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I, Dr. Bruce Goldberger, declare and state as follows:
. I am over the age of 18 and have personal knowledge of the following facts and, if called
as a witness, could and would competently testify to them.
. I'am 48 years old, and currently a resident of Newberry, Florida.
L.

QUALIFICATIONS
PROFESSIONAL POSITIONS
. Tentered the field of forensic toxicology in 1982 as a bench-level chemist.
. I worked as an Assistant Toxicologist and Laboratory Manager for the State of Maryland
at the Office of the Chief Medical Examiner, as well as a Toxicologist with the National
Center for Forensic Science in Baltimore, Maryland. |
. T'am currently a Professor and the Director of Toxicology in the Department of
Pathology, Immunology and Laboratory Medicine in the College of Medicine at the
University of Florida in Gainesville. In addition, I hold a joint Clinical Professor position
in the Department of Psychiatry, also in the College of Medicine.
. Talso serve as the Technical and Administrative Director of the Forensic Toxicology
Laboratory at the University of Florida, which supports the Medical Examiner’s Offices
in seven districts throughout the State of Florida. The approximate yearly caseload of
this laboratory is 3000 cases. This work involves analysis of human fluids and tissues for
presence of over-the-counter, prescription, and illicit drugs. The laboratory also assists
the Florida Highway Patrol and the Sheriff’s offices throughout the State of Florida in the
investigation of drug-related crimes and traffic homicide cases. My laboratory work

includes the routine use of the gas chromatography/mass spectrometry (GC/MS).
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Finally, in addition to providing support to the Medical Examiners’ offices, the laboratory
provides analytical services for governmental, academic and private organizations.

In addition to these academic appointments, I am also the Direvctor of the William R.
Maples Center for Forensic Medicine and Program Director for the Florida Emergency
Mortuary Operations Response System.

My curriculum vitae, attached as Exhibit 1 to this Declaration, contains a complete list of
the Professional Positions that I have held over the course of my career.

CONSULTING AND RELATED ACTIVITIES

During my career, I have been qualified as an expert witness in analytical and forensic
toxicology more than 140 times in U.S. federal courts, Florida state courts, Military
courts, Canadian courts of law, and Court of Arbitration for Sport arbitration
proceedings. My opinion has frequently been sought by local, state and national radio,
television and print media, and I have appeared on Good Morning America, CNN,
MSNBC, Fox News, Court TV —among other programs, to discuss forensic toxicology
matters in the news.

Typically, I am called as a State’s witness in the prosecution of drug and alcohol cases.
Because the lab work at issue in these cases was often conducted at my laboratory, my
testimony frequently focuses on the matters at issue hel_re—what techniques and methods
were used to support the positive drug or alcohol test, were those techniques performed in
accordance with the applicable rules, statutes, regulations, and general scientific best
practices, and are they reliable?

Since 2006, I have provided consulting services to the National Football League Players’

Association on anti-doping matters.
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EDUCATION

I received my Bachelor of Arts Degree in Zoology from Drew University in Madison,
New Jersey. I earned both a Master of Science and Doctor of Philosophy degree in
Forensic Toxicology from the University of Maryland School of Medicine in Baltimore,
Maryland. My curriculum vitae (Exhibit 1) contains a complete educational history.
CERTIFICATIONS

I am a Diplomate and Vice President-Elect of the American Board of Forensic
Toxicology (ABFT), and am certified as a Toxicological Chemist by the National
Registry of Certified Chemists (NRCC). I am also a Fellow of the National Academy of
Clinical Biochemistry.

I have a license to practice as a Clinical Laboratory Director issued by the Florida Board
of Clinical Lab Personnel, Départment of Business and Professional Regulation.

I am certified as a Toxicological Chemist by‘ the National Registry of Certified Chemists,
and have in the past been certified as a Forensic Toxicology Specialist, a certification
issued by the American Board of Forensic Toxicology.

PUBLICATIONS

My curriculum vitae, which is attached as Exhibit 1 to this Declaration, contains a current
list of my publications. Generally, I have authored and published numerous articles
relating to forensic toxicology, and am co-editor of the Handbook of Workplace Drug
Testing (AACC Press) and On-Site Drug Testing (Humana Press).

Many of my published studies and presentations focus on the isolation of drugs and drug

metabolites and the use of mass spectrometry in forensic toxicology laboratories.
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In addition to authoring my own presentations and studies, I am the Editor-in-Chief of the
Journal of Analytical Toxicology. Iam also a member of the editorial boards of the
Journal of Forensic Sciences and Forensic Science Review.

MEMBERSHIPS

I am an immediate-past President of the American Academy of Forensic Sciences.

I'am also a member of the Society of Forensic Toxicologists (SOFT), the American
Association for Clinical Chemistry, the California Association of Toxicologists, the
Council of Science Editors, International Association for Chemical Testing, National
Safety Council’s Committee on Alcohol and Other Drugs, and the International
Association of Forensic Toxicologists. Of particular note is my participation on the
National Committee for Clinical Laboratory Standards’ (NCCLS) Gas
Chromatography/Mass‘Spectrometry (GC/MS) Confirmation of Drugs Committee. This
committee was responsible for the drafting of GC/MS guidelines in the fields of clinical
chemistry and toxicology. While serving on this Committee, I worked with USADA
Director, Dr. Larry Bowers, to formulate guidelines for the use of the GC/MS in the
testing for the presence of drugs. Since 1995, the National Committee on Clinical
Laboratory Standards (now the Clinical and Laboratory Standards Institute (CLSI) has
exercised the lead role in managing the work of the ISO’s technical committee, ISO
Technical Committee 212, charged with focusing on the coordination of international
standardization in the clinical laboratory testing field. ISO/TC 212 is responsiblé for
“standardization and guidance in the field of laboratory medicine and in vitro diagnostic

test systems.”
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HONORS AND AWARDS
In 1988, I was the first recipient of the American Academy of Forensic Sciences
Toxicology Section’s Irving Sunshine Award.
In 1994, I received the American Association for Clinical Chemistry’s Outstanding
Scientific Achievements by a Young Investigator Award.
In 2004, I received the International Association of Fprensic Toxicologists’ Achievement
Award for excellence in forensic toxicology.
In 2006, I received the American Academy of Forensic Sciences Toxicology Section’s
Alexander O. Gettler Award for outstanding contributions to the field and profession of
forensic toxicology.
I'am not being paid for my participation in this appeal. Generally, I would charge for this
kind of case and the time I have spent reviewing these materials and testifying. I am
participating in this appeal proceeding without any fee because I believe that to uphold an
anti-doping sanction on the evidence in this case is a moral and ethical wrong.
IL.
OPINIONS
INTRODUCTION
In preparation for my testimony in this case, I was provided with more than 1500 pages
of documents, including the laboratory documentation package prepared by the LNDD. [
have also reviewed the accreditation documents for the laboratory. Although initially
reluctant to serve as an expert in this case, it was my review of these documents—and my
identification of what I consider to be glaring deficiencies in the work done by the

LNDD-that convinced me to participate in this case. Of particular importance to me
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were the manifest deficiencies in the quality of the chain of custody records and the way
that the Testosterone to Epitestosterone test (“T/E test”) was performed at LNDD. The
work that LNDD performed on Appellant’s Stage 17 sample is clear evidence of a
laboratory operating with neither validated methods nor the attention to detail needed to
ensure that accurate results are being generated. The manifest deficiencies in LNDD’s
work gives me no assurance that the laboratory results for Appellant’s are accurate or
reliable. My comments will focus primarily on the issues of laboratory procedure and the
flaws in the LNDD’s T/E analysis.
CHAIN OF CUSTODY
1. Whether they exist in anti-doping labs or forensic labs, chain of custody
systems must provide a complete record of every possession and transfer of a
sample from collection through final analysis and disposal.
a. Chain of Custody Documentation Format
After reviewing the laboratory documents and the arguments made by USADA in its
pretrial briefs and its brief in this appeal, I have determined that LNDD does not have a

proper chain of custody system in place. Chain of custody is the most important

 laboratory procedure next to ensuring that the assays performed generate reliable and

29.

accurate results. The importance of chain of custody is enhanced when the test results
from the samples will be used in a criminal or other disciplinary proceeding. Maintaining
proper chain of custody is the best means of ensuring that sample integrity is not
compromised.

The chain of custody of a sample must be well-documented, or one loses the ability to

demonstrate definitively that the results generated can actually be attributed to the
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individual involved in the legal proceeding. Thus, the purpose of creating chain of
custody documentation is so that an outside observer, be it a judge or an arbitrator, can
look at the documentation and be assured that the integrity of the sample has not been
compromised. While there are certainly differences among laboratories in how they
implement and generate chain of custody documentation, there is but one basic
requirement for chain of custody documentation: There must be a link, or “chain,”
between the people who have handled the sample. In other wbrds, the chain of custody
documentation must establish from whom a person received the sample and to whom that
person later gave the sample. There must be a sufficient link between people who
possessed the sample such that a chain can be formed; i.e., A sample went from Person A
to Person B, then from Person B to Person C and so forth until the sample is destroyed.
By establishing a link between people who have handled the sample, it is easy to ensure
that the integrity of the sample has not be compromised. For example, if the chain of
custody documentation only listed the sample going from Person A to Person B, and then
from Person B to Person C, with Person C destroying the sample, evidence that Person Z
possessed the sample would establish that the chain of custody was broken and the test
results from the sample should not be trusted. Likewise, if the chain of custody
documentation lists that the sample went from Person A to Person B, but then the next
entry indicates that the sample went from Person Z to Person X, the judge or arbitrator
will be able to determine that the chain of custody was broken and the sample results are
not reliable.

An example of proper chain of custody documentation is found by looking at the chain of

custody documentation used at the UCLA Laboratory, exhibit GDC0030-31, and at the
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Montreal Laboratory, exhibit GDC0032-33. Although the UCLA Laboratbry and
Montreal Laboratory documentation use slightly different formats and include different
information, one constant between the forms is that a link is established between the
people who possessed the sample.

The necessity of having this link is also required by WADA TD2003LCOC. The
technical document requires that a laboratory have a continuous record of individuals in
possession of the sample. The requirement of maintaining a continuous record is
synonymous with establishing a link between people who have handled the samples.
LNDD’s chain of custody documentation does not establish this necessary, critical and
required link between the people who handle the sample. Remarkably, USADA
acknowledges this utter deficiency in LNDD’s documentation, but argues that LNDD’s
chain of custody is still sufficient. This argument is specious, however, as I explain
below.

LNDD’s only chain of custody documentation is a summary sheet that is prepared a
significant amount of time after the testing of the sample. And the summary sheet is
purportedly recreated using the testing documents contained in the laboratory document
packet, similar to that of recreating your activities on a day two months in the past by
reviewing your emails. While I will address the deficiencies in how LNDD creates the
summary chain of custody documentation later and explain why the summary sheet is not
supported by the laboratory documentation, my initial comments will focus on the fact
that the summary sheet fails to establish a link between the people who handled Mr.

Landis’ sample.



34. LNDD’s summary chain of custody sheet, Ex. 25, USADA 253-54, simply identifies
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each person that had custody of the sample individually, e. g.,A,B,C,D. The
documentation provided by LNDD is more of a “plot of custody” than it is a “chain of
custody.” As noted above, the proper documentation, and the documentation used by the
UCLA Laboratory and the Montreal Laboratory, create a link between the people who
handle the sample, e.g., Ato B, Bto C, C to D.

The problems of LNDD’s system, and why it should be considered deficient, is best
evidenced when analyzed vis-a-vis the purpose of having chain of custody
documentation. Since the purpose of having chain of custody documentation is to
provide the judge or arbitrator with proof that the sample could not have been altered or
tampered with, one must ask what information is conveyed to the judge or arbitrator by
LNDD’s documentation that provides this assurance. The answer is that LNDD’s chain
of custody documentation provides absolutely no assurance that the sample integrity has
not been jeopardized. By listing each person who had the sample bottle individually,
there is no way to for fhe judge or arbitrator to determine when, where and from whom
that person obtained the sample bottle or when, where and to whom the person gave the
sample bottle. For example, by simply listing that Person A had the sample at noon and
that Person B had the sample bottle at 3:00 o’clock, the judge and arbitrator can not be
assured that the sample bottle was not possessed by Person Z at 1:00 o’clock and Person
X at 2:00 o’clock. Accordingly, since there is no guarantee that the people on the list
were the only people who handled the sample, which is the purpose of having chain of
custody documentation, LNDD’s chain of custody documentation is deficient. And,

since it does not provide a link between the people handling the sample, it is, therefore, in

10
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violation of the technical document’s requirement of a laboratory maintaining a
continuous record of who had possession of the sample bottle.

LNDD’s chain of custody documentation requires that the Panel just assume that a person
obtained the sample from the person listed above him or her on the summary sheet.
However, one should not be forced to make an assumption when reviewing chain of
custody documentation. Indeed, the rationale of maintaining accurate and detailed chain
of custody documentation is that it alleviates the nepd to make these assumptions.

In its brief, USADA contends that a chain of custody document that provides a link
between the people who posséssed the sample bottle provides no further assurances
against undocumented transfers than the plot of custody method used by LNDD. This
argument does not withstand the slightest scrutiny. At the outset, I must note that my
testimony that a proper chain of custody document must create a link between people
possessing the sample should not be interpreted as a statement that this method provides
absolute assurance to a judge or arbitrator that the sample integrity has not been
compromised. Like any other control system or method, the chain of custody method is
subject to deliberate deception by the laboratory technicians. For instance, even if the
chain of custody documentation established a link between the people who possessed this
sample, it can fail if the technicians are dishonest and deceptive by not listing the actual
person from or to he or she received or gave the bottle. Also, there are some exceptional
circumstances that may occur in which the chain of custody method of linking the people
who possess the sample fails as well. One of these exceptional theoretical situations is
the example provided in Appellee’s Brief of when there is an undocumented transfer

between Person A to Person C, and then another undocumented transfer in which Person
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C transfers the bottle back to Person A, so that when Person A documents a transfer to
Person B, it creates a link and masks the undocumented transfer. Nevertheless, this chain
of custody documentation at least provides to the judge or arbitrator that absent
intentional dishonesty or a unique exceptional circumstance described above, there is
some assurance that the sample was not compromised. Comparatively, LNDD’s chain of
custody documentation is deficient to such an extent that it provides zero assurance,
regardless of the situation, that the sample was not compromised.

b. Chain of Custody Method
In addition to the fact that LNDD’s chain of custody docﬁmentation does not establish a
link between people who possessed the sample, the method with which the summary
chain of custody page is created is unacceptable. LNDD does not maintain a
contemporaneous chain of custody record, whether it be in a single form or multiple
forms, as required by TD2003LCOC and generally accepted scientific principles. During
the AAA proceeding, USADA stated that “LNDD uses multiple separate
contemporaneous forms with a summary document prepared at the time the laboratory
documentation package is assembled.” USADA Pre-Hearing Brief at 16. USADA again
made this argument in its appeal brief. Appellee’s Brief at 78. However, this statement
is misleading. When USADA is referring to “separate contemporaneous forms,” based
on my review of the documents and my understanding of LNDD’s practices, USADA is
referring to the laboratory worksheets that are completed by the laboratory technician
when a particular task is performed, and will be noted later, some of them are not even
contemporaneous. These documents are not created for the purpose of maintaining chain

of custody documentation. It is my understanding that several weeks after the tests are
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performed, LNDD reviews these laboratory worksheets in attempt to reéreate the chain of
custody and then drafts the summary page. As I noted above, this process is similar to
that of a person attempting to recreate his or her activities in a day one month ago by
reviewing the emails and phone records for that day. In light of the importance of the
chain of cﬁstody documentation, this method of preparing chain of custody
documentation is improper and can lead to significant errors.

39. The most obvious deficiency of this method is that the summary page created after the
fact will not list the person who had possession of the bottle but did not perform any
analytical or other work on the sample, and thus, never completed a worksheet. For
example, imagine a situation in which a runner or assistant is used to transfer the sample
bottle from one technician to another technician. In other words the sample possession
would be from Technician A to Runner, and then Runner to Technician B. However,
since this runner or assistant is not actually performing any work with the sample, he or
she will likely not complete a worksheet. Therefore, when LNDD weeks later attempts to
create a summary chain of custody sheet based on the worksheets, it will not list the fact
that the runner or assistant had possession of the sample bottle. Put differently, the
summary sheet will not reflect that the runner or assistant had possession of the sample
and will only represent that the sample was possessed by Technician A and then
possessed at a later point by Technician B. The fact that LNDD’s method can lead to this
obvious error means that LNDD’s summary chain of custody sheet can not be relied upon
as being a true and accurate record of who possessed Mr. Landis’ sample.

40. LNDD’s method of maintaining, or its lack of maintaining, adequate chain of custody

documents is also in violation of TD2003LCOC. The technical document requires that
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the “entry into the Laboratory Internal Chain of Custody should be completed at the time
that any change of possession occurs.” In other words, a transfer of the sample must be
contemporaneously recorded in some worksheet, logbook, or form with the transferring
of the sample. Based on my understanding of the LNDD method, this does not occur. As
described above, the technician does not record the transfer of the sample bottle at the
time the sample is transferred, the recordation occurs when the technician completes the
laboratory worksheet when he or she begins performing work on the sample. Also, using
the same example as above, if a runner or assistant is used, there is no contemporaneous
document that is completed to represent this transfer.

A laboratory’s chain of custody documentation methodology is an all-or-nothing system.
In order to reap the benefits of a chain of custody, it is necessary to document each
transfer, each human possession, and each test that is conducted; documenting only some
of these steps compromises the entire chain. LNDD’s chain of custody documentation
and method do not achieve these benefits.

2, Specific Instances of Summary Document Not Being Supported

In addition to the fat that the method in which LNDD creates the summary chéin of
custody document is improper, contrary to the representations by USADA, the individual
laboratory documents do not support the entries made in the summary chain of custody
documentation. The discussions below are only some of the glaring unsupported entries
in the summary chain of custody document.

However, before discussing the specific instances in which the laboratory documentation
does not support the documentation, it should be noted that LNDD did not comply with

TD2003LDOC. This technical document requires that LNDD provide to the athlete all
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documents that support the internal chain of custody in the laboratory document packet.
While USADA in its brief stated that all information required by the TD2003LDOC was
provided in the laboratory document packet, Appelee’s Brief at 8, USADA has cited to
several documents not included into the laboratory document packet. USADA Pre-Trial
Response Brief at Page 19. Indeed, USADA has admitted that these documents are not
normally provide in the laboratory documentation package.

The most atrocious error in the chain of custody documentation is that the laboratory
document packet has conflicting information. In the summary chain of custody
document at USADA 0253, the first entry in for the “A” sample bottle is that it was
possessed by Operator 44 at 7:25 a.m. As noted above, because of the form of the
documentation, this summary sheet does not establish from whom or from where
Operator 44 received the “A” sample bottle. To assume that Operator 44 received the
“A” sample bottle from the freezer, because this is the last listed location of the “A”
sample bottle, is an improper assumption.

In reviewing the documents provided by LNDD, however, there is no document that
supports this entry. In fact, there is a document that is in direct contradiction to this entry
in the summary document. LNDD 1591 establishes that Operator 42, not Operator 44 as
indicated on the summary sheet, removed the bottle from CHFR-1 at 07:30, not at 07:25
as indicated on the summary sheet. This one instance, establishes that the summary chain
of custody documentation contains a break and does not accurately reflect the movement
of the sample bottle. This alone, is sufficient belie any reliability in the test results.

To make matters even worse, there is a document which parﬁally supports the entry in the

summary sheet, but is in direct contradiction to the document discussed above.
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 LNDD1590 purports to indicate that on July 21, 2006, Operator 44 possessed Mr. Landis’
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49.

sample bottle at 07:25. There is no indication where Operator 44 obtained this sample
from, and, more important, it directly contradicts the fact that LNDD 1591 states that the
sample bottle was not removed from the freezer until 07:30 by Operator 42. Obviously,
it is impossible for LNDD1591 and LNDD1590 to both be correct.

This glaring contradiction contained in LNDD 1950 and 1951 is further complicated by
the fact that USADA0006, which appears to be a storage log for the samples, fails to
include an entry for Mr. Landis’ sample bottle either being removed or returned to the
freezer or refrigerator. That is, USADA0006, a document which USADA purports to
represent that V21 placed the “A” bottle in CH.FR.1 on the night of July 20, 2006, and
then also purports to establish other instances when the sample bottle was either removed
or returned to a refrigerator, does not indicate that on July 21, 2006, Mr. Landis’ sample
was removed or returned. This document contradicts both LNDD 1590 and 1591.

This one entry on LNDD’s summary chain of custody document establishes the utter
deficiency in the chain of custody of Mr. Landis’ sample. USADA repeatedly posits that
the entries in the summary sheet are supported by the laboratory documentation. This is
simply not the case. Indeed, the laboratory documentation in this instance actually has
three documents that all contradict each other. There is no reasonable way to conclude
anything other than that LNDD fails to follow the requirements of TD2003LCOC and
generally accepted scientific principals in maintaining adequate chain of custody.

While this one entry establishes the failures of LNDD’s chain of custody method, a
careful examination of the laboratory documents reveals other significant errors in the

summary sheet and the underlying laboratory documentation provided.
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In the documentation package, LNDD provided as a chain of custody a form labeled “E-
TE-05 A” which purported to trace the A and B bottles from the reception of the bottles
at the laboratory through their disposal. In addition to its failure to do this, as discussed
above, this document fails in every meaningful respect that would represent effective

chain of custody.

- USADA 0253 records that the sample bottles were first received at LNDD by an operator

- coded as V21 at 21h35 on July 20, 2006. USADA cites to USADA 0024 and 0229 as

52.

laboratory documents that support this entry, both of which are copies bf the same paper.
These documents do not support the entry on the summary chain of custody sheet
because USADA 0024 and 0229 establish that LNDD received Mr. Landis’ sample at
9h35, not 21h35. While it is possible that USADA 0024 and 0229, are the only instance
in the entire document in which a 12-hour clock instead of a 24-hour clock was used,
even in this case, the LNDD employee failed to record an “AM” or “PM.” Thus, there is
no way to determine based on the documents §vhen LNDD actually received the Mr.
Landis’ sample.

Next, USADA 0253 notes that the A bottle was placed in CH.FR.1 at 22h15 on July 20,
2006 by V21. USADA pre-trial response brief directs us to USADA 0006 as support for
this entry. USADA Pre-Trial Response Brief at 19. USADA 0006 is what appears to be
a storage log and it records a time and date entry of 22h15 on July 20, 2006 by V21 for
sample 995474. There is, however, nothing on this log that I can find that indicates that
the sample was stored in a refrigerator designated CH.FR.1. There arc only two other
marks for this entry. The first is a double-headed arrow presumably indicating that this

entry applies to all three samples listed on the sheet (995474, 994179 and 994178). The
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other is a mark that appears to be an upper-case “R” and a lower-case “n”. It is possible
that this entry is, in fact, “R1” and that “R1” is shorthand for CH.FR.1, but there is
certainly no way from examining the documentation to determine if this is the case.
Additionally, there is no indication that the bottle being referred to by the designation
995474 is the sample “A” bottle.

Even if USADA 0006 did indicate that the A bottle was stored in CILFR.1 , the document
itself is deficient under the rules of TD2003LCOC and generally accepted scientific

standards. TD2003LCOC requires, at a minimum, that “[t]he Laboratory Internal Chain

of Custody must contain the name or initials of the individual, date of transfer, and
purpose of the transfer of possession. The individual’s complete signature/name should
appear in the documentation at least once.” Here, the entry on USADA 0006 has no
name or initial, but instead contains merely an operator code.

Next, USADA 0253 notes that Mr. Landis’ “B” bottle was placed in CH.FR.3 at 22h15
on July 20, 2006 by V21. USADA again supports this contention by citing to USADA
0006. As noted above, this document was used to support the entry that the “A” bottle
was stored in CH.FR.1. Beside the entry I described above, there is not another entry for
July 20, 2006. This one entry cannot be used to support both the fact that the “A” sample
was placed in CH.FR.1 and that the “B” sample was in CH.FR.3.

In addition to citing USADA 0006 as support for the “B” bottle being placed in CH.FR.3,
USADA also refers to a document produced later in discovery, not part of the document
packet, which is an SOP that states that the “B” sample bottle should be placed in

CH.FR.3 when it is received by the laboratory. LNDD1592. USADA appears to be

supporting LNDD’s entry in the summary chain of custody document about the storage
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of the “B” bottle with the SOP related to the storage of the “B” bottle. This argument is
absurd and completely unsubstantiated. An SOP, can never, under any circumstances be
satisfactory as a chain of custody document. A generic instruction sheet indicating what
should happen cannot possibly establish what, on a particular day, in fact did happen.
USADA has simply provided no document that would satisfy TD2003LCOC or generally
accepted scientific principals that supports the summary sheet entry about the initial
storage of the “B” sample bottle.

The summary chaih of custody sheet next notes that the “A” bottle was opened for the
purpose of aliquoting the sample for EPO analysis on July 21, 2006 by Operator 44 in
room 107 at 7h25. This is the entry that I discussed above that has three documents that
all contradict each other. However, even the documents that USADA suggests support
this entry, USADA0007 and LNDD1590, are both deficient. USADAO0007 is a results
recording sheet that only notes that Operator 44 at some point either performed or
recorded the values in the pH, specific gravity and d-refract analysis\ columns. Further,
and importantly, no where on this form does Operator 44’s name or initials appear — a
requirement for any valid chain of custody document by the language of TD2003LCOC.
The second document cited to by USADA is LNDD1590. LNDD1590 indicates, with a
date, time and proper initials, that Operator 44 took charge of series 177/07 and 178/07
on July 21, 2006 at 7h25, which as noted above is contrary to LNDD 1591 and
USADAO0006. While Sampl¢ 995474 is part of series 178/07, there is no indication on
LNDD1590 that Mr. Landis’ samples were indeed removed from the refrigerator as part

of this series.
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58. The summary chain of custody sheet next indicates that Operator 44 maintains possession
of the bottle to aliquot for an EPO test. Though USADA does not indicate a supporting
document for this entry in its chart in its pre-trial response brief at page 19, presumably
the support for this entry is LNDD1590. This document, however, is subject to the
deficiencies mentioned above.

59. The summary chain of custody document next. notes that operator 19 in room 006
aliquoted multiple tests from the “A” bottle on July 21, 206 at Sh10. USADA points to
LNDD1591 as supporting this entry. Several problems present themselves with this
conclusion. First, LNDD1591 is a document that we already know contains information
contradicted by LNDD1590 and by USADA006. Second, even if the information on this
document is correct, it cannot stand as support as a chain of custody document because
there is no name or initials of the operator in question (or any other operator, for that
matter) found on this document as required by TD2003LCOC and generally accepted
scientific principals. Last, this document again makes reference to a series and not
individual sample numbers, and one must assume that because the series 178/07, of
which sample 995474 is a part, is mentioned on the document, that the laboratory
technician in fact had possession of the “A” sampie bottle.

60. In the last several paragraphs, I have discussed the errors of only the first six entries on
the summary chain of custody form. It is clear that not only is the method of
documenting chain of custody at LNDD confusing and convoluted, but it is in fact
incorrect. It is my conclﬁsion that there is not sufficient chain of custody documentation

and there is no assurance that the integrity of the sample was not jeopardized. However,
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for the convenience of the panel, I will discuss some of the other errors in the summary
chain of custody documentation briefly.

According to the chart in USADA’s pre-trial response brief, there are several entries that
are supported by USADA0006. However, I have addressed the deficiencies of
USADA0006 with respect to another entry. These entries fail for the same reason as that
entry failed. Therefore, USADA0006 is deficient and cannot be considered credible
evidence to support the entries in the summary chain of custody sheet.

Similarly, the chart in USADA’s pretrial brief also states that entries in the summary
chain of custody sheet are supported by LNDD1591. As I have explained above, LNDD

1591 does not satisfy the requirements established by TD2003LCOC for a proper chain

- of custody document and cannot support the entry in the summary chain of custody

documentation.

I would also like to take this opportunity to re-emphasize a part of my earlier testimony
calling now specific reference to USADA0006. USADA has consistently argued that the
“plot” method of chain of custody is sufficient under TD2003LCOC and generally
accepted scientific principals. USADA has consistently argued that the chain of custody
here is, in fact, a complete and unbroken chain because you see Operator A possessing
the sample and then you next see Oﬁerator B possessing the sample that this means by
implication that nothing happened to the sample between the two. USADA0006 makes
the failure of this argument obvious.

3. A Laboratory Technician Testimony Contradicts the Summary Sheet

The summary chain of custody document purports to state that Operator 49, Cynthia

Mongongu, obtained Mr. Landis’ Sample “A” bottle on July 22, 2006, at 11h20. See
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Exhibit 25, USADA0253. According to the summary chain of custody document, the
Operator who had the sample bottle before Mrs. Mongongu was Operator 18, who
supposedly had the sample bottle at 10h50 in Room 103. At the hearing, however, Mrs.
Mongongu testified that she obtained the bottle from the rack in Room 103, not Operator
18. Tr. of Proceeding at 533:14-15. This establishes that the summary chain of custody
documentation does not actually establish the location of the sample bottle or who had
possession of it at a given time. That is, there is no indication on the summary chain of
custody documentation sheet that Operator 18 divested herself of the sample bottle and
put it on the rack in Room 103.

Even worse yet, at the hearing, Mrs. Mongongu testified that she “recalled” obtaining the
sample bottle at 11h20 on July 22, 2006 and possessed it for only five to ten minutes. Tr.
of Proceedings at 535:21-23. But the next entry on the summary chain of custody
document is that Operator 18 placed the bottle in storage at 12h45 on July 22, 2006. The
entry in the summary chain of custody document and the testimony of Mrs. Mongongu
establish that the chain of custody documentation does not establish where the sample
bottle is within the laboratory and who possessed the sample bottle at any given time.
Accordingly, as I have noted above, the chain of custody documentation maintained by
LNDD is not sufficient.

4. Chain of Custody Documents Must Record When Sample is in Control Zone

- Appellee’s Brief posits that all of the above deficiencies in the chain of custody records

can be dismissed because once the sample reached the laboratory, it was within the
control zone of the laboratory the entire time. Appellee’s Brief at 75-76. This broad,

sweeping statement is erroneous when the actual language of TD2003LCOC is
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considered. The technical document requires that when a sample is not in the possession
of a laboratory technician, it should be documented that the Sample is within the control
zone. Put simply, there must be some document that the laboratory technician completes
that documents the fact that the sample is no longer in his or her possession and that it has
been place in the control zone.

There is no such documentation here. Indeed, the summary chain of custody
documentation purports to show that certain laboratory technicians had the sample bottle
for several hours at a time. For instance, according to the summary chain of custody,
Operator 28 is said to have possession of the “A” sample bottle on July 23, 2006 from
14h30 to 17h00. Ifind it difficult to believe that Operator 28 had actual possession of the
sample bottle during this entire time. Yet, there is no documented transfer of the sample
bottlé from Operator 28 to the control zone. It is not sufficient for USADA to merely
argue that since the technician was in the laboratory, that he or she did not have to record
the transfer to the control zone. To accept USADA’s argument would be to eliminate the
chain of custody requirement once the sample arrived at the laboratory.

5. AAA Panel Was Incorrect In Disregarding the Chain of Custody Error

The AAA Panel states in 1264 of its decision that while there appeared to be gaps in the |
chain of custody summary document, USADA 253-7, when it reviewed the document
packet, it was “satisfied” that it could trace the location of the bottles and at all times
identify the operator in possession. The panel did not support this proposition with any
cites to the record, and, as I have established above, there is no way to trace the
movement of the sample bottle based on the document packet. And, indeed, there are

contradictory documents about the movement of the sample bottle while at LNDD.
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66. Equally, the Panel’s conclusion that any alleged breaches in the chain of custody cannot
have caused the AAF because the results of the A sample were confirmed by the B
sample is fallacious. §268. First, it assumes as a threshold matter that gaps in the chain
of cuétody occurred only with the “A” sample. There is reason to believe, as I discussed
above, that the failure to record the movement of the bottle or the sample aliquots was not
properly accounted for with respect to both the “A” and the “B” sample. Further, the
conclusion appears to miss the significance of chain of custody gaps. The fact that the
results between the “B” sample also “confirmed” the presence of testosterone does not
address the significance of the chain of custody gaps. Reaching the “right” conclusion
does not exclude the possibility that both samples were tampered with or compromised in
some way. I express no opinion about whether that happened, but no one, including this
Panel, can be assured that this did not happen because the chain of custody
documentation is lacking significantly.

LNDD’s T/E method and Carbon Isotope Ratio Test procedﬁre were not [SO-
accreditéd
1. Accreditation Background

67. During my eleven years inspecting laboratories for the National Laboratory Certification
Program, I was repeatedly called upon to evaluate a laboratory’s documentation, and to
evaluate it with reference to certification standards. I have also published in the scientific
literature on the issue of method development, and the process of validating a method and
proving to accreditation bodies that a laboratory is qualified to conduct a given method of

analysis.
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. 68. Laboratory accreditations are an important tool used to ensure that laboratories are able to
perform various analytical techniques accurately and reliably. But simply being
accredited does not ensure that on a given occasion a laboratory performed certain
analytical tests competently or correctly. In fact, due consideration must be given to the
scope of the accreditation; i.e., an accreditation that ensures that a laboratory consistently
abides by its Standard Operating Procedure (“SOP”) is meaningless if the SOP is not
scientifically valid.

69. In Appellate Response brief, it repeatedly emphasizes that LNDD was ISO-accredited to
perform the various assays used to generate and support the Adverse Analytical Finding
(“AAF”) for Mr. Landis’s Stage 17 sample. LNDD’s own documentation belies
USADA’s argument, however. Before turning to this point, an understanding of how a
laboratory obtains ISO accreditation is required. |

70. The WADA International Standard for Laboratories mandates that a WADA laboratory
obtain an ISO 17025 accreditation. See International Standard for Labs at 94.1.1. The
International Organization for Standardization (“ISO”) develops standards to ensure that
products and services are created or performed in such a manner to achieve desirable
characteristics at an economical cost. Specifically, ISO 17025 sets forth the general
requirements for the competence of testing and calibration labs. Although ISO drafts the
standard, it does not actually accredit laboratories. The laboratories are accredited by any
one of the more than 750 certification bodies in the world, bodies over which ISO has no
control. In France, the ISO accreditation or certification decisions are made by the
Comité frangais d’accréditation (COFRAC). Further, as USADA’s counsel, Mr. Young,

acknowledged during the proceedings before the AAA panel, an ISO accreditation is not
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a global certification that a laboratory is proficient across-the-board. Tr. Of Proceedings,
Feb. 23,2007 Vol. II at 100:4-102:8. Instead, ISO accredits the particular methods used
at individual laboratories.

Before the laboratory can obtain ISO 17025 accreditation for a particular method, the
laboratory must first develop and validate the method for which it wants accreditation.
The particular purpose of the laboratory, such as in this case, anti-doping testing, does not
chénge the basic requirements for method development and validation.

Method development and validation is the documented process of proving that a selected
analytical technique is acceptable for its intended purpose, and that it can be used
effectively by the lab in question. The documentation generated during this process is the
evidence that would eventually be provided to an accreditation body to prove that a lab
has chosen analytical techniques that it has demonstrated that it is able to implement in a
manner that generates accurate and reliable results. Specifically, the method
development documentation demonstrates that a lab has adopted a method only after
assessing general reliability factors like stability, precision, specificity, linearity, accuracy
and sensitivity. Particular assays, such as the T/E assay, include several additional
assessments. The laboratory should ensure in the method development phase that it can
adequately and consistently recover the analyte from the matrix, and that it has
established the ruggedness and reliability of the assay process. All of these steps are
necessary to validate a method, and the documentation generated in this process is what
the lab will show to an accrediting body in order to earn additional accreditations. This
process is discussed in more detail in my peer-reviewed paper, “Commonly Practiced

Quality Control and Quality Assurance Procedures for Gas Chromatography/ Mass
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Spectrometry Analysis in Forensic Urine Drug-Testing Laboratories,” B.A. Goldberger et
al., Forensic Sci. Rev. 9:59; 1997. While the article references drug-testing labs in
particular, the general principles are equally applicable in the anti-doping lab context,
where the goal is the same, to generate reliable, valid and accurate results with
evidentiary value. ISL §1.0.

These validation studies are critical because while a particular assay may be generally
accepted in theory, e.g., the T/E testing theory, each laboratory performing this assay may
have different instruments, personnel and variations in the method that can drastically
affect the reliability and accuracy of the particular assay. For instance, one specific
laboratory may perform the GC/MS assay with a method that produces a measurement of
uncertainty different from the measurement of uncertainty of another laboratory. Indeed,
a specific laboratory may have different methods it uses for a particular assay, and each
one of these methods may result with a different measurement of uncertainty. Once a
laboratory develops and validates the method, the laboratory drafts a SOP to memorialize
the method.

It is only after the SOP is drafted that a laboratory can obtain ISO accreditation. The
review process for ISO accreditation is not as it is described in USADA’s Response
Appellate brief. To obtain ISO accreditation, the accreditation body only looks to see if
the laboratory has a written SOP documenting the previously validated method and
whether there are proper management controls in place to address deviations from the
SOP and for updating the SOP if necessary. The ISO accreditation body DOES NOT
review the validation study to ensure that it is scientifically accurate and does not ensure

that the method or SOP is in compliance with governing regulations such as the ISL. To
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borrow a phrase from Appellee’s Brief, the ISO accreditation body does not step into the
shoes of the scientists to determine whether the method is scientifically valid.
2. LNDD lacked ISO accreditation to perform the T/E analysis for the purpose
of determining the T/E ratio of Mr. Landis’s urine sample.
LNDD performs several assays or processes in the laboratory, and for some assays,
LNDD has multiple methods it uses. LNDD’s T/E assay is one of the assays with
multiple methods. While some of the T/E methods have been validated and are
accredited by COFRAC, the T/E method used in performing the T/E assay on
Mr. Landis® sample was not accredited, and based on my review of the documents
produced, the validation study, if any, was not provided.
LNDD’s laboratory documents, at USADA 104, reflect that it has a T/E method for
determining a T/E ratio identified as assay EC24D. This assay was used by LNDD to
determine the T/E ratio on Mr. Landis’ Stage 17 samples. See USADA 25 6-7, USADA
189, 365. However, LNDD is not accredited by ISO/COFRAC to use the EC24D assay
as the COFRAC accreditation documents accredit assays EC24B and EC24C. See
LNDD 0085.
The EC24D method likely has not been validated by LNDD either. In my review of the
documents provided by LNDD to Mr. Landis, I only located a validation study for the
EC24C assay, not EC24D. See LNDD 461-471. Without this method being validated,
there can be no confidence that the results obtained using this method were reliable or
accurate, even if the LNDD laboratory technicians performed the test in compliance with

the method.
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The failure to validate the EC24D, and obtain an ISO accreditation for this method, is in
violation of ISL § 5.4.4.2. Further, the failure to validate and accredit a method, but still
use the method on a sample, causes me great concern about the results of Mr. Landis’
Stage 17 T/E test results.
3. LNDD’s Carbon Isotope Ratio Test performed on Mr. Landis’ Stage 17 urine
sample was not accredited.
The method used for the CIR test performed on Mr. Landis’ State 17 urine sample was
not accredited by COFRAC either. Unlike the T/E method accreditation issue above, in
which the method used simply was not listed in the COFRAC accreditation documents,
the CIR method accreditation deficiency is far more interesting. The COFRAC
accreditation documents accredit by method identification number, the CIR test method;
however, the description of the method on the accreditation documents is different than
the method described in the laboratory document packet provided by LNDD. Compare
LNDD 0097-98 with USADA 124-26; 303-05. Additionally, the measurement of
uncertainty on the accreditation document in effect at the time the Stage 17 sample was
analyzed was 20%, whereas, the December 2006 accreditation documents note that the
measurement of uncertainty is .8%. Compare LNDD 0086 with LNDD 0097-98.
The May 2006 accreditation documents accredit a CIR test identified as EC31. This
method is defined as including the following sub-methods: an extraction method, M-Ex-
24 (USADA 295-8), an analytical method, M-An-41 (USADA 329-30), and a method
setting forth the parameters for the portion of the test performed on the GC/C/IRMS

instrument.
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The C.IR. test performed on Mr. Landis’ Stage 17, while identified as EC3 1, contains an

additional step not included in the definition of the EC31 method in the COFRAC

- accreditation documents. Indeed, the document in the laboratory document packet setting

82.

83.

forth the individual sub-methods for the EC31 method is different than the sub-methods
set forth in the accreditation documents. The C.LR. test performed on Mr. Landis’ Stage
17 sample included a sub-method for when the samples are run on the GC/MS
instrument, the sub-method “M-AN-52.” USADA 303-05 (“B” sample) and USADA
124-26 (“A” sample). Indeed, not only is the “M-AN-52” sub-method not included in the
EC31 accreditation, this sub-method does not appear anywhere in the COFRAC
accreditation documents.
It is curious that the accredited C.L.R. test, EC31, is not the same EC31 method described
in the laboratory document packet. Nevertheless, disregarding the method identification,
the actual method, including the sub-methods, for Mr. Landis’ Stage 17 C.LR. test was
not accredited. Further, and critically, in my review of the documents produced by
LNDD, T have not found a validation study for the EC31 method as it was performed by
LNDD in testing Mr. Landis’ Stage 17 sample. Performing a test without proper
validation violated ISL § 5.4.4.2, and generally accepted scientific principles and
methodology. Accordingly, the C.I.R. tests results are unreliable, not valid and cannot be
used to support the allegation that Mr. Landis committed an anti-doping rule violation.
4. LNDD was not accredited to perform IRMS analysis at the appropriate level
of uncertainty.
As I noted above, a laboratory’s validation of an assay method is important in ensuring

that the method produces reliable, valid and accurate results. In fact, one of the critical
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measurements the laboratory determines during the validation study is the measurement
of uncertainty for that particular method. This point has been acknowledged by USADA
during the AAA proceeding. [Tr. of Proceedings, February 23, 2007, Vol. II at 100:4—
102: 8]. |

[ have serious concerns regarding the validation study and accreditation for the C.LR.
assay with respect to the measurement of uncertainty.

The ISO-accreditation issued by COFRAC and actually in force at the time LNDD
performed the C.I.R. assay on Mr. Landis’ Stage 17 sample for the EC31 assay (which as
noted above lacks all of the sub-methods from the method used for Mr. Landis’ Stage 17
sample) noted the measurement of uncertainty at “20%”. See LNDD 0086. The 20%
uncertainty level contained in this COFRAC accreditation document at LNDD 0086 also
appeared in earlier COFRAC accreditation documents, specifically those generated by
COFRAC staff at the last LNDD audit occurring before ‘;he 2006 Tour de France, the
February, 2006 audit. See LNDD 414, LNDD 429.

At the AAA proceeding, Dr. Christiane Ayotte testified that she believed the
accreditation listing 20% uncertainty was a “mistake.” See Tr. of Proceedings at 878-9.
A belief that this was a mistéke is hardly tenable in light of the fact that COFRAC had
listed this same uncertainty level on other documents. LNDD 00414, 00429.

Despite the accreditation at the time listing the measurement of uncertainty for the EC31
method as 20%, LNDD used a .8%o level of uncertainty in interpreting Mr. Landis’ C.L.R.
test results. See USADA 186, 352; Tr. of AAA Hearing, 464:16-465:4. The use of a
different measurement of uncertainty than what is listed in the accreditation documents

raises serious questions as to what the actual measurement of uncertainty was at the time
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the Stage 17 samples were analyzed. According to Ms. Cynthia Mongongu, a LNDD
laboratory technician, the measurement of uncertainty was adopted after a validation
study was performed at LNDD. Tr. of Hearing 464:16-466:1. The only validation study
produced by LNDD that I have reviewed, LNDD 451-460, however, is neither signed nor
dated, and is not presented on an official LNDD form. Indeed, the format of the C.LR.
test validation test is markedly different from the format of the T/E validation method
[EC24C]. LNDD 461-471. Thus, I cannot determine whether the validation study
produced by LNDD had been conducted by LNDD before Mr. Landis’ Stage 17 samples’
were préduced. Nevertheless, assuming that such a validation study was completed, it is
unclear to me why COFRAC would have repeatedly listed the measurement of
uncertainty as 20%.

88. While COFRAC did eventually issue an ISO accreditation for method EC31 that listed
the measurement of uncertainty for this method at 0.8%o, this accreditation did not take
effect until December 15, 2006, after Mr. Landis’ Stage 17 sample had been tested. See
LNDD 0098. The reason for such a correction was because LNDD’s Adeline Molina
sent to Mr. Robin Leguy of COFRAC on December 14 an email requesting that
COFRAC “correct” the 20% measurement of uncertainty in the previous accreditation for
method EC31 to 0.8%o based on the undated validation study. That request, incidentally,
was made by LNDD some time after Mr. Landis commenced his legal challenge to
LNDD’s findings
POSITIVITY CRITERIA NEEDS TO BE VALIDATED

89. During the AAA proceeding, USADA argued that LNDD did not have to validate the

C.LR. test with respect to the positivity criteria because the WADA Technical Document
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has defined what the positive criteria is for the C.I.R. test. While I do not express an
opinion generally on the positivity criteria contained in the Technical Document,
USADA’s argument that such a document relieves a laboratory from validating its -
method is specious.

As noted above, the purpose behind validating a method is to ensure that a laboratory can
consistently obtain reliable, valid and accurate results. The need to validate method is no
less applicable because WADA has issued a Technical Document setting forth a
positivity criteria. The reason for the validation study is because not all laboratories have
identical instruments or methods. These differences affect the test results that are
obtained from the assay, e.g., one laboratory has a measurement of uncertainty of 0.4%
whereas another laboratory for the same test may have a 0.8% measurement of
uncertainty. A one size fits all approach is not possible.

Using the same example as above, assuming based on the validation studies for each
laboratory, the T/E test at Laboratory A is 0.4% and Laboratory B it is 0.8%. If WADA
issues a technical document stating that the uncertainty level for the T/E test is 0.4%, it
would be illogical for Laboratory B to start analyzing its test results with a 0.4%
measurement of uncertainty when it knows, based on its validation study that its method
produces a measurement of uncertainty of 0.8%. Likewise, if in validating its C.I.R. test,
th¢ laboratory can only produce consistently reliable and accurate results when it uses
two metabolites to declare a positive test, it would be improper for the laboratory to
institute a positivity criteria based on one metabolite simply because the technical

document allows it to.
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To put this concept differently, the WADA Technical Document sets the floor for the
positive criteria. The laboratories, however, then need to validate their method to see, for
their particular method, what positivity criteria generates consistently reliable and
accurate results.

USADA’s expert and WADA laboratory head, Dr. Ayotte, concurred with my position
during the AAA proceeding. Dr. Ayotte clearly conceded that TD2004EAAS did not
relieve the laboratory of validating the WADA positivity criteria before implementing it.
Tr. at 856-858

The argument that a laboratory can bé relieved of its duty to validate its methods simply
because WADA dictated a particular measurement of uncertainty or positivity criteria is
in contradiction to the ISL, speciﬁcally 19 5.4.4.2.1 and 5.4.4.2.2, and generally accepted
scientific practices and methodology. Further, this argument is not supported by
USADA’s own expert.

In my review of the documentation, I have not located a validation study in which LNDD
has validated its positivity criteria. Instead of producing the validation study, USADA
has repeatedly argued that since the C.LR. test is accredited, this Panel can assume that
the positivity criteria has been validated. Appellee’s Brief at 22, USADA’s Pre-Trial
Response Brief at 26. This argument rings hollow, however.

First, as I have noted above, the EC31 method used by LNDD is not the same as the
accredited EC31 method described in the accreditation documents. Second, ISO
accreditation only means that there is either a SOP or multiple SOPs documenting the
method that has been validated. However, in accrediting a method, the positivity criteria

for the method does not need to be documented in an SOP. Thus, the method can be
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accredited without any reference to the positivity criteria or a validation for the positivity
criteria.

Further, while I am not an expert in the C.LR. test, the need to validate the positivity
criteria of the laboratory is best illustrated by the illogical difference between the
acceptance criteria for the alleged quality controls run during the C.LR. test and the
positivity criteria suggested by WADA and accepted by LNDD. Based on my review of
the laboratory document packet and the briefs in this case, it is my understanding that
with respect to the purported quality control measures during the C.LR. test, the Mix Cal
Acetate and the Mix Cal IRMS, LNDD requires the isotopic ratio for only three out of the
four compounds in each of these substances to be within the expected speciﬁcatiohs. In
other words, with respect to these supposes quality controls, LNDD concludes that the
GC/C/IRMS instrument is working properly even though the isotopic ratio for one of the
results is essentially incorrect. Remarkably, however, the positivity criteria used by
LNDD, the same positivity criteria suggested by WADA, for the C.I.R. test only requires
one of the four delta-delta values to be more negative than -3.00%o.

The positivity criteria compared with the acceptability criteria for the supposed quality
controls reveals a paradoxical situation. A quality control is acceptable if one isotopic
ratio falls outside of the expected range; whereas, if one delta-delta value is more
negative than -3.00%, the laboratory considers the sample positive. To put it simply,
based on the acceptance standard for the quality controls, the laboratory expects that the
isotopic ratio for one of the compounds in the quality control will fall outside the
specified expected range; however, the laboratory then expects that every isotopic ratio

obtained in the samples is correct. This is simply nonsensical. If the laboratory cannot
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obtain accurate isotopic ratios for every compound in the quality control, it ié unlikely
that the laboratory should expect to obtain accurate isotopic ratios for all target analytes.
That WADA has suggested a positivity criteria does not mean that the léboratory does not
have to validate the positivity criteria. The apparent inconsistency between the quality
control acceptance criteria and the positivity criteria is indicative of this fact. Assuming
that the quality control acceptance criteria has been validated, which I cannot confirm
because no validation study was produced, it would be illogical to then accept the one
metabolite positivity criteria suggested by WADA when the laboratory expects that the
isotopic ratio for one compound in the quality control will be out of specifications.
Sample number errors.

1. No Documents Support Receipt of Mr. Landis’ Sample

Each sample provided by an athlete at the Tour de France is provided a unique
sample number. This unique sample number allows the sample to be traced from the
time it is provided after the race to the destruction of the sample at the laboratory. This
sample number can also be later cross referenced with the person who provided the
sample. Additionally, this sample number is used to identify documents that pertain to
the sainple, for example, if a T/E test is run on Sample 12345, the worksheet and test
results corresponding to this T/E test will indicate that they are for Sample 12345,
Failure to input the correct sample number on a document, be it a transfer document or
laboratory analysis document, is a serious error in the chain of custody, and frequently
fatal to the success of any legal proceeding intent upon penalizing the person whose

sample is at issue.
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101. The first sample number error occurred in the documents purportedly reflecting
the transfer of samples to the LNDD from the field collection station after the completion
of Stage 17. First, the specimen transfer record, USADA 0024 and 229, contains a
statement indicating that the group of samples were being transferred to LNDD without a
delivery document [“Cas d’un TRANSPORT AU LABORATOIRE par chauffeur sans
document de livraison™]. This, in itself, is in Vicﬂation of generally accepted scientific
best practices. Second, Mr. Landis’ Stage 17 sample was given the sample number
995474. The official transfer record documents USADA provided, with the name and
signature of both the delivery person and the person who received the samples at LNDD,
does not list Mr. Landis’ sample number. While there is a sample number that is
numerically close to Mr. Landis’ sample number, 995476, precision is required in the
context of chain of custody and in all other laboratory procedures. Indeed, in the
Appellate Brief, USADA simply ignores this error in citing these transfer documents as
the only evidence that Mr. Landis’ sample was transferred to LNDD. See Appellate Brief
at 19 (citing USADA 0024 and USADA 0229 to establish receipt of bottle 995474 at
LNDD).

102. Additionally, while there is a document in the document package on LNDD
letterhead that notes the receipt of a sample 995474, USADA 0023, this document fails to
comply with the requirements of ISL 5.2.1.3, which requires that a transfer documents
bear the “name and signature . . . of the Person delivering or transferring custody of the
shipped Samples, the date, the time of receipt, and the name and signature of the
Laboratory representative receiving the Samples . . . .” The document at USADA 0023

contains none of that information required. Therefore, the laboratory documentation
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package provided by the LNDD to Mr. Landis appears to contain no chain of custody
documents or specimen transfer records that both accurately reflect the transfer of Mr.
Landis’s urine specimen — #995474 — to the LNDD, and comply with the ISL
requirements at §5.2.1.3.

103. In light of the error described above, the anti-doping organization, AFLD, should

have taken corrective action to ensure the integrity of the samples it received. Pursuant to
the International Standard of Testing, when LNDD received a sample without proper
accompanying documentation, the anti-doping organization should have confirmed that
there was proper chain of custody and should have considered voiding the sample.
9.3.6. Mr. Landis’ sample was not received at LNDD with proper accompanying
documentation, because the documentation failed to list Mr. Landis’ sample number.
The French Anti-Doping Agency, AFLD, should have confirmed that there was proper
chain of custody, and if there was not, the sample should have been voided. There has
been documentation provided to establish that the AFLD took such action or somehow
confirmed the chain of custody of Mr. Landis’ sample.

104. Further, LNDD was required to take corrective action as well when it received
Mr. Landis’ sample without proper accompanying documents. ISL 4 5.2.2.3 requires that
a laboratory document conditions that exist at the time the sample was received. Indeed,
one of the listed irregularities in the ISL when the “Sample identification is unacceptable.
For example, the number on the bottle does not match the Sample identification number
on the form.” LNDD has provided no documents establishing that it documented the

irregularity with Mr. Landis’ sample.
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2. Laboratory Documents Have Improper Sample Number

105. Documents prepared by LNDD staff and offered as evidence in support of
LNDD’s AAF also fail to reflect Mr. Landis’ sample number. In addition to the sample
number, 995474, Mr. Landis’ was also given a series number when it was received by the

laboratory, 178/07. See USADA 023.

106. On USADA 0288, a laboratory document containing the results of the T/E
analysis on what is purported to be Mr. Landis’ “B” sample, the sample number and
control number are both incorrect. This document reports data for sample 994474, not
sample 995474, and reflects the series number of 478/07, not 178/07. Yet, the document
is offered as evidence against Mr. Landis.

107. Another document in Mr. Léndis’ laboratory document packet that lists an

_ incorrect sample number is a barely legible document that appears to be a registration
document evidencing the retention and/or destruction of various samples. USADA 008.
While this document refers to samples 995475 and 995676, the document does not
contain any reference to Mr. Landis’ sample number, 995474. The significance of this
error is evidence by the fact that LNDD has acknowledged that there was a sample
995475 that was related to a different 2006 Tour de France cyclist and 995676 was also a
sample being tested at the time. LNDD0380, USADA0007.

108. Yet another document in the laboratory document packet containing a sample
number error is found at USADA 009. Unlike the above documénts which simply have a
different sample or series number, this document contains an overwritten sample number.
It is not clear what the original sample number was, but the document clearly shows that

the third number was altered and overwritten to make it Mr. Landis’ sample number. As

39



will be discussed below, correcting a mistake by overwriting is not permitted under the
ISL. But in addition to the forensic correction violation, the true concern comes from not
knowing who, why, or when this correction occurred.

109. Remarkably, another document, USADA0079, contains both improper forensic
correction of the series number and lists a different sample number than Mr. Landis’
sample number. The series number was changed from 188/07 and overwritten with
178/07.

Improper Forensic corrections

110. LNDD’s documentation supporting its test results is riddled with improper
“forensic” corrections. The ISL memorializes a generally accepted scientific practice that
any correction on a document related to a sample should be done by putting a single line
through the incorrect information, and initialing and dating the correction. In no instance
should the incorrect information be erased or otherwise obliterated. WADA
TD2003LCOC. This is not a merely technical rule. Laboratory work, from the actual
testing method to the documentation of the test, must be beyond reproach. Anyone
examining the laboratory document packet should be able to read every entry. Ifa
mistake is made on of the documents supporting a test and an entry is correct, a third
party should be able to ask the person who made the correction why the correction is
made. By not obliterating the mistake, the person reviewing the documents can know
what the mistake was and then verify why the mistake needed to be corrected. The
forensic correction rule is not a trivial one and should not be treated as one.

111. There are several instances in the document packet where LNDD personnel did

not comply with the requirement regarding forensic corrections.
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USADA 009 reflects an improper forensic correction made on a sample number, a
serious break in the chain of custody.
USADA 200 contains at least six forensic corrections that do not comply with WADA
rules or ISO 17025.
o  The sample number was corrected to #995474, however, the correction
was not dated.
o  Inabox called “Echantillon Blanc” followed by columns marked
“donneur,” “densite,” “facteur de dilution.” The box marked
“donneur” contains a marked-out 16, replaced by a 31. Again, there is
no initial or date.
o Inthe “Heure de la PE” box, there is a mark in the box that was
crossed out but not initialed or dated.
o  Inthe middle of the document there is a substance table that has a
heading titled “Volume preleve en uL,” with six numbered columns.
In column 1, the initial entry for epitestosterone was corrected from a
2to a4. The correction is not dated or initialed.
o  Inthe same tabie, column 3, there is a “60” that has been crossed out
and placed in a different box on the next line down in the column.
This change was not initialed or dated.
o Inthe substance table in the qolumns entitled “Conc ref dans PE en
ng/mL,” columns 1-6, we can see that in column 3, an entry for
epitestosterone was marked out. Again, this change was not initialed

or dated.
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o  The Operation table contains an altered date in the “Mise a pH” box;
again, no initials or date were provided.!

e USADA 0079 also contains two improper corrections. As noted above, this is the
document that had both Mr. Landis’ rider and series number incorrect. In correcting the
series number, however, the laboratory wrote over the pervious incorrect control number
and did not date or initial the change. The second improper forensic correction on
USADA 0079 appears in a box marked “Paraphe” appearing on the right-hand side of the
page near the top. The initials of one analyst are crossed out and the initials of another
analyst are inserted in the table toward the top of the document which sets forth the pH
measurements. The change does not contain the initials of the individual making the
change and it does not reflect the date upon which the forensic change was made.

112. The failure of the laboratory to maintain clear and compliant records raises
significant concerns about the laboratory practices. While cliché, where there is smoke
there is fire. Sloppy work in one area of the laboratory ié likely illustrative of sloppy
work in other areas.

113. USADA dispenses with the numerous forensic correction etrors by minimizing
the severity of these mistakes by referring to them as “unfortunate.” See Appellate Brief
at 80. USADA states, without benefit of supporting evidence or citation to documents,
that each forensic correction can be traced to an original document in the document

package, and therefore the errors cast no doubt on the validity of the lab’s findings. It is

1 It is worth noting that this document, riddled with forensic errors, also incorrectly reports the concentration for
the reference solutions printed on this page. To give one example, methyltestosterone SI3-046 is listed at a
concentration of 4 mg/L, but the reference solution log appearing at LNDD 263 clearly states that the 046
methyltestosterone from the SI3 series is concentrated at 8 mg/mL.
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difficult to imagine, however, how USADA would demonstrate that a sample number
that has obviously been overwritten or altered with document correction fluid [see
USADAO0009] can be “traced back to an original document” contained in the LNDD
document package. Thus, once again, USADA’s argument is specious.

LNDD failed to conduct the GC/MS testing used to calculate Mr. Landis’s
testosterone: epitestosterone ratio in the manner required by the ISL.

114. The screening test performed by LNDD for the presence of testosterone in a
sample is the T/E test, which uses the Gas Chromatography/Mass Spectrometry
(“GC/MS”) instrument. The T/E test measures the amount of testosterone and
epitestosterone in the sample, which is then used to determine the testosterone to
epitestosterone ratio. A T/E ratio of 4:1 is considered suspect by the ISL.

115. Not only was LNDD’s T/E test method unaccredited, as noted above, it was
performed in violation of the ISL. Despite vehemently arguing that the T/E test was
performed in accordance with the ISL, USADA now concedes in this appeal that the T/E
test was in violation of the ISL. USADA Appellate Brief at n.5 (“The AAA Panel
correctly concluded that LNDD’s T/E ratio analysis did not satisfy all the technical
requirements of the International Standard for Laboratories (“ISL”). While I will not go
into detail about the scientific theory underlying the T/E test or the procedures for
performing a T/E test, I am going to highlight some of the egregious errors committed by
LNDD while performing the T/E test. I believe that the errors committed by LNDD
should not be limited to the T/E test context, but are indicative of a laboratory that fails to
comply with ISL and chooses not to perform assays in accordance with generally

accepted scientific principles and methodology. For instance, as will be discussed next,
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one of the violations of the ISL during the T/E test was the failure of LNDD to properly
identify the compounds in the Sample. This same failure to identify compounds in
accordance with the ISL also occurred during the Carbon Isotope Ratio test, as will be
discussed by other experts. Accordingly, the errors committed by LNDD with respect to
the T/E test cannot simply be put aside because USADA now does not want to introduce
T/E evidence; rather, these errors must be given due weight in analyzing the credibility of
the laboratory with respect to all the test results used to support the AAF.
1. Compound Identification

116. The identification of a target substance during a T/E test is based on the retention
time and ion ratios of the substance. Oversimplified, the retention time of substance is
simply the time it takes a compound to pass through the column of the GC/MS
instrument. However, the retention time of substance, standing alone, is sufficient to
ensure that the substance measured is the target substance. This is because retention
times are not unique and there are a number of different compounds that may have the
same or very similar retention times. To ensure that the compound found at the specific
retention time is the target analyte, the ISL requires the laboratory to perform a method
called selected ion monitoring. See WADA TD2003IDCR. Selected ion monitoring
essentially requires the laboratory to acquire and identify at least three different and
unique ions. The underlying rationale and scientific theory for why a laboratory needs to
obtain three diagnostic ions to ensure proper identification is not necessary for the

~ purposes of this discussion; however, a detailed explanation is contained in my testimony

before the AAA panel and in Mr. Landis’ pre-trial hearing brief. Suffice it to say, LNDD
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117.

did not acquire three ions as required by the ISL.2 Additionally, there is evidence that
LNDD was capable of acquiring the three ions required, but for some reason, never did.
Thus, LNDD never properly identified the substances it measured in the T/E test were in
fact testosterone and epitestosterone, in violation of the ISL and generally accepted
scientific principles and methodology.

2. Performing T/E Confirmation in Triplicate

The ISL has a straightforward rule requiring that a laboratory must perform all
T/E confirmation tests, whether on the “A” sample or “B” sample, in triplicate. ISL q
5.4.4.1.2, TD2004EAAS. LNDD could not comply with this requirement either. The
confirmation T/E test performed on Mr. Landis’ Stage 17 “A” sample was not performed
in triplicate. The failure to follow a straightforward rule such as this is indicative of the

way in which this laboratory operates.

The following exhibits reveal that LNDD, instead of acquiring and analyzing three diagnostic ions when
conducting T/E confirmation analyzed (and sometimes acquired) only ore diagnostic ion:

the Data Analysis Parameters for the first attempt to confirm the A sample T/E results show the acquisition
of a single diagnostic ion at m/z 432.40. Ex. 24, USADA 0086;

The chromatogram for the successful A confirmation shows the acquisition of a single diagnostic ion at m/z
432.40. Ex. 24, USADA 0093.

The Data Analysis Parameters for the second A confirmation show the acquisition of a single diagnostic
ion at m/z 432.40. Ex. 24, USADA 0207.

The chromatograms for the first, unsuccessful A confirmation show the acquisition of the same diagnostic
ion at m/z 432.40. Ex. 24, USADA 0213, 0215.

The Data Analysis Parameters for the B confirmation show the acquisition of a single diagnostic ion at m/z
432.40. Ex. 25, USADA 0270.

The chromatograms for the B confirmation show the acquisition of a single diagnostic ion at m/z 432.40.
Ex. 25, GUSADA 0277, 0280, 0282, 0284,
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3. CHROMATOGRAPHY

118. A chromatogram in both the T/E test and Carbon Isotope Ratio test is the graphic
representation of the raw data obtained from the sample. In these tests, the
chromatograms have retention time on the x-axis, but the y-axis differs depending on the
test. The chromatograms, or the data underlying the chromatograms, are the foundation
for the analysis and calculations that eventually lead to the ultimate test results.
Accordingly, the quality of the chromatogram affects the reliability and accuracy of the
later calculations, and ultimately, the test results. Put differently, if the quality of the
chromatogram is poor, even if the later calculations are performed properly, the test result
will be inaccurate and unreliable. For example, imagine that the raw data from a sample
was not produced as a chromatogram, but was rather a simple data set with two numbers.
However, further imagine that the quality of the print is so poor that it cannot be
determined whether one of the numbers is a “3” or an “8,” and it could not be determined
what the second number was because part of the number was cut off. Even if the only
calculation required was to add these two numbers, the laboratory technician would not
be able to perform this calculation without having to guess whether the blurred number
was a “3” or an “8,” and just speculating what the second number should have been.
That the technician had to guess in performing the calculation means that the result would
be unreliable and maybe inaccurate. Similar to the blurred number and cut off number in
the example above, chromatograms have particular defects that affect the reliability,
validity and accuracy of the later calculations that lead to the final test results.

119. I review chromatograms on a daily basis as a regular part of my duties as director

of a forensic laboratory and I have also published papers discussing the interpretation of
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chromatograms. See “Commonly Practiced Quality Control and Quality Assurance
Procedures for Gas Chromatography/ Mass Spectrometry Analysis in Forensic Urine
Drug-Testing Laboratories,” B.A. Goldberger et al., Forensic Sci. Rev. 9:59; 1997. In
reviewing and interpreting chromatograms, there are a number of threshold criteria that
should considered to ensure that the chromatogram is of sufficient quality that it can be
used as the foundation for the later analysis.

120. The first criteria to consider is the shape of the curve of each peak. Optimally, the
peaks should be a classic Gaussian curve. This means that there should be no shoulders
or tailing. A shoulder is simply a bump in the curve wall and tailing is when the back
half of the peak trails off to the right. The presence of a shoulder or a tail is a clear
indication that two substances are co-eluting, which means that two or more substances
have the same or nearly the same retention time. If two substances are co-eluding, the
peak with the shoulder or tail is a graphic representation of either both, or some
combination of both, of the substances found at that retention time. Put differently, the
peak with a shoulder or tail is a graphic representation of both the target compound and
an irrelevant compound. Accordingly, any later calculations based on this peak are
unreliable and will lead to inaccurate results.

121. In addition to a Gaussian curve, peaks should be well resolved. A well resolved
peak occurs when the peak starts at the baseline and then ends at the baseline. If the
valley between peaks on a chromatogram fail to reach baseline, the peak are not
classified as well resolved. However, absolute peak resolution, while a goal, is not
required, but the more the peaks are unresolved, the more unreliable and inaccurate the

test results will be. A related concept to well resolved peaks is to have good baseline
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separation of the peaks such that there is a clear end of one peak and start of the next
peak.

122. The chromatograms generated by LNDD that are the foundation of the T/E and
C.LR. test contain peaks with shoulders and tailing, and are not well resolved. The
quality of the chromatograms are so poor that any calculations, and ultimately, the test
results, are not reliable, valid and are inaccurate. The T/E chromatograms are found at
USADA 0093, 0213, 0277, 0280, and 0282. All of these chromatograms, to some
degree, show peaks that have shoulders and tails, and are not well resolved or baseline
separated.

123. The T/E confirmation for the “A” sample, USADA 93 (bottom left) shows poor
baseline separation as to both the testosterone and the epitestosterone peaks, the retention
time obscures the epitestosterone peak, and it is not at all clear that the automatic peak
integration performed by the Agilent Chem Station was correct. Further, the
chromatogram for the internal standard, methyltestosterone, USADA 93 (top right) also
exemplifies a resolution problem. There is a peak at 21:21 which is co-eluting with the
internal standard at 20.98. These peaks are clearly not baseline resolved.

124. More deficiencies of the same sort can be seen by looking at USADA 213
(bottom right), which is the chromatogram from the first, unsuccessful, T/E confirmation
on Mr. Landis’s “A” sample. Again this chromatogram shows poor baseline separations
and questionable peak integration.

125. This same poor chromatography can be seen in the three confirmation “B” sample
T/E tests. The first confirmation T/E test chromatogram on the “B” sample is at USADA

277 (bottom right). This chromatogram is simply horrible with respect to the
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épitestosterone. There is no baseline resolution, no peak separation, and, put simply, the
epitestosterone is indistinguishable from neighboring peaks. The testosterone peak is
better, however, there is a shoulder that indicates probable co-elution. The internal
standard, USADA 277 (top right) has significant co-elution as well — the peak at 21.22 is
co-eluting with the internal standard eluting at 20.98. These same chromatographic
deficiencies are also present in the chromatograms for the second confirmation and third
confirmation test, which are found at USADA 280 and 282.

126. The comparison of the T/E chromatography generated by LNDD and the T/E
chromatography generated by the UCLA Olympic Analytical Laboratory further illustrate
the poor chromatography generated by LNDD. The UCLA laboratory chromatogram for
the UCLA Laboratory is found at GDC 524. This chromatogram shows peaks with a
Gaussian curve, no shoulders or tailing, and well resolved peaks and baseline separation.
4. Matrix Interference

127. The sample provided by Mr. Landis after Stage 17 was a urine sample, which is
also described as a urine matrix. Urine, by its nature, is a matrix that contains numerous
compounds that are being excreted. Further, Mr. Landis did not provide the urine sample
in a sterile environment, which allows for the introduction of other compounds to be
introduced in the sample.

128. Both the T/E and the C.LR. tests require that a chemical process be performed on
the sample to remove the irrelevant compounds from the sample. If the laboratory does
not prepare the sample properly, significant matri* interference will be shown in the
chromatogram. Matrix interference is graphically depicted in the chromatogram by a

jagged baseline or a sloping baseline. As noted above about the effects of poor curve
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shape and unresolved peaks, the presence of matrix interference in the chromatogram
cause unreliable, invalid and inaccurate results.

129. In fact, the ISL mandates that when a lab validates a particular method for use in
confirming the presence of threshold substances like testosterone and epitestosterone,
matrix interference “must” be limited. ISL §5.4.4.2.2. During the AAA proceeding,
USADA argued that this ISL did not épply to the testing of actual vsamples as it should be
limited only to validation studies. This argument is absurd. If a validation study, a study
to establish that the laboratory’s method consistently achieves reliable and accurate
results, requires limited matrix interference, so should the actual method in practice. To
interpret the ISL otherwise would be to allow a laboratory to apply a validated method in
circumstances for which it is not validated for.

S. Finding an Internal Standard when it did not exist

130. Another remarkable error by LNDD is that in one T/E test the laboratory found a
substance that was not actually present in the sample. In the method for preparing the
sample for a T/E screening test, LNDD inserts deuterated androsterone as an internal
standard in the T/E screen test, but LNDD does not add this internal standard in the -
confirmation method. Yet in a T/E test performed on a sample prepared with this
confirmation method, one without deuterated androsterone, actually found that the
deuterated androsterone was in the sample. The Panel appeared to believe that the
automatic identification of deuterated androsterone by the instrument in no way reflected
mistakes on the part of the lab. Whether it is a mistake‘or not a mistake, it establishes

that the laboratory results are not reliable.
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H. Incorrect Column Identification

131. A critical piece of equipment in both the GC/MS and the GC/C/IRMS instrument
is the gas chromatograph. The gas chroﬁlatograph separates molecules by sending these
molecules through a column, which is essentially a tube coated with complex
hydrocarbons. However, there are numerous types of columns with different chemical
compositions that can be used in any particular machine. By having a different chemical
composition, the amount of time it takes a particular compound to travel through the
column, or retention time, wili vary. In other words, the type of column used has a direct
impact on the molecules retention time.

132. As will be explained in the declarations of Dr. Keith Goodman, Dr. Wolfram
Meir-Augustine and Dr. Simon Davis, the C.LR. test uses two instruments, the GC/MS
and the GC/C/IRMS. To ensure that the retention time provided by the gas
chromatograph in the GC/MS instrument is comparable to the retention time provided by
the gas chromatograph in the GC/C/IRMS instrument, both gas chromatographs must
have the same column, in addition to the same method file. Failure to have the same
column and method file will result in the retention times of the target analytes being
different between the GC/MS instrument and the GC/C/IRMS instrument such that trying
to compare the retention times between the two instruments would be similar to trying to
compare apples and oranges.

133. According to the laboratory document packet provided by LNDD for Sample
995474 that I reviewed, the columns in the GC/MS instrument and the GC/C/IRMS

instrument at the time of Mr. Landis’ Stage 17 sample was tested were not the same. The
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column used in the GC/MS instrument was Agilent HP-5ms, USADA 0124, 0303, and
the column used in the GC/C/IRMS phase is Agilent DB-17ms. USADA 0153.

134, The importance of having the same column in the GC/MS and GC/C/IRMS
instrument was acknowledged by the majority of the AAA panel, yet, contrary to
evidence noted above, the AAA Award found that “[t]he GC Column is, of course, the
same in both instruments.” Majority Award; 9 186. This assertion is simply not true
based on the evidence provided in the laboratory document paékage for Sample 995474.

135. LNDD’s improper use of two different columns in the GC/MS and the
GC/C/IRMS instruments, and the AAA Panel’s incorrect factual finding, was noted in
Appellant’s Brief. In its brief, USADA in essence concedes that LNDD’s laboratory
document packet notes that different columns were used in the GC/MS and GC/C/IRMS
instruments, but that this was caused by a “mistake in the printouts of the informational
operation summary.” Appellee’s Brief at 43. USADA then contends that despite these
errors in the documentation, the proper column was used in the GC/MS instrument during
the Carbon Isotope Ratio test. USADA explains that during a service of the GC/MS
instrument by Agilent, Mr. Gerard Le Petit, a technician from Agilent (the manufacturer
of the column) did not change the operating summary on the GC/MS instrument after
performing his diagnostic testing using a different column. Appellee’s Brief at 44.

136. Even assuming the truth of USADA’s contention that the same column was used
in both the GC/MS and GC/C/IRMS, the fact that there is an error in the laboratory
documentation packet provided by LNDD causes me great concern. As noted above, the
purpose of all laboratory documentation is to provide a third party who reviews the

documentation with all necessary information to evaluate the reliability and accuracy of
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the test results. Indeed, the ISL states that “the record should be such that in the absence
of the analyst, another competent analyst could evaluate what tests had been performed
and interpret the data.” ISL § 5.2.6.1. This “purported” mistake is yet another error in
the laboratory document packet, which is supposed, standing alone, support thelﬁnding of
an adverse analytical finding. Further, this mistake is again indicative of a laboratory that
refuses to follow the ISL and other generally accepted scientific principles and
methodology. In sum, this error, compounded with the other errors, is the work of a
generally incompetent laboratory, which, in my opinion, seriously jeopardizes the
accuracy and reliability of the results reported by the laboratory.
L Conclusion
137. For the foregoing reasons, the T/E and C.LR. test results are not reliable, not

valid, are inaccurate, and should not be given in any evidentiary weight.

I declare under penalty of perjury under the laws of the United States of America that the
foregoing is true and correct. This declaration was executed on F riday, March 07, 2008 in

Newberry, Florida.

BRUCE A. GOLDBERGER

100390229 5.DOC
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Member, Diagnostic Referral Laboratories Executive Committee
Member, Diagnostic Referral Laboratories Quality Assurance Group
Chairman, Biosafety Committee

Biologic Safety Officer

Member, Clinical Research Committee

Member, Rocky Points Labs, Building & Safety Committee

Interdisciplinary Toxicology Graduate Training Program (Center for Environmental and Human
Toxicology):

Faculty Member

Graduate Coordinator for Pathology

Member, Toxicology Graduate Specialization Committee
University of Florida University Athletic Association:

Member, University Athletic Association Substance Abuse Committee

GRANTS AND CONTRACTS

State of Florida, Department of Health, Office for Emergency Operations, Florida Emergency
Mortuary Operations Response System (FEMORS), $1,964,300, 2002-present.

An Exhaled Breath Detection System for Environmental Tobacco Smoke Exposure, James &
Esther King Biomedical Research Program, State of Florida, University of Florida, 2004-
2005.
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Dynamic Signal Processing and Information Extraction for E-Noses, National Science Foundation,
Subcontract from Convergent Engineering to Goldberger, $37,813, 2005-2007.

Detection of Ethanol in Human Breath: Mini-GC Use and Exhaled Breath Condensate, National
Institute on Alcohol Abuse and Alcoholism, National Institutes of Health, Subcontract from
Xhale Diagnostics to University of Florida, $134,091 (pending).

OTHER ACADEMIC ACTIVITIES

Adjunct Assistant Professor in Clinical Chemistry. University of Maryland School of Medicine,
Department of Medical and Research Technology, Baltimore, Maryland, 1991-1992 and
1993-1994

Thesis Advisor. College of Graduate Studies, Thomas Jefferson University, Philadelphia,
Pennsylvania, 1994

External Examiner for Sarah Kerrigan. Faculty of Graduate Studies, The University of British
Columbia, Vancouver, B.C. Canada, 1997

PROFESSIONAL MEMBERSHIPS AND ACTIVITIES

American Academy of Forensic Sciences (AAFS), Fellow, 1983-present
Academy Activities
Program Committee, Poster Session Chairman, 1994
Nominating Committee, 1996-1997
Council, 1995-1997
Program Committee, Breakfast Seminars Chairman, 1997-1998
Program Committee, Poster Session Chairman, 1998-1999
Strategic Planning Committee, 1997-1998
Long Term Planning Committee, 1998-present
Board of Directors (Toxicology Section Representative), 1999-2002
Academy-Wide Luncheons, Moderator, 2000
Program Committee, Workshop Chairman, 2000-2001
Forensic Sciences Foundation Nominating Committee, 2000-2001
Program Committee, Program Co-Chairman, 2001-2002
Program Committee, Program Chairman, 2002-2003
Policy and Procedure Committee, 2002-present
AAFS Website Redesign Task Force (Chairman), 2002-2003
AAFS Website Content Oversight Task Force, 2003-2004
Vice President, 2003-2004
Membership Committee, Chairman, 2003-2004
Treasurer, 2004-2006
Executive Committee, 2004-present
Finance Committee, 2006-present
Forensic Sciences Foundation Nominating Committee, 2005-2006
President-Elect, 2006-2007
Trustee, Forensic Sciences Foundation, 2006-2008
President, 2007-2008
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Toxicology Section Activities
Workshop Co-Chairman, 1992-1995, 1999
Program Committee, 1992-1996
Program Chairman, 1994-1995
Secretary, 1995-1996
Chairman, 1996-1997
Chairman, Nominating Committee, 1997-1998
Abstract Guidelines Committee, 1995-1996
Editor, News and Views, 1993-1996
Steering Committee, 1994-present
Minutes Review Committee, 1994-1999
Awards Committee, 1997-1999, 2001-present
ad hoc Membership Guidelines Committee, 1994-1999
American Association for Clinical Chemistry (AACC), Member, 1984-present
TDM/Tox LIP Committee, 1991-1996; Chairman, 1995-1996
FUDT/LIP Committee, 1997-present; Chairman, 1999
Toxicology News Committee, Chairman, 2000-2001
Workshop Leader, 1993-1994
TDM and Clinical Toxicology Division, representative to the Jomt Committee on Education
and Training in Toxicology, 1993-1996
American Board of Forensic Toxicology (ABFT)
Board of Directors, 2000-present
Treasurer, 2002-present
Promotion Committee, 1998-present
Examination Committee, 1999-2004
Chair, Finance Committee, 2002-present
California Association of Toxicologists (CAT), Associate Member, 1993-present
Council of Science Editors, 2001-present
National Academy of Clinical Biochemistry, Fellow, 2003-present
International Association for Chemical Testing (IACT), Member, 1999-present
National Committee for Clinical Laboratory Standards, Member, 1993-2002
Gas Chromatography/Mass Spectrometry (GC/MS) Confirmation of Drugs Committee
National Registry of Certified Chemists (NRCC)
Board of Directors, 2001-2003
Examination Committee, 2001-2003
National Safety Council, Committee on Alcohol and Other Drugs, Member, 1988-present
Education and Training, Co-Chairman, 1990-1991
Education and Training, Chairman, 1992-1997
Executive Board, 1992-2007
Action Programs Subcommittee, 1998-present
Web-Site (ad hoc) Subcommittee, Chairman, 2002-present
Society of Forensic Toxicologists (SOFT), Member, 1984-present
Advisory Committee on Hair Analysis, 1991-1992
Annual Meeting Program Committee, 1993-present
Chairman, SOFT Web-site Committee, 1997-present
Chairman, SOFT Logo Redesign Committee, 1997
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Board of Directors, 1998-2000
Special Issue Editor, Journal of Analytical Toxicology, 1999
Board of Directors (ex officio), 2005-present
The International Association of Forensic Toxicologists (TIAFT), Member, 1991-present
T°2007 Scientific Advisory Committee

EDITORIAL TASKS

Clinica Chim Acta — Member, Editorial Board, 1999-2003

Clinical Chemistry - ad hoc reviewer, 2006

Clinical and Forensic Toxicology News (AACC Newsletter) — Chairman, Editorial Advisory Board,
1999-2001

Drug Court Review — ad hoc reviewer, 2005

Forensic Science International — ad hoc reviewer, 2004-2006

Forensic Science Review — Member, Board of Editors, 2002-present

Journal of Analytical Toxicology —
Editor-in-Chief, 2001-present
Member, Editorial Advisory Board, 1997-2000
Invited Reviewer, 1995-1996
Society of Forensic Toxicologists Special Issue Editor, October, 1999

Journal of Forensic Sciences — Member, Editorial Board, 1997-present

Science & Justice — ad hoc reviewer, 2005 ‘

Therapeutic Drug Monitoring and Toxicology (AACC In-Service Training and Continuing
Education Publication) — Chairman, Editorial Board, 1995-1996

Clarke’s Analysis of Drugs and Poisons (3rd Edition), Pharmaceutical Press — Member,
Editorial Advisory Board, 2000-2004

Clarke’s Analysis of Drugs and Poisons (4™ Edition), Pharmaceutical Press — Member,
Editorial Advisory Board, 2007-present

CONSULTANT AND OTHER RELATED ACTIVITIES

Expert Witness/Consultant in Forensic Toxicology. Qualified as an Expert in Forensic Toxicology
in Federal, State of Florida, Canadian, and Military Courts of Law

Laboratory Inspector. National Laboratory Certification Program, Substance Abuse and Mental
Health Services Administration, DHHS, 1989-2000

Chairman. Florida Department of Law Enforcement/Institute of Police Technology and
Management Implied Consent Rules Committee, 1999-2000

Chairman. Substance Abuse Committee, Athletic Programs, Santa Fe Community College, 1997-
present

Co-Chair, Methadone Associated Mortality: A National Assessment Workshop, Center for
Substance Abuse Treatment, Substance Abuse and Mental Health Services Administration,
Arlington, Virginia, May 2003

Member, Florida Task Force on Suicide Prevention, Office of Drug Control, Office of the Governor.
State of Florida, 2003-2007

Consultant, Drug Enforcement Administration (Arlington, VA), 2004-present

Consultant, National Football League Players Association (Washington, D.C.), 2006-present

2



Bruce A. Goldberger, Ph.D. Page 9 of 30

Planning Committee, Methadone Mortality: A Reassessment, Center for Substance Abuse
Treatment, Substance Abuse and Mental Health Services Administration, Arlington,
Virginia, July 2007

Member, State of Florida Suicide Prevention Coordinating Council, Office of Drug Control, Office
of the Governor, State of Florida, 2003-present

REVIEW OF GRANTS AND CONTRACTS

Consultant. Counterdrug Technology Assessment Center Demand Reduction Advisory Board,
Office of National Drug Control Policy, Executive Office of the President, 1993

Consultant. Maternal Lifestyle Study, National Institute of Child Health and Human Development,
National Institutes of Health, 1992-1993 '

Consultant. Measurement of Caffeine, Paraxanthine and Osmolality in Serum from the Collaborative
Perinatal Project, National Institute of Child Health and Human Development, National
Institutes of Health, 1996

ad hoc Committee Member. Molecular, Cellular and Chemical Neurobiology Research Review
Subcommittee [NIDA/B], National Institute on Drug Abuse Initial Review Group, National
Institutes of Health, 1996-1997

ad hoc Reviewer. Clinical Protocols, Addiction Research Center, National Institute on Drug Abuse,
National Institutes of Health, 1998

ad hoc Committee Member. Epidemiology and Prevention Review Committee [NIDA/G], National
Institute on Drug Abuse Initial Review Group, National Institutes of Health, 1998

ad hoc Reviewer. NIDA/INVEST Research Fellowship Program, National Institute on Drug Abuse,
National Institutes of Health, 2000

Reviewer. FY 2005 General Forensics Research and Development Solicitation, Office of Science
and Technology, National Institute of Justice, U.S. Department of Justice, 2005

Reviewer. FY 2006 Forensic Toxicology Research and Development (R&D) Solicitation, Office of
Science and Technology, National Institute of Justice, U.S. Department of Justice, 2006

INVITED LECTURES

The Use of Quality Control by Forensic Urine Drug Testing Laboratories. Hewlett-Packard
Clinical/Forensic Seminar, Rockville, Maryland, April, 1989.

Principles of Forensic Toxicology. Forensic Toxicology Workshop, Department of Health and
Rehabilitation Services, State of Florida, Orlando, Florida, April, 1990.

Drug Testing in the 1990s. 1991 Hewlett-Packard User's Group Meeting, American Society of Mass
Spectrometry, Nashville, Tennessee, May, 1991.

Optimization of GC/MS. Hewlett-Packard User's Group Meeting, Baltimore, Maryland, October,
1991.

FPDT: Forensic Pelage Drug Testing (Breakfast Seminar). American Academy of Forensic
Sciences, New Orleans, Louisiana, February, 1992.

Optimization of GC/MS. Forensic and Clinical Drug Analysis by GC/MS. Hewlett-Packard
Sponsored Workshop, American Association for Clinical Chemistry, Chicago, Illinois, July,
1992.

Confirmation. Preparing for the NIDA NLCP Inspections: Problems Commonly Encountered by
Inspectors. Society of Forensic Toxicologists, Cromwell, Connecticut, October, 1992,
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Hair Testing: The Growing Way to Test for Drugs of Abuse. The Pittsburgh Conference, Atlanta,
Georgia, March, 1993.

Disposition of Heroin and 6-Acetylmorphine in Hair. Clinical Pharmacology/Toxicology Forum,
Baltimore, Maryland, March, 1993.

Testing for Abused Drugs in Human Hair. 1993 Hewlett-Packard User's Group Meeting, American
Society of Mass Spectrometry, San Francisco, California, May, 1993.

Hair. Drug Analysis of Unusual Biological Tissues. American Association for Clinical Chemistry,
New York, New York, July, 1993.

Heroin and Metabolites in Biological Tissues Obtained from Heroin Users and Heroin-Related
Deaths. Roche Diagnostics Seminar, Branchburg, New Jersey, August, 1993.

Seminar: Measurement and Interpretation of Heroin, 6-Acetylmorphine and Morphine
Concentrations in Biological Tissues. Department of Medical and Research Technology,
University of Maryland School of Medicine, Baltimore, Maryland, September, 1993.

Study of the Effect of "UrinAid" on HHS Regulated Urine Specimens. Drug Testing Advisory
Board, Division of Workplace Programs, Substance Abuse and Mental Health Services
Administration, Bethesda, Maryland, September, 1993.

Current Status of Hair Drug Testing. Capital Section, American Association for Clinical Chemistry,
Baltimore, Maryland, November, 1993.

Optimization Techniques for GC/MS. The In's and Out's of Capillary Gas Chromatography:
Routinely Utilized Inlet and Detector Systems. American Academy of Forensic Sciences,
San Antonio, Texas, February, 1994.

Opiates. Forensic Toxicology. Armed Forces Institute of Pathology, Vienna, Virginia, April, 1994.

Adulteration Issues-Laboratory Checks and Balances. Substance Abuse Workshop. Department of
Energy, Alexandria, Virginia, May, 1994,

Hair. Drug Analysis of Unusual Biological Tissues. American Association for Clinical Chemistry,
New Orleans, Louisiana, July, 1994.

Pharmacology of Heroin and Related Opiates in Hair. SOFT Conference on Drug Testing in Hair,
Tampa, Florida, October, 1994. .

Opiates. Fundamentals of Forensic Toxicology: A Basic Course. Society of Forensic Toxicologists,
Baltimore, Maryland, October, 1995. "

Testing for Drugs in Hair. Seminar. Departments of Pharmacodynamics and Pharmaceutics,
University of Florida College of Pharmacy, Gainesville, Florida, October, 1995.

Postmortem Toxicology. Advances in Alcohol and Drug Testing-Significance for Legal
Proceedings. Toxicology Consultants Forensic Science CLE Seminar Series. Fort
Lauderdale, Florida, December, 1995.

The Analysis of Anabolic Agents in Sports. Amateur Athletic Drug Testing — Substance Abuse
Policy. American Academy of Forensic Sciences, Nashville, Tennessee, F ebruary, 1996.

Drugs of Abuse Testing. Boehringer Mannheim Corporation 1996 Preferred Partners Meeting and
Product Fair. Orlando, Florida, March, 1996.

Drug Free Workplace Seminar - Lab Procedures. Gainesville Area Chamber of Commerce,
Gainesville, Florida, May, 1996.

Testing for Cocaine in Hair: New Clinical and Forensic Applications. Department of Pathology and
Laboratory Medicine, University of Florida College of Medicine, Gainesville, Florida, June,
1996.
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Drug Testing for Drug Courts: Components of Reliability. Gaining Momentum: Drug Courts in
Florida. Supreme Court of the State of Florida, Office of the State Courts Administrator,
Naples, Florida, June, 1996.

Rohypnol and Rape Prevention. Rape & Crime Victim Advocate Program, Alachua County
Department of Community Services, Gainesville, Florida, July, 1996.

Medical Examiner Toxicology, Analysis of Unusual Biological Tissues, and Forensic Chemistry.
Introduction to Forensic Toxicology. American Association for Clinical Chemistry, Chicago,
Illinois, July, 1996.

High Sensitivity CEDIA Benzodiazepine DAU: New Solutions for the Nineties. Boehringer
Mannheim Corporation 1996 Industry Workshop at the AACC Annual Meeting. Chicago,
Illinois, July, 1996.

Forensic Toxicology. 1996 Clinical Chemistry and Toxicology Audioconference Series -
Teleconference Network of Texas. Gainesville, Florida, August, 1996.

Forensic Toxicology Sites on the World Wide Web. Forensic Toxicology and the Internet. Society
of Forensic Toxicologists, Denver, Colorado, October, 1996.

Drug Free Workplace Seminar — Lab Procedures. Gainesville Area Chamber of Commerce,
Gainesville, Florida, October, 1996.

Forensic Science: A Living Science — Amniotic Fluid and Breast Milk. American Academy of
Forensic Sciences, New York City, New York, February, 1997.

Forensic Toxicology: QA/QC Considerations. NFSTC Forensic Toxicology Workshop, Gainesville,
Florida, August, 1997.

Implementation of a PT Program for Hair Testing in Florida. HHS Drug Testing Advisory Board,
Scientific Meeting on Drug Testing of Alternative Specimens and Technologies, Arlington,
Virginia, September, 1997.

Signs of Impairment & Physiology and Pharmacology, Breath Test Instructor Course, Institute of
Police Technology and Management, University of North Florida, Jacksonville, Florida,
January, 1998.

Cocaine Analyses in Breast Milk and Nails. Seminar. Department of Pharmaceutics and
Pharmacodynamics, College of Pharmacy, University of Illinois at Chicago, Chicago,
Illinois, March, 1998.

Hewlett-Packard Seminar on Drug Testing and Forensic Analyses. Wilmington, Rockville, Atlanta,
and Tampa, March, 1998.

Results from the First Round of the State of Florida Hair Proficiency Testing Program. Drug
Testing Advisory Board, Division of Workplace Programs, Substance Abuse and Mental
Health Services Administration, Bethesda, Maryland, June, 1999.

Physical Effects of Abuse. The GHB, GBL and 1,4 Butanediol Working Group Meeting. Sponsored
by Orphan Medical Group, National Forensic Science Technology Center, St. Petersburg,
Florida, July, 1999.

Case Studies in Forensic Toxicology. Department of Pathology, Immunology and Laboratory
Medicine, University of Florida College of Medicine, Gainesville, Florida, August, 1999,

Forensic Toxicology. Microbiology and Cell Science Student Organization. University of
Florida, Gainesville, Florida, September, 1999.

Hewlett-Packard Seminar on Drug Testing. Fundamental and Critical Procedures Used in the
Analysis of Drugs of Abuse in Urine by GC/MS. Mexico City, Mexico, November, 1999.
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Leading Edge Seminar — The Future of Forensic Medicine at the University of Florida,
University of Florida Department of Conferences and Seminars, Division of Continuing
Education, Gainesville, Florida, February, 2000.

Forensic Toxicology of Opiate Alkaloids and Synthetic Analgesics — Metabolism of Opioids.
American Academy of Forensic Sciences, Reno, Nevada, February, 2000.

Post-Mortem Forensic Toxicology (Part 1), Shands Hospital Laboratories Continuing Education
Program, Gainesville, Florida, March, 2000.

Drug Testing: An Important Element in Substance Abuse Prevention — Today’s Drugs, Beating the
Test and Other Myths. American Alliance for Health, Physical Education, Recreation and
Dance, Orlando, Florida, March, 2000.

Contemporary Practice in Clinical Toxicology — Opiates. American Association for Clinical
Chemistry, Alexandria, Virginia, June, 2000.

Assessment of Alternative Specimens in Forensic Toxicology. Society of Forensic Toxicologists,
Milwaukee, Wisconsin, October, 2000.

Post-Mortem Forensic Toxicology (Part 2), Shands Hospital Laboratories Continuing Education
Program, Gainesville, Florida, November, 2000.

The Drunk and Drugged Driver: Understanding Toxicology, Advanced DUI Seminar, Florida
Prosecuting Attorneys Association, Ocala, Florida, March, 2001.

Effects on the Body, Florida Statewide Conference on Designer Drugs, Florida Department of Law
Enforcement, Orlando, Florida, April, 2001.

Club Drugs, Florida Association of Medical Examiners, Daytona Beach, Florida, November, 2001.

Forensic Toxicology, Florida Homicide Investigators Association, Gainesville, Florida, November,
2001.

Chemical Agents, Community Bioterrorism Summit, Shands HealthCare, Gainesville, Florida,
November, 2001.

Analytical Toxicology Considerations in Drugs and Driving Cases, The Effects of Drugs on Human
Performance and Behavior, Robert F. Borkenstein Center for Studies of Law in Action,
Indiana University, Bloomington, Indiana, March, 2002.

Chemical Agents of Terrorists, The Challenge of Bioterrorism, Florida League for Nursing,
University of Florida, Gainesville, Florida, April, 2002.

Chemical Agents, Shands Hospital Laboratories Continuing Education Program, Gainesville,
Florida, August, 2002.

Club Drugs. Microbiology and Cellular Science Student Organization. University of Florida,
Gainesville, Florida, September, 2002.

Analytical Toxicology Considerations in Drugs and Driving Cases, The Effects of Drugs on Human
Performance and Behavior, Robert F. Borkenstein Center for Studies of Law in Action,
Indiana University, Bloomington, Indiana, March, 2003.

Drug and Deaths in Florida, Grand Rounds, Department of Psychiatry, University of Florida
College of Medicine, March 2003.

Forensic Pharmacology, Consumer Chemistry (CHM 1083), University of Florida, April 2003.

The Role of the Toxicology Laboratory in the Prosecution of Drugged Driving Cases,
International Association for Chemical Testing, Cocoa Beach, Florida, April, 2003.

The Challenge to the Forensic Community. Methadone Associated Mortality: A National
Assessment Workshop, Center for Substance Abuse Treatment Substance Abuse and
Mental Health Services Administration, Arlington, Virginia, May, 2003.
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Methadone Deaths in Florida. Methadone Associated Mortality: A National Assessment
Workshop, Center for Substance Abuse Treatment Substance Abuse and Mental Health
Services Administration, Arlington, Virginia, May, 2003.

Drug Testing Update, Department of Community Health and Family Medicine. University of
Florida College of Medicine, Gainesville, Florida, September, 2003.

Forensic Toxicology of Methadone — Methadone and Death Investigations. Society of Forensic
Toxicologists, Portland, Oregon, October, 2003.

Methadone Overdose Deaths. National Association of Drug Diversion Investigators, Fort
Lauderdale, Florida, November, 2003.

Pursuing a Career in the Forensic Sciences. Biomedical Research Career Development Seminar,
University of Florida Interdisciplinary Program in Biomedical Sciences, Gainesville,
Florida, January, 2004.

Methadone-Associated Mortality: Report of a National Assessment — Toxicological Issues, The
6th International Conference on Pain & Chemical Dependency, Brooklyn, New York,
February, 2004.

Ephedrine: Drug or Supplement? Ephedrine Related Compounds and the Debate on Their
Potential for Contribution to Injury — Analytical Issues of Ephedrine and Related
Compounds in Possible Injury Cases. American Academy of Forensic Sciences, Dallas,
Texas, February, 2004.

Developing Global Strategies for Identifying, Prosecuting, and Treating Drug-Impaired Drivers
— Chemical Sensing of Exhaled Breath, Tampa, Florida, February, 2004.

Ninth Annual Southern Coastal International Conference — Breath, Blood and Urine Testing,
Jekyll Island, Georgia, March, 2004.

Club Drugs, Shands Hospital Laboratories Continuing Education Program, Gainesville, Florida,
April, 2004,

Analytical Toxicology Considerations in Drugs and Driving Cases, The Effects of Drugs on Human
Performance and Behavior, Robert F. Borkenstein Center for Studies of Law in Action,
Indiana University, Bloomington, Indiana, September, 2004,

Club Drugs, Shands Hospital Laboratories Continuing Education Program, Gainesville, Florida,
December, 2004. .

Forensic Toxicology Reference Laboratory and Public Service, Southeastern Association of
Pathology Chairs and Department Administrators, St. Petersburg, Florida, January, 2005.

Evidenced Based Forensic Science: Interpreting Postmortem Toxicology in the Light of
Pathologic Findings — Interpreting Postmortem Opioid Measurements. American
Academy of Forensic Sciences, New Orleans, Louisiana, February, 2005.

Drugs and Drug Deaths in Florida. University of Florida Committee on Alcohol and Other Drug
Education and Policy, Gainesville, Florida, April, 2005.

OTC and Prescription Stimulants, Stimulants Workshop (sponsored by Society of Forensic
Toxicologists), Orlando, Florida, April 2005.

Pharmaceutical Abuse, Annual Training for Demand Reduction Program Coordinators, Drug
Enforcement Administration, Orlando, Florida, August, 2003.

Update in Forensic Toxicology: Selected Topics in Death Investigation — Case Studies in Analytical
& Forensic Toxicology, North American Congress of Clinical Toxicology 2005, American
Academy of Clinical Toxicology, September, 2005.
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An Epidemic of Drug Deaths in Florida, Department of Pathology, Immunology and Laboratory
Medicine, University of Florida College of Medicine, Gainesville, Florida, September,
2005.

Forensic Toxicology Update ~ Opiates. Society of Forensic Toxicologists, Nashville, Tennessee,
October, 2005.

Interpretation of Toxicological Analysis in the Elderly — Opioids in the Elderly. American
Academy of Forensic Sciences, American Academy of Forensic Sciences, Seattle,
Washington, February, 2006.

Pediatric Postmortem Toxicology Session — Toxicological Findings of a Mother and Fetus in a
Fatal DUL. American Academy of Forensic Sciences, American Academy of Forensic
Sciences, Seattle, Washington, February, 2006.

Annual Conference on Addictions — An Epidemic of Opioid-Related Deaths in Florida, Florida
Society of Addiction Medicine, Lake Mary, FL, March, 2006.

Methamphetamine: A Deadly Formula — Methamphetamine: Toxicology, Pathology and
Treatment, Second Annual Prevention Summit, DISC Village, Inc., Tallahassee, FL,
March, 2006

Analytical Toxicology for Impaired Driving Programs — Laboratory Aspects, The Effects of Drugs
on Human Performance and Behavior, Robert F. Borkenstein Center for Studies of Law in
Action, Indiana University, Bloomington, Indiana, April, 2006.

Forensic Toxicology, Ninth Forensic Science Educational Conference (FSEC) (sponsored by the
American Academy of Forensic Sciences and Court TV), Florida Gulf Coast University,
Fort Myers, Florida, May, 2006.

CE Committee: How Does Your QA/QC Program Measure Up? — Analytical Toxicology — QA/QC
Laboratory Aspects Society of Forensic Toxicologists, Austin, Texas, October, 2006.

Alcohol Use Disorders Colloquium — Alcohol and Drugs in Trauma Cases, Shands at the
University of Florida and the University of Florida, College of Medicine, Division of
Acute Care Surgery, Gainesville, FL , February, 2007.

DUI and DUI Drugs: State of the Art, Florida Society of Addiction Medicine, Gainesville, FL,
March, 2007.

Analytical Toxicology for Impaired Driving Programs — Laboratory Aspects, The Effects of Drugs
on Human Performance and Behavior, Robert F. Borkenstein Center for Studies of Law in
Action, Indiana University, Bloomington, Indiana, April, 2007.

Multidisciplinary Trauma Conference — Alcohol and Drugs in Trauma Cases, Trauma Services
Department, Shands at the University of Florida, May, 2007.

Methadone-Related Deaths in Florida, Methadone Mortality — A Reassessment. U.S. Department
of Health and Human Services, Substance Abuse and Mental Health Services
Administration, Washington D.C., July, 2007.

Clinical and Translational Science Seminar Series, University of Florida, College of Medicine,
Department of Epidemiology & Health Policy Research, Addiction — Forensic Medicine,
Gainesville, Florida, September, 2007.

Toxicology Jeopardy — A Practical Approach to DUID Testing — Confirmation - Method
Validation, Society of Forensic Toxicologists, Durham, North Carolina, October, 2007.

Stop Drugged Driving, The John P. McGovern Lecture, Institute for Behavior and Health,
Washington D.C., November, 2007.

The Cocaine Epidemic, Drug Policy Advisory Council, Florida Office of Drug Control,
Tallahassee, Florida, November, 2007.
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Pharmacology - Alcohol and Drug Impaired Driving, 2007 DUI Adjudication Lab, Florida
Judiciary Education, St. Augustine, Florida, December, 2007.

STATE AND NATIONAL MEDIA APPEARANCES

In Search of Jesse James, A&E and History Channel, 1996
Party Drug, Fatal Drug, 48 Hours, CBS News, 2001

PMA, Channel One News, 2001

Addicted: An OxyContin Tragedy, 48 Hours, CBS News, 2002
Ecstasy — Nothing to Rave About, Florida’s News Channel, 2002
Hooked On Club Drugs, VH1, 2002

State of Florida v. Rachel Sercey Trial, Court TV, 2003

State of Florida v. Laura Roberts, Inside Edition, 2004

Secrets from the Grave, 48 Hours, CBS News, 2005

Caffeine in Decaf Coffee, Today Show, 2006

Caffeine in Energy Drinks, National Public Radio, 2007

Death of Daniel Smith, CNN and MSNBC, 2007

Death of Anna Nicole Smith, Fox News and Court TV, 2007

PUBLICATIONS

Books

1. Liu RH and Goldberger BA (eds). Handbook of Workplace Drug Testing. AACC Press,
1995 (380 pages) [second printing 1996 — 396 pages; Chinese translation 1997 — 448 pages].

2. Jenkins AJ and Goldberger BA (eds). On-Site Drug Testing. Humana Press, Inc., 2002 (276
pages).

Chapters

1. Goldberger BA and Cone EJ: Heroin. in Encyclopedia of Analytical Science. Academic
Press, 1995 (pp. 3861-3866).

2. Inoue T, Seta S and Goldberger BA: Analysis of drugs in unconventional samples. in
Handbook of Workplace Drug Testing. AACC Press, 1995 (pp. 131-158).

3. Garside D and Goldberger BA: Determination of cocaine and opioids in hair. in Drug
Testing in Hair. CRC Press, Inc., 1996 (pp. 151-180).

4. Winecker RE and Goldberger BA: Urine specimen suitability for drug testing. in Drug
Abuse Handbook. CRC Press, Inc., 1998 (pp. 764-772).

5. Goldberger BA and Jenkins AJ: Drug Toxicology. in Sourcebook on Substance Abuse:
Etiology, Epidemiology, Assessment, and Treatment. Allyn & Bacon, 1999 (pp. 184-196).
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10.

1.

12.

13.

14.

15.

16.

17.

18.

Kerrigan S and Goldberger BA: Opioids. in Principles of Forensic Toxicology. AACC Press,
1999 (pp. 202-220). {revised — 2003}

Magura S, Laudet A and Goldberger BA: Improving the validity of behavioral drug
abuse research through drug testing. in Drug Testing Technology: Assessment of Field
Applications. CRC Press, 1999 (pp. 215-233).

Garside D and Goldberger BA: Forensic and Medicolegal Issues. in Atlas of Hair and Nails.
Churchill Livingstone, 1999 (pp. 227-232).

Kerrigan S and Goldberger BA: Drugs of Abuse - Body Fluids. in Encyclopedia of
Forensic Sciences. Academic Press, 2000 (pp. 616-626).

Ropero JD and Goldberger BA. Opioids. in The Clinical Toxicology Laboratory -
Contemporary Practice in Clinical Toxicology. AACC Press, 2001 (pp. 73-96).

Caplan YH and Goldberger BA: Blood, Urine and Other Fluid and Tissue Specimens for
Alcohol Analyses. in Medical-Legal Aspect of Alcohol, fourth edition. Lawyers &
Judges Publishing Company, 2003 (pp. 149-159).

Merves ML and Goldberger BA: Heroin. in Encyclopedia of Analytical Science, second
edition. Elsevier Press, 2005 (pp. 260-266).

Kerrigan S and Goldberger BA: Forensic Toxicology. in Forensic Nursing. Elsevier Mosby
Publishing, 2005 (pp. 123-139).

Kerrigan S and Goldberger BA: Substance Misuse — Alternative Body Fluids Analysis. in
Encyclopedia of Forensic and Legal Medicine. Elsevier Press, 2005 (pp. 192-201).

Isenschmid DS and Goldberger BA: Workplace Testing — Analytical Considerations and
Approaches for Drugs. in Drug Abuse Handbook, second edition. CRC Press, Inc., 2007 (pp.
775-799).

Merves ML and Goldberger BA: Quality Assurance, Quality Control, and Method
Validation in Chromatographic Applications. in Chromatographic Methods in Clinical
Chemistry and Toxicology. John Wiley & Sons, Ltd., 2007 (pp. 1-14).

Merves ML and Goldberger BA: Forensic Toxicology. in Forensic Chemistry. John
Wiley & Sons, Inc. (in press).

Kerrigan S and Goldberger BA: Specimens of Maternal Origin — Amniotic Fluid &
Breast Milk. in Drug Testing in Alternative Biological Specimens. Humana Press, Inc.
(in press).
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Monographs

1.

Goldberger BA: Acetaminophen, Caffeine, Chloramphenicol, Lithium and Procainamide
Drug Monographs. in Drug Monitoring Data Pocket Guide II. AACC Press, 1994.

Goldberger BA: Opiates. Abused Drugs Monograph Series. Abbott Diagnostics, 1994.

Goldberger BA, Ropero-Miller JD, Zawta B and Jackson R: Drugs of abuse testing.
Questions and Answers. Boehringer Mannheim Corporation, 1998. {revised and reprinted
by Roche Diagnostics in 1999}
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INTRODUCTION

Laboraturies accredited by the National Laborstofy

" Cortifieation Program of {he Udiited- States. Substance

Abuse asd Meéntsl Health Sevvices Admisistealion
(SAMHSA, formerly the Naticnal Institute on _u_.:m>c=£.
NIDA), Depattient ot Heatthsnd Homan Services(HHS)
anid-the. College of American Pathologists {CAP) must
perform urine dnug testing in a preseribed scicatific and
administrative manner. Tosting of specimens under the
CAP and HHS Guideliries requires initial testing by an
immusoassay, followed by confimmation of all positive
initizliest results by gos ciromatography/mass spectrom-
etry (GLYMS) {70.72].

Tor provide . &3:&98:5_ and yerification of e

m_..u_ﬁ_g_?donmﬂ i Qcﬁ L y .acu:.

ﬁnid::u:n? assay
bration, aﬁ:i 35_3_, uﬂﬁ:s Tor desigoating o positive
tesh result, specimen and bateh scceptance. criteria, and
GC/MS datd review. Alihough this review focuses.upi
those-aspects of quinfity control and n:a_:w EENTE
pertinent 1o the régulated drug-testing ey, many of
the components specificd below.are directly ssu_ﬁmv? to
anylaboratory performing druglesting inbiolbgical spoci-
mens. -Indezd, many of the guidelines rovicwed below
have been adapted froin recommended practices.for phar-
niaceutics! methods fom the Pood and Drug Administra-
tion (EDA) arid the United States Pharmucopocia (USP),

23 iﬁ_ as fepommendations resulting fron a 1988 Ad Hoc
tee Report to the American Academy of Forensic
Seiences {Toxiculogy Section) and 2 1995 Mass Spec-
tevmietsy and Good Laboratory Pragtices. Workshop orga-
nized by the American Sociely for Mass Spectrometry
9,69,73,74:80).

L METHOD YALIDATION
A. Assay Characterization

Mcthod development is 4 process of documenting or
proving thit an’ analytical method is-acceptable for it
intended purpose. For anolytical niethads 1o be imple-
menicd i laboratory-based regulatpry drag-tesiing pro-
grams, the laboratory, must be able to demonsitrite that the
chosen analytical method has the ability to provide accu-
rate and refiable ddia. These data can then be used to
identify. divg’ vﬁﬁ:nn ina :..5@ %R_Bna mcaa&_:m 0
pic-established p g fimits - (cutoll
concemrations). gn_ﬁ‘cﬁ HES S_.& ._5. the {aborstory
identify :a key assay! characleristics which it will validate
prior to impl ation of the method into routine use.
Also,. the Jaboratory fnust cleaily define the cvalnation
criteria for each of the key assay characteristics it bas
selected as pantofits validation, T has beensuggested that
at 3 minimam, the key assay chargcieristics-to be-estab-
fished and evajuated should include: tie aciracy, preci-
sion, finsarity, specificity, sensitivity, carrynver potential,
snd ruggedness of the araiytical method [29). Additionat
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raeteristics o bee d may include: the stability
of the analyte under various analytical and siotage condi-
tions, jdentification ood concentmtion of the intémal
standard(s) for the method, validation of use of pastial
{diluted) sampie volumes, and estimaied recovery:of the
analyto from the matrix (18],

Specific: evaluation eriteria fof method validation
generally ‘accopted by the: scieatific community. for an
analytical method can vary depending on the pardentar
techoique used (i.ciy HPLC, GC/MS: LO/MS), as well a5
its particular application. Much of the available published
information with respectiodetails of validisicn; v_.n.SQ:m.
such as the nurnberof batches to be.evaluated; the mimb
of replicates, and specific acceptability criteria, ivbased
upon chemical anatyses performed on aatoanalyzers, or
HPLC systems, rather-thian GCMS systems £2:18,38 A1,
78}, Therefore; the application of: EE__G contro! prit-
ciples to GC/MS: analysis-of wrinie: m?n_ansm s been
basid targely Gpon prefessional cofisenstis, of “gencrally
actepted Inboratory practice” in the drug-testing commus
nity. This is in some contrast o' formally and experimen-
taliydeveloped, Hiesatare-based appronchitimplementa-
tion of quality contro! principles to a specific technology.
Nevestheless, as individual GCMS methods for drilgs of
bise in urine matsices bave béch déveloped and pib.
lished: in the titeraturs. goality conteol principles have
been selected and applied ina variety of ways 1o assist in
the validation of methods and'i increasc confidence in the
data that are obitained.

B: Accuracy and Precision of the Analytical Method

Twia of the most important-assiy characteristies tobe
determined during method validation are scouracy and
precision. Together., accuracy and precision determingthe
coror of - u: EB_MES_ .Sﬁcﬁ:ﬁ:r >?:§§ and preci-
&E.. are frequently b they are

d fentin g the %Sug__.é of o wethod.
The a%:}.& ofa Sa:xx_ as.used in biopharmaceutical
or drug-testing analysis, refers @ the .closeness of ihe
measured valye (o the: ime value. for the sample. More
specifically, itis n measurcof the degree to Which a mean
obtained fromaserics of expérimental otiservafions agreés
with the “true” O “ccepled” value of the quantity to be
micasuned. Precision, on the other hand, refers . the
variability ofmeasuremends within a sel. itis most often
used 1o demonstrate scafter or dispersion between nu-
nieric valbes i -a sei-of measurements that have hoen
determined uruler the sarue analytic parmelcrs,

The akcuracy ahdfor precision of i aszay can be
derermined by comparing test results utitizing Jsboratory-
v.d_uﬁn; standards and controls with those oblained. with
an established refercnce method and/or by analysis of

it

standard reference materials, such.as those available from
‘e Nationa] Institute of Standard: and Technology (NIST)
atid CAP [3,17.22:23,66]. Secondary checks mayinvolve
reanalysesof performance test specimens and gavs: s0n
of lshorztory resulis-with target means obtained via alter-
nate. incthods alrcady kiiown to be accurate. (Reéanalysis
of parformance tess Eaag howevier, may be préhibited
unléss the lahoratory has ablained prior approval from the

submitting agency.)

Accuracy is generally exp d'as the percentage
difference from the actial value Gmomb. as shown below:

BOFA = {(Mean— Spiked) / Spioedt] % 106

An allcimale way to delermine sceoracy'is 1o defer-
wine whether the. micasured medn value 18 statisticatly
different fiony the actual value bsing a iest af 95%
confidence {37 The assessment of accuracy must be

‘camried ot on mean- values which have been-calonlated
from replicate messurerents of reférence maisrials con-

8::.& _Sac..: a§§_a:c= of analyte. Al a minimum,
tripli henls ure necessary to establisha single
midain vaifisé: 3nd-stindaivit’ deviation {SDY for shy. zzmr
parget concentration, UE.Sw validation of the assay, it is
generally accepted practice v 25508 #oCUITEY 81 IW0 10
thrée different cabeenirations of gufa

The specific dondentrations used for the securcy

iluation greseRscted to tesh he ¥ agrdgs the mange of

.aK standard cirve (calibration curve) of the assay. Ithas

vecently been recommended thit accuraey be: assessed
using 3, mini of 9 de fonsover a mini of
three coneenlrations {e.p., 3 concentrations with 3 repli-
cates aach) {65,681 Other anthors have fecomvmended a
mintmini, of 36 determisations-over & minimum of &
concentrations (6.g.. & Loncentrations with 6 replicates
eachy (78],

As stated earlicr, the acceptability criferia for acco-
racy and precigice-foy an assay should be preselected by
itie _u_SESJ.. lly, accuracy acceplability tanges

“in fordnsic uring drug-testing laboraturiés do ol exceed

20% (by convention). of the targes concentration, Many
laboratories routinely use lower ranges, such ag 109 It
should be noted that the acceptable accuracy tange se-
tected for ifiiial method validasion may differ from that
sefected for routine isse (Batch acceptancg criteri), For
example; 4 leboralory mity feqeire that sccuracy be within
10% of the known toncentration, during method valida-
tion, and then choose (o i the shlcrange o
0% for rontine daily analysis o nrnc_z:_cav.n both
random and systematic eeror [38),

Pivcision of-an analylical method is usualty mﬁnx&n
intwa ways: anslysis of moltiple measurements during a
single anatyticn] run (withjn-run precision’ and analysis’
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greater variatility is to be

of single, oF mean, measurenicnts over many runs (be-
iwesn-Tun ES.«.:E Precision'is.exprossed s the per-
centage sélatiVe standard deviation (‘BRSD), alser refened
10 as the voctficient of variation (CV); as shawn helows

BRSD = [Standiicd devistion / Mean] x. 100

tie dependent variable i5 response (Y), ie.,.the value
determined by the value of U independent variable:
Recommendations for linearity studics are nioted Below;
isgues with respect t0 acceprability of daily assay ¢alibras
tion Qm:w& #re considercd in a sabséquent section oif this
paper,

" fn:practice, lincarity should be.established via visual

Withinsrun precision'can be. considered 3 of

the precision of an snalylicat _._.,n.r.a under Sx:aa con.

ditions. The: beiween-yun precision, however, islikely 1o
he a better tepresgntation of the ‘precision one might
abiserve daring roufine performance of the ussay becouse
these data are generally subjected 10 a geeater oumber of
sources. of variability: The Jower the. caloulaied CV, the

-greater the precision of the assay. Proéision of in assayat

congenirations below, -at, and above the Eﬁ& 9.5:

vatuation-of 3 plok of signals {response) as a flineion of
analyie concentration: If o linear- relationship appears
probable by s%o:.agw such .%.E. testresulis shonrld be

valudfed by an appropriate al methiod, such as the
method of feast squinres regression {6.7 29, Other statis-
tical approaches sust he clearly Ea_a& by the labora-
tory. Data from ihe regression fine, suth asthie coreTation
coefficient 3 coefficient of determination (R?), slope,
aod residual sum of & ean also providg -usefirl

concenlration can be détcrmined by:

¥ d-analysesof

quality contiol samples v a sa...?. and.between-batch

bugis. One G dsRe g b ionof

mathematical estimites enaﬁ&nan of _EQ:Q obtained
‘with the analyiical meihad. In addition, since it is: not

2

the method i lo perform triplicate sg.iﬁsw onthree
sepurate QES:EEcﬁ of analyte, scross three Anvnja
analytical bitche It .E:S. b ¥ tvalia

the acceptability &. the priscision of the method using a

e

¢riterion d a. prigr; Generally, withiivrun and
bitwoen-tun coofficient of varistion: §E§ of <15% are
nozm_%aunnnnﬁu!a_w;m.wwbuh& However, betause
pected s aninlyie -
tions approschithe initof déseition (LOD) ofthe dnalyti-
caf methed, the laborsiory might choose @ incirease the

aceefitabitity. criterion o 20% at its Towest measured
-goncentrations [371

Finally, an additional technigue: for evaluation uf
between-rom precision daaista apply. aoric-way unalysis
of variance (ANOVAY uf the data to ensare it resulis do
not significantly differ berween anidyses (37, 47).

C. Linéarity of the Analytical Method

The full mnge of linearity of 3 method stioutd be
cstablished disring initial assay characierization and peri-
odicalfy thereafter with specimens containing digarialyles
overawide mnge of concentrations. Porther, the practicat
rangeof firicarity,tefemed to here as the daily linear range,
shiould be docnmented: with overy: bawch based vipon dota
obtained with standards andfor controls [29,65). Accep-
tance ..:ﬁ:» for ocacn::m fincarity data-must include
review of o tention time,
grd fon wativ or ?: §: %&5 aae_,__nm criteria, for
example. Although some analytical procedures may re-
quire nonlinear catibration, it is conventional for forensic
urine drog-testing tabératories to.isilize a tincar miodel
and univariate Gm.,nm«.c: for GC/MS analysis. In his
model, the independent variable is.cr (Xyand

toexpect an i in variance asa function
of concentration, it wiay be.morc appropriite to.perform 4
iﬂm!& {rather (hun upweighted) regression anakysis ©
improve acciracy atthe lowest coticentrations studied (8 i

During inithof fiethiod vaifidation, e Jabordtory typi-
eally Sn_énm aseries of ms.a..am (calibeators) that have
been prepared at kngwa cong: jons-of analyte. Data
are Ec:& uan analyzed asjust described w determing the
upper andlowes boundaries oftinearity. A fiequentiyused
prifedion for determining the upger and Jower boundary
Timits 1t the pharmiceutical industry is the poim at which
the slope of the line deviates from the overall slope by no¥
more than 5% [20]. However; this recommendation is.not
::m_au:w bascd upon GCMS analysis. Analtcimative is
W “réverse. raﬁ.E% the:individual cancentsations f
cxch standard using. the g d 2ssion line and
detérmine Whethergach & Y in Eau__gnn with 5« aceep-
tance critesia cstablished forovalvation of E::.Q contfol
samples {¢.g.. such as £209% of the target value). Otlers:
may be identified ax (hose chncenirations. of analvte at
cithet extrem (high or low) which-are outside the 20%
criterion. Aceeptable linearity. therefore. is %a.s.a.ﬂa_&
when the correlation coefficient: ds.a defined valoe,
such a5 0.950, and nc»::.mz.ona;ng_a,:a: of each paint
falls-within $20% of-the target value. The discussion
reganding evaluatian criteria for lineanity can be found i
Sechion HL

The Iaboratory ises this information to establish the
fange, or concentration inlerval, which wilf routinely be
used for analysis of samples. Validating the method over
¥ wider ranige than that used in daily practice provides
increased confidence that the rbuting standard concentra-
tions are well.rémoved from nonlinear respunse concen-
trations, I the Jaboratory elests to.perform the linéarity
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k it on Tore tharone oecasion, a statistical test.of
linearity. can be perforined for each, standard cuive sepa-
rately using:a weighted ANOVA {842,

D. mﬂnhmnnm.q of the Analytical Method — Interfer-
ence Studies

Specificityrefers totheability of the andlytical mettiod
0 accurately an analyte responsein the prese
of all potential sample comporients. All Taeibinds shoald st
aminimum be investigated Tor potintial interfersiice by
cirlogency matrix componenls, as well ascommon com-
piiunds that are stucturally similar o the ‘analyie of
interest. A complete review of inteiference studics pub-
lished tegarding forcnsic urine nETA_om::m analytes is
paper; howeeer; some examiples
are provided beliw (6 illistiate gerieral principles.

The polential inteiferenés of endogenoos drige com-

a3

chromatographic scpatations, or detéction methods. For
cxample, (o eliminate potential-false positive amphet-
.Ezu&ao_rmav_ﬁba_g Hm:_s due 10 the presence of
other sympathomimetic amines, aliquots of specimens
can be treated with 2 sohiGon 6£6.035 M soditm periodate
at-reoit fempentne, thea subjecied to sxteaction, In the
presehce of: vn:ina w-hydroxyamines tindeigo oxi
tive cleavage removing He poteptial [intecforant _m\:
Recent ovidenceindicates thatperi iodate oxidation should
e conduided at pH Tor fawer to préveni possitie forma-
tion-of tow:levels of amphctamine from-exicemely high
levels-of :§=u§v=n§v.=o thit miy be present jn the
specimen-{57). In addivan, v_cinzam the Injection port
perature of the gas chr ph, coupled with ottier

€ tive artifacwal production
2, Eﬂ_gagnﬁssn :. the En#:nn ‘of high concentrs-
tions of ephedrine aidlor ?ﬁ:niagnnno (2457671 1t
sheuld be noted that some reported interferences may be

ponents with the assay is tast frequently assessed by
eyaluation of uring specimens from several sources-{do~
nors) that are knawn o be drug-free. for the analjte of
imiterest. - Assessment of interference from struciurally
related compounds cart bz detérmined by fortification of
uiie wiili fiigh conceritrations{e;., 1 mig/mL) of poten-
tally inmeifering analytes and '
target analytes, or with concenirations of wzw;_ﬁ that are
expected under, Bnﬁuni_o 3:&55; mcnﬂs:v_ﬁ pos-
sible interfi < with the meas, of

and :.a;n:%__o.ua_zu may-ocour-due ta the ?\823 of

hod:spezific andihus will need 't be evaluated by the
Inbaratory-osvan individual-basis, as approprisite.

E. Sensitivity of the Analytical Method — Relation-
ship to Liviit-of Detection and Quantifation

An amalytical methiod is determined 1o be sensitive if
small changes in concentedtion cause Jarge &_E_mr, in
n:»_z:nm— TespRnse, m:ma:aa% a_:-& to, wnd frequentdy
defimed i, the slope ol the standurd curve [38], However,
+this_delinition docs Hot account. for the variability of a

sympathomimetic amines. sisch as -ephedrine,. pseod

cphedring, phenylpropanolamine, and phentermine (32],

: The imitof deteetion (LOD) and timitof
quantitation.(LCHQ). are ferms which sre tised to express
he ability of the assay o detest Ss: concentrations of
,u?.._«a. as in: as ABermpting to moa.c..:_ for variability of

Further, interf with'the of mosphi
and codeine dus to the pr .:«oEuNa metabolites and
synthetic ?rﬁc.ac_aam such as dihydmcodeine, hydro-

morphone, hydtocodone, aanaiziﬁ and oxyeodans
has also been described 125).

The determination of potentind inferferénts that are
7ol structurally related fo the analyte of interest ismore
difficull o establish, | :cinsnn the :::n drog-testing

fab ¥ may con ider evalifating the Tinterfer-
ence of 8332. o<2. 5?8:22 n:&cn;. as well as
f ntly eni poiinds which produce lrag-

5«2 iy also produced by the analyte of interest. In
addition, the. laboratury may-refer tuliterature repons for
.:Ennﬁ:nom ex vo:gnna by ather investigators and as-
sess theirmethod withthe polential interfeting sibstances
{34.59,67.79]. Although a labioratory cannat bie expected
ta anticipate ali potential intesferents. with its analytical
method, it showld makeits best cffort to characterize them
whenever feasible.

‘The problem of interfering substances nway be ad-
‘dressed by employing more selettive extraction methods,

Thelinitof detectionrofamethodis the lowest analyte
coriceniration thal produces:d sesponse detectable atwve
thiz noise levelof the system, The limir.of quantitation is
the Jowest n@nn:.gcu of analyte that can be acenrately
and procisely-ficasused: Th LOD and LOQ of 4 methiod
are dependant upan severa) factors; such-as the clectron
muttiplier viltige, the voine of specimen analyzed, the
detector thireshold, e type sind condition of the chro-
matographic: columm, the concenlsation of analyie, the

-amoint snd type of intemal standard, the extiaction

cfficiency, 4nd the indjvidual insirument {543, A signifi-
cant change:ot madification to any of these factors will
require reassessmentof the LOD.and LOG for the method.

There are several approaches for-establishing he
LOD and the LOQ of ait analylical method [1.44,48,65];

ol Jeasttwo of these are routinely used in forensic uring

dnig-iesting lahoratorics. Recent publicaiions have de-
fined issies of concera regarding LOD and LOQ determi-

Goldherger, Hnestls, and Wilking » Quality. Control Procedures for GOMS Foreisle Urine Drug Testing

_saa_w? the LOD is. S_nign@ a5 the mean of the

nation methods, and have described and compared thetwo
most commonly used methods {1,441

The first approack (o nms@ ishing the LOD and LOG
ofan assay is based on the of the maghitod

ofanalytical background fvise; ftis performed by analyz:

ing an Approprinke numbér of btk (diug-Tree) samples

and calcifating the standard deviation of ihese respon

deviation of the response divided by the slope {S) of the
calibration curve (3.3 x SD/S), The LOQ s expressed as
10 (imes the standard dovidtion of the response divided by
the stope.of ihe calibration curve {J( x SD/S). The slope
8 estis d from the standard curve of the analyle, and the
standard devigtion is estimated by analysisof blank speci:
mens, as described for the. first approach, Alternativély,
the residuatstandard deviation of a-veggrcssion ling or the

1o practice, determining LOD: osing this -app
volves the analysisof negative urine Specimens (obtained
from at Jeast ten: different donors) overtme,. I this

1 Torel

ssandand deviitian of y:iniercepts of regression linas may

be used as the standard, deviaiion, {t has boen recom-
mended that .». the-detéction Jimit of an bssay has bees

1 o signal intensity. plus three
deviations X +3SD)M48], where 3 is a Faétor fora 99.9%
levet of confidence. Similaty, LOQ is aan_._k& a5 the
sctedd amount of sigal i ity plos ten

mean of the & 1 ai
staridand déviations (X + 10.SD). Axiobvious limitationiof
this' approach i that whilethis may be.an adeguale

of the th ical. LOI of 1 method sn::._

5ti d by caleulation or extragustation; such as with the
first.or third aE:Sar desiribed above, this cstimate
shoild b subseqirensly. cviluated und validuted by the
independent ‘analysis -of a suitabl ber-of sampl
koo 1 be prepared near or at the detection Jimit-[65]
The LOD js-an impadant assay paracicier due fo the
use of:this vidue to cvaloie retest rosults. The 80 is

concentralions of analyfe inbiojogical Il
at.this caloulaicd LOD woutd he su.mm:n_ﬁgzn from
zex0 mensurements by i large proba {38].

The second commonly n:ii& gua.._% for the
determination of OB and LOGQ is based:on a signal-io-
nise comparison. [65], Determiration of the.signal-to-
noise ratio is perforoed by comparing measgred signals
from samples with low concentrations of awalyre ‘with
those of blgnk samples. and %azzrsm the-prinimunt
concenteation’ t which the analyte” can-be reljably de-

tected. fo this context, 3 minimum of 4, &m:u_.s.agmn.

Tafio f 3:1-0r greater is genarally smana to be geesptable.
for LOT gssessment; 4 'signal-tp-noise.ratio of 10:1-or.
greater: s’ geperdlly agreed (o beacceptable for. LOQ
assessment, Inpractics, this approachinvolves amilysisef
a series-of sumples’ cotaining low colicentratjdins -of
anlyte.

For GE/MS analysis tn urine drog-testing Iahorato-

vies, SAMHSA defings the Towesl analyte-concentration

thal meets signal-to-naise, ngaowavza retention
tirags-apd-fon m6io.or full-sesin marching criteria, agthe
LOD. The owest concentration; that meets afl of the
ahove criterin and quaititates within £20% of the target
conceniraiion and meisires within aspecified coefficient
of variation, js designared.as the LOQ.

The Fiest twa approaches described above are: rou-
tinoly. wilizéd.in {aborataries perfbrining regulated urine

drug testing, sithough the secoid approdch iy pieferred

wverthe firs approach since it is hased upon measarement
of an fictual analyte respanse; rather than the absence of 3
responsé. A third approach to determination of LOD und
LX) values is based on. (he standand devistion of the
analyte response and the siape of the stanidard curve. In

fordefiningthe f Ve
value of the assay. For. example, Q_ncci _ra produce
sesults loss than cutoff but equal to or greater thay the
LOQ may be utilized with the ..vu..ov:».n ditution factor
tocaloubati: testresults it the LOQ cantiol included in the
batchi is found to be acceptable; Diliitions that prodice
resulis below the LOQ are not sécéptable;. specimens
inigst be renssayed at-a Jower dilution. At least one publi-
cation |18) ds that the-assessment of the LOQ
be obtained using 1O samples thay are prepared inde-
pendently-from that included i the slandisd crye bew
cause the LOQ standard-that.is iocluded in the standard
curviz influgnces the fegression: equation {and thas is no
longerénidizpendent measure). Also, since the LOD and
100G valyes-are influcnced by a varicty of factors, such as
the:individual ingirument or detector, it may bis advisable
for the Inboratory 1. assess these parameters on. each

‘insirivient used for a particilar askiy, although a generst

cimsénsus on- this isiue hasnot ¥et becn reacked.
?88«:@? Sna ane SRAEEEQG and few spe-
&ific g the number.of analyses
or N._._p.énm_ runs to be ﬁa_:aﬁ_ for LOD and LOQ
detesmination. m:mnnﬁon numbers-of replicates uf any
single blank orstandard range from 10 1o giteater than 20
{19,55.56). Bowever, from a sistical standpoint it may

_be advisable o peform these replicate measurements of

caith blank orstangdard, inthree sep batches, followed
by #-tess or onc-way ANOVA to determine if the caleo-
lated LOD and LOQ values differ significantly over time.
A two-way ANOVA may be used to détermine if a tias is
present between instraments.

Finaily, in an effort & reduce interlaboratory LOD
and LOQ vanation, and to introduce a sample that as-

this.case, the L.OD isexpresseid as 3.3 times the fard

STESER Win performance ineach confirmition batch,
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SAMHSA suiggested that the LOK achieved by the labo-
ratory- must be a value-cqual .o less ihan 40% of the
assay cutoff concentration [71} To ensure:seceplable
pecformanee, it is desirable o challénge'the. limit of
sensitivity in:cach bBatch by including a-quality contiol
sampleat tils concentration o monitor-day-to-day instru-
went aritd:aNsay varianee.

F. Carryover

The term “carryover” is.osed to refér 16 thie contarni-

by solvent blanks of pegative guality control samples.
7. Assay 3 canrvover, standard followed By o solvent
”v_!r o pegative quality 8:.3_ sample with ¢ach

. e that a sufficient
n_;::.w iz available for :ﬁ Entire con.

Tis iy thiat ceiteria be d for evalupl:
ing the aceeplabi if sodvent blanks dr negative. quatity
control samples that ave beon inserted foassess possible
nmain_. EB 1 eaivyaver is suspectéd, 8 polentialy

hation:of 8 sample- by a sample: apalyzed immediately
prior it [35,63], Inthe uring drug-testing Tabaratory, the

teern “carryover limit™ is used to delincate the conceniri-

tion: of analyte in a sample above which contamination
miay reasonably be expecied toocchir: Theie is at least e
common %uaﬁ. © performing such stdics :..: in-
volves {l E_m of. {ards preparcdiat j
___E.n.._a Kentrati c?a&«? rele

counters duning routine Eﬁ_zzv of ﬂ:&._av Fiach siag:
dard shoold beinjected sepacaiely, foll
ofa'blink or solvent to detdrmine i guil {resporise)
nva.wﬁnnmen of the analyte is present in the sample above
a pre-established limit (typically the LOD-of the analyli-
cal uB:xuo_v Once the concentration ot which carryover
oceurs .is determined; the _mwsa.ac, ¢stablishes its
carryover limit -at the: next-lowest concenteation which
daes not have evidénde Of crryover in the Blank or
solvent. More precisely, upon_complelion of curyover
studies, a Toboratory should define the range of analywe
concentrations-at which carryover does not ovcus.

The luboratory shoukd alse ensure that (his. guiantita-
=<n<£an§=a&5235:&52_%&_asnﬁacf
stiddy falls within the lificarity of the assay tvensise that
the quantitative:valee is acctirate. Itis also advisable b
evaluate carryoveraf angssay oneachinsinimentsystem,
including aulosamplérs, on which the méthod is 10 bé
pesformed, althotigh there is no general cobsensus on this
issue, This is W enkute that the cstablished carryaver limit
is propesly applied 10 data obiained o each system
routingly used in the Jaboeatory.

To minimize polential carryover,.one or more.of the
following approdches can be utifized: )

1. U ivesolvent washp
tions.

2. Injoct solvent between all subject specimens,

3. Dnlite the specimen prior v extraction,

4. Perindically defermine or reassess the minimum
cartyover concentiaiion.

S0 Assay speci oxtcts in <
arder factosding to.init) _33...:323. test BmEE

6. Reinjest ail highly D fol)

et injes-

™

wed by infection-

= ated speciten: showdd be re-extracted, rather
than R:.cna& hecause theextract vial may buve already
been conlgminated.

G« Oibier Factors

Okher factors, such as selection: of a_derivatiting
reageit, seleition of the| interial standard(s) mon the: assay,
selection afions to mentior for selected-ion mois
full-s6an analysis, stability-of the analyte under various
storage conditions; estimation of recavery-of the analyte
from the malrix, and dvahstion of the uggednessof the
analyrical protogol; m:S_E also be determined dusingthe
validalion of an’ n:u_w.:aa method [ 118293738781

Selection of v suitahle derivarive i5 5 criticat compo-
nentof assay. developmuit dnid mithiod validation, Theére
arc.at feast: three misjor Feasins for using: & detivatized
compound.: Fitst, the analyte cin ofted bt made suifi-
ciently volstile fo affow s introductinn ip the mass
spectmmeter by «ﬁ%ﬁaaomgg, permi itting %E:a
separition of the analyte fiom possitle interfering,
stances, This, in tom,; usually increases the specificity,
precision; ang sensitivity of the assay. Second, the stabil
ity- of the Afialjte during $torage, isolation, and theonsl
volatilization can-be eohanced i formation. of the
detivatized product, Third, the increasein molecularmass
resulting: from derivatization may be benelicial, provid-
ing ions whichi, hy vichiiéof seir bigher mass, are moic
specific-for thé analyte {28,43).-In-cases where two or
foore denivatives, arg possible, exch should be tested o
asgesgits ﬂn?_&.‘ganss_awzwza. penk shape, and mass

spectral properties in th hiological mawix, The kiéal

derivatization procedure should be convenient dird tapid
to-perform, form-a cofisistent dnd stable product in high
yield, require smalf vbhirnes, be selective forthe analyte
of interest, be safe 1o handle, and should not form by-
products that interfere with tho analysis [4.5,39,40:52)
The seléction of & suifable interaal sandard is highly
linked fo the:appriypriate selcitivin of a dérivative for the
assay (if necessary), #s-well the particular jons o be
monitored for analyte idgniification and quantitation. An
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idend internal standard beliaves identically o the snalyle
33:%.9_. the: gieth 4 graphic separation,
n prooesses. Stabfe ‘mcSﬁo internal stan-
dards appear closest to imesting these riteria, The isotope
tabel exeils only a shight effect on the physical propenties,
yet the highier rass. ol ‘the isowpe-Tabeled dons of the
intenial standard permits them to be teadily distinguished
framanalyteions by themass spectromerr}16,26, 50,58}
Degierdum-iabéled avialogs [2Hjare most fregicntly used
a5 internal standards in'ufine diug-testing laboritories;
othier isotope-labeled analogs, stich a3 *Clor VN, are not

‘commonly-used,

Several factors argimportant fo consider when select-
ing the denteriom-latieled internal stindard 1o be used in
an ussay. The isatope should notihdergo exchange under

“any of the conditions inder-which it will bisusisd, suchas

theextraction, derivatization, or chromatagraphicsepara-
tion. procedures, as well as a1 tie mass spectrometer’s oa
souree [26]. Iy addition; the isotope must be:

H

led thai the Iahoratory eliminate or minimize adsorp-
fivie Tosses, vathcy than add.cxcessive amount of interal
slandaed.

The choice of ion or ions to ke manitored for GC/MS
‘assays:has 30 important influence on snalytical specific-
#ty. Generally, ions of High, even piss-lo-chargé ratios
sucn Jewer puss| le origing and are therefore more likely
whech isticefap far analyte. The laboratory
initially performs a s:u_smn.nqw fon séléction baséd on
fuil:scan mass spectromersic analysis. Tons of high mass-
to:charge satios and good intonsity.are the first choice for
use intouting assays. 1tis recommended that [aboratorics
:a_am»&gﬁmy:v: iimiliringuiize at least threg ehirac-
_3&6 ions for =Sﬁ=u€.n cm_aaamr and a:minimum of

to. use for. €w_.§2n identification of the 83-55&
("matching criteria”} ‘The laboraiary showld be able to
dein that'the full-sican’ spectra it ‘achicves, and

routine storage condi :o:? sothat Mg
andl-hydrogen does not eccur 150]. The isbtopic variant
sedected shoutd have & molseular weight three or more
snass Lnits greater thin the unlitbeled compound hecause
1he natweally occurring heavy isolope contenk-of organic
compounds in general produces ions.of significant infen-
sity. at one Of {Wo NS units 563 cach carbon-comtain-
ing compound i the analyie’§ mass specrunt [26,45-47].
Tt is iherefore’critical that thi isotapic varantisof high
purity (99%} o prévent interfemenee wilh the analyte of
imerest during the avalysis. Also, ti *sg_Sm should be
in-such-a manner that e isolopic sloms ave located i

plaris tor use on ‘i rowling hasis, is stabl and reliable over
time. Funher consideration of shese requirements is dis-
cussed in Section V.

While most-forensic urine drug-testing laboratorics
dre usting clectron impact: onization. (E) for GL/MS
assays. ehemical ionization (C1)MS may also beutitized,
a5 this mode of delsttion (0 improve sssay sensitivity and
specificity. Chemical ivnization MS aﬁ_nm__w. proxduces
anintanse molecniar jon and only a few fragmentions;
therefore, Ong OF (WG, analyte inis may be motiftored. A
further discussionof these fwo ficthods-of iphization e
beyondthe scope of this paper; bowaver, the use of CLis

proper molecularstructurcsa thal, affer the frap, ion

ot lopization process, a sufficient toiiibesaf high-mass.

ibs Heal retain the label are presenlin significant intensi-

tigs.and will not interfere with-the intensity measurement

of the carresponding fons derived from the snalyie [46).

¥

seceptable.otily i the selectivity, accuracy, and precision

of the CT process and method have heen fully evaluated

12681
Anvther important parameter 10 assess during the

The laboratory mustearefully evaluate the concesina-
tion.of intemal standasd used i E its assay 1o cristre Ihat
there is 1o contribution o-analyte signat itself. In effcet,
the substance rato of internal standatd watedal lo andlyte
shaufid be selecied to give the Jcist mae_dﬁ.&o: of quan-
titativie analysis and to afford E:m. ion signal responses
during mass spectrometric analysis of the anatyte. Undet
certain conditions, improved sensitivity may beobserved

. by the addition of a large excéss of isowpically labeled

analogné t0.reduce adsorptive losses (“earvict effect™).
However, this approach is agt generally preferredinurioe
drug-testing laboratories, where a specific administrative

cuioff valwe must be applied. When excess: deuterated
intesnal -standand is used, dnalyiical precision ususily
suffers {431, which would nes be desirable whena specific
quantitative Cutoff is needed.. Therefore, it is. recom-

meihod validation phase i thal of stability of the analyte.
This ineludes stability of stock solutions of dnalyte as well
as'stability of the analyte in-biclogical matrix. Stability
studies will typically. be performed (o nssess stability
under- differcnt temperatures (siofage conditions) and
different _s_wz_w of time:(in-process stability and long-
termi stabitity). Stability ofthe'andlyie can be assessed at
Fhom temperature, refrigerated, and frozen storage condi-
Hous. The lengthof time ander gach storage condition 10
bepvaluated can range from days to weeks. Itis recoi-
mended ihat the fabaratory at ibast éstablish analyte
stability under its own driticipaled storage and prcessing
condifions: Althovigh there are many differentapproaches
to the performance of siability studies, a commaon ap-
proach i5 o use-guality contral materials prepared at
Spown concenteations 1o axsesy stability (18],
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Recovery of the onalyte from 3 biological matrix must
bhodetermined i snsuic that it is adequaie aind consistent.
Tis recomimended that recovery: siudies be performed
acioss the, mnge.of the standard cirve, preferably at the
lowest, mid-range; and highest. conceatations. encom-
passedby the curve[ {8.61,78). Typically, aseiof samples
of known concentratians is prepared o riplicate-t thitee
different éoncentrations, intéiial §tandard.is added, and
the sample thien' extrdcted, derivatized. and analyzcd by
the: GO/MS procedure. A second setof samples s also
concurrently onalyzed; fiowever, the internal standard is
a0t added until just prior to m.:ez::.&:e:w zn::ﬁQ is
thea caleulated:by comy .:w:ﬁ d a-
ticng of the two seis-of samples E.n cxpressing: totnl
‘fecovery of the méthod ag'a pércent. Titarmediate points
in the extraction-process may #lso be evaluated:

The ruggednessand reliability of the assay shiould be
established. Crifical assay-steps need to-be identified,
ncluding wmuommsm “the: _sﬁa?:#a of pH, solvent
turts, defivatizing feag and tempy and incuba-
iontimesitilized during thehydrolysis and devivatization
processes, In-addition, the ievel of expertise required to
‘perform the analysis needs W be-agsessed; It must be
determined whether the assay’ canhe stopped and re-
staried;-and how long she-dérivitized wralyles ke siahle.
A system’ for: manilgring assay perforumes. varfables
én__ as ‘the nismiber oF réjected bitehes, clibration corve

Gincloding slope, y-inter P, and correlation
noua. cient), and aE__G control Hm:_s must be cstab-
tished [42,65. ...::.

I INSTRUMENT PERFORMANCE
A. Instrument Checks

In addition to developing validated assays for the
purpose of Enn:@.:m and %S:BE.M drags in vrine i
isan | guality assurande componént that the labio-
ratory monitor and documcnt that il analytical instry-
menis invelied in the-analysis are maintained snd-oper-
_ated properly. The laboratory must -establish- that the
.35_59# used for o particular analysis is operating
dequately and within expected performance specifica-
tisng, Prioriothe staitof an assay, thie condition of the €
MS system must be evaluated. The ‘GCMMS operator
shauld check the injection port, detecior and oven tom-
peratures, and carrier gas. pressore, and perform routine
aintenance, as needed, such s clipping of the GC
column and replacement of ihe injector seplum and Hner.
In addition, on a peripdic. basis, or when a new column is
instalied, the carrier gas (low rale should also be mea-
sured.

Routine maintenantce should be performed at least as
often as rec nded by the ma r. Additional
i e and instn n_x.nw jatis shonld bi
developed by the faboratory ..:,2&..@ toits worklpad and
typeof assay pedfarmed. Forexample, the _ugﬁo—d may
choose 1o riufincly aﬁg.mrc:un_snn vacuum pumpoil
o a-quarierly. basis. Or, the. laborntory may chise 1o
replace injection: pori tinérs daily, Otber1ypes of mainfes
nitee proceduesinclude replacement of lilaments, clean-
ingof the ion seurce, and replacement of electron:multi-
phierorion ganpe. The specific schedule unﬁ_av& by the
_mg.ﬁcﬁ will be-dependent tipion the: type of GC/MS
instrument used (¢.§.; triditonal aE.._:%c s i6n=trap), as
wiell as-the pature of the extracis snalyzed on a particulis
system, The GO/MS Jaboratory must maintain records of
alt routine:and noncoutine | SE:EE_:S ?&e::& prior
to-analysis of specimens, -as well-as wiilten standitd
operating procedires for the performance of these:tasks
{2.26,31,53,80}. Recordt keéping for wiatndenance proce-
duresis vitally importantiodermanstrate the validity of the
analysis (31).

B. lastrument Performance Evalition and Tuning

On a daily basis, itiisa good pragtice to check he
prossure in theion saurce and in the analyzer, as well as
the GO column. hrad pressure To assure that no majar
system leaks have ovcurred. For Quadmpole operation, o
pressureof uﬁﬂaﬂﬁgsﬁ.mg.nnn 5535_2522
mteraction between the ion.beam dnid residual gas mol-
oeules does hot decur-(whict ¢auses scattering of theijon
banand loss of sensitivity). For GO/MS, aneven lower
pressureof 10-% toir is necessary to reduce residual gas in
order to prevent significant distoition of mass spoctra tind
reducebackground interference. Chemical ionization MS
typically requires Higher sotrce presiure thar BT MS.

Following this:initial p check, the laboratory
should verily a:: there sre o significans aifwater-leaks
in the sysiem by monitodng the i ity.of the following
Jomg: mfz 28 (N7%, 32 (05°), 40 (Ar); and 44.(CO). 1F
these poaks-are shuormally farge, an air leak’ may be
indicared. Tn addition, evaluation of water vapor ia the
system can be chiecked by monitoring mv/z 18 (E{*yand
19 (H:0%). Appropriste instrument maintenance must be
conducted before analysis is permiited to proceed.

AGCIMS “tuning procedure” ensures m...: appropri-

ale massto-charge assig and abundanges of spe-
cifici inns have _xg g«!ﬁ?& as io: as indicating the
need for inst ive Tnarderip

verify proper calibration EE aperation of the mass spec-
trometer, the instriomént must be taned daily with-an
appropriate tuning compound {e.g.. perllucrottibatyl-
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amine, PFTBA) for proper unit resolution and. mass
assignment. “Resolution” refers te bascline separation
bétween consceuntive integral-mass peaks. In mass spec-
troimelry, resolntion and sensilivity are inversely related.
Tuning should be performed atthe operaling temperature
of the ion source.

Srbeigedod

of an uncxtracted standard serves o verify (bat the
analyte(s) of interest elute at the expected retention time,
that all MIS avquisition windows arsappropriately sed,and
that o uncxpected adsorplive systein lossey have, oc-
curred. ‘Evalnation ¢riteria in the SOP manugl should
include athorough mnmn:v:o: of peak shape; ﬁ..o_c:o?

Autotune procedures typically wiliye a1

setuforiteria across atange of mass-to-chnige ratios {e.g..

mf 6910 SU2 for PRTBA Y 1o oplimiie source and quaidry-
piile potentinls; Alternutively, manual tunes canbeused o
ingreage sensifivitypveranacower mass fange. >=EE_5

Jures; or optimizali ey of tuning par CTO85 2
wide s range bsing 4 manual tne. are most-useful for
analysis-of unkaown speciméns. Narow-range manual
wines can be usefil for some fow-fevel target compoung
anatyses. In this case, githerof the abundant long at m/fz
219 or 444 can be vsed to optimize source potentials;
depending on which is cfosest to the.analyte and intériat

-standard jons that will be monitored. Minual funing is

acceptable as Jong a8 the MS caoa._a._‘ ;vnwﬂéams_«
triined, the tunic pridechire is. fully d d, and the
Tiboratory's m::.ama operating procedure GOE wanual
sicseribes the task clearly and accurately. Itis most com-
o, however, for uging drig-testing Inboratories per-
Torman autoume actossthe entire mass range (6.g,,m/2 69

“tn 502) ot approximately 70 eV [9;26,31.43].

Allunereports shoutd be revicwed thoroughly by the
operatar hisfare esting is initiated fo:support compliaice
with manufactisser and Isboratory specifications. >n8_x.
able limits should be sstabilished for the Jon focus, jon
apprarance and paak widih, abundance of selected ions,
isatope ratios, and mass-stope, 25 apprapriste for the GC/
MS instriment. Critieal tunes valnes should be monitored
ond vegilar basis, and #i tune reports, incloding unac-

ahleones, should be archived asimportant suppoiting
?«naﬂn documents. Abtotune, or manual tune, informa-
fion should be available dising reviewof the batchi 10
énsire that instniments were performing as expecied

prics toanalysis of specimens. These records miy be filed:

with the periinentbatch; arfiledin a mannerto permileasy
setrieval [72].

C, Chromutographic Performance

The chri graphic performa fan assay should
also be agsessed before the apalysis of specimens. This is
achieved neadily by the injection of an ancaleacted pérfor-
mance standard including analyie(sy and intcraal
standmrd(s). Use of un unetracted standard removes
sources of variation dug Lo the exiraction progedure snd
matrix interfereaces, In addition to permitting eval

and signal abund ¥

O:n pproachiocy ionofat plablechromatog-
taphy for 4 single specimen and/or an enlire batch of
specimens miay be deéfined and assessed by thefollowing
erifeita:

1. The analyte.of interesis prosent:at ihe comeet reten-
tion time.

2. The poak of intcrest obtained from the tofakion chio-
Sssnan. dnd each .u«_(s___s_ ion.chropistogram
inspecied visally for y. Agaussi
:.F.v f { Mﬂﬂﬁ.’an ired and sh .»—-ﬂ.}.:b
mﬁsﬁcﬁs 50% taiting _..m_:w ‘e qi_ai_nn proce-
dure:

a, Draw s vertical liné from the apex thiough the
center of the peak to the baseline:

b, Draw aline pasatie] 10 the b At 1G% of the

peak feight.

¢, Messureths distaros™ o * from the Jeading edge to
the centeline.

4. Measure the distance “6” from the centerling to
the tailing edye.

€. Calcudate the ratio of distunve "o and distance
oy

£ IF the miiv is greater thaw 2 or-Joss than 0.5,
performancs s unacceplible.

3. The peak of interest is Inspected visually for the.
presente of untesolyed peaks. The maximum allow-
abe valley between (wir sdjacent peaks miust ot
‘excked 10% of the analyfe peak lefght.

4. Abundance: orsigral-o-noise levels of the imerral
standand fons rougt meet estahlishedd minimuny crite
.

Failure 1o meet ony of these criterfa may pravide
cause. for winjection or reextraction of 4 specimen. A
cc:::n_u teview of 50:6% for evaliation of chromato-
graphic - perf is beyond the-scope of this paper;

ble alleriative criteria for evali of
nEd:BSmeEr acieptabifity can be found in many
teatbooks and ather refererice materials {30,36,49,51,60,
63), Somi insfrument sofiware designers are al$ly devel-
aping progr for § evaluation of chromatog:
raphy.

In addition {0 daily chromatogeaphic checks prior to
tatch analysis, performance of the chromatograpbic col-
umn should be evaluated upon instatlution and periodi-

of the quality of the chromatogrphic systom, the apalysis

cally thercafter. This can be accomplished by ihie analysis
of a variety of “tost mixtures,” such as a Grob's Test Mix
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[30}, wr assess column performiance, These mixtores gen-
erally contain several compounds: {e.g., carly and late
eluters) which are selecied to evaluate certain aspects of
chromatographic perforiaiice; including peak:shape-and.
sensitivity. From.a practical -pespective, the forensic
urine drisg-testing faboratory may also.chovse (o evalunte
accepiable chromatographic ?io_.ae..na for sclected
drug -analytes: {e.g., -imph phendyehd &

and historical calibiration covves. ‘The first and probably
the most widely emplayed methad of calibration is the
preparation of & mudti-poist gidlibretion corve. Experi-
mentilly derived multi-point calibration curves are vsed
o:cover the conCeiiation raige of the-samples to be
measured; thereby improving the confidence limits agso-
ciated with:the calibration itsclf. Calibration” samples
{standards) pared frommisturesof different amounts

nnn-w_:,c-v?:n codiine) aftef éoturhn installalion: Dete-
sidration in' perforiance can then be fallowed by com-
parison of the initial chromatogiany with subsequent chiro-
miatographic data,.

HL ASSAY-CALIBRATION

The term™assay calibration™ refers 16 the process.of
aa.\n_cvm:w.uamsa:nzwa model zag,:géﬁ 10 picdiet
the value.of anindependent variable (e. g, caiicentration)
based on'the value of the dependent variable (.8, peak

height, peak-area ratios), Calibication has sowietimes becn
_ig.& 10 a8 inveise predictivn or discriminalion, This is
in contrast to the ferm “regression,” Which was deséribest
carlicr in this paper withrespeci o incarity of the aaly(i-
c4l method: Regression refers o4 functional relationship
between two ormore comretated variables 6,21 ). In foren-
sic nrine, drug- testing fahratories; LASBAY" calibration is
necessary todetermine wheiher an analyte is firesentin ao
unksxown sample ab or above 4. pre-cstablished adriinis-
irali ve caloff valup; a3, well as'to unaaa:ﬁ the accurite
ve concentration of the analyte wnder-certain
n_a_._::n_:an. 35 Q:,S...zw. it:is. most common (o
calibrate the sssay for-quantitaive méasuremsent vising o
single, dbundant ion fragment that is characteristic of the
lyic of interest. Additional ions, réferreil to-as yualify-
ing ions, are used fo support the-gqnalitative idert fication
of the-analyte inThe unknown sample.
Theee approaches to-assay calibration arecommonly

of known ann_.:a:c: of dnialyte with 5 fixed amoont of
interrial standard, Specific ion-abundances sre.measured
for-the:analyte-and intemnat stardard, a rafio caleulated,
and n»:a_.u:c: corve generated using 1 simple:least
Squanes model;-for & e, 1 thi laboratory

13 s

elodts W use & multi-point ealibrition curve. it Twst

includk calibrators that bracket the cutoff concentration.
Although many. r&ca.s:nm include a catibrator at the
cutodl ation, it is not required |72}

The, ns_rc_x_& conisentration of all stindards itized
wcoiistruct the calibrationurve should be within £20%
OF their régpective tirget voncentrations. IF more than
three standards aie wiilized 1o consiruet 2 calibration.
Burve, it is permissible e defote one calibrator for cavse
{.g, poot recovery) provided it isnot a calibrator st the
cutoff concentradon, 10is not aceeptable 6 sliminate a
calibration. poinl solely - in. otder to- bring. ibe quality
vonteo! tesults within range, although there is some dis-
agreement on this:issue since one might expecl thal the
probability of detecting/obtaining an “outtier” will in-
crease as the number of calibrators gzwa& in'a batch
inereases {15,721

Evitluation criferin for lindirity of the multi-paint
calibration n:?.o include the eorrelation coeflicient (),
coellicientol (RY), thiesi :E ¥od 7
(b}, and ::n::E:é E_cn ofench amw. _x::.. The corre-
tation eoefficient is a measitre of the irtensity of assoria-
fioin between twi> variables; X and Y. Iycafibration; the
corfelation coefficicnt ranges fiom 0 to' 150 indicates no

utilized in forensic urine drug-testing laboratories: mult-
potnt calibration eirves, single-point calibrativn eurves,

Figmre 1. Theoretical chromatographic peak.

cofrelation und | indicates a perfect correlation. A coprer
Tation coefficient may indicate a high degree of relation
Ixctween-variables; but the geperated mode] {regression
equation) may give dn inadequate Tit Jor the Uata. In
contrast, the roefficiainr of determingtivin i a measute of
“gddiess OF it and is the preportion of variation in the
dala explained by the regression model. 3t also mnges
from 0 _a 1, wiih 0 indizating a complete Jack-of fit and £
:_525:« a perfect fit. Generally acéepted crilefin for
acceptuble lincarity using. dewteratéd internal Standards
for calibration nclide « correlation coefficient andfor
cocilicient of deteemination of at Teast 0990, and a
yintercept ¢lose o zero, although slightly. positive of
negative p-intercept values are also aceeptable, Because
“of the potential for negative and positive hias, y-inléreep)
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valies should be monitored on o regular basis-and tracked
for development.of uends,

For assay calibeation, the Jaboratory must also estab-
lish i_gnso_,:z_.amau&a: line:witl bo forced through the
orgin: {a “no-intercept™ miodel) or will not be forcsid
ihrongh the origin (an’ aen&: inadeh). I the imercept
‘medlel, R¥ i4:the proportion‘of variance explained by the

0

During assay calibration, the lahoratory 4lso estab-
lishes acceptance ranges for retention time and jon ratios.
These-acoeptance ranges are (hen used o evaluste sach
calibrator, conlrol, and unknown specimen in ihe batch
{xed mun:c: 5 For single-point calibration assays, the

nu_c_,a E:. :E_:Axé..— oF ?ﬂcnn& 8.53:3 curves,

micdel. Incontrast, R? produged by he no-intercept modet
is a measuee of the- diégree of dispersion around zero.tind
describes the proporion of variance around 7€rd ex-
plained. by he mode! [7). Mo GEMS sofiware pro-
grams allow for the user 1o sélect beiween thiese two
approiches, The selectivn of the approptiate model to be
uscd for a particolarassay will depend on severa] factors,
including the type and sensitvity-of {nstrument, the ana-
Iytical mathod, the: method of ioization; the ired

analyte delection, and reporting limits. As a geneid) rule,
it hds been supgested that onc showld assume that an
intercept. mudel ‘is coricet uatil proven otherwise via
atatistical testing of the: ot [6-8, 14 ] 1 shatistical
aw::mow the __..K_,Sv::eﬁ..aa 5& itis notdifferent fron
#ero (e, =Y, then the no-intercept model ig appropr-

‘ate and shoold be tsed. However, sclection-of a no-
intercept model inplies tha the assay limitef detection is
2¢ro, whichis not the case for GC/MS urine drug-testing
to-instrument and matiix backgroand effects,

.ﬁ.ﬁn?ﬁ i most instances regeossion throughi theonigin

should tiot fie used in assay Catibeation,

The segond most.commonly employed appeonch 1.
assay calibration is a vingle-point cclibration, Indhis case,
a:single siondard containing analyte af the assay cutofl

concentration is used toestablish the cutolTeonceniration

i order to.determine whether  specithen is positive or
negative. Laboratiries ther inchide guality conisol mate-
rialy Al concentrations below, at, and abave the cuioff
eonsentration e demonstrate linearity, The quantitative
results for tiequality contsol samples used in single-point
calibration must fall within 220% of their respective
farget coneantrations. .

The third approachito assay calibration uses constre-
tion-of 2 bisterical mudti-poini calibration: curve. The
fahoratory establishes the calibration {as above) and ver-
fies that the calibation has not changed between batches
via-avalysis of control samples, one of which is at the

.cutoff coneentration, Use of historical calibration corvas

i§ dacceptable ofily if the laboratory has demonstrated
linearity ind precision of the calibration curve over time.
If shifts in response ratios are observed or new internat
standard matciials are employed, a new standart curve
must be prepared, In dddition, all batches must inéude ai
A minimum 2 blank and two conteols, one at of fvar the
cutoff,

aceep Aimits: ey be determined fiom - ifhier the
cafibrator at the CUeES o7 o the average ol all the
culibrators analyzed. If historical calibfation curves are
used, verification of vorrect refention time and jon vatios
is performed by examination of the “at-or near cutoff™
quality control sample. In this case, the setetiion tme and
ion. ratios of this sample must fall within. the: ranges
cstablished hy the kistoricil curve, or-the dssay mitist be
recalibrated | 72). Any of ihe dpprosiches for deétermining
retention time and lon ratio critena discnssed above are
xongidered acoeptable; , 1t labowdtory seustap-
ply. the sccepiable ranges ily o all calibrators,
conirols, and specimens-in the batch:

1V. QUALITY CONTROJ.
A. Reguired Quality Controt Samples

Each assay batch most inclode a minimum wial of
10% open and blind positive and neggative quality control
sampiles in an appropriale. urine: magix. [70). Externi]
blind quality conto] samples are not required, bt are
highly. recommended, Quality controd samples may be
purchased commerciaily or prepared from -a different
source of 1ot of stapdard material ther than thal used to
prepare calibrators: The use of different sources and It
sumbicsis ecammended inordet toliminate systematic
iquantitative hias ini the GCIMS ‘assay that may otherwise
o undetected. Hiwever, gt a minimom, quality contil
materials should e uavE& using: standard maicial
prepared from a diffeicnt- weighing ‘of vial of source
tmaterial othier than that used 1 preparé the calibators,
The target concentration of &1 Jeast one control must be
within 3pproximately 125% of the cutoff coneentration:
other controls should be propared atappropriate coicen-
trations in grder to regularly assess acéiivacy betow and/
or above the assay. cutff concentrution. Tt is recom-
mended that o highly concentrated conteol sample be
diluted in a similar manner as. difuted mmﬁ:iﬂ:n during
ting in ordér to ..S_Q the accuracy of the m:_.::s
que, if one is 1y tsed loprepare | ptive
positive specimens for confi ::EE__ {72).

In arider 1 evaluate the efficiency of the hydrolysis
prOCESsS, hineid snd opiate contral samples confain-
ing covjugated 11-nos-A’-ctrahydrocannabinol-9-car-
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bosylic acid-and morphine, respectively, should be as-
sayed. Negative urine sumples spiked with these.rofer-
ence malerials can be prepared, or:as.un - altemative,
hydrolysis control samples can be. prepired from a cotm-
r.:ne:_..:nvc& envasgﬁ_w noa.. :.:oa %SE@E (ltis
i $forthis of any
ather ?.6?8 wniil a:ﬂ. 85-._2_3 of the :ﬁ::na Stor-
age time.)

mm:a:w. iLis highly r ded; bir-not required
that the laboratory use quidity control malcrials. dvat
“tnclude the addition of potentiafly interféring substances
- ity GCMS assays! These-might inchide eompounds
that are:structurally rofated to:the analyte of interest,.or
closely eluting compounds. For example,.the Iaboratory
may choose 1o include acontrol containin, 3.“_38..5.5_
‘ydcomorphone, or oxycodone i its opiale assay o
demdmstrate -that coding -and morphine are conedtly
-identificdl and atcurately quantitated in the: presence of

co.ﬁ::: interferents. ?._c.:e_. nnn:i? is :.u_ of e

inclision of a controk e .l:.eé proy
-ephiedrine; phienierming, andior previdacphedring in GC/

MBS assdys that dtilize a vﬁ.z&ma prodedure.

B. Verification of Quality Control Materiuls

Prior 1o the vse af reference materials to prepare
calibrator, cofitrl, or internal standard material - the
Taboriitory, the Taboratory is required o verily, indép

ki

contols at known concentrations and analysis in routine
batches,

The labogatory must establish specitic- evaluaticn
criteria-for reference materials. such as: %85._ match
requitements, perent isofopie purity required.and qin-
tiativeresolis, Thelaboratoiy nistretaindocamentation
ofall venification procedures performed {72), The labora.
tory may-then use:the reference material to prepare cafis
brators for oritrols for routine use. OF course; these new
calibrators and cantrols must then be Uieinseives, vali-
dated for concentration (e.g..£20% of the tas el concen-
(rdtton). pror o rouine use,

C. Evaluation of Quality Contro} Results

Theee are-two major approsiches to evalustion of
quality conrol feauhts applicd to urine didig-testitig.
first:approach is the use of. a-fixed-crigerion quanfitative
acceptance range. I this:case, the measured concenirs
tiors of control sarples.must e within+20% of the targe(
COnL ion: A more detailed disc
uddetlying, this critérion has already been discissed in
Section LBL

The second approach i5 o use’ modifications -of
Westgard Quality: Control Rules 1r.avaluate resulis. In
this appraach, the Taboratory nuSE_mvﬁ warning limits
and 2..0_555_ Timits for the assay Based ipon the
validated mean and dard- deviation: for the conral

dently from the upplier, that its chemical identity i
comeet and that it is of dcceptoble purity-and toncenira-
tion. The:taboratary swy. perform this verification ifself,
of may roferit W anpther fahoratary . Atawinimum, most
laboratories perform x fullscan GC/MS analysis W verify
the chemical identity-ond purity of the material. and
compareihe otained spectra with thatéfavailable library
spectra: {o determine. that sfgnificant impuritics: are:-not
present in the material which: might irerfere with the
method. The appropriate Qo:au:%:o: prcedure for the
analyle of interest is employed,as well a¢ the GC condi-
tions routincly used {or the. assay.

Theisotapic purity el ilicinteémnal standafd can alsobic
vetified with the same procedure deseribed above. In
addition 10 full-scan analysis, the laboratory may: als
evaluate the deutcrated internal ﬂmnauﬂ in .a_uo:x_._c:
monitoring (SIM) miode prior'to use.

Additioial methods for verification of chemical iden-
tity and perity may involve measurement of physieal
congfants, such as melting point or refractive index, as
well as use of ‘other analyiical techniques (HPLE, 1R,
NMR; TLC, or UV/VIS) todetectnonpolar or nonvolatile
impuritizs [63]. Verification of concenteation is most
oftén evalited indirectly by preparation of-calibrators or.

sariple. A thorough description of Westzard rules may be
found Hn-several - sources {15,35,36.75-77]. Westgard
rules aic usvally not dircedy applicable io GC/MS foren-
sic testing due W the limited nomber of quality control
data points obtained in- 2 batch. the Fage number. of
independent variables-associated with GC/MS systems,
and the acceptarics of potentially out-of: dange data, Hew-
eter; if coupled with a fixed quantiative acearacy re<
quirement of 220% forcontrs] materials, the mles canbe
extremely useful for the purposes of evaluating the GO/
MSassay ?2_5&353. ofttends And sysieminic hiases
{38]. Also, athiér approaches 16 the evillsation of guality
coitrol diita, including ak ANOVA appraach, have bien
described {37.42).

“The Taburatory's SOP manual must-thoranghly de-
scribe thequality control evaluation eriteria tobe usedand
riiustincludé 3 policy for the required course of correciive
action if quatity control sample festlts fail o micet-aceep-
toce crileria, Tn-order 10 assess laboratory performiince,
all control data, including out-of-limiit data, should te
recorded in the yuality control log in LeveyJearings or
Shewart chast Toraiat [13,27,62,72,75-771. Chitof-limit
data should inclede documentation of required corrective
action. It may be acoepiable to reinject » quality contrp}
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ion of the ritionale:

sample oné additional time. 1ihe results are stll urac-
cepinble, other minimally acceptable protocels includ

L. Roinjestion of valibrators; followed by fog

The ion rativs for the snalyte and its corresponding
interna] standard. obtained for the unknewn should not
differ by more than £20% of the targel ion ratip and

of allqunlity control samples: and rovitine -
Snanina.gze? i the time

ptance criteria mustbeuniformtyapplied to aly speci-
mens within thebatch{72). Theestablishmentof this 20%
cop criteria for ion -obundance ralivk his® been

ton.af all calibratars, yuality control samples,

* and rouiine spegimeas;and

3. Acceptance of negiive te
the 1O aml
batch.

- resulls thal are Jess than
vof ailother speci inthe

V. CRITERTA FOR DESIGNATING A
*POSTRIVE TEST-RESULT

A. Chromatographic Criterin

Criteria for designating a positive teskresult inchide
chromatographic and spectral identification; Chromalio-

graphic-identification of an Analyte: roquires comparison

of: the sefention time of- the specimon with that of a
calibrator ot the cunoff or theaverage of multiple calibra-
tors {either approacy.is considered acceptable), Gener-
atly, the retention i
F2%of th
f11-13.72).

B. ‘lon Ratios

Farther, identification of an analple requires compati-
son of ion ratips or full spectral %E 'of the inknown with

4

hlishedion tatiosor full- {5f Fespee-
céq >8§sEn o S;& no_.camum_us and __,,.2.5
idard arerusuaily calculated using

5:.,»?5&%8 .....oai.:& for the standard prepared at
thie sutoff coneeritration os-hy determining the mean ion

ratios for all. rators: J¢ has been demonstrated statis-
tically that whife full-scan mass spectrometsic.data pro-
vide the maximun confidenss for analyte identilication,
o minimum of three stracturally significant ions gonerated
snder slectron ionization conditions appear. to- provide
adequate information for .,:.Enaw_mg_a: {12,641 I the
regulated uring driftesting Taboratory uses I, itisicur-
renly required W bse-a miniméin of two-Jon ratios for
identification of the apalyie amnd-at least one ion ratio for
the internial standard {72} OF Ecan..nrmnaas.& PR~
trado ol alveays meet the (hree-ion criteria because jexs
extensive fragmentation is m«na_ﬁ_q observed willy this
tech Howéver, this fimftation is offset hy the pro-
duction c;_m: /2. sons characteristic of the analyte and
increhsed specificity with selection of appropriate reagent
pases {11,12.26.81 1.

determined 1o.be appriprate bised.on jon statistics [11-
13,68].. Different. ion ratic criteria caniol be applied 1o
different specimens, calibrators, or conrols within the

baich,

€. Mass Spectral Match

To gnsure adéquate mass spectralmatch quadity for
taboraterics utilizing full-scan scquisition, unknown mass
spectra must e compared with reference spectra, and fit
ormaighquulity vahies must be compured. The labératory
should. determing allowable \imits of acteptability in
accordance wilh laborafory studies. and manufacturer’s

- recomimendations (c.g., 950 or greater out of ascale of

£000). 1t 3s known that teferenice spectra dn. speetral
librartes may-at fimes differ from tha( obtained: {rini
E&_wﬁ of actual spocitacns: This may b dué 10 the type
of instrument. used, the. particilar algorithing used 1o
generate 8 mafeh; the number of ions used to establist-a
maleh, type of réagent gas. clectron encrgy, or-type of
derivatization eniployed, aia:ma:s..@n.ﬁ. Themtor,
the Jaboratory sy consider establishing its own spoctral
Vibracy for smalytes of intercst, providing that
maniifactitrer’s specifications chntinue to bé met ihd that
fénérated spectra. do pot differ ségnificantly from pub-
lished reference siurees.

In addition’ t spectral match vequirements, the
sigsiat-to-noise rtio at the apex of the integraed peik of
the analyte and ils intornal standurd should be-équat lo'or
greater than a minimum of 10:1 ol the assay’s LOQ,

D.. Quantitative Result

Regardiess of the detection technique, in oader v be
designated as positive, the measured Eoncentration oF
specimen must be equal to o exceed the established assay
cutoff concentration. Quantitative ressits acound the cut-
off- must be truncated, rather-than rounded up- o the
nearest whole number, so thet the statistical biasis toward
4 negative” resolt,

Specimens direeted for GC/MS selestanalyses ae Aot
subject to caff concentrations and are reported as recon-
firmed if the concentration is equal (e oF greater than the
LOD of the method. The specimen refest must alko meet
all other criteria Tor designating a positive tesi reswlt.
Quantitative reports should be provided only upon written
reghiest of the Medical Review Officer.

Foreusie Schepce Review < Volume Nine  Nomber Twa © December 1997



If the specimen concentration exceeds: the linearity
Timits of the assay and. the specimen was nit- difuted
accordingly, the épont must.state: “the concentrition of
‘analyte” iggreater thun ‘ifie established Liriearity linit',
Also, all criteria foy designating a positive test result must
be satisficd including chramatographic pecformange, ion
ratios, aid retention time déta,

VI, MISCELLANEOUS FACTORS
A. Data Presentation

Although vaﬂns_maa of GC/MS data is highly vari-
ableamong laboratorics, printoats for all speci {cali~
Britors. tontrols, and positive and :ama:,a speciinens)
st include specimen’ _un.: an__ information, wtal

i =ire acquisilion wingdow,
individual: sélected ion %E_E.cmaam driwn Lo an ap:
proximate 0.5 minute window, mass spectrum GE appli-
cahle), speeiral data including abind
spectral- mitch; rétention time:data, and concentration of
andlyle. In addition, data file mame, date and dme of
injection, -and MS 3.538_, name are highly. desirable.
Figuores 2 and 3 illustrate typical GCMS reports- for
confimmation of benzdylecgoning in urine using. the
Hewlelt-Packard Mass Sclective. Deteetor ‘amd the.
Finnigan-MAT lon-Trap” Mass
tively. Fuarther, 8 summary sheet preseated in tabular

jonch

formatincluding injection sequence and specimen identi-.

fication informalion, spectral-data, and quamitative -
salts should he prepared for case of: Balch feview {seé
Figure 4).

B. Dilution Protocols

Dilution pritocols may he developed based upon the
relationship of the imninaassay fespanse ind the gusin-
titative: result. Specimens may be difuted with GCMS:
..o:m.& negative prine (or pussibly’ ?_:m Ted water} priog
to mQ.Zv confirmation in order 16 avmd carrydver,
prevent chromatographic.overload, and to obtain dcéept-
able chromatographic resulis. It is recommended that &
Juality contrl sample be diluted in the same manner: as
any routine specimen fo assess the accurdcy of the dilu-
tion.

A retest specimen may be tested by an immuncassay

procedurc in 6idér 16 detérmine the heed for dilution prior
10 GC/MS analysis. If dilution protocols are routinely
applied by the laberstory, these procedures shonld be
clearly described in the Jsboratory’s SOP manual {72].

e gndionsafiosor .

pectrometer, TEsRe:

C. Reinjection of Extracts

Reinjection of specimen extricts may be necessary
duetafailed injection orchromatographic overload. The
laboratary must stipitate the numbe of, prable rein-
Jecions(in: ?m___&& faboratories, more than one reinjec-
tionis generally tonsidered tinatceplable).and the maxi-
iy, m@n after the cod of (he bateh that reipjection is
aceey , If the reinjection is necessary due g col
overlaad, the Iaboratory. may 1 n_aﬁ fo establish a 3?&
i?u%w additional:reconstitution solvent is added to the
extraction vial priof fo'reinjeciion. However, sush lidn-
dlingmyst be clénrly recorded:on _»xzs&oaw
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VILREVIEW ANDEVALUATION OF
GCME DATA
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concentration; o sach calibrator, control, and umknown in
confirmatory analyses. Furthermore, an.acceptatile Gali-
Brifidn curve must he btained, a faék of canryover muist
be demanstratéd, snd chain-of-castody documentation
must be in order.
The SOPmust alsoaddress the handling and repotiing
of results when. duplicate extracls are assayed, or diluted
aind undiluigd extracts sre.analyzed. Acceptance criterin

forduphi st specify miini correl of quan:
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