILAC-G7, the identification of a prohibited substance must result from a
direct comparison with a reference material analysed in parallel or series with the test
sample using a mass spectrometric technique. Moreover, there must be written
laboratory criteria of what constitutes “a match” (2). Indeed, due to instrumental and
matrix parameters, small fluctuations in mass spectrometric and chromatographic data
are observed. Hence, to identify a substance beyond any reasonable doubt with

chromatography-mass spectrometry, a number of criteria need to be established.

The organisations shown in Table 1 have set up criteria for chromatography and mass
spectrometry for related fields of analysis. In this paper, these criteria will be
compared and the positive aspects as well as points open for improvement for each set

of regulations will be discussed and illustrated with examples.

Table 1. Regulatory authorities and field of analysis

Organisation Field ref
European Council Anirﬁal drug residue (5)
Food and Drug Administration (USA) Animal drug residue (6))
Association of Official Racing Chemists Equine doping control (4)
International Olympic Committee Human doping control (7)
World Anti-Doping Agency Human doping control 8)
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Because of the unique specificity and selectivity associated with chromatography
coupled to mass spectrometry, all of these organisations regard this hyphenated
technique as the sole technique that is suitable on its own for use as a confirmatory
method (2, 4, 5, 6, 7, 8). The European Council is the only organisation that allows
the use of a combination of independent techniques to confirm the identity of a
substance (5). In this case a minimum number of identification points _(IP) associated

with each technique needs to be obtained.

The rules of the AORC are minimum performance criteria (4), i.e. a laboratory can
choose to use more stringent criteria. The rules of the European Union (EU) for
residues in animals and animal products (5), the Food and Drug Administration
(FDA) for veterinary residues (6) and the IOC (7) however, should be regarded as
universal identification criteria. The criteria for mass spectrometry and
chromatography in the technical document of WADA (8) are intended as “an example
of acceptable criteria”. Hence, each laboratory can choose its own criteria, if it can
justify their use. However, in the long term it seems adVisable that all doping control
laboratories should use the same criteria for reasons of harmonisation. Because the
regulations of WADA are only intended as an example, it seems worthwhile for
doping control laboratories to take other regulations under consideration as well when
setting up their own criteria. Moreover, it seems impossible to create one set of rules
that will be ideal for each specific case. The importance and practical experience of
the scientist interpreting chromatographic and spectrometric data is one of the most
important factors in the overall process and will probably remain so even if
technology evolves. This paper therefore merely gives some examples of the different

aspects an analyst needs to consider and help the analyst in making his/her decision.

2. Chromatography

The retention time of a substance can be regarded as characteristic. Hence, the
retention times of the substance in a sample and of the reference compound should be
comparable, if analysed under identical conditions. The retention time (RT) or relative
retention time (RRT) of a substance can be helpful in differentiating between
substances with similar mass spectra. The use of RRT instead of RT has been
advocated to enhance reproducibility (9). Even in combination with mass
Spectrometry, retention time can be of great significance in discriminating between

different substances, especially isomers which have very similar mass spectra. (e.g.
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bis-TMS derivatised 19-norandrosterone and 19-noretiocholanolone, the two major

urinary metabolites of nandrolone in humans).

Nowadays, capillary GC and HPLC are the most frequently used chromatographic
techniques. As shown in Tables 2 and 3, several regulating authorities have set up

criteria for these chromatographic techniques.

Table 2. Maximum tolerance for deviations in retention time (RT) and relative
retention time (RRT) between a substance in a sample and the reference compound

for gas chromatography (GC) according to regulatory body

Regulatory Authority Maximum allowed deviation
AORC (4) * 1% for RRT ‘
* 1% or6sfor RT (whichever is the greatest)
EU (5) * 0.5 % for RRT
FDA (6) » * 2% for RT
* 2% for RRT
I0C (6) * 1% for RRT
* 1%forRT
WADA (8) * 1% or 12 s for RT (whichever is the smallest)

Table 3. Maximum tolerance for deviations in retention time (RT) and relative
retention time (RRT) between a substance in a sample and the reference compound

for high-performance liquid chromatography (HPLC) according to regulatory body

Regulatory Authority Maximum allowed deviation
AORC (4) * 2% for RRT
* 2% or 12 s for RT (whichever is the greatest)
EU (5) e 2.5% for RRT
FDA (6) * 5% for RT
* 5% for RRT
I0C (7) * 1% for RRT
* 1% forRT
WADA (8) * 2% or 24 s for RT (whichever is the smallest)
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Some authorities differentiate between GC and HPLC based on practical experience.
Indeed, capillary gas chromatography has shown to provide a higher reproducibility in

retention times than HPLC (10). Therefore stricter criteria can be applied.

It is clear, that the tolerance for differences in retention time expressed as an absolute
difference by the AORC is only meaningful for rapidly eluting substances, i.e. with a
retention time smaller than 10 minutes (4). In contrast to the AORC, WADA uses the
combination of an absolute deviation and percentage tolerance to limit the difference
in retention time for lately eluting substances, i.e. more than 20 minutes (8). Although
from a theoretical and practical point of view neither of these situations (extremely
fast/late eluting substances) is ideal for "classical substances" analysed in doping
control, it is clear that the precautions made by both organisations are justified.

Peptides, however, typically elute at retention times around 20 min (11, 12)

3. Criteria for mass spectrometry

Mass spectrometry is a detection technique based upon ionisation and fragmentation
of molecules in an electric field. The fragmentation pattern of a substance (the relative
abundance of the mass to charge ratios of the different fragments) can be regarded as

a fingerprint of a substance.

Mass spectra consist of a series of m/z-values with different relative abundances, and,
although a mass spectrum can be regarded as characteristic for that substance,

different substances, especially isomers, can have similar mass spectra.

The diagnostic information in a mass spectrum is dependent on the detected m/z-
values, observed mass differences, MS/MS transition, abundance ratios, isotopes,

molecular ion, spectral pattern (15) and the mass spectrometric technique.

For each of these factors, criteria need to be developed that should be met to

unequivocally identify a substance.

Loss of some functional groups (e.g. HOTMS, CH;3, H,0,...) is less specific than the
loss of other groups. Therefore most regulatory bodies have attempted to define which
ions should be regarded as characteristic, by defining the term “diagnostic ion” (5, 6,
8) or by defining criteria for ions that can be used for matching (4). However, a clear

definition of this term is not straightforward. Isotopic ions for example can be
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diagnostic in biological samples, if derived from elements like CI or Br, while C

isotopes are far less diagnostic (17).

The loss of a HOTMS group e.g. is common for O-TMS derivatised substances.
Hence it is most often regarded as having low specificity. However, loss of such a
group also proves that the substance is derivatised and therefore provides evidence of

the presence of a functional group (-OH or C=0 in case of enolisation) in a molecule.

Because the relative abundances of the different ions in the mass spectrum of a
substance can be influenced by instrumental parameters and matrix, the IOC has
stated that the concentration of the reference substance should not differ by a factor 5
or higher than in the test sample (6, 13). Although no ratio is explicitly specified, this
recommendation is followed by the AORC (4). Moreover, it should be noted that
retention time behaviour is also concentration dependent in capillary GC (14).
Therefore it seems necessary that the concentration ranges in the sample and reference

are similar, to minimise the risks for false negative results.

As shown in Table 4, the minimum number of ions for unequivocal identification is 3
according to the AORC, I0OC, WADA and FDA and 4 according to the EU in the full
scan or partial scan mode with single MS (4, 6, 7, 8, 5). Although several
organisations have defined full/partial scan, none of these organisations have
identified a minimum scan range in their definition. The FDA states that all
structurally specific ions should appear in the scan range (6). Although this definition
depends on the interpretation of the term “structurally specific”, it is a
recommendable extension of the definition of partial/full scan mass spectrometry. It is
clear that such a definition is indeed extremely difficult. Several parameters need to
be considered when setting up the scan range. Back ground ions at low mass in GC-
MS (e.g. N; at m/z 28 and CO, at m/z 44) need to be avoided. However, this might
also lead to low sensitivity for some amino compounds that exhibit a base mass peak
at m/z 44 [C,HgN]' and very low abundances at higher masses (e.g. amphetamine,
nortriptyline) (14). Moreover, when quadrupole mass analyzers are used, the scan
range affects chromatographic resolution, i.e. a wider scan range results in lower

resolution because of the lower scan speed.

In contrast to full/partial scan, the definition of selected jon monitoring (SIM) is more

straightforward. SIM is a technique that monitors a limited number of ions. Hence, the
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number of data points for comparison is limited and the risk of misidentification could
substantially increase. This was taken into account by some authorities (AORC, FDA)
and hence smaller tolerances are applied for the ion abundances (6, 4) or the number

of ions (4) by these organisations (Table 4).

Ions used for identification should have a signal to noise ratio (S/N) exceeding 3:1 (4,
5, 6, 8) and ions present in the reference spectrum with an intensity exceeding 10%
should be included in the identification process (4, 5, 6), according to most regulatory
authorities. However, the AORC is the only regulatory body that has determined that
extraneous ions present in the test spectrum should not exceed 20% (4). If these ions
are present at an abundance of at least 20% they should be treated as diagnostic and

should be included for comparative purposes.

Background subtraction of spectra is often used. However, to unequivocally identify
an unknown substance, it is necessary that background subtraction is performed
consistently throughout a batch of samples (4, 5, 8), a procedure that is unexpectedly

not prescribed by all regulatory bodies.

With respect to tolerance levels, differentiation between EI and CI techniques is only
made in one document (5), while others specifically state that the rules are applicable
for all common ionisation techniques, irrespective of the mass analyzer (4). However,

differentiation between GC/MS and LC/MS is made by most authorities (Table 4).

There is general agreement that if the number of ions present in a mass spectrum is
not sufficient for identification, additional techniques (ionisation, derivatisation, MS") -
can be used. However, each mass spectrum should at least contain two ions, i.e. one
ion ratio in the case of single MS. WADA has clearly indicated the importance about
the independence of the techniques used in such a case (8). The combination of two

MS" events generating different product ions can be useful in some cases (5, 17).

High resolution mass spectrometry (HRMS) can provide additional structural
information based upon specific mass measurements that may reveal atomic
composition. However to attain sufficient resolution this instrument needs to be
operated in SIM. Hence for HRMS specific regulations have been provided by some
bodies (5, 6), while for other organisations the same rules as for low resolution mass

spectrometry apply.
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For MS? spectra, the product ions are generated after fragmentation of a precursor ion.
Therefore, the structural information of a product ion should be more specific than for
ions obtained in single MS. Hence, the criteria for product ions are less tight or the
required number of product ions for identification is lower (Table 4). However, the
specificity of some fragmentations even in MS? can be relatively low. The ions at m/z
315 and m/z 225 in the product spectra of TMS-derivatised 19-norandrosterone and
19-noretiocholanolone, for example are generated by the loss of HOTMS, a common
fragmentation pathway for O-TMS-derivatives. In MS" (n>2) spectra, the precursor
ion is less specific than the product ions because it is by definition present in the
product spectrum if the collision energy is sufficiently low. This has been recognised
by several regulatory bodies by requiring a specific relative abundance range (10-
80%) for the precursor ion (4) or attributing a lower number of identification points
(IP) to a precursor ion (5), i.e. 1 IP to a precursor ion and 1.5 IP to a product ion.
However, André et al. indicated that the identification point system of} the EC
automatically attributes 1 IP to the predursor ion in MS" (16), whether the precursor
ion is present in the product spectrum or not. Hence, the number of ions and the
herewith connected number of ratios of ion abundances that need to be present in the
MS"-spectrum according to the EC regulations is smaller than for the other
organisations. In contrast to the regulations for SIM, where most regulatory bodies
apply more stringent criteria as compared to full scan MS, the AORC is the only
organisation that applies stricter criteria (minimum 4 ions) for selected reaction

monitoring (SRM) as compared to full scan MS?.

Although the minimum number of ions required for matching is generally well
defined, some regulations can be interpreted in such a way that they allow for “ion
shopping”, i.e. selection of the best matching ions out of all ions present in a mass
spectrum. The AORC is the only organisation that has set up rules that completely
rule out this possibility. Because WADA also states that when SIM is used, any of the
ions present in the spectrum shall be within the tolerance lirhits for ion abundances,
this organisation has ruled out such a practice in this case as well. Nevertheless,
WADA'’s regulations for full scan mass spectrometry are not as tight as for SIM and

allow for ion shopping.

Library search algorithms can be applied under certain circumstances according to

some organisations (8), while others explicitly prohibit its use (6).
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Although all of the criteria described in this paper aim at preventing misidentification
of a substance, chromatographic and mass spectrometric analysis of complex matrices
for a wide range of substances as will still largely depend on the analysts’

interpretation.

4. Conclusion

It is clear that differences in criteria exist between regulatory bodies. Some of these
differences are due to specific requirements within the application field. Nevertheless
it seems that all of the regulations try to achieve a common goal: to clearly identify

what constitutes a positive finding.

Because the rules of WADA are non-binding criteria, it might be advisable to take the

regulations of other regulatory bodies into consideration where appropriate.

Finally, a harmonisation among the different regulations, incorporating the strong

points of each set of rules would be beneficial.
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