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ory provides a mathematical method to estimate the identification 
power of various analytical procedures (4) and predicts that fewer 
criteria result in poorer confidence in the result. Mass spectro- 
metric identification using selected ion monitoring should require 
three ions (such as used in regulated urine testing). The ions must 
contain a portion of the n~olecule targeted in the assay; fragment 
ions that contain only portions of the derivatization reagent must 
not be selected. In our opinion, ion ratios must be calculated, 
which cannot be done from a single ion. MUMS analysis alone is 
not a substitute for these criteria. However, two ions and one ra- 
tio may be acceptable for MS/MS analysis as the third ion is pro- 
vided by the parent ion and background from co-eluting inateri- 
als, which could confuse the identification, is eliminated. 
Conclusions drawn from analyses of unconventional matrices and 
novel compounds (that do not have the legacy that urine testing 
has and frequently are accompanied by lower detection limits) 
have weaker reliability unless increased specificity is provided in 
the analysis. 

Iinmunoassay screening adds some confidence to the proce- 
dure but even this can be insufficient. Generally, immunoassays 
are used to save cost by eliminating negative samples. The corre- 
lations of immunoassay results with G U M S  results are often 
poor due to cross-reacting materials interfering with the im- 
munoassay. Because of this, when laboratories do not correlate 
concentrations for individual specimens, the potential increase in 
confidence in the procedure that the iinmunoassay could provide 
is diminished. Even so, not every laboratory uses a dual testing 
procedure (screening by immunoassay and confirmation by 
G C M S  for regulated testing) because immunoassays may not be 
available for the analyte in question or the matrix being tested. 
Over reliance on iminunoassay can lead to false positives where 
the immunoassay identifies one compound and the G U M S  anal- 
ysis another (5-7). 

Another form of quality control is investigation of claimed inno- 
cence. No laboratory practitioner wants the appearance of making 
mistakes. When 99+% of the laboratory's testing is not ques- 
tioned, the presumption that every result is correct seems to be re- 
inforced. One may never know that a system is flawed until an in- 
nocent individual questions the analytical results. Innocent 
individuals may lack the resources or knowledge to challenge re- 
sults. More often, the individual may suspect adulteration of their 
food or beverage rather than problems with an analytical result it- 
self. Even if the analysis is questioned, the laboratory may dismiss 
that objection without sufficient consideration. When a result is 
questioned, the laboratoiy must have in place additional procedures 
to check the result, including sample retesting by a more specific 
technology. Finding errors and putting in place procedures to avoid 
those errors is a way to increase the confidence in a system, as in- 
formation theory predicts. 

Minimal standards need to exploit modern technology to its 
fullest practical extent to assure quality results. Single ion moni- 
toring does not meet this goal. 
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Author's Response 

Sir: 
Thank you for the opportunity to respond to the letter of Drs. 

Kidwell and Smith. In our article, we presented several cases to 
make two major points: 1) That minimum standards are needed 
for medicolegal testing; and 2) All analytic methods used in 
medicolegal testing should be validated and vigorously chal- 
lenged for sensitivity and selectivity in the laboratory before iin- 
plementation. Their letter supports our belief about the need for 
validation. 

We also believe that there are several common lessons from 
our cases and the single case they present. Foremost in any vali- 
dation, the laboratory must determine if the method is suitable for 
analysis of the target drug(s)/metabolite(s) in the chosen speci- 
men. This is a requirement of Good Laboratory Practice. Despite 
the technical developments in GC, HPLC, and mass spectrome- 
try, there is no substitute for good chronlatographic separation. 
Therefore, the validation experiments should ensure that there are 
no interferences from endogenous substances or other drugs and 
chemical agents. In addition to the formal validation, expertise in 
mass spectrometry and experience with the chosen method is a 
must. 

We disagree, however, with the sweeping generalization that 
single ion monitoring using chemical ionization (CI) mass spec- 
trometry (MS) is insufficient for forensic testing. The example pro- 
vided by these toxicologists demonstrates our points about the need 
for testing standards. The success of single ion Cl-MS analysis de- 
pends on the extraction procedure, reagent gas(es) used, source 
temperature, chemical structure of the analy te, the derivative (if 
formed), the chronlatographic technique, the chromatographic col- 
umn, carrier gas and conditions, the scan function, whether positive 
or negative ions (or both) are detected, and many other related pa- 
rameters. Condemnation of a time tested technique based on one 
example using a single set of analysis parameters is unwarranted. 
Doing so may pre-condemn other recent innovations that make use 
of C1, such as Atmospheric Pressure Ionization for HPLC-MS and 
HPLC-MSMS. 
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As scientists we should be cognizant of the fact that all meth- 
ods have limitations. The advent of mass spectrometry made 
clear the limitations of gas chromatography with flame ioniza- 
tion, nitrogen phosphorus, and electron capture detectors. Mass 
spectrometry using ion ratio calculations is also not infallible. 
This was demonstrated in the early 1990s with the analysis of 
sympathomimetic amines (1). We now enter a time when GC- 
MSIMS, HPLC-MS, and HPLC-MSMS is being introduced into 
our discipline. Although these are exciting and revealing tech- 
nologies, they also have limitations. As these and other tech- 
nologies develop, we urge forensic scientists to embrace them 
into their testing arsenal and to establish minimum standards for 
their forensic use. 
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