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Preface

Because of the continuous increase in availability and use of pharmaceuticals and illicit drugs,
postmortem toxicology has become more and more important in death investigations. The intro-
duction of new substances to the market requires a high awareness among pathologists and toxi-
cologists and necessitates the development of methods that encompass the newcomers. Fortunately,
many important achievements have been made in methodology, and the application of novel
techniques, such as modifications of solid phase extraction and LC/MS techniques, now offers
better conditions for efficient and sensitive analyses of numerous substances.

Many important contributions regarding the impact of various postmortem changes that may
influence the toxicological results have been published. Pharmacogenetic analyses, e.g., to identify
poor metabolizers, may now be applied on postmortem material and assist in the determination of
the manner of death, and studies on postmortem redistribution of drugs have resulted in a widespread
appreciation of the influence of the specimen type on the drug concentrations.

In recent years, the specific detection of many compounds and their metabolites in various
matrices has improved substantially. However, the interpretation of their concentrations remains a
difficult task. Hence, despite the progress in postmortem toxicology, information about previous
drug use and the circumstances surrounding death, and the autopsy findings are still very important
in order to arrive at correct conclusions when interpreting the analytical results. An intimate
collaboration between toxicologists and pathologists is therefore desirable.

Traditionally, teachers of forensic science have always emphasized that the proper investigation
of a drug-related death involves three elements: scene investigation, autopsy, and toxicological
examination. The traditional approach is no longer valid because it assumes that the autopsy was
complete. We now know that it has never been complete. Heart disease is not ruled out just because
25 sections of myocardium look normal. Poisoning is not proven just because blood morphine
concentrations are very high. We now live in the age of the DNA microarray. Chips for measurement
of CYP2D6 polymorphisms are already available commercially. Arrays for the measurement of the
hundreds of genes involved in hypertrophic cardiomyopathy already exist in development labs. The
sooner these new technologies are incorporated into forensic toxicology, the sooner the justice
system will benefit.
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CHAPTER 1

Introduction to Postmortem Toxicology

W. Lee Hearn, Ph.D.! and H. Chip Walls, B.S.?
! Director, Dade County Medical Examiner Toxicology Laboratory, Miami, Florida
2 Department of Pathology, Forensic Toxicology Laboratory, University of Miami, Miami, Florida
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1.1 MEDICOLEGAL DEATH INVESTIGATION

The medical examiner’s office investigates sudden, violent, unnatural, or unexpected deaths,'-
and the medical examiner, coroner, or pathologist is responsible for determining the cause and
manner of death. The cause of death is the injury, intoxication, or disease that initiates a process
leading to death, and if that initial event had not occurred, the individual would not have died.
Death may follow years after the causal event. The manner of death is the circumstances in which
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the cause of death occurred. Five classifications are used to categorize the manner of death:
homicide, suicide, accident, natural, and undetermined. Anatomic findings elicited at autopsy are
often insufficient to determine the manner of death.

To determine the manner of death, all available information pertaining to a particular case,
including the terminal events, scene investigation, police reports, social and medical history, autopsy
findings, and results of histologic and toxicologic testing, must be considered. The question “Did
alcohol, other drugs, or poisons cause or contribute to this person’s death?” must always be
answered. Success in arriving at the correct conclusion depends on the combined efforts of the
pathologist, the investigators, and the toxicologist. The process of death investigation and the role
of the laboratory are outlined in Figure 1.1.

Scene Terminal Police Medical/Social
Observations Events Report History
|
Autopsy vs. External Exam
|
| |
Autopsy External Exam Only
v '
- Gross external/internal exam - Gross external exam
- Diagrams/photographs - Diagrams/photographs

- Microscopic studies

. . - Toxicology specimens
- Toxicology specimens

(limited)

Figure 1.1

B Selecti(?n - Other physical evidence
- Collection
- Preservation
- Other physical evidence
| Investigative
Correlation
YES NO
COD & COD/MOD
MOD pen;lmg
[ N |
Toxicology B -
------------------- Further Investigation
Assays Findings
- Additional testing
Positive : Findings - Police reports
¥ - Consults
Possible
COD

Case Evaluation/Interpretation
anatomy, toxicology, histopathology, investigation

!

Final Report

!}

COD & MOD

44 Sign Death Certificate |

Overview of death investigation.
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1.1.1 Role of Police and Medical Examiner Investigators

When a death is reported to the medical examiner’s office, a case investigator will obtain certain
information to determine whether the case falls under the jurisdiction of the medical examiner. The
following is a list of important topics to consider, which may vary according to jurisdiction:

Cases Requiring Medicolegal Death Investigation

1. Any death where any form of violence, whether criminal, suicidal, or accidental, was directly
responsible or contributory.

Any death caused by an unlawful act or criminal neglect.

Any death occurring in a suspicious, unusual, or unexplained fashion.

Any death where there is no attending physician.

Any death of a person confined to a public institution.

The death of any prisoner even though both the cause and manner appear to be natural.

Any death caused by or contributed to by drugs or other chemical poisoning or overdose.
Any sudden death of a person in apparent good health.

Any death occurring during diagnostic or therapeutic procedures.

Any fetal stillbirth in the absence of a physician.

Any death where there is insufficient medical information to explain the individual’s demise.

SOV NN R WD

—

An unnatural death is any death that is not a direct result of a natural, medically recognized disease
process. Any death where an outside, intervening influence, either directly or indirectly, is contrib-
utory to the individual’s demise, or accelerates and exacerbates an underlying disease process to
such a degree as to cause death, would also fall into the category of unnatural death.

Investigators are the eyes and ears of the medical examiner, especially in cases where the body
is removed prior to the pathologist’s involvement. The importance of an adequate investigation into
past social and medical history cannot be overemphasized.

Police reports and investigations provide scene documentation. Typically, a report will include
a description and identification of the body, time and place of death, eyewitness accounts, drugs
present, and photographs. Investigators assigned by the medical examiner collect all items and
information pertaining to establishing the cause and manner of death. Investigators contact the
family and friends of the deceased for information regarding, for example, past medical and social
history and prescribed medications. Many cases have histories of prescription drugs to guide the
investigation. All medication bottles should be verified as to content and count, in addition to
performing a routine pharmacy check of the person’s medication usage. Medical examiner inves-
tigators must also contact hospitals and treating physicians to obtain copies of medical records and
police agencies to obtain arrest records. Progressively, a file is assembled that contains all of the
relevant background information to assist the pathologist in understanding the medical and social
history of the deceased.

The medicolegal systems in countries outside the U.S. vary, but the selection of cases subjected
to a forensic pathology examination is usually similar. However, in several countries the police are
responsible for the investigation even in noncriminal cases. It is therefore important that the
pathologists and toxicologists stay in good contact with the investigating police officer to obtain
all relevant information outlined above.

1.1.2 Role of the Forensic Pathologist

The principal role of the forensic pathologist is to investigate sudden, unexpected, and violent
deaths in order to determine the cause and manner of death. In suspected drug-related deaths or
poisonings, the pathologist must both exclude traumatic or pathological mechanisms as possible
causes of death and select and preserve appropriate specimens for toxicologic analysis. After



4 POSTMORTEM TOXICOLOGY OF ABUSED DRUGS

autopsy, cases can often be divided into two categories: those with an anatomical cause of death
and those without. Few drugs leave telltale signs so obvious that the pathologist can determine a
manner and cause of death without additional testing. Obvious exceptions include liver necrosis
caused by acetaminophen, or the severely hemorrhagic gastric mucosa and smell from cyanide
exposure, or coronary artery disease and cardiac enlargement in a cocaine user. Negative findings
require toxicological analyses.

Approximately 10% of the cases submitted for toxicology do not have any guiding features.
However, many of the thousands of potential compounds that could have caused death will have
already been eliminated after history and autopsy results are correlated. Since the majority of drugs
and poisons do not produce characteristic pathological lesions, their presence in the body can be
demonstrated only by chemical methods.

Collection and preservation of appropriate specimens is a critical component of the autopsy
examination.*® Just what is collected depends, at least partly, on the policy and finances of the
department. The utility of these specimens depends not only on the condition of the body, but also
on the pathologist’s technique. Specimens must be large enough, the correct preservative must be
used, and they must be placed in appropriate, clearly and correctly labeled containers.

Specimen collection is the first link in the chain of custody. Sample integrity within the chain
of custody is an essential requirement for the rest of the forensic investigation. In cases where
autopsy fails to determine a cause of death, or where there is an incomplete investigation, it is
imperative to collect an adequate variety of specimens. Subsequent findings may modify or narrow
the field of search, and make it unnecessary to examine each specimen, but they can always be
discarded. However, many toxins are completely lost in the embalming process, so if the appropriate
specimens are not collected at the time of the initial postmortem examination, the cause of death
may never be determined.

1.2 CERTIFICATION OF DEATH

Each state requires a medical and legal document known as the Death Certificate be filed with
the Bureau of Vital Statistics. The certificate contains demographic information as well the cause
and manner of death as determined by the medical examiner. Five different classifications are
recognized: (1) homicide, (2) suicide, (3) accident, (4) natural, and (5) undetermined.

The results from toxicological analyses of postmortem specimens are applied to determine
whether drugs or toxins are a cause of death, or whether they may have been a contributing factor
in the death. Negative toxicological results may be equally important as positive results, and
sometimes even more meaningful as in the case of antiseizure medicines not detected in a suspected
seizure death as compared to a positive marijuana test in the urine of a shooting victim.

1.3 ROLE OF TOXICOLOGY IN DEATH INVESTIGATION

Most toxicology offices have established routines for specific types of cases, and the pathologist
often provides some indication of what toxicological testing should be performed on each case
(Figure 1.2). It would appear that cases of suspected homicide require much more thorough testing
than obvious cases of accidental or natural death, but that is not really the case. Alcohol and other
sedative hypnotic drugs, for example, are often detected in fire victims and may well have contrib-
uted to the cause of death.

1.3.1 Homicides

The relationship between intoxication and violence is well recognized.!*-!? Toxicological stud-
ies in cases of traumatic homicide should include tests for alcohol, prescribed medications, and
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Is the involvement of toxic substance(s)*
a possible factor in death?

' '

YES NO
Is the likely Why was analysis
toxic agent known? requested?
YES NO
Proceed with specific Are history and circumstances
methods for the agent. leading to death known?
YES NO
Proceed with analysis for Proceed with comprehensive
most likely agents. analysis (general unknown).

*Forensic Questions Relative to Poisoning:

1. Was the death or illness due to a poison?

2. What toxin produced the illness?

3. Was the substance employed capable of producing death?

4. Was a sufficient quantity taken to produce death or toxic results?

5. When and how was the toxin taken?

6. Could a poisoning have occurred and the poison either be or have become
undetectable?

7. Could the detected poison have an origin other than in poisoning?

8. Was the poisoning SUICIDAL, ACCIDENTAL, or HOMICIDAL?

9. Were the correct specimens collected and preserved, analyzed in such
a manner to answer the question at hand?

Figure 1.2  Identification of a toxicology issue in the death investigation.

other drugs. Negative findings can be used in court to rebut assertions of self-defense against a
“drug-crazed” attacker. Positive findings may help explain how the victim became involved in a
physical altercation. In addition, results of drug screening provide information about the deceased’s
lifestyle that may prove useful to police as they search for the murderer. Toxicological investiga-
tions may also reveal evidence that a victim was drugged to incapacitation and then murdered.

1.3.2 Suicides

In cases of suicide, investigators try to discover an explanation for the act.!3-'5 People may
be driven to suicide by failing health, financial problems, loss of a loved one, severe mental
depression, or other causes. Drugs that can potentiate or exacerbate depression are commonly
detected in suicides. A well-recognized drawback with antidepressants is that they neutralize
passivity and inhibition before they affect the mood, and thereby confer an increased risk for
suicide during the first weeks of treatment.'®!” Drugs commonly found in suicide victims include
alcohol, sedatives (particularly benzodiazepines), analgesics, and hypnotics, and sometimes
even illicit drugs. Therefore, toxicological investigations should encompass a large number of
intoxicants. Occasionally, a suicide victim employs multiple means to reduce the chances of
survival, implying that intake of drugs should not be overlooked even if another suicidal method
is apparent.
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1.3.3 Accidents

For fatal accidents, highway crashes immediately come to mind; however, accidental deaths
occur in many other circumstances.”!8-22 Drownings, falls, fires, electrocutions, boating accidents,
and aircraft crashes, as well as accidental drug overdoses, are included in this classification.
Accidents often result from carelessness or the impairment of mental or motor function on the part
of the victim or another person. In apparent cases of accidental death, it is important to confirm
or rule out alcohol- or other drug-induced impairment. Many insurance policies exclude death or
injury resulting from the misuse of intoxicating substances, although in some cases quite the
opposite is true. In those jurisdictions where drug deaths are considered accidents, double indemnity
clauses may come into play. The families of victims dying from cocaine toxicity could, in some
instances, be entitled to twice the face value of the decedent’s life insurance.

Parties injured in an accident may litigate to recover damages. The sobriety or intoxication of
the deceased can be a factor in efforts to assign blame. And, of course, apparent accidental deaths
may actually turn out to be suicides, or they may be natural deaths occurring in circumstances that
suggest an accident. When a driver becomes incapacitated by a heart attack, for example, and loss
of control results in an accident, toxicological studies may play a part in the investigation. Detection
of intoxicants, together with other evidence, may indicate that an apparent accident was actually
intentional. For example, finding large quantities of a drug in a deceased person’s stomach suggests
that an overdose was intentional (i.e., suicide) rather than accidental.

If postmortem investigation fails to detect carbon monoxide in the blood of a burn victim, or
soot in the airway, it may be that the victim had already died when the fire started. Such cases may
be deaths from natural causes, or attempts to destroy evidence of a murder. Further investigation
may discover evidence of illness or trauma. Workplace accidents must always be investigated for
the possible involvement of alcohol or other drugs, since there are likely to be insurance claims
against the employer. If the victim is shown to have intoxicants in the body, the employer may be
held blameless. Another aspect of workplace-related accidents concerns exposure to toxic chemi-
cals. The potential for such exposures varies with the nature of the business. If exposure to a toxic
chemical is alleged or suspected, investigators should obtain a list of chemicals in the workplace,
and the toxicology laboratory of the medical examiner should analyze for those chemicals whose
toxicity is consistent with the circumstances of death.

1.3.4 Natural Deaths

Apparent natural deaths may or may not require toxicological study. If the autopsy clearly
reveals the cause of death, and no history of drug or alcohol misuse is known, the pathologist may
decide that further toxicological study is not necessary.?*?> Sometimes studies are ordered to
evaluate compliance with required pharmacotherapy, such as measurement of anticonvulsant drug
levels in an person with epilepsy who has a seizure and then dies. When the apparent cause of
death may be related to drug or alcohol misuse, testing should be done to determine whether or
not relevant drugs are present. For example, acute myocardial infarctions, cerebral hemorrhages,
ruptured berry aneurysms, and dissecting aortic aneurysms are often associated with recent cocaine
use. Such cases should be tested for cocaine and other drugs, particularly when this occurs in young
people or when there is a history of drug use. A diagnosis of alcoholism should call for a blood
alcohol analysis.

The diagnosis of sudden infant death syndrome (SIDS) is a diagnosis of exclusion. All apparent
SIDS cases should be tested for alcohol and other drugs. Child abuse can include drugging a restless
infant, where even a small dose of drug may be fatal.

When there is any uncertainty regarding the cause of death, testing should be done to rule out
an overdose. Terminally ill people sometimes commit suicide, and hospice patients are occasionally
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poisoned by their caregivers. When samples for apparent natural deaths are submitted to the
toxicology laboratory for testing, unrecognized poisoning cases are sometimes discovered.

1.3.5 Unclassified, Undetermined, or Pending

When the cause or manner of death remains elusive at the completion of investigations and
autopsy, the case is left unclassified, pending further studies.*?* Additional inquiries, microscopic
examinations, and toxicological studies are initiated to find sufficient evidence for a diagnosis.
The primary goal for the toxicology laboratory is to determine whether or not toxic substances
are present in the deceased in sufficient quantities to kill. If a probable toxic cause of death is
identified, the laboratory gathers additional evidence to assist the pathologist in deciding how it
was administered, and estimating how much was used, and how long before death. The results of
toxicology testing are considered along with other evidence to formulate an opinion regarding the
manner of death.

1.3.6 Pending Toxicology (Overdose)

Death by poisoning or overdose may be accidental, suicidal, or homicidal.'>202325-27 Various
clues indicating poisoning may be observed during the autopsy. In some cases, a large amount of
partially degraded medicinal tablets is found in the stomach, esophagus, mouth, and nostrils, or a
typical strong smell of alcohol is noticed. However, other unusual odors or abnormal colors of
stomach contents, urine, or tissues, and specific lesions may suggest to the experienced forensic
pathologist that a drug or poison was the cause of death. Evidence from the death scene, such as
a suicide note or empty containers, may point to a poisoning or drug overdose in some cases.
However, most drug-related deaths do not leave such telltale markers as those found in heart attacks,
cancer, or trauma. Often the only clue from the autopsy is pulmonary congestion and edema. The
pathologist calls upon the toxicology laboratory to confirm the suspicion by identifying the poison
or poisons and gathering enough quantitative data to support a conclusion that the detected poison
was sufficient to cause death.

In addition, the laboratory may sometimes be able to shed light on the issues of how much was
taken and the route of administration. The assignment of manner of death is based on the totality
of the evidence, including the pharmacology and toxicology of the substance, the route of admin-
istration and quantity taken, the social and medical history of the deceased, and evidence collected
from the death scene.”?*?82° Drug-related death certification is by a process of compilation and
evaluation of all findings during the death investigation, where elimination of a number of other
possible causes of death (COD) is as important as the detection of a toxic substance in sufficient
concentrations to have caused or contributed to the death.?

1.4 THE TOXICOLOGY EXAMINATION

The toxicologic investigation typically begins with the preliminary identification of drugs or
chemicals present in postmortem specimens.?** Confirmatory testing is then performed to con-
clusively identify the substance(s) present in the postmortem specimens. In a forensic laboratory,
positive identification must be established by at least two independent analyses, each based on a
different analytic principle. The next step in the process is to determine the quantity of substance
in the appropriate specimens. Identifying drugs in waste fluids, such as bile and urine, is a useful
undertaking, but quantifying drugs in these fluids usually has limited interpretive value. Drug
quantification in peripheral blood, along with quantification in samples from liver, gastric contents,
or other specimens, as dictated by the case, provides more meaningful interpretive information.
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Therapeutic and toxic ranges have been established for many compounds,?® but it should be
recognized that “therapeutic” concentrations rarely can be determined in the postmortem setting.*0

All cases cannot be tested for all drugs. A number of factors, some not immediately obvious,
determine what kind, and how many, tests will be done. The importance of the medicolegal
classification of death and specimen collection has already been mentioned. But other factors, such
as geographic patterns of drug use and laboratory capabilities, must also be considered.

Occasionally, mere detection of a drug is sufficient. But, in the case of some prescription
medications, the actual amount present must be quantified. A request for “therapeutic” drug
analysis may be made even if the autopsy has already determined the cause of death. If a history
of seizure is obtained, the pathologist may request an antiepileptic drug screen to determine
whether or not the person was taking any such medication. The same holds true for, e.g.,
theophylline in individuals with asthma. An individual who has committed suicide may have been
prescribed therapeutic drugs for depression or other mental illness. A test for these drugs may
indicate the degree of patient compliance. In forensic toxicology, a negative laboratory result
carries the same weight as a positive result.

1.4.1 Poisons

Often the nature of a suspected toxin is unknown. This type of case is termed a “general
unknown.”##2 In cases of this nature, a full analysis of all available specimens by as many
techniques as possible may be required to reach a conclusion. The most common approach involves
first testing for volatile agents, and then performing drug screens. The drug screen is usually confined
to those drugs that are commonly seen in the casework. When the most common substances have
been ruled out, the laboratory proceeds to test for more exotic drugs and poisons.

1.4.2 Comprehensive Toxicology Screening

It is impossible to consider the topic of forensic toxicology without discussing analytical
toxicology in detail.#**¢ Screening methods should provide presumptive identification, or at least
class identification while also giving an indication of concentration. An adequate screening protocol,
capable of detecting or eliminating the majority of the commonly encountered toxins, usually
requires a combination of three or more chemically unrelated techniques. In general, some toxins
are so common that, no matter the type of case, they should always be included for analysis; e.g.,
ethanol, salicylate, acetaminophen, sedatives, hypnotics, and other drugs such as cocaine, opiates,
and antidepressants. All screening tests that are positive for substances relevant to the case must
then be confirmed, and analytes of significance submitted for quantification in several tissues. Later
sections in this chapter discuss testing methods and how they are combined to yield effective
analytical strategies.

1.4.3 Case Review

During the toxicological investigation, each case is subjected to periodic review, its status
evaluated, and the need for additional testing determined. Based on what is known about the death
and the specimens available, a panel of screening tests is designed to quickly detect or rule out the
most common drugs and, when appropriate, poisons.3*37-34347 New tests may be ordered to expand
the initial search, or to confirm preliminary findings.

The flow of information in forensic toxicology must be in two directions*® — from pathologist
to laboratory, then back to the physician who will integrate all of the findings. Laboratory personnel
must effectively communicate with the pathologist concerning the scope (and limitations) of the
services they can provide, suggest the proper selection of specimens, and assist with interpretation
of the results. In particular, when drug screens are used, the pathologist should know which drugs
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they cover — and which drugs will go undetected. To operate effectively, the toxicologist must be
provided with enough information about the history and autopsy findings to rationally select the
most appropriate tests.

1.4.4 Quality Assurance

Each laboratory must formulate and adhere to a quality assurance (QA) program. QA provides
safeguards to ensure that the toxicology report contains results that are accurate and reproducible,
and that the chain of custody has been preserved. A written QA plan sets out the procedures
employed to ensure reliability, and provides the means to document that those procedures were
correctly followed. The laboratory’s strict adherence to a proper QA program induces confidence
in the laboratory’s work product and prevents or overcomes potential legal challenges. Before a
new or improved method is introduced into a laboratory, it must be selected with care and its
performance must be rigorously and impartially evaluated under laboratory conditions.

1.4.5 The Toxicology Report

When all toxicological testing is completed, the results are summarized in a report that is sent
to the pathologist. This report becomes a part of the autopsy report. It specifies the name of the
deceased, if known, and the medical examiner case number. The specimens tested, the substances
detected in each specimen, and the measured concentrations of those substances are presented in
tabular form. The report should also list substances tested for, but not found, especially if they
were named in the toxicology request. If any drug was detected, but not confirmed, a note to that
effect should be on the report. In addition, any information about the specimens, such as the date
and time of collection of ante-mortem blood or any unusual condition of a specimen, should also
be noted on the report. Because of the well-known difficulties associated with the postmortem
redistribution of many drugs, the report should always indicate where in the body the blood
specimen was obtained. Toxicology reports are usually signed or initialed by the issuing toxicologist,
and in some jurisdictions may be signed by the pathologist as well.

1.4.6 Toxicological Interpretation

All substances are poisons; there is none which is not a poison. The right dose differentiates a poison
and a remedy.

Paracelsus (1493-1541)
Poisons and medicines are oftentimes the same substance given with different intents.
Peter Mere Latham (1789-1875)

The significance of the reported results must be explained, often to a jury.>?84348-51 The phar-
macology, toxicology, local patterns of drug abuse, and postmortem changes all can affect toxico-
logical results. In any given case, a toxicologist may be asked the following questions (even though
a definitive answer may not be possible in all instances):

‘What was taken, when, and how?

Was the drug or combination of drugs sufficient to kill or to affect behavior?

What are its effects on behavior?

Does the evidence indicate if a substance was taken for therapeutic purposes, as a manifestation
of drug misuse, for suicidal purposes, or was it administered homicidally?

5. Was the deceased intoxicated at the time of the incident that caused death?

Ll S
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How would intoxication by the particular drug manifest?
Is there any alternative explanation for the findings?
What additional tests might shed light on the questions?
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Specimen selection, collection, preservation, and security place unique demands on the post-
mortem forensic toxicologist. The quality of results expected from the postmortem laboratory today
is high and reflects the research advances and continued improvements in instrumentation and
analytical methods seen since the origins of modern forensic toxicology in the early 20th century.'-
However, it must be recognized that — even with technological advances — accurate, forensically
defensible results are predicated on the quality and type of specimens provided, and the documen-
tation of each specimen’s origin and history. As important are issues relating to security and evidence
control during the collection and storage process. Finally, in considering data available from
publications and databases, it is important to recognize that the quality and the “comparability” of
data between institutions are only as good as the consistency of approach in specimen collection,
storage, and analysis between these organizations.

Many major references in forensic pathology have, each in its own manner, sought to provide
information about specimen collection issues.'* More recently, the literature has focused on novel
and more intriguing issues such as postmortem release and/or redistribution of drugs from tissues
into blood as mechanisms that can lead to legitimate debates about the meaning of a reported
value.!®"!7 Thus, even an analytically “accurate value” may be subject to misinterpretation when
the drug concentration in a single blood specimen is used to explain the circumstances surrounding
a drug intoxication death, particularly when the drug concentrations are not excessively high or
low. This and other specimen collection and documentation issues are the subjects for discussion
in this chapter.

2.1 CHAIN OF CUSTODY

One major difference between forensic and clinical toxicology is that institutions performing
forensic work are held legally accountable for documenting the handling of specific evidence within
the organization. This means that all evidence associated with a specific case must be kept in a
secure area at all times and be accounted for during its lifetime by using a record or chain of
custody (COC).

Documentation should include who handled the evidence, what evidence was handled, when
and why the evidence was handled, and where the evidence was located at all times. This docu-
mentation is central to the demonstration that the evidence has remained intact, and not been
adulterated, changed, mishandled, or misplaced in any fashion that would compromise its integrity.
Evidence ties together people, places, actions, and things that have important impact on circum-
stances surrounding events in which individuals are held legally accountable. In criminal actions
the importance of the evidence may truly involve a “life or death” determination, while in civil
litigation large sums of money or property may be at stake.

The biological specimens collected during the autopsy are evidence and must be legally
accounted for. Specimens must be maintained in secure, limited-access areas at all times with
access restricted to only those individuals designated in the institution’s standard operating pro-
cedure. Specimen handling has been and will continue to be legally scrutinized by the courts.
Properly maintained COC documentation rules out any period of time in which a specimen may
be left vulnerable to adulteration or tampering. Failure to properly document the COC may
compromise not only the integrity of the specimen, but also the credibility of the institution handling
the specimen.

Labor-intensive documentation can be tedious and a natural deterrent to the consistent mainte-
nance of records, including the COC. The use of computers for documenting COC and other
specimen transactions within the postmortem forensic toxicology laboratory has recently been
demonstrated.'®-2° The ability of the computer to routinely maintain and monitor predictable and
consistently occurring events makes it an ideal tool for tracking of forensic events.
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2.2 SPECIMEN COLLECTION
2.2.1 Specimen Containers

There are several unique challenges to collecting postmortem forensic toxicology specimens
compared with specimen collection in other forensic toxicology disciplines such as human perfor-
mance toxicology and employment drug testing. Postmortem specimen quality can be quite variable,
making specimen collection and subsequent reproducibility in aliquoting of the specimen difficult
at times. Specimen quantity, or availability, will vary considerably from one case to another, yet
the laboratory must attempt to provide a comprehensive toxicological analysis for a general
unknown. In the latter regard, detection limits are pressed, and trace findings may have a major
bearing on issues of compliance and proper patient care in hospitalized or extended care facilities
and the potential for civil litigation. The use of appropriate specimen containers and preservatives
can be critical in the toxicologists’ ability to ultimately identify a substance in a given specimen.

Usually, the best container to utilize when collecting and storing postmortem biological fluids
is glass.!92! Glass is inert, does not contain any plasticizer contaminants, and maximizes storage
space. Plasticizer contamination is further reduced with Teflon-lined caps. If drug concentrations
of less than 0.010 pg/mL are expected, silation of glassware may be indicated.! Disposable Pyrex
glass culture tubes are suitable for long-term frozen storage and come in a variety of sizes. It is
important that the container size chosen for each specimen will allow it to be as close to full as
possible in order to minimize concerns about oxidative losses due to air trapped in the top of the
container, volatile drug evaporation, and “salting-out” effects from preservatives that may be added
to the tube.! Generally, 50-mL culture tubes represent the best choice for blood and urine specimens.
Smaller tubes (e.g., 15, 20, and 30 mL) can be used for the collection of small amounts of blood,
vitreous humor, and bile specimens.

Most types of plastic containers are suitable for the collection of solid tissue specimens and
gastric contents. The nature of solid tissue reduces direct contact with the plastic container, and
the relative amount of drug(s) present in gastric contents will minimize the influence of plasticizer
interference.

The principal argument that can be made against glass containers is the possibility of breakage.
However, this can be minimized by using appropriate storage racks and carrying totes. Some
laboratories have successfully used plastic containers by identifying a product that reduces plasti-
cizer contribution and adsorption of drug to the container. Nalgene® containers have been recom-
mended for collection of postmortem biological fluids.??> While drug stability in these containers
was not determined to be a problem, the evaluation of contaminants was not reported. Whether a
facility chooses glass or plastic, it is important that the laboratory carefully evaluate the container
before routinely collecting specimens in it. The nature and potential for contamination can be
evaluated by analyzing drug-negative biological fluids stored over time in the container. In addition,
the plastic must be chosen carefully to ensure that it does not crack when frozen. For example,
polystyrene is subject to cracking under these conditions whereas polypropylene is not.

2.2.2 Specimen Preservatives

Blood specimens should be preserved by adding 2% w/v sodium fluoride to the collection
container. Sodium fluoride is added to inhibit microorganism conversion of glucose to ethanol,
microorganism oxidation of ethanol,??* postmortem conversion of cocaine to ecgonine methyl
ester by cholinesterases,” and enzymatic loss of other esters such as 6-acetylmorphine.!?° Esters,
subject to alkaline hydrolysis, are more stable in postmortem blood than ante-mortem blood because
the pH of blood falls after death; therefore acidification of blood is not indicated. Some laboratories
may choose to add an anticoagulant such as potassium oxalate, EDTA, or sodium citrate at a
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concentration of 5 mg/mL in addition to the fluoride preservative.?!?>?* Preservatives and antico-
agulants may be added to collection containers designated for blood ahead of time. However, if
only a small amount of blood is collected, the excess fluoride may affect headspace volatile assays
by altering the vapor pressure of the analyte.!! Ideally, one preserved and one unpreserved blood
specimen should be taken for comparison, if needed.??

Once collected, blood specimens should be stored in tightly sealed containers at low tempera-
tures (4°C short term and —20°C long term). The low temperatures inhibit bacterial growth and
generally slow reaction kinetics such as the conversion of ethanol to acetaldehyde.? In addition,
an aliquot of preserved blood, sufficient in quantity to fill the secondary container, should be
removed from the primary specimen at the time of specimen accessioning and stored at —20°C in
a frost-free freezer. This aliquot should be saved for the quantitative confirmation of unstable
analytes such as cocaine and olanzapine and for ethanol reanalysis, if needed.

Specimen preservatives are generally not required for other specimens (e.g., urine, bile, vitreous,
tissues, etc.); however, to all samples subject to alcohol analysis, sodium (or potassium) fluoride
should be added. As for blood, these specimens should be stored sealed at 4°C until testing is
completed and then frozen at —20°C if long-term storage is required.

2.3 SAMPLING

Biological fluids are collected using new or chemically clean hypodermic syringes using
appropriate needle gauges and lengths for the specimen to be collected. One needle and syringe
should be used per specimen taken. If syringes and needles are to be reused, then care must be
taken to scrupulously clean and disinfect these devices between uses. A typical cleansing procedure
should include a minimum of 30 min of soaking in a disinfectant, e.g., 10% solution of household
bleach in water (0.5% w/v sodium hypochlorite in water), followed by washing with a non-ionic
detergent and rinsing with copious amounts of clean water. Additional disinfection can be performed
using an autoclave operated under proper quality control guidelines. The College of American
Pathologists recommends that instruments be autoclaved at the usual steam autoclave pressure of
15 1b for 45 min. These conditions are suitable for most pathogens; however, higher pressures and
temperatures for longer times (approximately 2 h) are necessary if the rare Creutzfeldt—Jakob
disease is of concern.?! For all this effort, it would seem that disposable needles and syringes are
the easiest and most time effective and efficient approach for sampling while reducing the possibility
for specimen contamination.

Additionally, autopsy staff must maintain the cleanliness of the specimen container as they
collect the specimen. All spillage on the outside of the container should be rinsed off and decon-
taminated using 10% bleach solution.

Collection techniques are discussed below by specimen type. Table 2.1 provides a summary of
the information discussed in detail in the text.

2.3.1 Blood

Whenever possible, postmortem blood specimens from two sites, heart and peripheral, should
be collected at every autopsy. If no autopsy is performed, then only peripheral blood should be
collected.

Heart blood specimens should be taken by needle aspiration using a suitable hypodermic
syringe. To obtain a proper cardiac specimen, the pericardial sack must be opened, the pericardium
removed, the heart dried, and the blood specimen removed by syringe. Blood from the right chamber
is preferable, but regardless from where blood is collected it is essential to label the site from which
it was taken.?! At least 50 mL should be collected — more if possible.
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Table 2.1 Guide to the Collection of Routine Toxicology Specimens

Specimen Amount When to Obtain Comments
Blood, heart 50-100 Always Identify source; preserve with 2% sodium fluoride
mL and potassium oxalate; reserve an aliquot without

preservative, if possible

Blood, peripheral ~ 5-10 mL For complete Identify source; use femoral or subclavian blood if

toxicology testing possible

Blood, clot Whole clot  Trauma cases

Urine All Always Submit any quantity, even if <1 mL, for
immunoassay screening

Bile All Always Tie off gallbladder to reduce contamination; collect
prior to liver

Vitreous humor All Always Combine fluid from both eyes into a single tube

Gastric contents All For complete Tie off stomach to prevent contamination of other

toxicology testing viscera; note total volume

Liver 50 g Always Identify source; deep right lobe preferred

Kidney 50 g Metals, ethylene glycol

Spleen 509 CO, CN Very useful when blood not available in fire deaths

Brain, fat 50 g Lipophilic drugs Brain may be especially useful in infant drug
deaths

Lung 509 Volatile poisons Collect in sealed container; collect tracheal air as
well

Hair Pen-sized Drug history, metals Identify distal and proximal ends

bundle

Note: Biological specimens should be kept at refrigerated temperatures (4°C) for short-term storage (up to 2
weeks) and at frozen temperatures (—20°C) for long-term storage. An aliquot of preserved blood should
be frozen immediately for analysis and preservation of less stable compounds.

Peripheral blood specimens are usually obtained from the femoral vein. Leg veins are preferred
to veins of the head and neck due to the anatomical presence of a larger number of valves that
resist blood movement from the intestines.?* The peripheral blood specimen should be taken using
a clean or new 10- to 20-mL hypodermic syringe. Do not “milk™ the leg in order to increase
specimen volume. If possible, up to 10 mL of peripheral blood should be collected. The source of
the peripheral blood specimen should be noted on the specimen container.

As discussed elsewhere, blood clots should be collected in cases of head trauma or if other
blood specimens are not available. Because of the strong possibility of contamination, thoracic and
abdominal cavity blood should be avoided unless no other blood is available. If collected, they
should clearly be labeled as to the source or origin.

2.3.2 Urine

During autopsy, urine specimens should be taken directly from the bladder by insertion of a
clean/new hypodermic needle into the bladder. For non-autopsied cases the needle may be inserted
directly through the lower abdominal wall, just above the pubic symphysis.® If possible, up to 100
mL of urine should be acquired. In cases where the bladder appears to be empty, it is important
to aspirate as much urine as possible from the bladder and the ureter. Bladder washings using a
minimum amount of clean water (or saline) would be desirable in the absence of any urine. The
specimen container should clearly identify and indicate the nature of this specimen, and the amount
of water/saline utilized. As little as 50 ul of urine can be useful for some applications such as
chemical spot tests and immunoassay testing.

2.3.3 Bile

Following the removal of the organ block during the autopsy process, bile is aspirated from
the gallbladder using a clean/new hypodermic syringe. If there is any possibility of contamination,
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the gallbladder should be tied off and removed from the organ block so that the bile may be collected
away from the potential source of contamination. Up to 15 mL of bile should be collected and
placed into a properly labeled screw-capped glass culture tube.

2.3.4 Vitreous Humor

Vitreous humor specimens are obtained by direct aspiration from each eye using a 5- to 10-
mL syringe and 20-gauge needle. The needle should be inserted through the outer canthus, until
its tip is placed centrally in the globe. Vitreous humor can be aspirated from the globe by application
of gentle suction. Vacuum tubes and heavy suction should be avoided to prevent specimen con-
tamination with retinal fragments and other tissue. With proper technique 2 to 3 mL of fluid can
be removed from each eye in an adult, while up to about 1 mL of specimen may be removed from
a newborn.”’ Once the vitreous specimen has been removed from the eye, an appropriate amount
of saline can be injected back into the eye in order to reproduce the cosmetic integrity of the eye.
Vitreous humor specimens obtained from both eyes may be combined in one properly labeled
specimen container.

2.3.5 Gastric Contents

Because gastric contents are not homogeneous, and because the total volume of gastric fluid is
critical in the interpretation of positive findings, the entire contents of the stomach should be
collected. If this is not possible, then the total volume present must be noted and provided with
the specimen to the laboratory. The prosector should tie off the stomach ends before removing it
from the organ block. The stomach should be opened away from other specimens and tissues in a
manner to avoid contamination of other viscera.

2.3.6 Hair

Hair is preferably collected from the posterior vertex or the back of the skull, where the average
hair growth rate is fairly constant, and has been extensively studied.?® The size of the sample to be
collected is dependent on the purpose of the analysis. If a segmental analysis is desired, hair from
a 1 X 2 cm area will typically yield about 50 mg of hair/cm segments, which is the amount used
for many GC/MS or LC/MS methods reported. Additional samples have to be collected if several
analyses with different extraction techniques are desired. One strategy is to collect one sample for
screening, and additional samples for confirmation analyses,? should the screening come out positive.

In cases with a suspicion of a recent poisoning, analysis of plucked hair may be rewarding,
since there is an interval for most drugs during which blood, urine, and cut hair may all be negative,
but where the intradermal portion of the hair may harvest traces of the drug. The most common
scenario is, however, that the hair analysis is used as a supplementary tool to disclose or confirm
previous drug use. Cut hair is then usually preferable since hair roots, often containing high amounts
of drugs from an acute intake, are then excluded. Unfortunately, it is difficult to avoid disalignment
of a hair sample no matter how carefully the hair is cut from the scalp. An easy way to align the
hair strands is to put the sample collected into a small Eppendorff tube with the cut end first and
use tweezers to adjust the hair strands. If the time for exposure is not an issue, this procedure is
not necessary, and further, smaller hair samples may suffice.

Directly after collection, a convenient means to preserve the alignment, and to keep control of
the scalp end, is to put the sample into a small piece of aluminum foil that is folded once or twice.
Putting hair into folded paper should be avoided, particularly regarding plucked hair, since the
sticky hair roots will become fixed to the porous surface of the paper, and the strands will break
at variable distances from the root. Hair that has been soaked with blood should first be washed
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with water and then dried before sampling. It is wise to make a note that such contamination has
occurred if it turns out that the blood contains high levels of drugs.

2.3.7 Tissues

When collecting tissue, a minimum of 50 g should be collected. Each specimen collected should
be put into its own properly labeled airtight container. If inhalants are suspected, it is important to
collect and seal the specimen in a container as soon as possible after the body has been opened.
Because of the possibility that portions of the liver can be contaminated by postmortem diffusion
of drugs from the gastric contents, only liver from deep within the right lobe should be collected.*
Additionally, bile should be collected prior to the liver specimen, to prevent specimen contamination.

2.3.8 Labeling

The first step in the specimen collection process (including evidence collection) is ensuring
that the specimen containers are labeled appropriately. Without attention to this detail all other
activities that occur with the specimen(s) are suspect. First, the collector must only be working
with one specimen at a time. Second, specimens collected should never be placed into an unlabeled
container. The collector must ensure that the container is labeled so that it can be read prior to the
placement of the specimen into the container. As a minimum, the label should include the following
information: (1) institutional case number identifier; (2) name or other identifier; (3) date and time
of collection; (4) signature or initials of the collector; (5) specimen type (blood, liver, kidney, etc.)
and where collected, when applicable (heart blood, femoral blood, etc.). Finally, tamper-resistant
tape with the collector’s initials and the collection date should be placed over the specimen lid and
container to document specimen integrity. Alternatively, all of the samples collected for a given
case may be placed in a tamper-evident container labeled with the case number and name. This
protocol is particularly useful in institutions with larger caseloads where specimens may not
immediately be transferred to the toxicology laboratory.

2.4 SELECTION OF POSTMORTEM SPECIMENS

The choice of specimens available in a postmortem forensic toxicology investigation can be
numerous and variable. Specimens may be selected based on case history, institutional policy, and
availability for a given case. Generally, the specimens routinely collected from cases in which an
autopsy was performed include blood from both peripheral and cardiac sources, all urine and bile
available, vitreous humor, all available gastric contents, and tissues (particularly liver).? However,
because the autopsy allows a one-time opportunity to collect as many specimens as may be needed
to complete the toxicological investigation, it is suggested that as many specimens be obtained as
is feasible for the institution.

In cases where no autopsy is performed, only peripheral blood, urine, and vitreous humor are
collected. Heart blood should be avoided due to the potential of contamination by esophageal
contents when performing a blind stick.3!3?

On some occasions a medical examiner or coroner’s case may have had a significant survival
time in the hospital prior to death. In cases where hospital survival time exceeds 24 to 48 h, the
value of postmortem specimens diminishes considerably. This is especially true if there are alle-
gations that a death may be drug related. Under these circumstances, hospital admission specimens
(blood and urine) taken prior to significant therapeutic intervention can be invaluable in the
documentation and support of this history. It is important that the postmortem toxicology laboratory
physically obtain these specimens (under COC) for reanalysis, since the results available from the
hospital are frequently unconfirmed screening results.
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Decomposed, skeletonized, or embalmed cases present unique challenges for the forensic
toxicologist. The possibilities for specimens in some of these cases are limited only by availability,
analytical capabilities, and sometimes imagination, of the toxicology laboratory. Some of these
unusual specimens are discussed later in this section.

2.4.1 Blood

Blood is the specimen of choice for detecting, quantifying, and interpreting drug concentrations
in postmortem toxicology. Historically, most of the meaningful data derived from the literature was
determined in blood.?* Despite concerns about postmortem redistribution of drugs from tissues to
blood, some aspects of interpretation remain straightforward. A negative result below a defined
limit of detection for a given analyte can be readily interpreted as lack of acute exposure to that
analyte or noncompliance in the case of therapeutic agents. Conversely, blood drug concentrations
that exceed therapeutic (or, for some drugs, toxic) concentrations by 10 to 20 times are still
consistent with intoxication or death (barring an obvious contamination problem). In addition, the
higher the parent drug-to-metabolite ratio, the more likely acute intoxication is a factor. This is
especially the case when multiple drug analytes are involved, and in cases involving ethanol.

Interpretation becomes especially difficult in cases where drug analytes known to undergo
postmortem redistribution are determined to be present in a heart blood specimen at concentrations
ranging between the upper therapeutic limit and the lower limit where intoxication or death has
been reported. In these cases, analysis of a peripheral blood specimen may be critical in determining
the role that the drug may have played in the decedent. Although drug concentrations in cardiac
blood generally rise due to postmortem drug redistribution, and peripheral blood drug concentrations
tend to remain constant, this is not always the case.'*3*3 Thus, results from a single postmortem
blood specimen, whether cardiac or peripheral, may be difficult if not impossible to interpret. Since
cardiac blood is usually more plentiful than peripheral blood, many laboratories perform initial
toxicological tests on cardiac blood, reserving the peripheral blood specimens for cases where
additional context is needed for interpretation. Regardless of the blood samples available for
analysis, it is important for the toxicologist to appreciate that the material collected as “blood” at
autopsy is not the same specimen collected in an ante-mortem venipuncture and clinically based
pharmacokinetic principles may not be applicable to postmortem cases.

Following injury or trauma to the head, blood clots from the brain cavity (subdural, subarach-
noid, and/or epidural) should be collected in properly identified containers and saved for the
laboratory. These materials are potential “time capsules,” which are generally poorly perfused,
and may reflect drug or alcohol concentrations closer to the time of injury. These specimens
become more important as accurate knowledge of the post-injury survival time increases. Blood
clots may also be useful for documenting preexisting drug use prior to hospital therapy. Most
laboratories routinely analyze alcohol on these specimens, reserving analysis for additional drugs
if indicated. Thoracic and abdominal cavity blood should be collected for analysis only if blood
or uncontaminated blood clots cannot be obtained from any other area. These “blood” specimens
tend to be contaminated by and contain large numbers of microbes. Additional contamination
from gastric contents is also possible. Nevertheless, qualitative documentation of presence of
given analytes is of importance and value in death investigations with respect to compliance and
exposure issues.

2.4.2 Urine

Urine collected at autopsy has the greatest potential of any specimen to provide the toxicologist
with qualitative ante-mortem drug-exposure information. The urine matrix is generally devoid of
circulating serum proteins, lipids, and other related large-molecular-weight compounds due to the
renal filtration process, simplifying preparation of the specimen for analysis. The accumulation of
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drugs and their metabolites in urine results in relatively high drug concentrations, facilitating
detection of an exposure to a potential poison. Immunoassays and non-instrumental spot tests can
be performed directly on the urine specimen for the analysis of certain drug classes. Detection
times for drugs in urine can vary from 24 h to as long as a month, depending on the drug. Thus,
except for acute drug deaths where survival time is less than an hour and drugs may not yet have
been excreted into the urine, urine provides an ideal matrix for the detection for the widest variety
of compounds.

Positive identification of drugs in the urine indicates past drug use, but does not indicate when
or how much drug was ingested. To interpret the context of exposure, blood should be tested for
the analytes found in the urine. In cases where death is suspected to have occurred rapidly due to
drug ingestion, as might be suggested by the presence of a needle in the decedent’s arm at the time
of death, negative urine drug findings may be consistent if blood drug concentrations are very high.

2.4.3 Bile

Bile is another fluid that should be collected at autopsy as a matter of course since many drugs
and drug metabolites have been demonstrated to accumulate in this specimen.!?2!3¢37 The quali-
tative finding of the presence of drug and/or metabolites in this specimen is important for docu-
mentation of historic exposures to specific agents and chronic drug-use history. In the absence of
urine, bile has also been useful as an alternative specimen for alcohol analysis® and has been used
in immunoassay screening after sample pretreatment® or without pretreatment using enzyme-linked
immunosorbent immunoassays.*’ Historically, bile has most often been used in the determination
of opiates in general and morphine in particular.'3¢37 More recently, it has been noted that many
drugs are found to accumulate at concentrations significantly higher then those in blood.* With an
appropriate sample cleanup, bile is a useful specimen for the analysis of a wide variety of drugs
and their metabolites, including benzodiazepines.

2.4.4 Vitreous Humor

Vitreous humor plays an important role in helping resolve many issues in a postmortem exam-
ination. Because of this, it should be collected in all cases when possible, including cases where no
autopsy is performed. Vitreous humor, by virtue of its protected environment inside the eye, is less
subject to contamination and bacterial decomposition. As a result it may be used to distinguish ante-
mortem alcohol ingestion from postmortem alcohol formation and may provide the only opportunity
to establish an ante-mortem ethanol concentration in embalmed bodies.???*#1-3 Additionally, because
vitreous humor is contained in a peripheral compartment, there is a delay in both the uptake of drugs
and alcohol into this fluid as well as a delay in the excretion process.

It has been observed that vitreous drug concentrations often reflect circulating blood concen-
trations 1 to 2 h prior to death and that any drug found in the blood will be detected in the
corresponding vitreous specimen given analytical techniques of sufficient sensitivity.® Although
these findings suggest that vitreous humor analysis following positive blood findings might be
useful to aid in the interpretation of blood drug concentrations, more research needs to be performed.
Studies comparing vitreous humor and blood ethanol concentrations yielded a wide variety of ratios
of vitreous humor to blood ethanol.*? If such diversity is seen for an analyte that demonstrates
minimal postmortem redistribution effects, attempting to use vitreous humor drug concentrations
to aid in interpreting heart blood drug concentrations may prove difficult.!" Despite these concerns,
vitreous humor is the best specimen from which to evaluate postmortem digoxin concentrations.?!
However, the analysis of femoral blood in addition to vitreous humor is still recommended to
provide the best context for an appropriate interpretation of ante-mortem digoxin toxicity.*

Vitreous humor lacks the esterases that hydrolyze certain drugs and metabolites in blood and
may be the specimen of choice to detect the metabolite of heroin, 6-acetylmorphine.**® Because
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6-acetylmorphine is quickly hydrolyzed in vivo and in vitro (especially without the presence of
sodium fluoride) to morphine in blood, the analysis of vitreous humor may be helpful in establishing
whether a death occurred after heroin use. Similarly, cerebrospinal fluid may also be useful.*84°

Vitreous humor has been shown to be particularly useful for the postmortem analysis of glucose,
urea nitrogen, uric acid, creatinine, sodium, and chloride. Measuring these analytes is important
for documenting diabetes, degree of hydration, electrolyte balance, and the state of renal function
prior to death. A recent article has reviewed the extent and breadth of chemistry analyte analysis
applied to vitreous fluid, among other postmortem specimens.?’

2.4.5 Gastric Contents

Oral ingestion is still the major route of drug administration for prescribed drugs and therefore
a major compartment for the investigation of a potential poisoning. Drug overdoses, whether by
accident or by intent, may readily be discovered through the analysis of gastric contents. In many
cases undissolved capsules or tablets may be discovered, which may be useful for identification.
In addition, illicit drugs are frequently smuggled by ingestion of balloons or condoms filled with
the contraband. If these devices burst and an acute drug death occurs, evidence of these items may
be seen in the gastric contents at autopsy.>

A large quantity of the parent drug in the gastric content, relative to a prescription dose, is
indicative of an oral drug overdose when supported by blood and/or tissue findings.’! However, the
toxicologist is cautioned that low concentrations of drug in the stomach, especially drug metabolites
and weak bases, may represent passive diffusion and/or ion trapping from the blood back into the
stomach contents and may not be indicative of a recent oral ingestion of these agents. It is important
to make a record of the total volume of gastric contents present in the decedent in order to calculate
the total amount of the analyte present in the stomach. Since the gastric content is not a homogeneous
specimen, ideally the entire specimen should be submitted to the toxicology laboratory for mixing
before aliquoting.

The odor of gastric contents can potentially point to a specific agent that might otherwise elude
routine detection in the toxicology laboratory. Cyanide ingestions produce stomach contents with
the odor of bitter or burned almonds. Although not everyone is able to discern this odor, its presence
is almost certainly indicative of a cyanide intoxication, and may be potentially hazardous in close
quarters. Other characteristic odors include the “fruity-like” odor of ethanol and its congeners; the
odor of airplane glue (xylene, toluene); cleaning fluid (halogenated hydrocarbons); carrots (eth-
chlorvynol);*? and garlic (organophosphate insecticides).

2.4.6 Tissues

Tissues commonly collected for postmortem study include liver, kidney, brain, lung, and spleen.
Tissues provide the best and most useful context with which to interpret blood findings. They may
also be the only specimens available in decomposed cases. A large amount of data for drug findings
in tissue exists, primarily for liver and kidney, and, to a lesser degree, brain and lung.3* Comparison
is most often between heart blood findings and those in the liver, the site where many drugs are
metabolized and for which the greatest amount of reference data is available. For example, in cases
where the concentration of basic drugs in blood is high and ratios of liver-to-blood drug concen-
tration exceed 10, a drug fatality is strongly suggested if no other interceding cause of death is
present. Smaller ratios, even with high heart blood concentrations, tend to suggest a greater potential
for postmortem redistribution of drugs into the blood.

Analysis of tissue may be more appropriate than analysis of biological fluids for some analytes.
In cases of heavy metal poisoning, kidney is a very useful specimen as heavy metals concentrate
in it. In addition, structural damage to the kidney due to heavy metal or ethylene glycol exposure
may be documented histologically. Spleen, an organ rich in blood, is useful for the analysis of
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compounds that bind to hemoglobin, such as carbon monoxide and cyanide. Frequently, in fire
deaths where extensive charring is present, spleen may be the only useful specimen available to
perform these assays. Lung tissue is particularly useful in cases where inhalation of volatile
substances, such as solvents or Freon, is suspected. In addition, air may be collected directly from
the trachea with a syringe and injected into a sealed vial to be used for headspace analysis.”? Brain,
due to its high fat content, tends to accumulate lipophilic substances, such as chlorinated hydro-
carbons, and other organic volatiles. Additionally, there is evidence to suggest that ratios of brain
to blood cocaine are high in cocaine fatalities; thus cocaine deaths may be more readily interpreted
through the analysis of both matrices.> Finally, because the brain is in a protected environment, it
also tends to be more resistant to postmortem decomposition.

The analysis of tissue is performed by weight. Usually, 1 to 5 g of tissue is shredded and
homogenized with four parts of water (or saline) to generate a final dilution factor of 5. Recovery
of drug from this homogenate has been found to be consistent with recovery of drug from post-
mortem blood.>* Drilling through the tissue with a cork-borer allows tissue to be sampled and
weighed while frozen.> This method is easier and more precise than sampling wet tissue and is
less malodorous when handling decomposed specimens.

2.4.7 Hair

Hair has a long history as a useful specimen in forensic toxicology. Traditionally, hair, along
with fingernails, was the specimen of choice in determining chronic heavy metal poisoning such
as arsenic, mercury, and lead. Heavy metals bind to sulfhydryl groups on the cysteine molecule to
form a covalent complex. Keratin, found in large amounts in hair and nails, is an excellent source
of cysteine, and therefore an ideal specimen for determining chronic arsenic and mercury poisoning.
Interpretation of positive findings can be augmented by segmentation of the hair strands to assist
in determining the time of exposure.3-8

More recently, hair has been successfully used as a specimen from which chronic drug use may
be determined.”® Numerous drugs have been identified in hair including drugs of abuse®®! and,
more recently, various therapeutic agents.®>%3 The usefulness of hair analysis in determining com-
pliance remains controversial.** However, in postmortem toxicology, segmental analysis can offer
a temporal mapping of the drug abuse pattern, and such information may prove useful to identify
possible hazardous drug combinations and to detect periods of abstinence that might indicate reduced
tolerance to particular groups of drugs. In extremely decomposed or skeletonized cases where no
other specimens remain, positive findings for drugs in hair may at least corroborate a history of
drug use. The use of hair in workplace drug testing is controversial due to issues such as environ-
mental contamination,® washing techniques,’ sex or ethnic bias,”%® the difficulty in performing
quantitative analysis,® and establishing cutoff concentrations.” In the postmortem setting these
issues are not critical, and drug analysis for both pharmaceutical and illicit drugs in hair will most
likely become more frequently applied following a growing appreciation of the supplemental
information that such analysis may add to the interpretation of the routine toxicological results.

2.4.8 Bone and Bone Marrow

Bone marrow has not received a great deal of consideration as an alternative specimen in
postmortem toxicology. Because it is protected by bone, the highly vascularized tissue may be
particularly useful when contamination of blood specimens is suspected in trauma cases. Research
studies have been performed, primarily on rabbits, showing that linear relationships exist between
bone marrow and peri-mortem blood drug concentrations for up to 24 h for many substances
including tricyclic antidepressants, barbiturates, benzodiazepines, and ethyl alcohol.”-’* However,
these studies were performed when the bone marrow was still fresh and moist. Although putrefaction
is delayed in bone marrow, usually bone marrow is not considered as an alternative specimen in
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postmortem toxicology unless other specimens are unavailable. Typically, at this stage of decom-
position the bone marrow has transformed from spongy red marrow to a brown viscous liquid or
paste-like substance, and it is unknown if any interpretation can be made from quantitative data.”
However, drugs have even been identified in the bone marrow of skeletonized remains,’®’” and
heavy metals have been identified in the bone itself.”®

2.4.9 Skeletal Muscle

Skeletal muscle is an often-overlooked specimen with many potential applications in postmor-
tem forensic toxicology. It meets many of the criteria of an ideal forensic specimen: it is relatively
homogeneous, almost always available, and not easily contaminated. Studies have shown that drug
concentrations in thigh muscle reflect drug concentrations in blood for many common basic drugs
and ethyl alcohol, except in cases of an acute drug death where muscle drug concentrations may
be lower than blood due to inadequate time for tissue equilibration.” The analysis of thigh muscle
may be especially useful in cases where drugs suspected of undergoing postmortem release are
detected in the heart blood.” It is important that extremity muscle be collected, where possible, as
drug concentrations in other muscles, such as abdominal muscle, increase with time while remaining
constant in thigh muscle.308!

Because skeletal muscle is often well preserved despite advanced decomposition of other tissue,
it may be useful as an indicator of postmortem blood concentrations even in decomposed cases,
although more studies need to be performed.?!#? Surprisingly, even parent cocaine, which is known
to be unstable in blood, has been identified in numerous cases of decomposed, dried skeletal muscle.®?

The potentially useful data that may be obtained from the analysis of skeletal muscle have
prompted some toxicologists to recommend that skeletal muscle be collected in all cases where
drugs may be implicated in the cause of death.®! One disadvantage to skeletal muscle is the need
to homogenize the sample prior to analysis. However, this is true of many traditional specimens
as well, such as liver and kidney. As more laboratories analyze skeletal muscle leading to the
availability of additional data to aid in the interpretation of results, its potential advantages will
outweigh any disadvantages.

2.4.10 Larvae

In cases of suspected poisoning where decomposition prevents traditional specimens from being
obtained, homogenized fly larvae, usually of Calliphorid genus (blowfly), have proved to be useful
alternative specimens in which drugs may be identified. Depending on temperature, larvae may be
present as soon as 1 to 2 days after death. The first reported use of fly larvae in drug analysis
occurred as recently as 1980 and involved a phenobarbital case.® Since then numerous drugs have
been identified in fly larvae including barbiturates, benzodiazepines, and tricyclic antidepressants,®
opiates,® cocaine,?” and the organophosphate, malathion.®

The choice of where larvae are best collected from the body needs further study. Interpretation
of positive findings seem to be most useful if the larvae are collected at the site of their food source,
such as any remaining muscle or liver, under the premise that drugs detected in fly larvae feeding
on a body can only have originated from the tissues of that body.?® This assumption seems to be
supported by one study where a quantitative relationship was suggested between the morphine
concentrations in the larvae and the livers on which they fed.”® By contrast, other studies suggest
that the analysis of fly larvae provides only qualitative data.®>86°1 However, in these studies larvae
were collected from multiple sites and pooled before analysis. If larval drug concentrations are
based on the tissue on which they fed,® these results are not surprising.

Studies using Calliphorid larvae have shown that the age of the larvae may also play a major
role in determining whether drugs may be identified in them.®'*2 By collecting larvae over a period
of up to 11 days in cases of known suicidal drug overdoses, it was demonstrated that drugs were
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readily detectable in larvae through the third instar stage, but a precipitous fall in drug concentration
was associated with pupariation after their food ingestion ceases. Similarly, larvae that had been
feeding on drug-laden muscle for 5 days demonstrated a significant loss in drug concentration
within 1 day of being transferred to drug-free tissue. This suggests that Calliphorid larvae readily
eliminate drugs when removed from a food source. Thus it appears to be critical that larvae collected
for drug analysis from a decomposed body be frozen and analyzed as soon as possible after
collection. Even under refrigerated conditions, when larvae are in a state of diapause, slow bio-
elimination of drugs still occurs over the course of several weeks.” In addition, to eliminate surface
contamination as a possible source of interpretive error, larvae should be washed with deionized
water prior to analysis.

2.4.11 Meconium

Meconium, the first fecal matter passed by a neonate, has recently been given much attention
because it is a useful specimen in which to determine fetal drug exposure. Issues relating to the
screening and confirmation of most drugs of abuse in meconium have been reviewed.”* While
meconium analysis has principally been performed to assess in utero drug exposure in newborns
so that treatment may begin as early after birth as possible, it may also be useful in determining
drug exposure in stillborn infants. One study demonstrated the presence of cocaine in the meconium
of a 17-week-old fetus, suggesting that fetal drug exposure can be determined early in gestation.*

Unlike urine, which allows the detection of fetal drug exposure for only 2 to 3 days before
birth, meconium extends this window to about 20 weeks. Most postmortem toxicology laboratories
are not currently performing meconium analysis. While potentially useful, there are several issues
that must be considered. Because meconium forms layers in the intestine as it is being deposited,
it is not a homogeneous specimen. As with other nonhomogeneous specimens, such as gastric
contents, it is important that all available specimens be collected and thoroughly mixed before
sampling. Consideration should also be given to the fact that infants do not metabolize some drugs
the way adults do. If commercial immunoassay screening kits are used that target metabolites found
in adult urine, the ability to detect some drugs in meconium may be compromised.®

2.4.12 Other Specimens

Many other specimens have been used in toxicological investigations. Any item with which a
body or bodily fluid has been in contact is a potential candidate for the identification of drugs or
poisons. Examples include tracheal air,’? blood stains on clothing,”” soil samples collected at the
site of a skeleton or decomposed body,”® and even cremation ash.” Even though positive findings
in these specimens are qualitative, there is at least the potential that this information can be useful
in determining the circumstances of a death.

2.5 NONBIOLOGICAL EVIDENCE

Evidence found at a scene may provide additional information to assist in the toxicological
investigation. Drug paraphernalia (cocaine spoons, cookers, bhongs, syringes, poppers, whipped
cream propellant canisters, butane lighters, etc.) is suggestive of a possible drug-related death, or
at least a history of drug abuse. Prescription drugs at a scene may be useful for compiling a list of
suspected drugs, attending physicians, and pharmacy phone numbers. However, this evidence may
be misleading as drugs found at a scene are frequently old, may not have been taken for years due
to patient compliance problems, or may be someone else’s medication. Pain medication and
tranquilizers, particularly important in drug deaths, are often prescribed to be taken on an as-needed
basis, and thus subject to collecting in medicine cabinets. Counting the number of tablets or capsules
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in a prescription vial for consistency with the date of the prescription and dosage instructions may
be useful, but has the potential for many variables including that of compliance. Additionally, empty
medicine vials are not necessarily indicative of a drug overdose. Nevertheless, it is important that
for a potential drug-related death, the role of the drugs found at the scene be ruled out by assaying
for the agents of potential pharmacological significance.

Whether prescription vials are submitted to the toxicology laboratory is largely a matter of
choice in a given jurisdiction. Since these items are evidence, it is often best that the police maintain
them and provide a list to the laboratory. Unless the toxicology laboratory has specific experience
in analyzing powders and syringes, or has jurisdiction over them, these items are best left for the
crime laboratory to analyze, if needed.

In cases where poisoning is suspected, household products at the scene may provide key
evidence for the toxicologist. Examples include aerosol containers in suspected inhalation deaths,
rat and pest killers, insecticides and pesticides, caustics, windshield washer solvents, anti-freeze,
Freon, etc. The garage, basement, or under-sink cabinets are common storage places for many of
these items. Unlabeled containers holding solids or liquids, or more importantly, labeled containers
that clearly hold a different product, may be the key to a poisoning case. These items, or an aliquot
of them, should be provided to the toxicology laboratory, since they often contain analytes for
which the toxicology laboratory does not test. The analysis of the product in question may provide
mass spectral data and chromatographic information that can be correlated with findings in the
biological matrix.

Suicide notes are often critical in determining whether drug intoxication is determined to be
an accident or a suicide. However, the toxicologist is cautioned that if a suicide note identifies the
suicidal agent or agents, toxicological analysis may reveal a different substance entirely.
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3.1 ANALYTICAL CHEMISTRY IN POSTMORTEM TOXICOLOGY

Analytical toxicology is an applied science.!~* Toxicologists must be familiar not only with the
effects and toxic mechanisms involved in poisoning, but also with the metabolism of drugs, the
chemical properties of parent drugs and their metabolites, and the composition of biological
samples. The detection and measurement of toxicologically relevant concentrations of potent new
drugs require the use of analytical techniques on the forefront of instrumental technology.’-

Immunoassay technology, now a mainstay of drug screening protocols, first became commer-
cially available only about 25 years ago.!%-!* At that time, classical thin-layer chromatography
(TLC),"5-2% packed column gas chromatography,?*? strip chart recorders, and ultraviolet-visible
spectrophotometry were the state of the art in toxicology laboratories.??° Over the intervening
years, capillary column gas chromatography,’*#* solid-phase extraction technology,*-3 nitrogen-
phosphorus gas chromatography detectors,*?#3345 high-performance liquid chromatography
(HPLC),>*7* ion trap mass spectrometry,’>”® and computerized mass spectrometry have become
essential to the practice of postmortem toxicology.8%%

New technology is continually being introduced. Mass spectrometry is evolving to tandem mass
spectrometry, and is being interfaced to liquid chromatographs.®>1%0-1% Chemical ionization, in both
positive and negative ion modes, is increasingly used in the mass spectral analysis of drugs and
poisons.!-119 Robotic technology is used to increase efficiency of sample processing while main-
taining and documenting sample integrity.'?%-123 At the same time, the proliferation of ever more
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Table 3.1 Comparison of Frequently Used Methods for Analysis of Biosamples

Identification:

Structural
Multiple Analysis Quantitative
Method Specificity  Sensitivity Drugs (Qualitative) Analysis Labor Expertise

Color tests + + Yes + Some + +
UV-vIS + + No ++++ Yes ++ ++
1A ++ ++ Some No Some + +
GC ++ ++ Yes ++ Yes ++ ++
TLC ++ + Yes ++ No +++ +++
HPLC ++ ++ Yes ++ Yes ++ ++
GC/MS ++++ ++++ Yes ++++ Yes +++ ++++
AAS +++ +++ No ++ ++++ +++ ++++
ICP-MS ++++ ++++ Yes ++++ ++++ ++++ ++++

Key: Low = +; High = ++++; UV-VIS = ultraviolet-visible spectrophotometry; IA = immunoassay; GC = gas
chromatography; TLC = thin-layer chromatography; HPLC = high performance liquid chromatography; GC/MS
= gas chromatography mass spectrometry; AAS = atomic absorption spectrometry; ICP-MS = inductively coupled
plasma mass spectrometry.

From Dolgin, J., Human clinical toxicology, in CRC Handbook of Toxicology, Derelanko, M.J. and Hollinger, M.A,,
Eds., CRC Press, Boca Raton, FL, 1995, 697.

powerful microcomputers, and sophisticated software applications, has vastly improved the pro-
cessing and archiving of analytical data, control of instruments, laboratory management, and quality
assurance monitoring.

While newer technologies have replaced many of the older, less sensitive, and less specific
testing methods, some of the older tests, such as the microchemical tests, still have a place in the
modern toxicology laboratory. But change is occurring so rapidly that today’s technology may soon
be obsolete. The best and most current guides to the innovations in testing methodologies are to be
found in the scientific journals such as the Journal of Forensic Science and the Journal of Analytical
Toxicology; the annual meetings of professional organizations such as the Society of Forensic
Toxicologists and the American Academy of Forensic Sciences; and the annual meeting of the
Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy. Table 3.1 compares the
analytical techniques with respect to specificity, sensitivity, labor, cost, and applicability.

3.2 SIMPLE CHEMICAL TESTS

Chemical tests were once the mainstay of postmortem toxicology.?!'>+127 Today, many have
been abandoned and replaced by automated broad range screening procedures. However, some are
still useful as supplemental tests to rapidly and easily detect drugs and poisons that are not detected
by the other screening tests.

Virtually all clinical and forensic toxicology laboratories utilize micro-color tests to indicate
the possible presence of drugs or toxins — the so-called spot tests.?!12%127-133 Micro-color tests are
performed by adding a single or multiple reagents to a specimen or extract and observing the color
produced. Color tests are specific examples of the more general method of qualitative organic
chemistry, relying on functional group reactions with the reagents. These tests require some
expertise and familiarity to use, but are inexpensive and relatively rapid. They are nonspecific.
However, in conjunction with other confirmatory tests, they can be used as rapid diagnostic aids.

Color tests can be combined with visible or spectrophotometric methodologies for qualitative
to semiquantitative answers. Drugs including phenothiazines, salicylates, acetaminophen, carbam-
ates, ethchlorvynol, and imipramine may be detected by colorimetric methods. Positive test results
are confirmed and quantified by another technique. The greatest advantage of color tests is their
ease of use. They can be performed directly on urine or a protein-free filtrate of blood or tissues.
A negative color test precludes the need for any further work on that drug, assuming the detection
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limit of the test is acceptable. For example, the color test for phenothiazines is useful if an overdose
has occurred, but is not sensitive enough to test for patient compliance with the drug.

3.2.1 Useful Color Tests

Some or all of the following tests may be incorporated in a routine screening protocol or some
may be reserved for cases requiring more comprehensive poison screening.

3.2.1.1 Trinder’s Reagent

Trinder’s test is a simple color test that detects salicylic acid in urine or serum. It does not
detect acetylsalicylic acid in gastric contents without prior hydrolysis by boiling with dilute HCI.
Trinder’s reagent is a mixture of ferric nitrate and mercuric chloride in dilute hydrochloric acid. It
immediately produces a violet color when mixed with an equal volume of sample containing
salicylate. Phenothiazines also give a positive reaction.!23:126:129,133,134

3.2.1.2 Fujiwara Test for Trichloro Compounds

A mixture of 1 mL 20% sodium hydroxide and 1 mL of pyridine at 100°C yields a red or pink
color with chloral hydrate or other compounds with at least two halogens bound to one car-
bon. 24126131135 Trichloroethanol gives a yellow color. Contamination of the laboratory atmosphere
with chlorinated solvents will give “false” positive results. Metabolites of carbon tetrachloride may
also give a positive result with this test, but carbon tetrachloride is only partially metabolized to
trichloromethyl compounds and the test may fail to detect this agent. A blank sample and a control
(trichloroacetic acid) should be tested at the same time, with both blank and control solutions
treated in similar fashion to the sample.

3.2.1.3 Diphenylamine Test for Oxidizing Agents

A solution of 0.5% diphenylamine in 60% sulfuric acid added to the sample or sample filtrate
in a porcelain spot plate or a test tube immediately gives an intense blue color if an oxidizing agent
is present. This test detects hypochlorite, chlorate, bromate, iodate, chromate, dichromate, nitrate,
nitrite, permanganate, vanadate, lead (IV), or manganese (III, IV, or VII).!?>126

3.2.1.4 Ethchlorvynol (Placidyl) Test

In this test 1 mL of sample (urine or sample filtrate) is mixed with the reagent and allowed to stand
for 20 min. If ethclorvynol is present, the solution turns red or pink. The reagent consists of 1 g
diphenylamine dissolved in 50 mL concentrated sulfuric acid and added slowly with stirring to 100 mL
of 50% (V/V) acetic acid. The test is sufficiently sensitive to detect therapeutic concentrations.!?>126:136

3.2.2 Other Color Tests That May Be Included in a Screen

Other color tests that may be included in a screen can be found in various toxicology
references. 24128

3.3 REINSCH TEST FOR HEAVY METALS

A spiral of copper wire is first cleaned with 35% nitric acid and washed. It is then immersed in
15 mL of sample, acidified with concentrated HCI (4 mL), heated for 1 h, and then examined. A silver
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colored deposit on the copper indicates mercury, while a dark colored or black deposit is produced
by arsenic, antimony, bismuth, tellurium, selenium, and sulfur. Further differentiation can be made on
the basis of color of the deposit, and its solubility characteristics in potassium cyanide solution.!?8137-141

3.4 MICRODIFFUSION TESTS
3.4.1 Cyanide Test

In this test 2 mL of sample are placed in a screw cap culture tube. Disks are punched from a strip
of Cyantesmo paper, available from Gallard-Schlessinger Chemical Mfg. Co. (Carle Place, New York),
and one disk is stuck to the adhesive in the center of a 1-cm square of cellophane tape. The sample
is acidified with H,SO,, the tape is placed over the mouth of the tube, with the adhesive and disk side
down, and the tube is tightly capped. After 4 h at 35°C, the caps are removed and the color of the
disk is compared with cyanide standards treated the same way. A pale green or yellow color is a
negative result. Cyanide turns the disk blue in proportion to the concentration in the sample. Compar-
ison of the color with standards from 0.2 to 5.0 mg/L cyanide can be used to estimate the concentration.

3.4.2 Carbon Monoxide

A simple test for carbon monoxide utilizes a procedure similar to the cyanide test described
above, but using a disk of filter paper saturated with palladium chloride solution (1%) in 0.12 N
HCI and dried. Carbon monoxide is released from hemoglobin by the addition of a solution
containing lactic acid and potassium ferricyanide. Lead acetate is added to trap sulfide, which might
interfere with the test. If carbon monoxide is present, the disk turns gray to black. While this test
is simple, a faster and more effective method is to analyze the blood with a CO-Oximeter (Instru-
mentation Laboratories), which gives a result in % saturation of hemoglobin.

3.5 OTHER SIMPLE TESTS

3.5.1 Glucose, Ketones, Protein, and pH via a Diagnostic
Reagent Strip (Dip-Stick)

Dip a strip briefly into the urine and read after 10 to 60 s. Elevated glucose may indicate
diabetes. A positive result for ketones may indicate intoxication by acetone or isopropyl alcohol.
This test may also be positive in starvation or in diabetic ketosis.

3.5.2 Odor, Color, and pH of Gastric Contents

Characteristic smells may indicate the presence of substances such as camphor, cresol, cyanide,
ethanol and other organic solvents, ethchlorvynol, methyl salicylate, and paraldehyde. A high pH
may indicate ingestion of alkali. A green or blue color suggests the presence of iron salts. Other
colors may result from dissolution of colored pills or capsules. Intact tablets or capsules should be
retrieved and examined separately.

3.6 IMMUNOASSAYS

Immunoassays for postmortem toxicology are sold commercially as kits. Often, they are exactly
the same products as those used for urine drug screening in forensic urine drug testing programs.'#?
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Such products are standardized and validated by the manufacturer, and are approved by the U.S.
Food and Drug Administration (FDA). They are intended and approved for the analysis of particular
specimen types, such as urine or serum. When urine cannot be obtained, other tissue may be used.
A number of publications have described effective techniques for precipitating/extracting drugs
from blood or tissue homogenates. Generally, the technique involves use of a solvent, such as
acetone or acetonitrile, followed by evaporation of the solvent/water mixture and reconstitution in
a suitable reagent for assay, according to the procedure for urine. However, application to specimens
other than urine requires validation'43-156

Immunoassays are based upon the principle that antibodies can be produced that recognize
and bind to specific chemicals by interacting with unique structural features of their molecules.
The interaction is analogous to that of a lock and key. Some antibodies are so selective that they
bind to only one substance, such as methamphetamine. Others interact with a variety of com-
pounds with similar structures, such as amphetamine, methamphetamine, phentermine, ephedrine,
pseudoephedrine, and others, though not with structurally dissimilar compounds such as mor-
phine. For postmortem screening, assays utilizing antibodies with broad selectivity for drugs
within a particular class, such as sympathomimetic amines, are preferred over those with anti-
bodies sensitive to one specific drug such as methamphetamine. Thus, a negative class selective
assay can exclude all drugs with which it interacts, albeit with differing sensitivity for individual
drugs. Conversely, a positive result requires further testing to distinguish among the possibilities.
With few exceptions, all cross-reacting substances are of potential interest to the postmortem
toxicology laboratory.

Immunoassays used for drug screening utilize a competitive interaction between the drug in
the specimen and a labeled drug in the reagent, for sites on an antibody specific to the drug being
tested. The drug is detected by its ability to displace or block binding of a fixed amount of chemically
labeled drug molecules that are included in the reagent. The label can be an enzyme, a fluorescent
molecule, a radioactive isotope, or some other substance that can be detected by instrumental means.
The object of the assay is to measure either the amount of antibody-bound or the amount of free
labeled drug, which is related to the concentration of the targeted drug in the sample.

Some assays can distinguish between bound and free labeled drug in a mixture and are referred
to as homogeneous immunoassays. Others require physical separation of bound and free label prior
to making the measurement. These are called heterogeneous immunoassays. In general, homoge-
neous immunoassays are more readily automated and, thus, less labor intensive than heterogeneous
immunoassays.

Various types of immunoassays use different detection principles, such as enzyme immunoassay
(EIA), fluorescence polarization immunoassay (FPIA), radioimmunoassay (RIA), kinetic interac-
tion of microparticulates in solution (KIMS), and enzyme-linked immunosorbent assay (ELISA).
Each type has advantages and disadvantages in terms of cost, throughput, and time for analysis in
postmortem drug screening. The detection limit for various members of a class of drugs (e.g.,
opiates) or the degree of cross-reactivity for similar drugs (e.g., sympathomimetic amines) varies.
Each manufacturer of immunoassay reagents should be consulted for specific information regarding
detection limits for various drugs within a class.

These assays are easy to perform, the results are “semiquantitative” (higher or lower than a
predetermined calibrator cutoff concentration) rather than subjective (e.g., TLC), and they generally
have low detection limits (0.02 to 1.0 ug/mL). Several non-isotopic immunoassays (e.g., EMIT™,
CEDIA®, and FPIA) have been automated for postmortem drug screening. Immunoassays comple-
ment chromatographic procedures (TLC and gas chromatography, GC) because they detect those
drugs that would require hydrolysis prior to chromatography (e.g., morphine-3-glucuronide and
oxazepam glucuronide), that may require a separate extraction (e.g., benzoylecgonine) or deriva-
tization, or that have high TLC detection limits (e.g., phencyclidine). For abused drugs, immunoas-
says are the methods of choice for initial screening.
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3.6.1 Enzyme Immunoassay
3.6.1.1 General

EIA reagents are available from several manufacturers. Spectrophotometric readings are used
to measure the quantity of product produced by an enzyme-catalyzed reaction. The homogeneous
EIAs are readily adaptable to automated clinical analyzers for rapid throughput of sample batches
with minimal labor. Most are designed for screening urine samples, but they can be adapted for
screening unhemolyzed serum or plasma. However, results depend on transmission of light through
the reaction mixture, so these assays cannot be applied to turbid, highly colored, or opaque
specimens, without first doing labor-intensive pre-extraction steps. The homogeneous EIA reagents
are the most economical immunoassays for analysis of urine and stomach contents, although the
extra labor required for their application to whole blood and other tissues may offset the reagent
savings for those applications.!0-14142,157-166

3.6.1.2 CEDIA

CEDIA assays represent state-of-the-art technique, utilizing two genetically engineered enzy-
matically inactive fragments of beta-galactosidase as the basis for a homogeneous enzyme immu-
noassay.'®’-173 Two separate genes are engineered to express two separate inactive polypeptide
fragments: enzyme-donor (ED) and enzyme-acceptor (EA). These fragments can spontaneously
recombine to form active beta-galactosidase enzyme. Ligands can be attached to the ED peptide
in such a way that the degree of recombination is controlled by the binding of anti-ligand antibodies
to the ED-ligand conjugate. CEDIA methodology is based on the competition between ligand in
the sample and ED-ligand conjugate for a limited amount of antibody binding sites. The advantages
of the CEDIA immunoassay system over conventional homogeneous EIAs include a linear cali-
bration curve with high precision over the entire assay range, and lower limits of detection of
analytes in human body fluids. Assay procedures can easily be automated and can be performed
on most automated clinical chemistry analyzers.

3.6.1.3 ELISA

ELISA assays are heterogeneous enzyme immunoassays conducted in special multiwell (typi-
cally 96 wells) assay plates.!”*!7 They are more labor intensive than the homogeneous ElAs if
assayed manually, although robotic equipment is available to process plates in a semiautomated
manner. They require specialized plate readers to measure the reaction products. Costs are somewhat
higher than homogeneous EIA reagents; however, ELISA assays are manufactured for some drugs
for which no other immunoassay is commercially available (e.g., haloperidol, methylphenidate,
phenylbutazone, furosemide, phenothiazine, reserpine, and others). ELISA has the great advantage
that it can be used with whole blood, typically diluted with water or buffer, and with proper
validation even tissue homogenates.

3.6.2 Fluoresence Polarization Inmunoassay

FPIA reagents were developed by Abbott Laboratories, and some are also available from Sigma
Chemical Company.®149-161-164166,180-194 They are homogeneous immunoassays that can be used only
in specialized instruments that are capable of exciting the fluorescein label with polarized ultraviolet
light, and then measuring the intensity of polarized fluorescent emissions. Because the sample is
highly dilute in the reaction mixture and the instrument measures emitted, rather than transmitted,
light, FPIA is less subject to interference by color or turbidity of the sample matrix than are EIAs.
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Most hemolyzed or whole blood samples, as well as serum, plasma, and urine, can be analyzed
directly without extraction. If the sample is too dark to be analyzed without pretreatment, it can
usually be analyzed after diluting with buffer, although with less sensitivity. In addition to their
application to drug screening, some of the FPIA assays can yield quantitative measurements because
of the high specificity of their antibodies. The major drawbacks of FPIAs are the high price of
reagents and the limited sample capacity of the instruments. The latter problem is being addressed
with the introduction of a new high-capacity instrument (Abbott AxSYM™).

3.6.3 Radioimmunoassay

RIA reagents are available from several manufacturers. They are heterogeneous immunoassays
and, as such, are not readily automated. However, some RIAs have the antibody bound to the inside
of the assay tube, which simplifies the separation and wash procedures. Most RIA reagents that
are used in toxicology have '>I as the label, and require a gamma counter to measure either bound
or unbound label. Reagents are available for many drugs and drug classes, cost is reasonable, and
sensitivity is excellent. The major drawbacks of RIA relate to the use of radioactive materials, i.e.,
the need for radioactive materials licensure and radioactive waste disposal, and the relatively short
Shelf hfe Of the reagents.79’145"507152’161’162‘]65’174’182’1957202

3.6.4 Kinetic Interaction of Microparticles in Solution

KIMS (OnLine) reagents are available only from Roche Diagnostics. They are homogeneous
assays with microscopic particles as the label. In the absence of drug, the labeled drug is bound
by antibody, forming light-scattering aggregates. The intensity of light transmitted through the
sample is measured spectrophotometrically in an automated clinical analyzer. Light transmission
increases with concentration of unlabeled drug in the sample. Reagents are stable and sensitivity
is good, although price remains somewhat higher than the EIA reagents.!6!:165.166.203-205

3.6.5 Useful Inmunoassays for Postmortem Toxicology Screening
3.6.5.1 Amphetamines (Class)

Polyclonal immunoassays for sympathomimetic amines including amphetamine, methamphet-
amine, phenylpropanolamine, ephedrine, pseudoephedrine, methylenedioxymethamphetamine
(MDMA), phentermine, and related compounds are preferred over monoclonal assays for postmor-
tem toxicology. Approximate detection times are 12 h to 3 days. Administrative detection cutoffs
are 300 to 1000 ng/mL in urine based on amphetamines or methamphetamine. They may be less
sensitive for other drugs within the class.!3144167.187,194,203,206-217

3.6.5.2 Barbiturates (Class)

Most assays detect pentobarbital, secobarbital, amobarbital, butalbital, phenobarbital, thiopen-
tal, and related compounds. Normal detection times are 6 h to 2 days after administration. Detection
cutoffs are 300 to 8000 ng/mL in urine depending on cross-reactivity.!43.196.218-221

3.6.5.3 Benzodiazepines (Class)

Most benzodiazepine immunoassays use antibodies directed to oxazepam. Their cross-reactivity
for other benzodiazepines varies considerably, but most detect diazepam, oxazepam, flurazepam
metabolites, chlordiazepoxide metabolites, alprazolam, triazolam, and related compounds.
Lorazepam, flunitrazepam metabolites, and some others may not be detected by some immunoas-
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says. Normal detection times are 3 h to 2 weeks. Administrative detection cutoffs are 300 to 3000
ng/mL in urine.144,146,l73,176,181,188,]91,]92,222—234

3.6.5.4 Benzoylecgonine

The cocaine metabolite assays are designed to detect benzoylecgonine, the principal urinary
metabolite of cocaine. Cocaine and ecgonine methyl ester may also be detected if present in
sufficient concentrations. Normal detection times are 6 h to 5 days. Administrative detection cutoffs
are 300 ng/mL in urine.!4%178,179.235-250

3.6.5.5 Opiates (Class)

These assays detect a variety of opiates including morphine, morphine-glucuronide, hydromor-
phone, codeine, hydrocodone, and heroin metabolites. High concentrations of meperidine and
oxycodone may give positive test results. Normal detection times are 6 h to 3 days. Administrative
detection cutoffs are 300 to 3000 ng/mL in urine.!2-144,154-156,160,165,167,173,202,204,215,245,251-257

3.6.5.6 Phencyclidine

The phencyclidine (PCP) assays detect only PCP metabolites. Normal detection times are 24
h. Administrative detection cutoffs are 25 ng/mL in urine.!>%173:221-265

3.6.5.7 Propoxyphene

The propoxyphene assays detect the parent drug and the metabolite norpropoxyphene. In abuse
situations, methadone (a close structural similarity) and chlorpromazine can produce a false positive.
Normal detection time is 24 h. The administrative detection cutoff is 300 ng/mL in urine.!36.226

3.6.5.8 Cannabinoids

The cannabinoid assays interact with at least ten of the non-active metabolites of tetrahydro-
cannabinol (THC). Normal detection times range from hours to weeks, depending on the frequency,
potency, dose, and route of administration. Administrative detection cutoffs for the principal urinary
metabolites are 20 to 100 ng/mL in urine, depending on the assay.6!.7%-148.155,160.161,165,167,205,267-277

3.6.5.9 Cyclic Antidepressants (Class)

The immunoassay for tricyclic antidepressants detects amitriptyline, nortriptyline, imipramine,
desipramine, and their hydroxy metabolites, clomipramine, doxepin, protriptyline, cyclobenzaprine,
and certain phenothiazines. Administrative detection cutoffs are 300 to 2000 ng/mL in urine.?’8-283

3.7 CHROMATOGRAPHY

Chromatographic drug screening techniques separate components of mixtures by partitioning
them between a stationary phase, usually a solid or viscous liquid, and a mobile phase consisting
of a gas or liquid. Under a given set of chromatographic conditions, the time required for a
substance to traverse the chromatographic column (retention time) or the distance traveled on a
TLC plate relative to the solvent front (Ry) is a constant. Separated analytes are detected and
identified by a variety of techniques, and often quantitative measurements or semiquantitative
estimates of analyte concentration may be made by reference to a standard curve. Chromatographic
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techniques that are currently used for screening purposes in postmortem toxicology include TLC,
GC, and HPLC.

3.7.1 Thin-Layer Chromatography

TLC is a versatile procedure that requires no instrumentation and thus is relatively simple and
inexpensive to perform.!6-21.2382284-293 However, its application to drug screening requires consid-
erable skill to recognize drug and metabolite patterns and the various detection color hues. TLC
techniques employ silica gel or a chemically modified silica gel as the stationary phase. The mobile
phase consists of a mixture of organic solvents, often with a small quantity of acid or base to
convert acidic or basic drugs to nonionic species. After extraction and specimen spotting, the TLC
plates are developed with appropriate solvents to achieve chromatographic resolution. After the
chromatogram is developed, drug spots are visualized by chemical modification to colored products
or by absorption or fluorescence in ultraviolet light. Drug identifications are based on R; values,
color reactions, and presence of expected metabolite patterns. Standards are included on each plate
to compensate for variations in R, values.

With TLC, a large number of drugs may be detected, and presumptively identified, with a single
analysis. TLC may be used to analyze serum, gastric contents, or urine. Urine, however, is the
specimen of choice, since most drugs and drug metabolites are present in urine in relatively high
concentrations. Although the detection limit varies for each drug, and with the conditions of
extraction and detection, it is generally on the order of 0.5 to 4.0 ug/mL. TLC is less sensitive than
immunoassay techniques, but its use is not restricted to the detection of only the drug or drugs for
which antibodies are available. Literally hundreds of drugs can be detected and identified.

TLC can be used as either a screening or a confirmation procedure in toxicology tests. Many
laboratories use TLC as a first screening step, because a wide variety of drugs/toxins can potentially
be detected and presumptively identified. When used to screen, confirmation of TLC results can
be made by using a variety of other procedures, including GC, GC/mass spectrometry (GC/MS),
immunoassay, and HPLC. In some situations, the spot can be scraped from the TLC plate, extracted
from the solid phase and injected directly into a GC or GC/MS for confirmation.

TLC will usually produce a spot for any organic drug/toxin that is present in sufficient concen-
tration in urine or other body fluid. The major disadvantage of this technique is its insensitivity. In
addition, when urine is the extracted specimen, drug metabolites are often present, and evaluation
of a chromatogram containing several drugs and their metabolites can be complicated. However,
the presence of known metabolites, when interpreted properly, adds support to the identification
of the parent drug. TLC also has the drawback of being subjective in interpretation. A color-blind
technologist will have difficulty interpreting the results.

3.7.1.1 Toxi-Lab® TLC

Over the last 20 years, classical TLC has been largely replaced in the postmortem toxicology
laboratory by the Toxi-Lab® TLC system.?4290-293 The Toxi-Lab system is a group of products
produced by the AnaSys Corporation and marketed through major vendors of laboratory supplies
and equipment. The Toxi-Lab TLC plates, Toxi-Grams®, are composed of glass fiber paper impreg-
nated with silica gel or a C-8 (8 carbon aliphatic) reversed-phase sorbent. Drugs are extracted from
urine, stomach contents, or other specimens in prepared Toxi-Tubes® containing buffer and an
optimized extraction solvent mixture. Sample extracts are evaporated in disposable aluminum cups
with small disks of the same material as the plates. As the evaporation proceeds, extracted drugs
are adsorbed into the disk, which, when dry, is inserted into a matching hole at the bottom of the
plate. Standards are contained in similar disks. Both prestandardized and unstandardized plates are
available and standard impregnated disks are available separately.
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The prepared plate is developed in a glass chamber with a solvent mixture designated by the
manufacturer for each chromatography system. After developing, plates are dried, and then drugs
are visualized by sequentially dipping the chromatogram into a series of tanks containing reagents
and viewing under long-wave ultraviolet (UV) light. Colors and positions of spots are recorded
at each visualization stage. Photographic illustrations of visualization stages and metabolite pat-
terns are available in a compendium comprising more than 100 drugs with new drugs added as
data are developed.

An available PC-compatible search program can help with data analysis, yielding statistical
probability for identifications. Systems are available to screen for basic and neutral drugs, acidic
and neutral drugs, tetrahydrocannabinol metabolites, and opiates, as well as the C-8 reversed-phase
system that is used for further differentiating and confirming presumptive findings. In addition,
confirmatory procedures for many drugs are described. The Toxi-Lab system is a powerful tool for
screening urine and stomach contents. It is less effective for blood and other tissues due to
interference from lipids and sensitivity limitations.

3.7.2 Gas Chromatography

GC is widely used for qualitative and quantitative drug analysis. It is relatively rapid, and
capable of resolving a broad spectrum of drugs. Modern gas chromatography employs fused silica
capillary columns that are coated on their inner wall with a liquid stationary phase consisting of a
polymer chemically bonded to the silica.*>8%2% The most common liquid phases are methyl silicones
that contain 1, 5, or 50% phenyl side chains. The higher phenyl contents yield higher polarity liquid
phases. Other polymers are used for special purposes.

The mobile phase is a gas, i.e., the carrier gas. Usually helium is used, although hydrogen,
nitrogen, and gas mixtures may be preferred for some applications. The coiled column, which may
be 10 to 60 m in length, is located in an oven having a precisely controlled programmable
temperature capability. During a chromatographic analysis, the column temperature may be kept
constant, raised at a selected constant rate, or programmed through a series of temperature ramps
and isothermal intervals.

The separation capabilities of GC are determined by the polarity of the liquid phase, the flow
rate and composition of the carrier gas, and the temperature program. Compounds are separated
as a consequence of their different vapor pressures at the column temperature and their affinity for
the liquid phase, which is related to their polarity.

In practice, the sample is injected manually or by an autosampler, either as an extract in a
suitable organic solvent, or as a vapor of volatile analytes mixed with air or carrier gas. The sample
is volatilized in the heated injection port and its constituents are swept into the column. As the
analysis proceeds, some components move through the column faster than others, forming discrete
bands that progress to the distal end and emerge into the detector, ideally in a pure state. GC
detectors of various types recognize particular properties of substances, generating an electrical
signal proportional to the quantity of the substance in the detector.

The resulting signal is electronically amplified and recorded on a moving chart or, more
commonly, processed by a microcomputer to yield absolute and relative retention time, peak area,
and height data for each detected component in the sample. Retention times of sample components,
relative to a reference compound (internal standard) that is added to the sample, are constant for
a given set of chromatographic conditions. Presumptive identifications are based on relative reten-
tion times corresponding with those produced by standards under identical conditions. For drug
screening, some laboratories use dual column GCs with both columns originating at the same
injection port. The sample is divided between the two columns and analyzed simultaneously on
both. Agreement of relative retention times in two columns of differing polarities provides greater
certainty of identification.
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Some drugs do not chromatograph well with GC because they contain polar functional groups
that adhere strongly to the liquid phase or depress the vapor pressure. Such problems can often be
overcome by converting the active functional groups to less polar derivatives; such as esters from
alcohols, phenols, or carboxylic acids, or amides from amines. Derivatives may be selected to give
longer or shorter retention times while improving peak shape and sensitivity.36.77.88,89.117.295-304

Several types of detectors are used in postmortem toxicology laboratories. Each has character-
istics that allow for detection and quantification of some, but not all, of the drugs and poisons that
are of concern to the postmortem toxicologist.

3.7.2.1 Flame lonization Detector

The flame ionization detector (FID) uses a hydrogen/air flame to oxidize sample components
that emerge from the column. Substances containing carbon yield a charged plasma. Electrodes
produce a high-voltage field that deflects the charged particles to a collector that produces an electric
current with a magnitude proportional to the quantity of the component. The FID detects virtually
all drugs that can be passed through the GC; however, lipids and other matrix-derived components
interfere with the detection of drugs and limit practical sensitivity.

The FID, once the mainstay of GC in toxicology laboratories, is still used for the analysis of
alcohols and other volatile substances in the GC equipped with an automated headspace sampler.
Barbiturates and other acidic and neutral drugs are detected and quantified effectively with
FID.3%5-310 However, most GC basic drug screens typically employ nitrogen/phosphorus detectors
(NPD), which provide better sensitivity and selectivity than FID.

3.7.2.2 Nitrogen/Phosphorus Detector

The NPD has some similarities to the flame ionization detector in that a hydrogen-air flame is
used, but the collector is a ceramic bead coated with a rubidium salt. The NPD is insensitive to
carbon when properly adjusted, but it responds with high sensitivity to compounds containing
nitrogen or phosphorus. Furthermore, it can be tuned to maximize sensitivity to either element.
The selectivity for nitrogen makes the NP detector ideal for screening basic drugs, which all contain
amine functions.304243.33311-314 [ jpids and other non-nitrogenous matrix components do not interfere
with the analysis.

3.7.2.3 Electron Capture Detector

The electron capture detector (ECD) contains a radioactive nickel-63 foil that emits high energy
electrons (beta particles). The carrier gas is ionized by the radiation, forming anions that establish
an ion current between two electrodes. Sample compounds, emerging from the GC column, extract
electrons from the ionized gas, decreasing the current flow. The change in current is the signal
produced by the detector.

Most substances do not capture electrons and are not detected by the ECD. However, the
presence of two or more halogen atoms or a nitro or nitroso group in the molecule allows the
substance to be detected. The outstanding sensitivity of the ECD for most polyhalogenated com-
pounds is the reason for its use in the analysis of benzodiazepines.?3>315-317 A laboratory possessing
a GC with ECD detector must have a radioactive materials license. A general license is sufficient
for sealed detectors, but a specific license is required if the detector can be disassembled.

3.7.3 Gas Chromatography/Mass Spectrometry

GC/MS is a powerful analytical tool for identification of semivolatile organic compounds. It
combines the separation efficiency of gas chromatography with the structure elucidating capabilities
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of mass spectrometry.578-83.9497.98.318-321 When it is used to identify unknown substances in a sample
extract, the instrument may be programmed to automatically search for matches against a predefined
library (target compound analysis) or it can acquire spectral data for later analysis. In the latter
instance, the operator examines a chromatogram peak by peak, extracting background-subtracted
spectra and searching spectral libraries by using a pattern-matching algorithm through the instru-
ment’s data system. If no acceptable match is found, the spectrum can be visually compared with
printed compilations of mass spectral data. Considerable experience is required for effective and
efficient substance identification by GC/MS. A chromatogram may consist of hundreds of peaks,
most of which represent endogenous compounds. Recognition of frequently encountered patterns
can save considerable time by avoiding unnecessary library searches. Conversely, the experienced
operator will recognize the novel pattern as one that requires investigation. Nevertheless, a thorough
search of a GC/MS data file can take an hour or more.

The price of GC/MS instrumentation has dropped to the point where many laboratories use it
as a primary drug screening technique. However, some laboratories still rely on less definitive
techniques such as TLC, GC, or class selective immunoassays for pre-screening.80.233,256.269.297.319,322-324
When GC/MS is employed to identify unknown peaks from a GC analysis, the portion of the
chromatogram that must be examined can be narrowed if the same type of column and same column
temperature program are used in both instruments. The remaining extract from the GC analysis can
be injected into the GC/MS. Knowing the relative retention time of the unknown, the operator can
first locate the peak corresponding to the internal standard and then estimate the region of the GC/MS
chromatogram where the unknown peak should be. That region is examined carefully to locate and
identify a peak whose spectrum is inconsistent with expected endogenous compounds. With some
instrumentation it is possible to simultaneously inject extracts onto a system with both MS and NP
detector systems. This may be done either by connecting two columns to a single injector or by
splitting the effluent from one column into two detectors (one MS, one NP).

In the identification of substances giving rise to unknown spots on TLC, an extract of the sample
is analyzed in the GC/MS with a column temperature program extending from below the boiling point
of the solvent to 300°C or higher. When the GC/MS run is complete, the entire chromatogram is
examined. Time can be saved by initially examining the 20 or 30 largest peaks first. The GC/MS is
much more sensitive than TLC, so any component that gives a visible spot should produce a large peak
on the GC/MS. Alternatively, the operator may examine all peaks, and detect even substances missed
by the TLC analysis. In most cases, such sensitivity is unnecessary for analyzing urine or gastric
contents, but it can be useful when potent drugs such as fentanyl or haloperidol must be excluded.

An alternative approach to the identification of unknowns detected by TLC is to scrape the spot
from a duplicate plate and analyze it by GC/MS. In practice, a second TLC plate is prepared and
developed, but is not sprayed or dipped with color reagents. Instead, the area of the plate corre-
sponding to the unknown spot is scraped (or cut from a Toxi-Gram), and the drug is eluted into a
solvent. The solvent is evaporated, and the residue is redissolved and analyzed by GC/MS. This
procedure should produce a single major peak on the GC/MS that corresponds to the unknown
spot on the TLC plate. The spectrum of the major peak can then be searched to identify the unknown.

GC/MS is often used to identify the drug, or drugs, giving rise to a positive result in a class
selective immunoassay test. Such analyses are most efficiently accomplished by methods that
search an area of the chromatogram for patterns matching reference spectra in a computer library.
The library is generated by analyzing a standard of each of the targeted drugs and storing a
representative spectrum in the data system.®>199.236325 The search can be programmed to take place
automatically at the end of each data file acquisition. However, the data must be reviewed by the
operator before reporting.

GC/MS data can be used for both identification and confirmation in drug screen-
ing.318:320321,325-327 However, for it to serve as a final confirmation test, the GC/MS analysis should
be performed on a separate aliquot or a different specimen from that which yields the initial
presumptive finding.
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3.7.4 High-Performance Liquid Chromatography

HPLC utilizes a column filled with microscopic particles of silica, or resin particles bonded
with a polymer whose side chains have specific functional groups.’7-3%6469.328-332 The polymer is the
stationary phase in HPLC, and the nature of the side chains determines the type of interactions the
column will have with analytes. Various normal phases and reverse phases are available. Normal
phases are characterized by polar side chains such as silica, diol, amino, and cyano, whereas reverse
phases have nonpolar side chains such as 8 carbon (C-8) and 18 carbon (C-18) aliphatic and phenyl
moieties. Anion and cation exchange phases are also available.

The mobile phase in HPLC is a mixed solvent containing a buffer to suppress or induce
ionization of analytes as required for the intended separation. The solvent composition may be kept
constant (isocratic) or the percentages of components may be varied (gradient) during the analysis.
For instance, in reverse-phase HPLC, the mobile phase will start at higher polarity. As the run
proceeds, the polarity is decreased, enabling the removal of any remaining nonpolar substances
from the nonpolar reverse phase column, while decreasing the tendency toward broad peaks near
the end of a run.

3.7.4.1 Ultraviolet Absorption Detectors

The most common detection systems for HPLC are UV absorption detectors.6:6472:331.332 The
less expensive detectors measure absorption at a single wavelength which may be fixed (e.g., at
254 or 280 nm) or variable over a range of 190 to over 340 nm. The variable wavelength detectors
are set to a desired wavelength by the operator, and some can be programmed to change wavelengths
during the analysis. However, the time required to change wavelengths precludes using variable
wavelength detectors for spectral scanning of peaks.

3.7.4.2 Diode Array Detectors

Photo diode array detectors simultaneously measure absorbance at many small wavelength
increments over a broad wavelength band.46-57:38:6469.70.73,74.333-338 'The detector uses a diffraction
grating to break the light beam into a spectrum that is focused onto an array of UV-sensitive photo
diodes. Thus, UV spectra of individual peaks can be recorded. A data processing system enables
the instrument to determine peak purity by comparing spectra at the leading and tailing ends of a
peak and to create and search libraries of target analyte spectra. The sensitivity of the diode array
detector is poorer than that of the fixed or variable wavelength, but the availability of spectral data
makes it a valuable tool for drug screening.

3.7.4.3 Fluorescence Detectors

Fluorescence detectors, with variable excitation and emission wavelengths, provide high sen-
sitivity and specificity for the detection and quantification of fluorescent compounds, but they are
more useful for quantification than for screening. Fluorescence detection could be used to provide
a sensitive screen to target a single substance or a group of substances with similar fluorescence
characteristics and different retention times.>¢->°

3.7.4.4 Advantages and Disadvantages of HPLC

HPLC systems can be equipped with autosamplers, manual injectors, or both. In general, the
greatest screening efficiency is achieved through automation. Increased applications of HPLC for
drug screening are likely. Substantially more definitive drug identification can be achieved by the
use of a mass spectrometer as the HPLC detector. The relatively high cost of these liquid chro-
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matograph/mass spectrometer-coupled instruments limits their current usage for general drug
screening or confirmation, although their use is becoming increasingly more common.

HPLC is a more expensive and labor intensive and less sensitive analytical technique than GC,
so it is less commonly used for screening. However, it can be used to detect many drugs and
poisons that are thermolabile, too polar, or lacking in sufficient volatility for analysis by GC. In
addition to the qualitative information obtained from the chromatographic retention time, quanti-
fication can also be obtained. The signal generated by the detector is proportional to the amount
of substance detected. Therefore, by preparing standards of known concentration and treating them
in like fashion to the case specimen, the amount of toxin in the specimen can be quantified. The
precision of the quantification can be enhanced by adding an internal standard at the beginning of
the extraction. The internal standard is usually a compound with similar extraction and chromato-
graphic characteristics to the analytes of interest. The presence of the internal standard permits
the quantification to be based on the ratio of analyte to internal standard peak heights or areas.
Because ratios are used instead of absolute amounts, the need for quantitative transfers in the
extraction process is removed.

3.7.4.5 REMEDi HS™MHPLC

A commercial, completely automated HPLC system designed for drug screening is available
(REMEDi HS; Bio-Rad Laboratories, Hercules, CA).3*-352 This system utilizes four columns in
series and column switching techniques to extract, separate, and perform a spectral scan on eluted
drugs. Identification of about 500 drugs and metabolites is based on computer matching of retention
time and spectra with comparable data stored in the drug library.

Quantification of identified drugs may also be performed. REMEDi HS was developed for the
clinical laboratory, but it can be adapted for postmortem drug screening. Urine, serum, and plasma
can be analyzed directly, but whole blood and tissues require manual extraction prior to analysis.
Sensitivity for many drugs is not as good as GC with NPD, but should be sufficient for screening
urine or stomach contents. If REMEDi HS is applied to screening blood or tissues, sensitivity may
not be adequate to detect therapeutic or intoxicating concentrations of some important drugs, but
should be adequate for detecting lethal concentrations.

The REMEDi HS system can be complementary to other drug screening techniques, detecting
drugs that would otherwise be overlooked and providing corroborative evidence to confirm
identifications.

3.8 ULTRAVIOLET-VISIBLE SPECTROPHOTOMETRY

Ultraviolet-visible (UV-Vis) spectrophotometry was one of the earliest instrumental techniques
used in postmortem forensic toxicology.?6-? The use of ultraviolet and visible spectrophotometry
as a screening tool is based on the fact that many drugs contain aromatic nuclei that absorb light
in the UV and visible regions. Such drugs have absorption spectra with maxima and minima at
characteristic wavelengths. Furthermore, the spectrum often changes with the ionization state of
the drug in acidic or basic solutions. UV absorption maxima and entire spectra of drugs and poisons
are available from various references.

Several limitations, however, affect the use of spectrophotometry. The major limitation is the
lack of sensitivity required to detect many of today’s therapeutic or misused drugs. Another
drawback of spectrophotometry is the requirement that the drug be isolated in a form free from
substances with overlapping spectra. Drug mixtures and impure extracts yield mixed spectra that
may not be interpretable. In addition, spectrophotometry is not able to distinguish between the
parent drug and metabolites. Some of a drug’s metabolites may be active while others are inactive,
and there is a need to distinguish between these compounds. In spite of these deficiencies, a role
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remains for spectrophotometric methods for some drug and toxicant analyses. UV spectrometry is
especially useful for purity and concentration checks of primary and stock standards.

3.9 SPECTROSCOPIC METHODS FOR ANALYSIS OF TOXIC METALS
AND METALOIDS

Toxicologists should be prepared to support investigations that involve toxic exposure to metals
and metaloids. Proper sample collection and rigorous state-of-the-art analytical techniques are
critical to prevent exogenous contamination.’>*3* A number of different techniques may be
employed for the identification of such compounds: flame atomic absorption spectroscopy
(FAAS),>> graphite furnace atomic absorption spectroscopy (GF-AAS),33%37 inductively coupled
plasma-emission spectroscopy (ICPAES),**® and inductively coupled plasma-mass spectrometry
(ICP-MS)383% may all be used. These are sensitive and specific techniques that provide the
laboratory with the capability to measure a broad range of metals. An in-depth discussion of methods
used for metal analysis is beyond the scope of this chapter.

3.10 SAMPLE PREPARATION
3.10.1 Extraction Methods

There are two approaches to the screening of biofluids for drugs or poisons. One is the direct
analysis of the specimen for the presence of a specific analyte or its class, without isolation or
purification. The other is isolation of the analyte from the sample followed by instrumental analysis
of the concentrated extract. The most common example of this is liquid-liquid extraction of an
appropriately buffered sample with an immiscible organic solvent.?!23:25:43.65.66.71.314360-371 The proper
choice of sample, pH, and solvent will effectively remove the target analytes from the aqueous
sample matrix.?!:23:362371-373 Separation of an analyte from interfering substances usually will require
more involved techniques.

3.10.1.1 Liquid-Liquid Extraction

The liquid-liquid extraction technique dates to the mid-19th century when Stas and Otto
developed extraction schemes for nonvolatile organic compounds. The method utilizes differences
in the pH and solubility characteristics of various analytes. A basic compound is in the non-ionized
form in alkaline pH; an acidic compound is in the ionized form in a similar medium. A compound
in its non-ionized form prefers the lipophilic environment of an organic solvent to the aqueous
environment of the biologic sample. It is on this basis that the separation of drugs from the biologic
matrix occurs. The specimen is buffered according to the pH characteristics of the analyte of interest
and mixed with an immiscible organic solvent. Commonly used solvents are hexane, toluene, diethyl
ether, chlorobutane, dichloromethane, chloroform, or mixtures of these. Ionized compounds and
many of the biologic components such as proteins remain in the aqueous layer while the un-ionized
drug molecules are transferred to the organic solvent.

The extraction process can be illustrated by taking as an example a basic drug of pK 8, present
in plasma. If the plasma is brought to pH 10 using a suitable alkali or alkaline buffer and is shaken
with a suitable organic solvent, the drug will be removed from the aqueous into the organic phase.
Unfortunately, many endogenous bases and neutral compounds will also be extracted if they are
soluble in the organic solvent. The organic phase is then separated from the aqueous phase (using
a Pasteur pipette, for example). This is usually done after centrifugation, to completely separate
the two phases.
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For drugs that behave like strong acids and bases, a further purification step called back-
extraction can be carried out. By shaking the organic phase with dilute acid, such as 0.1 N sulfuric,
the basic drug will now be ionized and will no longer be as soluble in the organic phase: it will
be extracted into the aqueous phase. Any neutral compounds will be left behind in the organic
phase. Endogenous bases may also be co-extracted with the basic drug, but by carefully choosing
the pH and the organic solvent the amounts of these bases can be reduced. The acidic aqueous
phase is then made alkaline by the addition of a base, such as 2 N sodium hydroxide, and shaken
with fresh organic solvent to take the drug into the organic phase. The organic phase can be
separated, evaporated, reconstituted, and analyzed.

In many methods the organic phase, containing the drug, is washed with water, and the
washings are discarded. This step must be carefully controlled. For example, if the drug is a
moderate to strong base and the wash water is even slightly acidic, then some of the drug may
be removed into the aqueous phase. If such a process takes place, then low and very erratic
recoveries will result.

Before leaving the subject of solvent extraction a number of simple points should be emphasized:

1. In general the least polar solvent capable of extracting the drug in question should be used in order
to reduce the possibility of co-extracting endogenous materials. The least polar solvents are the
hydrocarbons, such as hexane, toluene, chlorinated hydrocarbons, and diethyl and related ethers.
Ethyl acetate is more polar, and the short-chain alcohols are very polar and miscible with water
to a greater or lesser degree.

2. Many drugs are so highly lipid soluble that they can be extracted into nonpolar solvents, even in
the ionized state. For example, the B-adrenoreceptor blocking drug propranolol has a pK of about
9.5, and therefore in a pH 7.4 buffer it is more than 99% ionized. Since its partition coefficient,
between n-octanol and pH 7.4 buffer at 37°C, is 20.2, this means that the ionized drug is highly
soluble in n-octanol.

3. Many extraction procedures employ a ratio of solvent to aqueous phase greater than unity in order
to reduce the possibility of emulsion formation during extraction. The ideal is a 10:1 solvent-to-
sample ratio. There are, however, successful methods that use ratios very much less than unity.
Troublesome emulsions can also be avoided or reduced by saturating the aqueous phase with an
inorganic salt, such as sodium chloride, before extraction.

4. Recoveries can be increased by using mixed solvents such as hexane: butanol (9:1) or hexane-
isoamyl alcohol (97:3). Such solvents are also mandatory to efficiently extract polar drugs or
metabolites.

5. Extraction conditions should always be optimized using the relevant biological fluid. It should not
be assumed that the extractability from water will exactly match that from blood or tissue homo-
genates.

6. When extraction conditions have been optimized, it is worthwhile to put a series of specimens
through the complete procedure, half of them diluted approximately tenfold. Although this does
not always succeed, it can result in cleaner extracts.

7. The multiple step liquid-liquid extraction process is quite effective in separating analytes from
biologic specimens, but is also time-consuming. In an attempt to alleviate this time-related problem,
solid-phase extraction (SPE) techniques have been developed.

3.10.1.2 Solid Phase Extraction

In SPE, the specimen is applied to a solid packing material, which is usually, but not exclusively,
silica gel based. The sample is partitioned between the matrix and the solid phase, which provides
the separation. The general process of SPE involves several steps: (1) column conditioning, (2) addition
of specimen, (3) column washing with solvents to remove interfering substances, and (4) analyte
elution.46-53.35,57.59.63.69.70.72.82.91,308.374-391 Each individual step depends on the analyte of interest, or the
type of extraction column, and method development frequently involves a significant amount of trial
and error. SPE is utilized in a vast number of analytical methods developed for drug analysis in human
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postmortem materials.?*?> The advantages of SPE procedures include decreased operator time, reduced
solvent volumes, and increased extraction efficiency. In postmortem toxicology, the availability of
automated SPE systems has made this extraction technique attractive to forensic laboratories with a
high throughput of postmortem samples, where several extraction programs adjusted for different
analytical methods can be run on the same system. For certain analyses, immunoaffinity SPE tech-
niques may be employed, significantly improving the purity of the sample. This variant of the SPE
technique has been used in the analysis of a large number of drugs.’*

A little more than a decade ago, solid-phase microextraction (SPME) was introduced and the
technique has since been extensively used in several areas, including analysis of drugs and endog-
enous compounds.’**¥5 SPME has many advantages over other extraction methods; it is simple,
rapid, efficient, and requires no solvent. All steps of sample preparation, i.e., extraction, concen-
tration, derivatization, and transfer to the chromatograph, are integrated in one step and in one
device. In forensic toxicology applications of this technique include analytical methods for barbi-
turates,’® drug screening in hair,®’ organophosphates,®® GHB,3** and certain pharmaceutical
drugs.*® SPME is typically followed by GC/MS or LC/MS analysis, but may be combined with
other methods. Recently, SPME has been applied in a methodological approach to determine the
binding parameters of drugs to human serum albumin. From these parameters the concentrations
of albumin, free drug, and total drug can be calculated in unknown mixtures.*!

A closely related technique is solid-phase dynamic extraction (SPDE), based on an inside needle
capillary absorption trap. An automated HS-SPDE-GC-MS procedure was developed and applied
for analysis of drugs of abuse in hair, and was found to provide, compared with SPME, a higher
extraction rate, in addition to a faster automated operation and greater stability of the device.*?

Summing up, the development of the several different modifications of solid-phase extraction
techniques in recent years is impressive, and is comparable to the rapid innovations in LC/MS
instrumentation. It seems likely that we will face a large number of new methodological concepts
and applications of SPE techniques that will resolve several analytical problems in forensic toxicology.

3.10.1.3 pH Adjustment for Extraction

Weakly acidic drugs, such as barbiturates, primidone, and phenytoin, can be separated from
the specimen by using a liquid—liquid or solid-phase extraction at pH 5. This extraction also removes
some neutral drugs, such as meprobamate, glutethimide, and carbamazepine. After solvent concen-
tration, these drugs can be identified by TLC, GC, or HPLC.

The largest group of drugs that are normally encountered in the postmortem laboratory are the
organic bases. These include antiarrhythmics, antidepressants, antihistamines, benzodiazepines,
cocaine, narcotic analgesics, nicotine, phencyclidine, phenothiazines, and sympathomimetic
amines. These drugs all extract under alkaline conditions.

Amphoteric drugs such as morphine and benzoylecgonine require careful adjustment of pH for
their efficient extraction by liquid-liquid procedures. Amphoteric compounds contain both acidic
and basic functional groups. If the aqueous phase is too acidic or too basic, one of the functional
groups will be ionized, and extraction will be inefficient. The pH must be close to the isoelectric
point for high recovery by liquid-liquid extraction. Such compounds may be isolated by solid phase
techniques, if a column with ion exchange functions is used. The pH is adjusted to completely
ionize one of the functional groups in the analyte. The appropriate solid phase will capture ionized
analyte as the sample passes through. The sorbent is washed to remove impurities, and then the
analyte is recovered in either an acidic or basic elution solvent in order to reverse its ionization.

3.10.2 Hydrolysis to Release Drugs in Sample Pretreatment

Before extraction, tissues may be homogenized with a blender or an ultrasonic disruptor, or
they may be hydrolyzed by enzymes such as Subtilysin Carlsburg or Protease K to produce a
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homogeneous fluid sample.3?363378493 Conjugates can be cleaved by gentle but time-consuming
enzymatic hydrolysis, or by rapid acid hydrolysis.3*33.117:224.227.404405 However, the formation of
artifacts during the latter procedure must be considered.

3.10.3 Applications

Universal liquid-liquid extraction procedures are preferable for general unknown analysis
because substances with very different physicochemical properties must be isolated from hetero-
geneous matrices. On the other hand, solid-phase extraction is preferable if target compounds must
be selectively isolated from relatively homogeneous samples, such as urine for confirmation of a
single drug, or metabolite, or a group of drugs with similar extraction properties.
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4.1 SCREENING STRATEGY

The first step in any case is to review the case history and autopsy findings. If the pathologist
makes no specific requests for analysis, then responsibility for deciding which tests to do falls
exclusively to the professional judgment of the toxicologist.!-

Obviously, cases of suspected drug intoxication require the most comprehensive testing, typically
on samples of blood, liver, gastric contents, and urine or bile.!®!! Tests in the case of a drug-related
homicide may include a blood-ethanol analysis, and a standard drug-of-abuse screen on urine, with
the concentration of any identified drug being quantified in the blood.'?!8 Fatalities involving motor
vehicle drivers require a blood-ethanol determination, and a comprehensive urine screen with any
positive drug concentration quantified in the blood.'*-?3 Fatalities resulting from a fire require blood-
carbon monoxide and sometimes cyanide analyses in addition to alcohol and other drugs.?*2¢

4.2 GENERAL CONCEPTS

Screening protocols should include tests capable of detecting as many drugs as possible, within
the constraints imposed by the available specimens, the laboratory’s workload, and requirements
specific to the case (Figure 4.1).5%27 Most laboratories lack the resources required to treat every
case as a general unknown, applying test after test until all possible drugs and poisons are ruled
out. Such an approach may occasionally be warranted when there is a high suspicion of poisoning,
but usually several standardized protocols can be used to eliminate most of the substances that can
realistically be expected in a sample.

A broad-spectrum screen, capable of detecting or eliminating most of the common drugs, usually
requires a combination of three or more techniques.!?!1:28-88 Additional tests can be combined with
standardized screening protocols, thereby expanding the screening capability to encompass addi-
tional drugs of concern based upon the specifics of the case. Table 4.1 shows test panels commonly
employed for screening various types of cases.

The most effective strategies employ a combination of immunoassays, with chromatographic
techniques, and chemical tests, in order to detect a wide range of substances. Immunoassays are
used to test for classes of drugs with similar structures, while the chromatographic tests detect large
groups of drugs with similar extraction characteristics, polarities, and detection characteristics.
Chemical tests are selective for the chemical reactivity of substances with similar structures. The
type of analysis required also depends on the type of biologic specimen to be analyzed. A putrefied
liver specimen, for example, will require greater sample preparation than would a fresh urine
specimen. Some drugs are present in much smaller concentrations than others and thus require
more sophisticated detection techniques.
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Figure 4.1  Postmortem forensic toxicology screening protocols.

It is impossible to design a single analytical scheme that is capable of detecting all the available
drugs and poisons while being suitable for the wide variety of specimen combinations that may be
submitted. In general, a collection of about a dozen standard general screening methods is supple-
mented with as many special methods as required. Because the main objective is qualitative
detection rather than quantification, general screening methods are usually more flexible than special
methods and can therefore be applied to a wider variety of materials. A good general method will
provide a provisional identification, which can then be confirmed by the application of a quantitative
directed analysis.

Often, the nature of a suspected toxin is unknown. The classic example is a person who has
expired under suspicious circumstances and where the history, scene, and autopsy fail to disclose
a definitive cause of death. In such cases, the screening strategy must be more extensive, since
thousands of toxic drugs and chemicals are available on the market worldwide. A systematic
procedure that allows the simultaneous detection of as many toxicants in biosamples as possible
is necessary for a comprehensive toxicological analysis.!>4389-91

4.3 BASIC STRATEGIES

In laboratories with small caseloads, each case may be reviewed individually by the director
who assigns specific tests. Testing large numbers of samples proceeds more efficiently, and in a
more organized fashion, when standardized assay panels are performed on batches of samples.
Blood and urine are the specimens of choice to screen for drugs and poisons. Depending on the
circumstances of the case, other samples include liver, stomach contents, or bile.

The blood volatiles screen detects and quantifies ethanol while simultaneously screening for
methanol, isopropanol, and acetone as well as other volatiles, such as halogenated and non-
halogenated hydrocarbons that are sometimes inhaled for purposes of intoxication.*67092-95 Each
of the immunoassay tests is used to detect substances that cannot easily be included in one or two
chromatographic procedures, for which routine chromatographic tests may be too insensitive, or
where specialized extraction or derivatization conditions may be required.
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Table 4.1 Case Management by Manner of Death

1A co/ TOXI-
Volatiles B/U CN BDS WAN A/B MCT Specials

Accident

MVA-

pedestrian X X X

MVA-driver X X X X X

MVA-

passenger X X X X

Workplace X X X X X As required
Police

investigation X X X As required
Aviation-crew X X X X X X

Fire/smoke X X X X X

Other X X X X X As required
Natural

With a COD X X X

SIDS X X X APAP, ASA
Epileptics X X X X

Asthmatics X X As required
Homicides

Active role X X X X

Innocent victim X X X

Unknown role X X X X

Suicide (non-drug)

Trauma X X X

(6]0) X X X X As required
Pending pathology X X X

Pending toxicology X X X X X X X As required

Immunoassays imply the use of urine; however, if a urine specimen is unavailable, or “indicates
the presence of” a drug, a blood analysis should follow. At a minimum, perform amphetamines,
barbiturates, benzodiazepines, cocaine, opiates, PCP, and others as required by case type and
history.

CO (carbon monoxide): Between the months of September and May, request on all MEO (medical
examiner office) cases involving apparent natural death and pending cases occurring indoors.

MCTs: Require urine and gastric contents.

Key: IA = immunoassays; B/U = blood and/or urine; CO/CN = carbon monoxide and cyanide; BDS
= basic drug screen; WAN = weak acid neutral drug screen; TOXI-A/B = commercial thin-layer
chromatography acids and bases; MCT = microcolor tests; MVA = motor vehicle accident; COD =
cause of death; SIDS = sudden infant death syndrome; APAP = acetaminophen; ASA = salicylates.

4.3.1 Amphetamines

The amphetamines are relatively volatile, and can be lost by evaporation if the extract is not
first acidified. In addition, they tend to give tailing peaks unless the gas chromatography (GC)
columns are well maintained, or the amphetamines are derivatized. However, ToxiLab can effec-
tively detect and differentiate the sympathomimetic amines in urine, so the amphetamines immu-
noassay could be omitted if ToxiLab is used. If an amphetamines immunoassay is used, it should
be one of broad class selectivity, not one of the newer and more specific monoclonal antibody
assays, so that is has the chance of detecting the maximum number of amphetamines and related
drugs (e.g., ephedrine, pseudoephedrine).®6-%8

4.3.2 Barbiturates

An immunoassay for barbiturates can eliminate the need for labor-intensive chromatographic
screens of weakly acidic and neutral drugs in the majority of cases. Only those cases testing positive,
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or where phenytoin is indicated, need the chromatographic screen. The ToxiLab B system can help
to differentiate barbiturates in urine, or the testing can proceed directly to a GC, HPLC, or GC-MS
screen on an acidic drug extract of blood to identify the specific barbiturate(s) present in the body.?*-1%

4.3.3 Benzodiazepines

The benzodiazepines comprise a large class of drugs that are often detected in postmortem
cases. ToxiLab does not ordinarily detect them in urine at therapeutic doses, and a basic drug GC
screen rarely detects the more potent drugs in this class, except in cases of overdose. Available
immunoassays can yield positive results in urine for metabolites from most of the common ben-
zodiazepines. Exceptions are lorazepam and flunitrazepam. GC with electron capture detection, or
GC/mass spectrometry (GC/MS), may be applied to urine or blood to differentiate benzodiazepines
and to detect those that are missed by immunoassays.'®-!"7 Whether or not to use these more labor
intensive chromatographic tests in the absence of a positive immunoassay depends upon the
potential significance of a benzodiazepine, if it were to be found, and on any indications from the
investigation that one may have been taken. Several methods have also been published for the
detection of a wide range of benzodiazepines by LC/MS or LC/MS/MS.

4.3.4 Cocaine

Cocaine should always be included in a postmortem toxicology screen. Even infants and elderly
individuals occasionally test positive. The most efficient way to screen for cocaine is to use an
immunoassay for benzoylecgonine.!'¥-12! Although both ToxiLab A and basic drug GC screens can
actually detect cocaine itself, special procedures are required for the chromatographic detection of
benzoylecgonine. Cocaine may not always be found in the urine with benzoylecgonine, although
benzoylecgonine is almost always found whenever cocaine is present.

4.3.5 Opiates

The common opiates include morphine, 6-monoacetylmorphine, codeine, hydromorphone,
hydrocodone, and oxycodone. Routine ToxiLab A or basic drug GC screens detect codeine, hydro-
codone, and oxycodone. These methods are less effective for morphine and hydromorphone, which
are usually found in the urine as water-soluble conjugates of glucuronic acid. Immunoassays can
detect both parent drug and metabolites. Differentiation of opiates is usually accomplished by
GC/MS, using procedures that include hydrolysis of conjugates and derivatization for maximum
sensitivity and specificity, or by LC/MS.!22-124

4.3.6 Phencyclidine

Phencyclidine (PCP) is more commonly encountered in some regions, while not in others. It
is a powerful dissociative anesthetic with significant effects on behavior at low doses, and should
be included as part of the postmortem drug screen. Both thin-layer chromatography (TLC) and GC
detect PCP, although they may be insufficiently sensitive to reliably rule it out. Immunoassays
capable of detecting PCP in urine down to 25 ng/mL provide a reliable screening test.!23:126

4.3.7 Immunoassays for Other lllegal Drugs

Immunoassays have been developed to screen for the presence of other illegal drugs, including
cannabinoids, LSD, and prescription drugs such as propoxyphene, methadone, and methaqualone.
With the exception of cannabinoids and LSD, all of the analytes are readily detected by either ToxiLab
A or GC basic drug screens. Cannabinoid and LSD assays may be included in a standard screening
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protocol or may be reserved for cases involving an issue of possible behavioral toxicity, since those
are not known to contribute to either fatal intoxications or deaths attributable to natural causes.

4.3.8 Chromatographic Methods

Chromatographic methods are used to expand the range of a drug screen beyond those drugs
detectable by the immunoassays. The extraction system should be selective for basic drugs, and
neutral substances will also be extracted.*7-38.62.71-76,127-130

4.3.8.1 ToxiLab A for Urine and Gastric Contents

The ToxiLab A system for basic drug detection is a powerful tool for drug screening in urine
or gastric contents.”>57-13! The four-stage visualization process, combined with R, and detection of
metabolite patterns, adds considerably to the confidence in drug identification. Sensitivity for many
drugs is on the order of 0.5 to 1.0 mg/L, which is satisfactory for screening urine or gastric samples.
The ToxiLab A can detect nearly 150 drugs and their metabolites.

4.3.8.2 Alternatives to ToxiLab

A screen for basic and neutral drugs by CG with a nitrogen/phosphorus detector (NPD) is an
alternative to ToxiLab TLC for a laboratory having sufficient GC capacity.*”-’!-74-7682.127 GC is much
more sensitive than TLC, having limits of detection on the order of 0.01 to 0.10 mg/L from 1 mL
of sample. GC can be calibrated to presumptively identify hundreds of drugs and drug metabolites,
and the NPD data can reveal other unidentified nitrogen-containing substances that may be char-
acterized by additional analysis of the extract by GC/MS.

The Trinders test is added to the screen to detect salicylate from aspirin, a common drug and
one that is sometimes taken for suicidal purposes. It may be eliminated if the screen is intended
only to evaluate potential behavioral toxicity. The chemical tests for ethchlorvynol and chloral
hydrate fill another gap in the screening protocol, since these drugs are not detected by immunoassay
or in chromatographic screens for basic drug or volatiles. Figure 4.2 illustrates the analytical scheme
for routine cases with both urine and blood submitted to the laboratory.

4.3.9 Gastric Contents vs. Urine

Often, urine is not available for testing because the bladder was empty at the time of autopsy.
In such cases, an extract or filtrate of gastric contents may be substituted. However, a gastric drug
screen alone may not be sufficient to exclude all potentially relevant substances. Drugs that are
typically administered parenterally, smoked, or insufflated may not diffuse into the stomach in
detectable amounts, so blood or plasma analysis with immunoassays for opiates and benzoylecgo-
nine is often required to detect those substances.

Drugs taken hours before death may not remain in the stomach. However, some quantity of a
basic drug will diffuse into the stomach from blood and become ionized, and thus remains there.
The resulting concentration in the stomach contents is determined in part by the drug’s concentration
in blood and in part by its pKa. For optimum sensitivity, a gastric content drug screen may be
combined with immunoassays on plasma, vitreous humor, or blood for barbiturates, benzodiaz-
epines, benzoylecgonine, opiates, and a basic drug screen of blood by GC-NPD. The following
protocols, which employ tests on gastric contents and blood (or plasma), can be used in place of
a urine drug screen. The same blood test panel may be used when gastric contents are not available,
or applied to tissue homogenates when blood is not available.

Immunoassays can usually be performed directly on unhemolyzed plasma or vitreous humor.
Even hemolyzed plasma and postmortem whole blood can be tested directly if FPIA or RIA is
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| Data Review |<—| Quantifications | Confirmations
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Figure 4.2  Flowchart for routine toxicology cases.

used. 021327145 If results are unsatisfactory, simple dilution with an equal volume of assay buffer
is often sufficient to render an analyzable sample. If FPIA or RIA is not available in the laboratory,
blood may be screened with spectrophotometry-based immunoassays, although hemoglobin and
other proteins must first be precipitated by addition of acetone, methanol, or acetonitrile. The
centrifuged supernatant from such treatment can be assayed against similarly prepared calibra-
tors.#9->2146-154 When applied to blood, plasma, or vitreous humor, immunoassays should be cali-
brated to a lower cutoff threshold than that used for urine screening. Cutoffs, on the order of 50
ng/mL (500 ng/mL for barbiturates), will yield some false positives. Considering the variations in
cross-reactivity for analytes of interest (e.g., benzodiazepines), some false-positive immunoassay
results may be acceptable in the interest of minimizing false negatives. Any positive immunoassay
result must, of course, be confirmed if it is to be reported. If the case may involve lethal toxicity,
immunoassays for acetaminophen and salicylate should be added to the panel.

4.3.10 Screening with Gas Chromatography

GC for basic drugs in blood is more sensitive than a basic drug screen on gastric contents, but
is also more labor intensive. It may be included in a general drug screen whenever urine is not
available or it may be reserved for cases where intoxication is indicated by the investigation, and
gastric contents yield negative screening results. Figure 4.1 illustrates general screening protocols
for various combinations of postmortem samples.
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When initial chromatographic screening tests reveal an unidentified spot on TLC or a response
from GC that does not match any standard, extracts may be further screened by GC/MS in the full
scan electron-impact ionization mode.8082:83.100.155-163 Reconstructed ion chromatograms are
inspected for spectra that indicate exogenous (i.e., xenobiotic) substances. Suspect spectra are
compared with the instrument’s computerized libraries of drugs, poisons, and their metabolites. In
addition, spectra may be visually compared with published compilations of mass spectral data.!64-16
Whenever a tentative identification is made, the unknown and reference spectra must be visually
compared to verify their identity. GC/MS is the most complex method of screening for drugs and
poisons, and also the most expensive. The analyst must have a considerable amount of training and
experience to reliably perform GC/MS screening.

To provide adequate support for a medical examiner’s office the toxicology laboratory should
periodically assess the prevalence of drugs in the population served, and adjust its offering of
routine tests accordingly. Certain drugs are more prevalent in various localities due to supply routes,
ethnic practices, and demand. Changing patterns of drug use may be identified through crime
laboratory statistics and various epidemiological monitoring programs, such as the Drug Abuse
Warning Network (DAWN) and the community-based Drug Epidemiology Network. In Europe,
the www.emcdda Web site offers similar information for the EU countries.

4.3.11 Screening with Liquid Chromatography

Many drugs that cannot be detected by GC can be detected by high-performance liquid chro-
matography (HPLC). HPLC separates analytes in solution, at or near ambient temperature, and
therefore can be used for drugs that are too thermolabile or polar to be analyzed by GC. Furthermore,
chemical derivatization is rarely, if ever, required prior to analysis of drugs by HPLC. While most,
but not all, drugs absorb ultraviolet (UV) light sufficiently well to be detected by a UV detector,
a UV spectrum usually does not give sufficient information on its own for a forensically valid
identification. Therefore, the preferred detector increasingly is becoming the mass spectrometer.
However, LC/MS has not yet become widely accepted as a useful screening technique for two
reasons. First, LC/MS instrumentation continues to cost approximately twice as much as a GC/MS
instrument. Second, and more important, it has been very difficult to generate reference libraries
that are universally useful. Although, perhaps arguably more useful than UV spectra, most LC/MS
spectra lack the detail of typical electron impact (EI) GC/MS spectra, and worse, relative abundances
across the spectrum can vary with pH and ionic strength.

4.4 THE GENERAL UNKNOWN

Cases in which a toxic cause of death is suspected but where a specified toxic agent is not known
are referred to as general unknowns, and require an open-ended search for poisons. The first step in
investigating a general unknown is to carefully examine the medical records, case history, autopsy
findings, and scene observations for evidence of specific toxins, or of a toxic mechanism.!-33-%-30.170.171

The case history and medical records may describe symptoms characteristic of a particular
pharmacologic category. Cardiac rhythm disturbances, respiratory rate and pattern, pupil size and
responsiveness, condition of reflexes, convulsions, and any other pre-mortem symptoms may
suggest a toxic mechanism that excludes some toxins from a long list of possible agents.

Autopsy findings may also provide guidance. The condition of the gastric and esophageal
mucosa may suggest or exclude corrosive poisons. The presence of massive pulmonary edema may
indicate preterminal respiratory depression. Hepatic necrosis may indicate acetaminophen or Aman-
ita mushroom toxicity, among other agents. Needle punctures and, especially, “track marks” indicate
possible intravenous drug overdose. These and other observations, properly interpreted, can narrow
the focus of the analytical search.
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Consideration of the place where death occurred, or where the terminal symptoms appeared,
may suggest toxic agents. Scene investigation can yield valuable clues. For example, the death of
a jewelry store employee may have resulted from exposure to cyanide, which is used in jewelry
manufacture. Other employment settings have associated chemical hazards that should be recog-
nized when planning a strategy for investigation of a workplace death.

In the home, other toxic exposures are more likely. Drugs, pesticides, and other chemical
products for household use are possible agents. Also, drug misuse at home can result in accidents
or fatal intoxication. Reports of witnesses can also give valuable clues. What was the deceased
doing at the onset of illness? When was the deceased last seen alive? Was the deceased behaving
normally, or was intoxication indicated? Was there a complaint of feeling sick? Eliciting such
observations may make it possible to shorten the list of possible drugs.

The volatiles screen by headspace GC, and while designed to test for the common alcohols and
acetone, can also detect other volatile chemicals such as toluene and other solvents and volatile
anesthetics. Drug screening tests are essential to rule out drug intoxication, and chromatographic
screens can detect many other chemical substances besides drugs. GC/MS is a mainstay of screening
protocols for general unknowns. Semivolatile organic compounds can be identified by computerized
comparison of their mass spectra with libraries containing over 50,000 spectra of pesticides, drugs,
and industrial chemicals. Figure 4.3 illustrates a strategy for analysis of cases where classification
is pending the outcome of toxicology testing.

Tests for drugs and poisons not detected by the basic strategy can be added to the protocol for
general unknowns. Selective immunoassays are available to test for cardiac glycosides, LSD,
fentanyls, haloperidol, aminoglycoside antibiotics, and anticonvulsants. Clinical laboratories can
provide assistance with tests for potassium, lithium, iron, and insulin or C-peptide. Toxic metals
and nonmetals can be detected by atomic absorption spectrophotometry, and classical inorganic
qualitative tests can be used to screen for toxic anions on a dialysate of urine, blood, or stomach
contents. Other drugs that do not chromatograph well by GC may be detected by HPLC.

The following guidelines should be observed in approaching the general unknown:

1. If specimen selection and quantity are not limiting factors, then the objective should be the broadest
screen possible with available technology.

2. The blood and vitreous fluid alcohol content should be determined before or simultaneously with
other analyses.

3. Blood alcohol analyses should be performed by headspace GC, utilizing an internal standard. This
does not preclude possible confirmation by some other procedure.

4. If carbon monoxide is to be determined, this should also be done prior to drug screening procedures.

5. In the absence of background information on a given case, the selected analytical scheme should
provide the best chances of successfully finding a drug or poison. That is, the more commonly
encountered drugs and poisons should be sought before the more rarely encountered ones are
considered.

6. In the event that specimen selection and quantity are limited, it will be necessary to plan assays
more carefully. Immunoassay procedures should be applied early in the scheme if proper samples
are available.

7. All assays should be considered with the intent of subsequently confirming positive findings by
another independent procedure. This means, for example, that if specimen size is a limiting factor,
then different stages of a general screen should be performed sequentially rather than in parallel.

4.5 CONFIRMATION

4.5.1 What Confirmation Is Necessary, and Why?

Courts require that the opinions expressed by toxicologists be of a “reasonable scientific
probability,” that the identity of reported substances be known with “scientific certainty,” and that
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quantitative values be accurate to a stated statistical probability. Screening tests provide tentative
identification of drugs and poisons. The forensic standard for conclusive identification requires that
their identity be confirmed by additional tests.!”

The first analytical indication of the presence of a particular drug is usually obtained from an
immunoassay, a chromatographic screen (e.g., TLC), or a spot test. The initial test may point to a
particular drug, or class of drugs, such as barbiturates, benzodiazepines, or opiates. The confirmatory
test must clearly identify the specific drug and/or its metabolite(s). Confirmatory methods may
include gas chromatography with flame ionization (GC-FID), electron capture (GC-ECD), and
nitrogen-phosphorus (GC-NPD) detectors, HPLC, UV spectroscopy, GC/MS, and other hyphenated
techniques such as MS/MS coupled to either a GC or LC sample introduction system.

Any chemical test can be subject to errors that may cause a false-positive result. Immunoassays
can cross-react with substances other than the target drug. Chromatographic methods can have
interfering substances that produce a signal or spot at the same time and place as a target analyte.
Even GC/MS can yield false-positive results if a sample is mislabeled or contaminated in process,
or by carryover from a preceding injection, or if the spectrum does not have a unique fragmentation
pattern. For example, amitriptyline and cyclobenzaprine have similar retention times and yield
fragmentation patterns that are nearly identical. They may be confused if the molecular ion cannot
be discerned.

In recognition of the possibility of a false-positive result from a single test, it is necessary that
all potentially significant results be confirmed. Confirmation requires at least one additional test
based on a different chemical detection principle, with high specificity and sensitivity at least equal
to the initial test.!”? The essence of confirmation is to assemble a sufficient body of evidence such
that a technically competent independent reviewer would agree with the conclusion.

The requirement for two or more chemically distinct methodologies is based on the concern
that chemical similarity could cause a false-positive result in one type of test, and may also influence
another test with a similar chemical principle. A radioimmunoassay cannot confirm enzyme immu-
noassay results since the chemical properties responsible for antibody binding may affect the
antibodies in both tests similarly. Likewise, two similar GC columns such as 1 and 5% phenyl-
methylsilicone (DB-1 and DB-5) would not serve to confirm one another, because the polarities of
the two liquid phases and, hence, the elution orders of most drugs are similar.

A combination of less specific chromatographic procedures (e.g., TLC, GC-NPD/ECD, or
HPLC) can be used to confirm screening results from immunoassay or spot test results. A second
chromatographic method based on a different chemical principle may be used to confirm a pre-
sumptive finding from a chromatographic screening test (e.g., TLC and GLC or HPLC and GC-
NPD/EC). Derivatization of the presumptively identified drug can alter its chromatographic behavior
sufficiently to permit confirmation by reanalysis in the same chromatographic system. Some
screening procedures, such as GC/MS, identify specific compounds. Even here, a second test on a
separate aliquot should be performed to “verify” the analyte and ensure that no human error in
sample handling or analyses has occurred. Re-injection of the same extract would not be sufficient.
An exception to this rule would be limited sample volume precluding repeat analyses.

In postmortem toxicology, confirmation tests are often applied to specimens other than the one
used for screening. By employing a quantitative confirmatory method, the analyte is simultaneously
confirmed and quantified. For example, a presumptive finding of diphenhydramine in urine by TLC
may be confirmed by a quantitative GC procedure applied to blood.

Some additional illustrative examples of confirmation follow:

1. An immunoassay positive for opiates in urine, followed by a GC/MS analysis of urine to identify
the specific drug(s).

2. An immunoassay positive for benzodiazepines in urine, followed by an analysis of blood by GC-
ECD to identify the specific drug(s).
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3. A drug such as amitriptyline detected by TLC in urine or gastric contents followed by GC-NPD
analysis of blood with relative retention times matching the suspected drug, ideally on two columns
of differing liquid phase. A quantification of the drug by HPLC would give additional confirmatory
evidence as would detection of metabolites of the presumptively identified drug by TLC or GC.

4. Immunoassay positive for cocaine metabolite in urine or blood with detection of parent cocaine
in blood by GC-NPD.

5. Insome cases, such as blood volatiles analysis, GC headspace analysis can be correlated as relative
retention times on two GC columns of differing polarity (giving a different elution order) to confirm
an identification. However, novel or rarely detected analytes such as toluene or 1,1,1,-trichloro-
ethane may require further confirmation by headspace GC/MS.

4.5.2 When Is Confirmation Necessary?

In general, any finding that could reasonably be questioned, or adversely affect insurance
coverage or the reputation of the deceased, should be confirmed before it is reported. The greater
the significance of a finding to the case, the more important it becomes to confirm that finding to
absolute certainty by GC/MS, if possible.

*  When the substance is potentially related to the cause and manner of death

¢ When the detected substance is an illicit drug such as marijuana, cocaine, methamphetamine, or
PCP, since labeling an individual a possible drug abuser has serious sociologic and legal
implications!73-176

* Any prescription drug that is not known to have been prescribed for the deceased

4.5.3 When Is Confirmation Unnecessary?

When the substance presumptively detected has no relationship to the cause or manner of death,
and when the detected substance carries no stigma, if reported, confirmation may not be needed.
Over-the-counter medications, with no behavioral toxicity, usually do not require confirmation
except when it is suspected that they may have contributed to toxicity. For example, salicylate or
acetaminophen need not be confirmed in traumatic death cases, but should be confirmed in cases
pending toxicology or suicidal intoxications.

Medications commonly administered during resuscitation, such as lidocaine and atropine, do
not need confirmation if the deceased received such treatment before being pronounced dead.
Prescribed medications that the deceased had been taking, and which are not related to the cause
or manner of death, may not require confirmation either, since their presence in biological specimens
is consistent with the history. Any substance reported without confirmation should be identified in
the report as an unconfirmed presumptive finding.

4.6 GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Today, GC/MS is generally accepted as unequivocal identification for most drugs, providing
the best confirmatory information when performed correctly.'””1’® However, GC/MS assays can be
performed in many ways, depending on the specific requirements and use of the results. Pharma-
cokinetic studies generally employ chemical ionization with single-ion monitoring to obtain opti-
mum sensitivity. In such studies, the target drug is expected to be present, so criteria for identification
need not be so rigorous, but single-ion monitoring is not usually considered sufficient for forensic
purposes. GC/MS methods for the confirmation of illegal drugs of abuse in urine most often use
electron impact ionization and multiple-ion monitoring to obtain conclusive results.'”-'3! The more
traditional MS identification criterion calls for matching retention times and full-scan electron
impact mass spectra of the unknown with a standard.
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Whether forensic samples should be analyzed by full-scan data acquisition, or by selected ion
monitoring, is a matter of contention. The debate really comes down to one underlying question:
How much spectral and chromatographic information is needed to provide a scientifically and
legally defensible identification? Is a full-scan spectrum necessary? If selected ion monitoring is
acceptable, how many ions must be monitored? Unfortunately, there are no simple answers. A
good-quality, full-scan mass spectrum that matches a reference spectrum clearly constitutes a more
definitive identification than ion current profiles of a few selected ions at the correct retention time.

Cody and Foltz have stated that the specificity of a GC/MS assay depends on many factors,
including:

1. Choice of internal standard. The role of the internal standard in the overall analytical process
cannot be overemphasized.'8>-187

Selectivity of the extraction procedure.

Choice of derivative, where appropriate.!88-190

Efficiency of the GS separation.

Method of ionization.

Relative uniqueness of the analyte’s mass spectrum or the chosen ions to be monitored.
Signal-to-noise ratio of the detected ions.!*?

NNk wDd

Using GC/MS in the scanning mode, as both a screening and definitive identification methodology,
has become quite common.' If the drug is an unknown, full-scan mode is the method of choice.
Further comparison of the unknown’s full mass spectrum with reference spectra will be necessary.
Mass spectra are tentatively identified by a computerized library search and visually compared by
an experienced analyst.3081161-163

GC/MS with selected ion monitoring (GC/MS-SIM) is commonly used to confirm the presence
of drugs and/or metabolites in postmortem samples.'3"1! A well-designed assay, involving the
selected ion monitoring of three or more abundant and structurally diagnostic ions, combined with
specific requirements for the analyte’s retention time relative to a suitable internal standard or
calibrator, is regarded as a reliable identification.!”> Even fewer ions can provide an acceptable
identification if the assay employs a highly selective extraction procedure or selective mode of
ionization, such as ammonia chemical ionization.

GC/MS-SIM assays are extremely useful to confirm or exclude the presence of a suspected
analyte that may have been indicated by history or screening results. However, target compound
analyses such as GC/MS-SIM will detect, or exclude, only a limited number of related chemical
compounds or classes of drugs. A reference standard and control materials of the target analyte
must be analyzed within the same batch. Selected ion monitoring typically provides signal inten-
sities that are 10- to 100-fold greater than those from full-scan analysis performed on quadrupole
instruments. SIM analyses are therefore better adapted for quantitative measurements. Selected ion
monitoring is generally less susceptible to interferences from co-eluting compounds than an assay
employing full-scan recording. However, unlike full-scan spectral acquisition, a selected ion mon-
itoring assay will not detect unsuspected drugs that may be of toxicological significance.

Standards adopted for conclusive drug identification include (1) the appearance of the monitored
ions at a correct retention time, and (2) acceptable intensity ratios among those ions. The retention
time and ion intensity ratios observed in the test sample are compared with those established from
the calibrator(s) containing the target analyte, at a suitable concentration, incorporated in the same
analytical batch.

4.6.1 Qualitative GC/MS-SIM Determination Criteria

To qualitatively identify a compound by selected ion monitoring (SIM), ion chromatograms
are obtained from the reference compound for the primary ion and two or more qualifier ions. The
criteria below must be met for a qualitative identification of an unknown:
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1. The characteristic ions of the compound must be found at maxima in the same scan or within one
scan of each other.

2. The retention time of the unknown compound’s mass spectrum must be within +2% of the retention
time of the authentic compound or deuterated internal standard.

3. The ratios of the SIM peak areas must agree within +20% with the ratios of the relative intensities
for those ions in a reference mass spectrum from a calibrator analyzed on the same run by the
GC/MS system.

These criteria should be kept in mind when making compound identification decisions. In addition
Dr. Rodger Foltz has proposed the following helpful guidelines:!60:192-19%4

1. Agreement among the relative ion intensities within a small mass range is more important than
for those encompassing a wide mass range.

2. The higher mass ions are generally more diagnostic than those occurring at low mass.

3. No prominent ions in either spectrum (those with relative intensities above 10%) should be totally
missing from the other spectrum, unless they can be attributed to an impurity.

4.6.2 Potential Problems with GC/MS Analyses

Several problems may be encountered in GC/MS analysis. The mass spectral library may give
erroneous identifications when concentrations near the detection limit are analyzed, when chro-
matographically interfering substances are present, or when isomers are analyzed. Even MS with
a full fragmentation pattern may not provide adequate confirmation, either because several drugs
have very similar fragmentation patterns, as the barbiturates, for example, or because the drug may
exhibit only one major peak consisting of a low mass fragment ion in its mass spectrum, such as
the tricyclic antidepressants.

When using the SIM mode, a considerable gain in GC/MS sensitivity can be achieved by
focusing on the most abundant ion, and two or more other characteristic ions. However, many
illegal drugs or metabolites (and numerous other commonly used drugs, e.g., antihistamines, local
anesthetics, some beta-blocking agents, etc.) have similar El mass spectra, showing a common base
peak and weak molecular ion signals. Many elute over a wide range of retention times; others may
have closely related retention indices.

The complexity of biological matrices encountered in postmortem cases, such as “blood,”
tissues, gastric contents, and hair/nails, necessitates well-designed, and often multistep, sample
treatment procedures.'®> This is especially true when utilizing procedures based on physicochemical
properties of drug/metabolites. Suitable sample preparation is the most important prerequisite in
the GC/MS of typical postmortem samples. It involves isolation and, if necessary, cleavage of
conjugates and/or derivatization of the drugs and their metabolites. Derivatization steps are neces-
sary if relatively polar compounds such as metabolites are to be screened or confirmed.

4.7 LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY

LC/MS is fast becoming an important technique in forensic toxicology, despite its increased
cost over GC/MS.?>-2% For a long time, the combination of HPLC and MS was not an alternative
because of interface problems. Now when this obstacle has been overcome by different innovations,
LC/MS has become increasingly popular both for screening purposes and for sensitive and specific
confirmation analyses. Many drugs cannot be analyzed by GC/MS because they are either thermo-
labile or are too polar or insufficiently volatile to chromatograph well, if at all. In contrast, virtually
any drug can be analyzed by LC/MS after development of a suitable method. Other than the issue
of cost, the only disadvantage of LC over GC is that LC separations usually require more devel-
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opment time than GC separations. The comments in Section 4.6 generally apply to LC/MS analysis,
especially in regard to SIM analysis. As with GC/MS, so-called “hyphenated” techniques may be
used, such as LC/MS/MS. Tandem MS-MS instruments have the enormous advantage of being
able to provide a much higher degree of specificity than LC/MS alone. The first mass spectrometer
in the LC/MS/MS system generates a conventional mass spectrum. One specific mass is then
allowed to pass through into a separate collision cell where it can be ionized further. Either the
entire mass spectrum of that chosen ion may be displayed, or a single ion isolated in SIM mode.
Tandem MS techniques such as LC/MS/MS are particularly useful for postmortem forensic work
because they minimize interference from endogenous compounds such as putrefactive products.
LC/MS/MS-TOF (time-of-flight) instruments offer a further degree of specificity because of the
increased specificity imparted by the medium to high mass resolution of TOF instruments. Of
course, the major drawbacks of LC/MS/MS and LC/MS/MS-TOF instruments are considerably
increased cost, and complexity of operation, often requiring a dedicated operator. Having stated
that, the development of a method for a particular analyte is generally easier with LC/MS than
with GC/MS because standards with reference compounds can be directly injected and calibration
curves can readily be constructed. A special feature that the operator must keep in mind is that a
change in pH to adjust the chromatography will also affect the charge of the compounds at the
time for ionization, and hence influence the mass spectrometric detection.

Different interface systems are available. The most utilized alternative is atmospheric pressure-
positive electrospray ionization (API-ES), and a number of applications in forensic toxicology with
this methodology have been reported.?3!'-23 Alternatively, atmospheric pressure-chemical ionization
(APCI) can be used. Both these variants of LC/MS instrumentation cover a wider spectrum of polar
and nonpolar drugs than GC/MS analysis can offer, and API-ES also allows for analysis of molecules
with higher masses. APCI MS/MS has been shown to be useful for sensitive screening of certain
classes of drugs such as benzodiazepines and hypnotics,?3¢ and beta-blockers.?*’

4.8 METHOD VALIDATION

Bioanalytical methods, based on a variety of physicochemical and biological techniques, such
as chromatography, immunoassay, and mass spectrometry, must all be individually validated prior
to and during use to generate confidence in the results.!**-2!0 Method validation is discussed in
Chapter 5.

4.9 QUANTIFICATION OF DRUGS AND POISONS

When you can measure what you are speaking about and express it in numbers, you know something
about it; but when you cannot express it in numbers, your knowledge is of meagre and unsatisfactory kind.

— Lord Kelvin (1824-1907)

Screening and confirmation (qualitative) tests establish the presence of a specific substance;
quantitative tests measure the amount of that substance in a particular specimen. Qualitative infor-
mation alone can demonstrate that the deceased was exposed to the substance before death, and may
even enable the toxicologist to offer an opinion regarding the ante-mortem interval in which the
exposure probably took place. However, quantitative information is often required to form an opinion
whether or not the exposure was sufficient to cause behavioral toxicity or death. Drug concentrations
in postmortem tissues, or fluids, must be related to reference values derived from other cases.>2!1-213
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4.9.1 What Should Be Quantified?

Substances should be quantified only when necessary for interpretation. Most quantitative assays
are separate, labor-intensive procedures that measure only one drug or group of similar compounds.
Quantifying substances that, by their nature, could have no conceivable bearing on the issues of
the case is a waste of time and resources. For example, drugs with no psychoactivity, such as
acetaminophen, should not be quantified in a motor vehicle accident driver victim, while diphen-
hydramine, an antihistamine with sedative side effects, should. On the other hand, if the victim
were a passenger, diphenhydramine would not require quantification. In deaths from asthma or
epilepsy, the laboratory should quantify theophylline or anticonvulsant, respectively, to determine
whether or not they were within or below the therapeutic concentration range.

In general, substances that can cause behavioral toxicity should be quantified. In most natural
deaths, it is important to know that the concentration of a prescribed or therapeutic drug is not
excessive. Semiquantitative information, derived from blood screening tests, is often sufficient to
make the assessment. Only if the concentration estimate indicates an excessive amount would a
quantitative assay be required. Poisons such as carbon monoxide, cyanide, and heavy metals
should always be quantified in appropriate specimens. Tests for ethanol usually yield both qual-
itative and quantitative data, which should be reported if above the laboratory’s administrative
cutoff (usually 0.01%).

Cocaine should always be quantified. Its concentration is usually important and its instability
in storage may prevent subsequent analysis if it is not quantified soon after detection. Other drugs
or poisons that are unstable in storage should be quantified before their decomposition renders the
analysis unreliable. In a case that is pending the outcome of toxicology testing, any detected drugs
or poisons and their metabolites should be quantified, unless it is clear from the circumstances of
the case that a particular substance did not play a role in the cause or manner of death.

When resuscitation has been attempted, lidocaine and atropine may be detected in postmortem
blood. Unless a medication error is suspected, or the quantity appears to be excessive, it is not
necessary to quantify them. Nor is there any need to quantify caffeine and nicotine, unless toxicity
is suspected or screening tests indicate that an abnormally large amount of either is present.

In most cases a drug’s metabolites are just as important to quantify as the parent compound.
The ratio of parent drug to its metabolite often indicates the state of pharmacokinetics in the
individual case. For example, a ratio greater than 1 for amitriptyline/nortriptyline may indicate an
acute ingestion or short interval from ingestion to death, while a ratio of 0.3 in a propoxyphene/nor-
propoxyphene case may indicate a chronic exposure.

Active or toxic metabolites of a drug or poison are always measured, but inactive metabolites
may also be important. Their presence may shed light on the pattern of drug use. High concentrations
of benzoylecgonine indicate accumulations from multiple doses. Low concentrations suggest that
only a few doses were taken or that there has been a long interval since the last dose. Furthermore,
there is some evidence that benzoylecgonine may be a vasoconstrictor, so it may contribute to the
hypertensive effects of cocaine use.

4.9.2 Specimens for Quantification of Drugs and Poisons

The choice of the sample for quantitative analysis is very important.?!¢ Often it is sufficient to
quantify drugs or poisons in blood only. If toxicity is not suspected, a blood quantification can
verify that the drug was present, and that its concentration was consistent with therapeutic use.
Also, when a drug concentration is clearly in the lethal range, and poisoning or overdose is
suspected, a blood determination may be sufficient. It may not be necessary to quantify brain
morphine levels in an intravenous heroin user, found dead with syringe, tourniquet, and “cooker”
present, with autopsy evidence of pulmonary edema, and a high concentration of morphine in the
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blood, to support a conclusion that death was caused by a heroin overdose. Likewise, a 15-mg/L
blood amitriptyline concentration, in a case accompanied by a suicide note, is sufficient to define
overt toxicity, regardless of potential postmortem diffusion.?!® Carbon monoxide should be mea-
sured in blood, its site of action. Other specimens are likely to give negative results. One exception,
not related to drug abuse, is the analysis of skeletal muscle specimens for carbon monoxide to
assist in the differentiation between entrance and exit gunshot wounds.

Tissues that selectively take up a particular drug class may have a much higher concentration
than that found in blood. For example, volatile anesthetics, cocaine, marijuana, tricyclic antide-
pressants, and other lipid-soluble substances are preferentially absorbed into the fatty tissues of
the brain and liver, while digoxin and other cardiac glycosides are taken up by cardiac muscle.
Figures 4.2 and 4.3 show the relationship of quantifications to the overall process of postmortem
toxicology analysis.

4.9.3 AQuantification: Procedural Issues
4.9.3.1 Instruments

Many of the instruments used for screening tests can also provide accurate quantitative data.
Immunoassays designed for therapeutic drug monitoring (TDM) (e.g., serum assays for phenobar-
bital, theophylline, and phenytoin) are specific, and yield accurate results with most postmortem
specimens.'#217 GC, HPLC, GC/MS, and LC/MS are readily adapted for quantification. Spectro-
photometric methods are useful for some analytes, such as ethchlorvynol and heavy metals.!
However, their utility is limited because many drugs have metabolites or breakdown products with
similar spectra (e.g., phenothiazines), so relative contributions of the parent drug, and active and
inactive metabolites, to the signal cannot be segregated and assessed.

4.9.3.2 Sample Preparation

Blood and other fluids are usually extracted with no pretreatment other than dilution. GC
screening tests can provide an estimate of the concentration of the analyte. If the estimated
concentration is above the upper limit of linearity of the assay, the sample must be diluted with
water, buffer, or negative control matrix and thoroughly mixed to bring the analyte concentration
into the dynamic range of the assay. Homogenates of tissue samples are prepared in a blender or
a tissue homogenizer in water or a buffer usually in a 1:2 to a 1:5 ratio. These homogenates
deteriorate rapidly so they are usually used within 2 weeks or less, and the remainder discarded.
Gastric contents are weighed or measured by volume, homogenized, and appropriately diluted.

With the exception of some immunoassays, samples are usually extracted with organic solvent
to isolate the compounds of interest from the biological matrix. Often, liquid-liquid extraction is
used, with back-extraction to eliminate lipid interference. Recent advances in solid-phase extraction
technology have made possible the application of these techniques to the analysis of blood and
tissues. The speed and efficiency of solid-phase extractions make them an attractive alternative to
liquid-liquid extraction procedures, and their use is expanding in postmortem toxicology. However,
lot-to-lot inconsistencies in solid-phase extraction columns can cause quantitative methods to fail,
due to poor recovery of analytes. Therefore, it is extremely important to evaluate each new batch
of columns before risking wastage of, sometimes limited, samples.

Duplicate samples should be analyzed through the entire procedure to demonstrate the repro-
ducibility of the result. If the difference between duplicate analyses is greater than the two standard
deviations for the method, the analyst should suspect that an error occurred in one or both. Additional
analyses should be performed to determine an accurate result with acceptable precision.
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4.9.3.3 Internal Standard

Most quantitative procedures employ one or more internal standards to compensate for varia-
tions in extraction efficiency, injection volume, and changes in detector sensitivity. An internal
standard is a substance with chemical properties similar to the target analyte. It is added in identical
quantity to each sample and standard before the extraction process. The internal standard is extracted
along with the analyte, so that any loss of analyte in the extraction process will be compensated
for by a proportional loss of internal standard. The assumption is that the ratio of analyte to internal
standard does not change. Selection and evaluation of the internal standards is a critical component
for the development of a quantitative procedure.'84218-222 Method development and validation and
the selection of internal standards are discussed in Chapter 5.

4.10 THE REVIEW PROCESS

Individual cases should be reviewed periodically to assess the status of the investigation and
the quality of the acquired data. Reassessment may suggest the need for additional tests. Before a
report is issued, the entire case file must be reviewed to ensure that results are forensically acceptable
and that sufficient data have been gathered to determine whether, and to what extent, drugs or
poisons influenced the cause and manner of death. When testing has been completed, the toxicologist
reviews the file one final time to ensure that nothing has been overlooked.

4.11 PENDING TOXICOLOGY CONFERENCE

In cases where the cause of death is not obvious, and determinations have been put on hold
pending the results of toxicological testing, the toxicologist and pathologist together review the
investigation, autopsy, and toxicology results. When both are satisfied that the toxicology results
answer the questions pertinent to the case, a final toxicology report is issued. The need for
communication and teamwork for an effective system cannot be overemphasized.!-5223224 Refer to
Figure 4.3 summarizing the analytic strategies for drug screening in “pending tox cases.”
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5.1 INTRODUCTION

The essence of the postmortem forensic analysis is to characterize a subject’s biological tissue
in terms of toxic chemical content. Based on the analytical result, an opinion can then be formed
about the influence the toxic substance may have had on the subject. Since the result of any chemical
analysis carries with it an uncertainty that is inherent in all measurements, an attempt must be
made to control and measure the factors that influence that uncertainty. Only when these factors
are measured and controlled can the analytical results be deemed reliable.

The quality assurance program is established to ensure the public that the results generated by
the laboratory are reliable. This is crucial in a forensic toxicology laboratory since the analytical
results are closely scrutinized in a court of law, where truth and impartiality must be authenticated
for the public good. A comprehensive quality assurance program will provide an expert witness
with details concerning the measurable factors that affect the analytical result. These factors include
personnel, the implements of measurement; the quality of materials used; the sample; the analytical
method; the analytical instruments; data handling; and reporting.

The quality assurance program describes the steps taken to document the execution of the
quality control procedures; the traceability of reported data to raw data; instrument status during
analysis; quality control status; description of the analytical method; qualifications of the analysts;
sample integrity and chain of custody; and the corrective actions undertaken for out-of-control
situations. The quality control program sets forth the procedures to be taken to measure and control
all sources of random and systematic errors so that limits of accuracy and precision can be
established for all analytical methods. It also describes the technical operations undertaken to assure
that the data obtained are within the established limits.

5.2 STANDARD OPERATING PROCEDURES

The standard operating procedure is a written document that outlines in detail the mode of
operation of the laboratory. It addresses the relationship of the laboratory with the institutions that
it serves, the organizational structure of the laboratory, the quality assurance program, and the
chemical hygiene plan. It must address every facet of the laboratory’s operation and be available
to all laboratory personnel and the public for consultation and review.

The standard operating procedures should address, as a minimum, the following aspects of the
laboratory operation:

* Table of organization

¢ Personnel qualifications
¢ Precision implements

* Materials

e Sampling

¢ Analytical methods

¢ Instruments

¢ Data
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¢ Reporting
* Proficiency program

The standard operating procedures manual is to be kept up to date and reviewed on a yearly basis
to ensure that it typifies the actual operation and that it meets the needs of the laboratory. It is
important to archive any old procedures, whether modified or omitted from the manual, so that
they can be retrieved for future reference.

The rest of this chapter is devoted to expanding on the subjects that are deemed indispensable
in a comprehensive quality assurance program and standard operating procedure manual.

5.3 PERSONNEL

The table of organization should be represented by means of a flowchart or schematic diagram.
It should include all positions in order of hierarchy, name of persons occupying each position, and
accountability of each individual.

The subject of personnel in forensic toxicology laboratories is covered in detail in the
SOFT/AAFS Forensic Laboratory Guidelines.!

5.3.1 Continuing Education

The laboratory director is responsible for providing access to continuing education to all
employees. Continuing education is essential to the development of the laboratory in maintaining
the reliability and integrity necessary in an ever-challenging field. New and more potent drugs are
being continuously developed along with more advanced analytical techniques and equipment
necessary for their detection and identification. Keeping abreast of the new information, be it
pharmacological or analytical, is of outmost importance for the subsistence of the forensic labora-
tory. Membership in professional forensic organizations, such as the American Academy of Forensic
Sciences (AAFS), the Society of Forensic Toxicologists (SOFT), the California Association of
Toxicologists (CAT), and The International Association of Forensic Toxicologists (TIAFT), provide
the venue by which continuing education is not only available but relevant to the forensic laboratory.

5.4 MEASURING DEVICES

Regardless of their simplicity, burets, pipettes, volumetric flasks, pipettors, pipettor-diluters,
and the analytical balance are used in one way or another in nearly every chemical analysis. They
impart the first sources of systematic errors in the analysis. For this reason, it is imperative that
their quality, maintenance, and calibration be addressed in the standard operating procedures.

The selection and maintenance of chemical measuring devices and instruments are beyond the
scope of this section, but are covered in detail in textbooks of quantitative chemical analysis and
instrumental analysis.?3

5.5 REAGENTS

Chemicals, reagents, solvents, and gases used in the process of executing the analytical proce-
dures must meet minimum quality criteria as required by the analytical method. They should be
properly stored, according to manufacturers’ specifications or good chemical hygiene practice, in
order to maintain their integrity and safety. Special care must be taken to record the receipt date
and consider the stability of the reagent before use.
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The determination of trace amounts of analytes in complex biological fluids or tissues often
requires concentration of organic solvent extracts, which must be analyzed by very sensitive
instruments. This circumstance creates a need for high-purity solvents, reagents, and gases to avoid
introducing significant amounts of interferences during the analytical process. Commercially avail-
able solvents have been developed with special qualities applicable to specific purposes. Examples
include solvents possessing low ultraviolet absorption, used in high-performance liquid chroma-
tography and spectrophotometry, as well as solvents with negligible halogenated organic content,
required for electron capture detectors or negative ion chemical ionization mass spectrometry. A
postmortem toxicology laboratory should procure the highest quality of reagent possible to mini-
mize the potential for interferences with its analytical methods.

The use of inert, high-purity gases for gas-liquid chromatographs has been an essential part of
the operation of gas chromatography since its inception as an analytical tool. The fragile nature of
liquid phases in the presence of oxygen (air) at high temperatures and the development of very
sensitive detectors such as nitrogen-phosphorus, electron capture, and mass spectrometers, among
others, have made the gas quality a priority issue in the operation of the laboratory. Gases with
99.999% purities containing subpart-per-million quantities of air, moisture, and organic compounds
are readily available at moderate cost. There are also a variety of products designed to remove or
“scrub” contaminants from the gas stream before their introduction into the instrument, which can
be utilized if high-purity gases are not readily available. These gas scrubbers should be monitored
periodically for proper operation as part of the standard operating procedures.

The preparation of reagents, buffers, and mixtures should be conducted according to the specific
instructions in the procedures manual. A reagent log book containing the preparation instructions
for the most common solutions provides a convenient way to record their preparation with traceable
information such as date of preparation, preparer, stock reagent lot number, and expiration date.
This information should always be included in the reagent flask label along with the identification
of the solution, its concentration, and any applicable safety recommendation.

5.6 REFERENCE MATERIALS

The accuracy of any quantitative analytical procedure depends directly on the purity of the
standard used for calibrating the method. Therefore, the analyst must ascertain that the standards,
or reference materials, used to prepare the calibrators are chemically pure. The subject of reference
materials is discussed in the SOFT/AAFS Forensic Toxicology Laboratory Guidelines.'

5.6.1 Calibrators

Calibrators are materials with which the sample is compared in order to determine the concen-
tration or other quantity.® Methods known to have acceptable accuracy because physical or matrix
effects are negligible may be calibrated with certified reference solutions. However, procedural
constraints and complex matrix effects of biological samples make the use of certified reference
solutions impossible in many routine methods. The calibrators selected for such methods must
simulate the physical and chemical properties of the samples in order to compensate for matrix
effects during analysis and to be sensitive to important changes in analytical error conditions.

Assay values assigned to calibrators must be sufficiently accurate for the intended use. The
uncertainty interval for the assigned concentration value must be small compared to the analytical
precision of the method to be calibrated. That is, the absolute error calculated for the assigned
value using dimensional analysis must be smaller than the absolute error obtained when the
calibrator is analyzed multiple times by the method.”

In the forensic laboratory, three types of calibrators may be encountered. The first is use of a
reference standard solution as a calibrator when the method has no procedural constraints and
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matrix effects are virtually non-existent. Certified standard solutions for this type of method can
be obtained commercially or prepared in the laboratory with reference materials. This type of
method, although rare in the forensic laboratory, can best be exemplified by the analysis of volatiles
using headspace techniques with gas chromatography, and the percent purity determination of drug
exhibits using ultraviolet spectrometry.

The second type of calibrators includes those obtained from commercial sources as kits to be
used in self-contained analytical systems. They are matrix specific and manufactured in bulk under
strict quality control. They are carefully designed to perform a specific task under rigorously
controlled conditions and are provided with lot numbers and expiration dates. Assays of this type
include quantitative techniques by radioactive, enzymatic, and fluorescent immunoassays.

The last type of calibrators encountered in the forensic laboratory are of most concern because
they assume the most uncertainty. They are usually employed in analytical assays involving mul-
tistep extractions, concentration, derivatization, and complex instruments of analysis and data
reduction. These working standards must be prepared in the laboratory from pure reference mate-
rials, be diluted with blank sample matrix to resemble the biological sample, and remain accurate
enough to convey a reliable measurement when a sample is compared to them. For this reason,
every effort should be made to ensure the quality of reference material, the proper maintenance of
volumetric implements and balances, and the application of good analytical skills.

The preparation of a calibrator, or working standard, begins with the preparation of a stock
solution from the reference drug material. A water-soluble organic solvent that readily dissolves
the drug material without adverse reaction is the solvent of choice. Solvents that are not water
soluble can be used, but they require additional steps to remove the solvent when further dilutions
are made into aqueous biological fluids. A concentration of 1 mg of the un-ionized form of the
drug per milliliter of solvent is convenient and adequate for most drugs analyzed. To keep the
uncertainty of the calibrator below the variance of the method, it is desirable to know the exact
concentration of the stock standard to at least three significant figures. The solutions stored in
capped amber vials at —20°C can have long shelf lives if care is taken to allow the solutions to
reach room temperature before opening, thus avoiding moisture condensation in the solution. The
stability of these solutions must be established periodically. Calibration standards are discussed in
the CRC Handbook of Clinical Chemistry.

5.6.1.1 Multilevel Calibration

The calibration scheme used for the purpose of carrying out quantifications of unknown spec-
imens is done with the preparation of a calibration graph that includes a minimum of three different
concentrations and a blank. The concentrations of analyte used to prepare the graph must include
the lower and upper limits of required linear response, since linearity must be demonstrated in
every assay.

The recommended scheme for the preparation of a set of calibrators has been discussed in the
Research Monograph Series of the National Institute on Drug Abuse.?

To control for the influence of matrix effects, it is recommended to add the same volume of
working stock solution to each aliquot of biological matrix when preparing the calibrators. To do
this, a fresh set of working stock solutions is prepared by serial dilutions from the stock solution.
Mixtures of drugs and metabolites can also be included in the working stock solution sets.

The calibration graph is obtained by plotting the detector response against the assigned
concentration of analyte in the working standard. Chromatographic assays that use internal
standards are calibrated by plotting the detector response ratio of analyte to internal standard
against the assigned concentration of analyte in the working standard. Using the statistical
method of linear regression, the straight line that best fits the points can be determined. The
slope of the line and the y-intercept are used to calculate the quantity of analyte in an unknown
sample based on its detector response. Figure 5.1 shows a representative calibration curve for
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Figure 5.1  Multilevel calibration.

the analysis of fentanyl. Some calibrations are inherently nonlinear, and therefore it is acceptable
to apply a quadratic curve fit rather than force a linear fit to data that is clearly not linear. It is
up to the analyst, or as a matter of policy the laboratory, to determine when the degree of
nonlinearity is clearly unacceptable. Furthermore, it is good practice for evaluation of the
calibration to include reading each calibrator against the established curve. Most calibrators
should read within +20% of the target with perhaps a wider margin as the calibration approaches
the origin.

5.6.1.2 Method of Additions

The method of additions is a very powerful calibration technique because the accuracy is
independent of matrix effects. The technique requires that replicates of the specimen, instead of
blank matrix, be fortified with the different levels of calibrators, along with an unspiked replicate
of the specimen serving as the “blank.” All the samples are analyzed by the analytical method as
usual. A calibration graph is generated by plotting the detector response of the analyte (or response
ratio if using internal standard) against the concentration of the calibrators and plotting the response
of the unfortified specimen on the y-axis (x = 0). Using the statistical method of linear regression,
the straight line that best fits the points is determined and the absolute value of the x-intercept
represents the calculated concentration of the specimen. Figure 5.2 shows the calculation of azide
in blood by the method of additions.

A disadvantage encountered in forensic analysis when using the method of additions is the
requirement that multiple aliquots of the specimen be used when forensic samples are inherently
limited in size. The use of this method of calibration, therefore, should be limited to situations
where a rare analysis is being considered, controls are not available, or when dealing with a
particularly difficult matrix.
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Figure 5.2  Calibration by method of additions.

5.6.2 Internal Standards

A suitable internal standard should be used in chromatographic assays such as gas chromatog-
raphy, high-performance liquid chromatography, and gas chromatography-mass spectrometry. The
internal standard can be defined as a substance that is added to all samples (specimens, standards,
and controls) in a given assay before processing begins to correct for the many variations that occur
in the manipulation of the samples during the entire analysis. Systematic errors affecting the quantity
of analyte isolated from the sample will also affect the quantity of the internal standard in the same
proportion. Therefore, the ratio of analyte to internal standard at the beginning of the procedure
will remain unchanged throughout. For this concept to hold true, the internal standard must comply
with certain qualifications.

First, the internal standard must have chemical and physical characteristics very similar to the
analyte of interest. This quality ensures that extraction partition coefficients, formation of deriva-
tives, chromatographic characteristics, and detector response are similar enough not to alter their
weight ratio significantly. A compound such as difluorococaine, for example, is not a good internal
standard choice for cocaine because its enhanced lipophilicity imparts a very different extraction
partition ratio, a different chromatographic characteristic, and a dissimilar response to a nitrogen-
phosphorus detector. A compound such as propylbenzoylecgonine, an analogue of cocaine contain-
ing a propyl ester instead of a methyl ester, is chemically and physically more satisfactory. From
the point of view of extraction and derivatization properties the most appropriate internal standard
is an analogue of the analyte that has been labeled with a stable isotope. These substances have
identical chemical and physical characteristics to the analyte, so their weight ratio is not affected
during the analysis. However, unless the chromatographic system can resolve the two components,
these are only useful in analyses by gas chromatography-mass spectrometry.

In addition, it is important to add precisely the same amount of internal standard to each sample.
It is not necessary to know exactly the weight amount added as long as it is exactly the same
amount. The normal practice is to decide in advance the approximate quantity of internal standard
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to be added to each sample, since the ratio of analyte to internal standard can be measured most
accurately when they are present in similar concentrations. The quantity of internal standard added
to the samples, then, should give a concentration intermediate between the lowest and highest
expected analyte concentrations. This concentration should be such that the lowest anticipated
weight ratio of analyte to internal standard should approximately equal the inverse of the highest
anticipated ratio. So, if one desires to measure concentrations of a drug over the range 1 to 1000
ng/mL, the amount of internal standard added should give a concentration of approximately 32
ng/mL (1:32 ~ 32:1000). Some analysts may favor the use of a lower concentration of internal
standard to facilitate more accurate measurements of low levels of the drug, since low levels are
more difficult to measure than high levels. On the other hand, higher amounts of internal standard
can be used to act as a “carrier” to minimize losses of analyte due to adsorption at active sites on
the surface of extraction vessels and within the chromatographic column.’

5.6.3 Controls

A control is a test sample of known concentration that is analyzed along with every batch of
specimen to make certain that the analytical procedure performs within the expected limits of
variation. Three types of controls can be defined: (1) the negative control, which is drug free and
analyzed in qualitative and quantitative methods to show that the method is not introducing a
contaminant that may construe a false positive, (2) a positive control, containing the drug at a
concentration near the limit of detection and used in qualitative methods to demonstrate adequate
performance, and (3) the analytical control(s), containing the drug at a meaningful level(s) and
used to monitor the performance of the quantitative method. The intended use of controls is to
monitor the performance of a method over a long period of time in an internal quality control
program, never to calibrate a procedure. The level chosen for the analytical control should be of
clinical and/or forensic importance, such as the significant therapeutic concentration of a drug or
the legal intoxication level of ethanol. For assays where many samples are being analyzed, controls
should be evenly distributed throughout the run, and one should be included at the end.

Control materials are useful only if applicable to the analytical method used. As is the case
with calibrators, the control must simulate the physical and chemical properties of the samples to
compensate for matrix effects during analysis and to monitor the performance characteristics of
the method. They must be homogeneous to be sensitive to analytical imprecision and stable enough
to detect system errors for meaningful periods of time.

The source of control materials and their applications have been discussed extensively in the
literature as it pertains to clinical chemistry.!®!5 The principles discussed, although applicable to
some extent to forensic analysis, do not conform to the unique complexity of the specimens encoun-
tered in postmortem work, such as nails, hair, decomposed tissue, and unstable analytes. However,
the need to measure the quality of the method’s performance during an analysis is still imperative,
and these obstacles must be overcome with analytically sound ingenuity and thorough documentation.

Commercial immunoassays and commercial thin-layer chromatography kits are provided with
control materials specifically designed to be used for their intended purpose. These control materials
are manufactured in bulk under strict quality control and are conveniently provided with the
expected value, acceptable limits of variation, lot number, and expiration dates. However, it is good
laboratory practice, where practical, to include at least one independently prepared positive control.

Control materials may be obtained from commercially available sources, although the cost can
be high, especially if this is to be done for the very wide range of drugs typically analyzed by a
typical postmortem toxicology laboratory. These are usually supplied in the form of urine or
lyophilized serum or plasma, with target concentrations, lot numbers, and expiration dates. Their
stability may be short (5 to 30 days) once they have been reconstituted, but they remain stable for
months if refrigerated in their lyophilized state. The drug selection available usually incorporates
common drugs of abuse and of clinical therapeutic interest, which, albeit adequate, leaves the
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forensic laboratory with unaddressed needs. The matrices of these materials may not appropriately
simulate the typical forensic sample under specific analytical conditions. Therefore, the suitability
of these commercial control materials must be ascertained by evaluating them against properly
selected calibrators under controlled conditions.

A reasonable source of control material is the pooling of excess laboratory specimens. This
source is not very dependable, however, because of difficulties in obtaining unique drug selectivity,
the uncontrolled degradation of biological fluids and drugs, biohazards, and increasing legal con-
cerns regarding the use of human fluids and tissues for purposes other than strict determination of
cause and manner of death of the individual from whom the specimens were collected.

An alternative is the preparation of controls in the laboratory using outdated whole blood or
plasma from blood banks, voided urine, and tissue homogenates prepared from drug free sources.
Some analysts in the field have successfully used bovine blood after adjusting the hematocrit to
simulate human levels by diluting with water.! The only concern about “homemade” controls is
that there is no independent way of qualifying the process. For this reason, every effort should be
made to ensure the quality of reference material, the proper maintenance of volumetric implements
and balances, and the execution of good analytical skills in the preparation of the in-house control.

The process begins with the preparation of a stock solution from a certified reference drug
material. This stock solution must be distinct from the one used to prepare the calibrators. It is
axiomatic that if the same reference solution is used to prepare both, the control is invalid. A water-
soluble organic solvent that readily dissolves the drug material without adverse reaction is the
solvent of choice. Solvents that are not water soluble can be used, but they require additional steps
to remove the solvent when further dilutions are made into aqueous biological fluids. A concen-
tration of 1 mg of the un-ionized form of the drug per milliliter of solvent is convenient and adequate
for most drugs analyzed. The solutions stored in capped amber vials at —20°C can have long shelf
lives if care is taken to allow the solutions to reach room temperature before opening, thus avoiding
moisture condensation in the solution. The stability of these solutions should be established peri-
odically as described earlier in this chapter.

A decision must be made whether to prepare batches of control material for future use or to
prepare a working stock solution from which fresh controls can be fashioned at the time of analysis.
The decision to prepare large batches of control material for future use rests on the requirements
that (1) the drug be stable for a reasonable period of time in the appropriately preserved matrix of
choice, and (2) the control be used frequently enough to merit the effort of establishing the limits
of variation for the batch. For example, assays that are used frequently, such as blood ethanol, are
good candidates for this type of control material. An assay that is performed about two or three
times a year does not merit a batch preparation, even if the control material is deemed stable for
a period of years in a frozen state.

A batch is simply prepared by making a proper dilution of the stock solution into the desired
volume of biological fluid and adding the required preservatives as outlined in the procedures manual
for the specimens being simulated. The control material can be dispensed into labeled vials con-
taining working aliquots and stored until needed under the same protocols used for samples.

Control materials fashioned at the time of analysis are preferred for many postmortem toxicol-
ogy analyses. They are prepared fresh at the time of analysis by spiking an aliquot of a working
stock solution into the required amount of blank matrix. Hence, any fluid or tissue homogenate
can be fortified with the control before processing, allowing the performance of the assay to be
monitored for any tissue. The working stock solutions may remain stable for long periods of time
because they are prepared in organic solvents. Therefore, a single working stock solution may be
used repeatedly to monitor performance even for infrequently performed analyses. However, pre-
cautions must be taken to prevent or minimize evaporation of the solvent.

The working stock solution is prepared by diluting the stock solution to an intermediate
concentration so that a small aliquot added to the required amount of blank matrix yields the
desired control concentration. The solvent used must be water soluble and care must be taken
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that the volume of control solution chosen to spike the blank does not affect the matrix signifi-
cantly. Keeping the solvent concentration of the matrix well below 10% is advisable to avoid
protein precipitation.

Once a control material has been procured, it is identified with a lot number and, if applicable,
an expiration date. Using control materials, the assay is evaluated to determine accuracy and
precision expressed as standard deviation and coefficient of variation, which are evaluated by
standard statistical methods. Where practical, this requires that the control be analyzed 20 to 30
times over a period of several days by all analysts who perform the assay using the variety of
measuring devices that could conceivably be used to perform the assay. A smaller number of
analyses may be more practical where the analyte is not routinely performed.

Occasionally, the forensic laboratory needs to perform a rare analysis for which a control has
not been established (e.g., yohimbine, estazolam) or one for which a control is impractical to
maintain (e.g., toluene, cyanide). In these situations, one can perform a “spike recovery” study to
verify that the calculated result was not influenced by matrix differences between the specimen
and the calibrators. This is accomplished by spiking a replicate of the specimen with one of the
working stock calibrator solutions. The solution is chosen so that the amount added is not less than
one tenth the existing concentration, nor more than ten times the existing concentration, and that
the addition does not produce a concentration higher than the limits of linearity. The spiked sample
is analyzed and the result is used to calculate the percent recovery as follows.

Recoveries that are outside the 20% margin allowed by this principle indicate that matrix effects
are abnormally high and that the original concentration calculated for the specimen is inaccurate.
If this is the case, the method of additions discussed in Section 5.6.1.2 can be pursued in the quest
for an accurate result.

5.7 SAMPLES AND SAMPLING

Sampling is often called the basis of analysis because the analytical result is never better than
the sample from which it is derived. The purpose of sampling is to provide the analyst with a
representative part of the “object” that is suitable for the analysis. In forensic work, an appreciation
of how the analytes may decompose and how contaminants may be introduced are important factors
to consider.'”!® The subject of samples and sampling is discussed in Chapter 2. The subject of safe
handling of infectious materials has been treated in detail elsewhere.!®

5.8 ANALYTICAL METHODS AND PROCEDURES

The analytical method is the set of instructions detailing the entire procedure by which a
particular analysis is performed. The instructions describe the preparation of reagents, standards,
controls, and sample; the steps to isolate and concentrate the analyte; the instrumental requirements;
and the data manipulation. It is in the execution of the method that most of the sources of error
are introduced, so strict guidelines must be followed to control them.

5.8.1 Quality of an Analytical Procedure

An analytical challenge is approached by selecting the method that is most appropriate in terms
of its quality features to tackle the chemical problem. The factors that govern the quality of an
analytical procedure are the limit of detection, sensitivity, dynamic linear range, precision, accuracy,
and selectivity. An in-depth discussion on the subject of quality of analytical procedures has been
provided by Kateman and Pijpers.?



QUALITY ASSURANCE IN POSTMORTEM TOXICOLOGY 105

5.8.1.1 Limit of Detection

The limit of detection can be defined as the smallest detector response given by the analyte
that can be reliably differentiated from background noise produced by the instrument or the
procedure. This signal is not necessarily quantifiable, since most detectors are not linear at low
response levels.

The classical determination for the method detection limit involves statistical analysis of the
probability that the signal is produced by the analyte, and not the instrument, with given confidence
limits. These methods, which have been treated extensively in the literature, are involved and require
that the background noise be consistent from sample to sample.?!-23

In methodologies that render irregular background noise from sample to sample it is commonly
accepted to determine a signal-to-noise ratio of at least 3:1 to consider the signal as being produced
by the analyte. Establishment of a higher signal-to-noise ratio as a decision guideline increases the
confidence that the analyte is present at the expense of deciding it is absent at lower ratios. The
benefit of doubt imparted to the decision at higher signal-to-noise ratios can be comforting from
a forensic viewpoint.

5.8.1.2 Sensitivity and Linearity

The sensitivity of a method can be defined as the change in detector response given by a change
in concentration. The detector response is composed of a part that depends on the concentration
and a part that is independent of it (the blank). In addition, the detector response is not linearly
proportional to the concentration over the entire range of possible values. The range of values for
which the sensitivity is constant is called the “linear dynamic range,” and methods should be
developed so that this range is as large as possible.

The linear dynamic range, or linearity, is limited at the lower level by concentration values
whose detector response cannot be distinguished from the detector noise, or by ambiguous values
of sensitivity. The linear range is limited at the upper level by saturation of the detector signal.

5.8.1.3 Precision

Precision is a measure of the dispersion of results when an analytical procedure is repeated on
one sample. Although the dispersion of results may be caused by many sources, it is usually implied
that it is caused by random fluctuations in the procedure. If no bias exists, the results usually scatter
around the expected value in a normal distribution, described by a Gaussian curve (Figure 5.3).
The normal distribution of the population of results is characterized by the position of the mean
(x) and the standard deviation (s). The precision of an analytical method is often expressed as the
standard deviation or coefficient of variation (CV), and it is calculated and monitored by analysis
of control materials (Section 5.6.3).

5.8.1.4 Accuracy

Although the concept of accuracy is vague and difficult to interpret, it has been defined as the
difference (error or bias) between an individual result, or the mean of a set of results, and the value
that is accepted as the true or correct value for the quantity measured.?

An accurate measurement is one that is free of bias, does not scatter when repeated, and results
in the “true value.” The true value, however, is unknown because it must be measured, and
measurements are biased and imprecise. Nevertheless, the accuracy can be estimated by measuring
properties that are related to the concept of “accurate.” Precision can be measured and bias can be
estimated. Youden? stated that the mean of the results obtained by a number of independent
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laboratories, using comparable methods of data presentation and data handling, can be assumed to
be the “true value.”

5.8.1.5 Selectivity and Specificity

Selectivity refers to the ability of an analytical procedure to produce correct results for various
components of a mixture without any mutual interference among the components. Specificity refers
to the ability of an analytical procedure to discriminate between components in a mixture by their
ability to produce a detector signal.

5.8.2 AQualitative Methods

Qualitative methods characterize the sample in terms of the identity of its toxic constituents.
The identity can be specific, as produced by mass or infrared spectra, or nonspecific, as produced
by immunoassays and spot tests.

Qualitative methods require that all analytes that can be detected or ruled out in the analysis
be known. For nonspecific assays, such as thin-layer or gas chromatography, this can be an ever
increasing list as new drugs are introduced.

With each assay, a negative control and a control representative of the analytes being tested
should be analyzed. The positive control should contain the analytes near their respective limit of
detection, and both should be prepared in a matrix similar to the samples. Interferences that can
adversely affect the result should be indicated in the written procedure.

5.8.3 Quantitative Methods

Quantitative methods characterize the sample in terms of the quantity of its toxic constituents.
The measured quantity carries with it an inherent uncertainty that must be known in order to
appraise its reliability. The accepted thresholds of uncertainty, or limits of variation, are determined
by quantifying the factors that affect the quality of the method. Therefore, each quantitative
technique must be validated by determining its limit of detection, dynamic linear range, precision,
and accuracy.
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5.8.4 Method Development and Validation

Guidelines for method development instituted in a comprehensive procedures manual provide
an effective way to tackle the analytical challenges that are frequently encountered in the forensic
laboratory. The considerations listed below provide the basis upon which an analytical method can
be implemented:

* Establishment of the intended purpose of the method

¢ Identification of chemical problems that must be addressed to fulfill the intended purpose of the
method

e Search of the literature for existing methods that can fulfill the intended purpose and be accom-
modated by the laboratory

Appendix III provides literature sources for qualitative and quantitative assay procedures for most
common drugs. The references should serve as a starting point for method development.

Once the basic characteristics of the method have been established, the method is developed
by evaluating and documenting as much of the following information as possible:

* Analytical principle of the assay

e Brief description of toxic substances being analyzed

e Sample preparation requirements

* The sources of materials and the preparation of reagents, standards, and controls

¢ Quantitative statements about the stability of the reagents, standards, and controls

¢ Procedural steps to isolate and/or concentrate the analytes

¢ Instrumental requirements and settings

¢ Validation parameters; limit of detection and/or quantification, linear range, coefficient of variation,
and recovery efficiency

¢ Interferences

¢ Data handling

* References to the source of the method

All analyses should be performed by the procedures set forth in the procedures manual, and
carried out explicitly as described by the procedure whenever possible. Exceptions should be made
only when special considerations are dictated by the character of the specimen (for example,
interferences resulting from multidrug content). When modification to a method is necessary, the
exercise of good analytical judgment and proper documentation are essential to impart confidence
in the result.

5.9 INSTRUMENTS

In analytical chemistry, information about the chemical composition of a sample is obtained
by measuring some chemical or physical property that is characteristic of the component of
interest. These measurements are made by various analytical instruments designed to measure
specific properties.

To apply instrumentation most efficiently to the problems, the analyst must understand the
fundamental relations of chemical species to their physical and chemical properties. The analyst
must know the scope, applicability, and limitations of physical property measurement with respect
to qualitative and quantitative analysis. Knowing this, the analyst can call upon the instrumentation
for the measurement of the desired properties with the needed accuracy and precision.?%?’
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The instrument is a device that converts chemical information to a form that is more readily
observable. It accomplishes this function in several steps that may include (1) generation of a signal,
(2) transduction (transformation of the signal to one of a different nature, such as electrical), (3)
amplification of the transformed signal, and (4) presentation of the signal by a scale, recorder,
integrator, or printout. Some instruments also prepare the sample to a form that can be analyzed
or perform separation of components for increased specificity. It is common to find a combination
of instruments working in tandem to produce the desired results.

To ensure that the instrumental data are reliable, steps must be taken to control the proper
function of the instrument. This can be accomplished by establishing standard operating procedures
that address proper installation guidelines, a preventive maintenance program, periodic performance
evaluations, and preanalysis checklists.

All documentation concerning instrument maintenance and checks should be kept in bound
notebooks specific to each instrument. These are to be kept near the instrument for easy access
and inspection by all analysts. With time, a history of the instrument will develop that will impart
a great insight for effective and timely troubleshooting.

5.9.1 Installation

An effort should be made to install the instrument in a manner that is commensurate with the
recommendations of the manufacturer. These usually include environmental, energy, and safety
requirements that are necessary for the proper function and longevity of the instrument.

5.9.2 Preventive Maintenance

A preventive maintenance program can reduce the frequency of instrument failure during
analysis. It also reduces the likelihood of major breakdowns and extended downtime. Preventive
maintenance requirements and procedures are usually specified in the instrument operation manual.
The time interval required between preventive maintenance services is dictated by the amount of
use and environmental factors. Therefore, laboratories must establish their own protocols according
to their needs.

5.9.3 Pre-Analysis Checklist

A review of vital instrument parameters before processing samples assures that the correct
settings have been chosen for the analysis and that the instrument is in good working order. This
becomes especially important when the instrument is used for multiple procedures by multiple
analysts. Use of a checklist is the most effective way to ensure that no parameter is overlooked
and produces documentation that pre-analysis checks were performed. The specific parameters to
be checked and their proper settings will vary with the instrument.

5.10 DATA

The American Academy of Forensic Sciences and the Society of Forensic Toxicologists recom-
mend that before results are reported, each batch of analytical data should be reviewed by scientific
personnel who are experienced with the analytical protocols used in the laboratory.! At a minimum
this review should include chain of custody data, validity of analytical data and calculations, and
quality control data. The review should be documented within the analytical record.
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5.10.1 Chain-of-Custody Data

Review of the chain-of-custody documentation ensures that the analytical result represents the
correct sample. The data necessary to accomplish this task include the dates and identification of
individuals performing the sample collection and transportation to the laboratory; receipt; transfer
of specimens or aliquots within the laboratory; chemical analysis; and analytical report.

5.10.2 Analytical Data

The first task of an analyst who wants to evaluate a procedure is to collect relevant data of
measurements using that procedure. The second task is to reduce the number of measurements,
remove irrelevant and erroneous data, and convert the measurements into statements pertaining to
the condition of the procedure under control. To convert the data into a form that can be handled,
data reduction procedures are applied.

Analytical instruments are usually equipped with data filters or data handlers that smooth and
reduce the data collected, relieving the analyst of such arduous tasks. For this reason, the concepts
of data production, information theory, data reduction, data handling, analysis of variance, pattern
recognition, and system optimization are not discussed in this chapter. However, the analyst should
have some understanding of how instruments perform data analysis. This knowledge will help the
analyst identify corrupt data, correctly set thresholds for proper peak integration, and determine
signal-to-noise ratios. A thorough discussion on data production and data reduction has been
presented by Kateman and Pijpers.?8

A thorough review by responsible supervisory personnel of the raw analytical data and the
calculations derived therefrom should be performed before a report is issued.

5.10.3 Quality Control Data

A review of the results obtained from the analysis of control material is essential to evaluate
the performance of the analysis. This is accomplished by deriving control charts for each control
material so that control rules or decision criteria can be applied to determine whether the method
performed within expected limits of variation.?*-3

The control chart is a graphical representation of the arithmetic mean and the control limits
calculated for the control material as described in Section 5.6.3. The x-axis is scaled to provide
appropriate time period intervals. Horizontal lines are drawn corresponding to the mean (center)
and multiples of the standard deviation above and below the mean, as shown in Figure 5.4. These
graphs are sometimes referred to as Shewhart or Levey—Jennings charts.

The control rules or criteria described here are based on statistical properties arising from
single control measurements, rather than replicate measurements, since they are more common.
They provide a low level of false rejection, improved capability for detecting analytical errors,
and some indication of the error type to aid in problem solving. Rejection of an analytical run
occurs when the control value obtained violates one or more of the following rules, symbolized
for brevity and convenience:

e (15) A value outside 3 standard deviations

* (2, Two consecutive values outside 2 standard deviations; one value outside 2 standard deviations
should be considered a warning, requiring inspection of a second control

* (R4) Two consecutive values that differ by 4 standard deviations or more

e (4,,) Four consecutive values on the same side of the mean that are more than 1 standard deviation
from the mean

e (10,) Ten consecutive values on the same side of the mean
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The particular rule violated may give some indication of the type of analytical error occurring.
Random error will most often be detected by the 13s and R4s rules. Systematic error will usually
be detected by the 22s, 41s, or 10X rules and, when very large, by the 13s rule. However, these
rules may be difficult or impossible to properly apply in forensic toxicology work where, with the
exception of ethanol and a small number of drugs, the frequency of analysis is relatively low.

5.11 REPORTS

Postmortem forensic laboratories are an integral part of, supported by, or associated with
government agencies involved in medicolegal investigations. The laboratory must comply with the
reporting requirements mandated by the agency to which the reports are submitted. Thus, a report
format can be neither standardized nor recommended, since it will depend on the specific needs
of the recipient. In general, however, the written report should include all information necessary
to identify the case and its source, the test results, and the signature of the individual responsible
for its contents. Forensic toxicology reporting is discussed in depth in the AAFS/SOFT Forensic
Toxicology Laboratory Guidelines.!

5.12 PROFICIENCY PROGRAMS

In addition to the laboratory’s effort in implementing a quality control program to impart
confidence to its analytical results, there is a requirement to scrutinize the analytical process by
independent evaluation against peer laboratories. A proficiency testing program established by
accrediting organizations or independent consultants provides laboratories with such an evaluation
mechanism.

The proficiency program provides laboratories with chemically fortified samples simulating
those encountered routinely by the laboratory for analysis. The program derives statistical data on
the results reported by the participating laboratories and issues a summary of useful information
about the results. When the result of a chemical analysis is compared to the results obtained by
other laboratories on the same sample, the laboratory can make a responsible determination of the
strengths and weaknesses of its overall operation. This information can be used to focus resources
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on those areas that need improvement, be it personnel, training, equipment, method development,
reference materials, or the like. It also builds confidence in the methods that yield reliable results.

Forensic toxicology laboratories must participate in external proficiency testing programs that
evaluate as many of the analytical tests in as many specimen types as possible. These programs
are the only independent way to evaluate the reliability of the methods used and the overall operating
procedures of the laboratory.

5.13 ACCREDITATION PROGRAMS

Accreditation is playing an increasing role in the quality of work performed in forensic labo-
ratories. It ensures that the laboratory has acceptable analytical methods, general procedures, and
most important, that the standard operating procedures are followed. There are currently four
organizations that offer accreditation in the field of forensic toxicology. The National Laboratory
Certification Program (NLCP) is operated under private contract through the U.S. Substance Abuse
and Mental Health Services Administration (SAMHSA).3 That NLCP program applies only to
U.S. federally regulated testing in the specific area of forensic urine drug testing for amphetamine
and methamphetamine, cannabinoids, codeine and morphine, cocaine, and phencyclidine. The
College of American Pathologists also operates a voluntary program for forensic urine drugs testing,
but which covers a slightly greater range of drugs of abuse in urine.** However, the two major,
broad-based accreditation programs that encompass forensic toxicology are run by the American
Society of Crime Laboratory Directors Laboratory Accreditation Board (ASCLD/LAB) and the
American Board of Forensic Toxicology (ABFT).35:3¢ The ASCLD/LAB program covers all aspects
of forensic laboratory management and operation, including forensic toxicology, whereas the ABFT
program is focused on forensic toxicology, and specifically those laboratories performing postmor-
tem toxicology and human performance drug testing (e.g., driving under the influence of drugs).
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6.1 INTRODUCTION

In the early to mid-1900s, the practice of forensic toxicology was relatively limited in scope.
Certainly, toxicologists could determine blood alcohol and a limited number of drugs with
accuracy approaching that of today. However, the toxicological investigation was different in at
least two respects. First, the sophistication of testing for drugs was limited, primarily relying on
the efficiency of extraction techniques, followed by gravimetric and later spectrophotometric
analysis. Second, with the exception of alcohol and a relatively limited number of drugs or poisons
(e.g., salicylate, barbiturates, arsenic, heavy metals), there was a very limited database of reference
drug concentrations available. The interpretation of quantitative results relied very heavily on the
history and circumstances of the case, including the police investigation, witness accounts, and
autopsy findings.

The development of gas chromatography (GC) and high-performance liquid chromatography
(HPLC) during the early 1970s had a major influence on the development and growth of pharma-
cokinetics and therapeutic drug monitoring. As a result, the kinetics of drug absorption, distribution,
metabolism, and excretion in clinical patients was easier to understand and predict. This coincided
with a vast increase in the range of pure pharmaceuticals available, many of which were of lower
absolute dosage compared with those previously available, for example, the replacement of barbi-
turates with low-dose benzodiazepines. It was logical that toxicologists started to use the pharma-
cokinetic data gained from living patients to interpret postmortem blood concentrations, for exam-
ple, to predict whether a given blood drug concentration was “in the therapeutic range,” whether
the blood level was “fatal,” or even to predict the amount ingested prior to death. Experience has
since shown that postmortem drug concentrations must be interpreted from a perspective very
different from those in living patients. Many processes occur after death that can change drug and
alcohol concentrations, sometimes to a very large extent.

The period of enthusiasm in the late 1970s and 1980s has given way to the realization that
there are many unique aspects of postmortem toxicology that must be considered when interpreting
analytical results. It is no longer acceptable to interpret postmortem toxicology results from tables
of so-called therapeutic, toxic, and fatal ranges, without taking into consideration the medical
history, the immediate circumstances of the death, and the various processes that can affect drug
concentrations both before and after death. It is probably fair to say that many toxicologists and
pathologists are less confident about interpreting postmortem drug concentrations today — and
with good reason — than they may have been 10 to 20 years ago.

It is important to remember that there are no “absolute” rules for the interpretation of toxicology
results. The more information that is available to, and considered by, the interpreter, the more likely
are the conclusions reached to be accurate. In the courtroom, lawyers, judges, and jurors often view
all science, including the forensic subspecialties, in absolute terms. Certainly, if the toxicologist
does his or her job properly, the laboratory findings will have the required accuracy. However, the
subsequent interpretation is in part based on the scope of the toxicology testing (not least including
the range of specimens tested), in part on the quantitative results, and perhaps, most importantly,
on the history and circumstances surrounding the death. Attempts to interpret toxicology findings
solely on the basis of so-called normal or reference ranges are irresponsible.

It is not the purpose of this chapter to teach anyone how to interpret postmortem drug concen-
trations, but rather to outline some of the pre-mortem and postmortem factors that should be taken
into account when doing so.
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6.2 GENERAL CONSIDERATIONS
6.2.1 The Analytical Result

It should be obvious that the interpretation of any toxicology test result will be no more
reliable than the analytical result itself. The interpreter must be satisfied that the analysis is
sufficiently accurate for the purpose, or at least know the limitations of the testing. Was the
standard material used to prepare the calibrators pure and correctly identified? For example, was
the salt or water of crystallization properly taken into account? Was the calibration properly
prepared and valid in the range where the specimens were measured? Was the assay adequately
verified by quality control samples? Was the assay sufficiently specific? Could endogenous
substances or other drugs or metabolites have interfered with analysis of the specimen, either by
obscuring the target analyte or by increasing the apparent concentration? If the specimen was
analyzed only once, what was the potential for accidental contamination? Was there a matrix
effect? For example, was recovery of the drug from the specimen the same, relatively, as from
the calibrators? Using similar matrix calibrators (e.g., blood) is not necessarily a guarantee of
that since postmortem blood, by its nature, is variable from case to case, or even from site to site
within the same cadaver. The extraction efficiency of drug or metabolite or internal standard from
animal or outdated blood bank blood may sometimes be markedly different from decomposed
case blood. Although it is practically impossible to know the “absolute” or true concentration of
drug in a postmortem specimen, the degree of confidence increases with the specificity of the
analysis, with replication, or in some cases by applying multiple analytical methods of different
physical or chemical principles.

The use of GC/mass spectrometry with multiple ion monitoring and stable isotope (e.g.,
deuterated) labeled internal standards will usually provide a higher degree of confidence in the
accuracy of the analytical result than, say, use of an immunoassay procedure. The completeness
of the analysis should also be considered. It is never possible to test for every single drug during
routine screening tests. However, a careful review of the medications or other potential poisons
available to the deceased should assist the laboratory in determining whether any of these substances
would have been detected if present in significant concentrations.

6.2.2 Postmortem Specimens

Relying on a toxicology result from a single specimen can be misleading because of the
postmortem changes that can occur. The most commonly used specimen, blood, is not a homoge-
neous fluid. It is good forensic practice to have multiple specimens available, or at least blood
specimens from different sites in the body, because of the potential difficulties in interpreting
postmortem toxicology results.

6.2.2.1 Blood

The concentrations of many drugs are affected by postmortem redistribution through the vascular
system from the major organs, by direct postmortem diffusion from organ to organ, and sometimes
by incomplete distribution. Sedimentation of blood after death may also affect the drug “blood”
concentration obtained. For some drugs the distribution between blood and plasma is markedly
uneven during life. However, toxicologists should be cautious about applying factors to “correct”
for blood:plasma distribution unless it is known that the distribution is maintained after death. It
may be found that the blood:plasma distribution that exists during life, due to active processes,
decays after death occurs, for example, due to changes in pH and, therefore, protein binding.

Toxicologists should be cautious about inferring the exact source of a blood specimen from the
labeled description. Blood, simply labeled as such, could come from almost anywhere, even
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collected as pooled blood at the scene. Most toxicologists and pathologists are well acquainted
with the widely discouraged practice of drawing blood by a “blind stick” through the chest wall.
Although such blood may be labeled as “heart blood,” it may contain pericardial fluid, or worse,
may be from the pleural cavity, and therefore potentially be contaminated by gastric contents,
particularly if the death was traumatic or decomposition severe.! Even blood drawn from the “heart”
after opening the body cavity at autopsy may contain blood from a number of sources. So-called
“heart” blood may contain blood from one or more of the cardiac chambers — the ventricles and
atria. However, it may equally contain blood that has drained from the pulmonary vein and artery
(and hence the lungs), from the inferior vena cava (and hence from the liver), and from the aorta
and subclavian veins. As a result, so-called heart blood is potentially one of the most nonhomoge-
neous specimens in the body. As described later, postmortem redistribution and other factors can
cause the concentrations of many drugs to vary markedly from site to site.>* Even drug concen-
trations in blood drawn from the same site, but simply placed into different collection vials, can
also sometimes differ by severalfold.

It is generally recommended that to avoid the effects of postmortem redistribution or diffusion
from the major organs, femoral blood should be sampled wherever possible. While this is certainly
a good practice, interpreters should be cautioned that there is no such thing as “pure femoral blood”;
it is simply blood drawn from the site of the femoral vein. Certainly, if the proximal part of the
femoral vein is ligated prior to sampling, it is likely that much of the blood will be “peripheral”
and therefore relatively uncontaminated by blood from the major organs. However, this is rarely
the case. Femoral blood is typically drawn by a “stick” to the unligated femoral vein in the groin
area, such that blood will be drawn from above and below the site of sampling. If the volume
drawn is relatively small (e.g., 2 to 5 mL), it is unlikely that much blood will be drawn down from
the central body cavity. However, with some skill, it is often possible to draw 50 mL or more of
blood from a “femoral stick.” Even with a limited knowledge of anatomy, it does not require much
thought to realize that at least some of this blood will have been drawn down from the inferior
vena cava, and hence from the liver. An alternative sampling technique is to cut the iliac vein at
the side of the pelvis during autopsy, and only sample blood that is massaged out from the femoral
vein directly into a test tube. Even if such a procedure ensures that the collected blood is from the
femoral vein, some postmortem changes may just as well have happened in this blood, too, e.g.,
diffusion from vessel walls and skeletal muscle. Since blood concentrations of some drugs have
the potential for marked postmortem change, it is good practice to analyze blood obtained from
more than one site, plus tissue or other specimens where this may be useful.

6.2.2.2 Vitreous Humor

Vitreous humor, although limited in volume (e.g., 3 to 6 mL), is an extremely useful specimen.
It has been used for years to verify postmortem blood concentrations of ethanol, since postmortem
fermentation does not occur to any significant extent in the eye. However, vitreous humor has also
been useful for a number of drugs. For example, it is well known that digoxin concentrations will
rise after death in cardiac blood, due to postmortem redistribution from myocardial tissue, and
possibly other organs. Consequently, vitreous digoxin concentrations are more likely to reflect those
in ante-mortem plasma.’ Vitreous humor has been used to analyze a large number of other drugs,
including barbiturates, cocaine, morphine, tricyclic antidepressants, and benzodiazepines.5-'© How-
ever, interpretation of vitreous drug concentrations is difficult, in part because very few studies
have been published that relate blood concentrations to those in vitreous humor, and in part because
the large ad hoc data on vitreous drug concentrations is fragmented in innumerable case reports.
In general, however, those drugs that tend to be somewhat hydrophilic at physiological pH (e.g.,
digoxin, benzoylecgonine, acetaminophen, salicylate) are more likely to have concentrations
approaching those in blood or plasma, than those drugs that are either highly protein bound (e.g.,
tricyclic antidepressants) or highly lipophilic (e.g., benzodiazepines). In fact, a significant negative
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correlation between the vitreous:blood concentration ratio and the degree of protein binding of
different drugs has been reported.'!

Because the eye is remote from the central body cavity and the abdominal organs, it has been
suggested that vitreous may be a useful fluid for the determination of drugs that are subject to
postmortem redistribution. That may hold true for many drugs such as digoxin. However, others
have shown that some drugs, notably cocaine, may increase in concentration in the vitreous humor
after death.’ Postmortem diffusion of drugs to the vitreous from the brain, particularly in bodies
lying in a prone position for an extended time, may be a possible source of error, and warrants
systematic studies.

6.2.2.3 Liver

Many toxicologists rank the liver second only after blood in importance as a specimen of
interpretive value in postmortem toxicology. It is particularly valuable for the tricyclic antidepres-
sants and many other drugs that are very highly protein bound. It is useful for the phenothiazine
neuroleptics which have a very large dosage range, and hence range in “therapeutic” blood con-
centrations. Liver tissue is also of value for interpreting postmortem concentrations of many other
drugs where a sufficiently large database has been established, and particularly where blood is not
available due to severe decomposition, fire, or exsanguination.

One other aspect of liver drug concentrations should be considered. It is known that postmortem
diffusion from the stomach may artifactually elevate concentrations of the drug proximal to the
stomach — for example, after an overdose, where both the concentration and absolute amount of
drug in the stomach are high.!>!3 However, little appears to have been done to assess the kinetics
of drugs in the liver after therapeutic doses. For example, common sense would suggest that drug
concentrations in the liver, and particularly those that are strongly protein bound, would increase
dramatically in the period after a dose was taken, compared with that at steady state. This might
be particularly important for drugs with a relatively long half-life and that are often taken in single
nighttime doses, or divided with a large portion of the dose at night. As for other specimens, liver
concentrations are extremely valuable for assessing the role of many drugs in a death, but only in
conjunction with other analytical findings and history.

6.2.2.4 Gastric Contents

Interpretation of the analytical findings of drugs in the gastric contents is largely dictated by
common sense. It is the amount of drug or poison remaining in the gastric contents that is important;
the concentration of the drug is generally of far less importance. The tricyclic antidepressants offer
a good example. Most forensic toxicologists regard total tricyclic concentrations greater than 2 to
3 mg/L, even in postmortem “cardiac” blood, as at least potentially toxic or fatal. So what does a
gastric tricyclic concentration of 1500 mg/L. mean? The answer is, on its own, not much, except
that the person may have consumed his or her medication a relatively short period prior to death.
For example, 200 mg amitriptyline at night is a fairly common dosage. If the gastric volume was,
say, 120 mL, then 1500 mg/L would be completely consistent with the person taking the normal
dosage just prior to death — probably from unrelated causes. However, if in our example the gastric
volume at autopsy were 900 mL, then a concentration of 1500 mg/L would calculate out to 1350
mg/900 mL in the stomach, and therefore almost certainly consistent with an overdose.

Conversely, a relatively low absolute amount of drug in the gastric contents, with or without a
high concentration, does not rule out the possibility of an overdose. Numerous case histories have
shown that it may take several hours for an individual to die from an intentional overdose, depending
on the exact drugs or poisons ingested, the amounts, co-ingestion of alcohol, general state of health,
and age. It is not unusual for people to die from an oral overdose with less than a single therapeutic
dose remaining in the stomach, notwithstanding the fact that an overdose of drugs can be irritant
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to the stomach lining and therefore delay gastric emptying. Extensive vomiting before death can
also reduce the amount of drug remaining in the stomach at the time death occurs.

Two other aspects of “gastric toxicology” should be mentioned. The simple presence of a drug
in the gastric contents does not necessarily mean that the drug was recently consumed, or even
prove that the drug was taken orally. Most drugs will be re-excreted into the gastric contents through
the gastric juice, maintaining an equilibrium between the gastric fluid and the blood. This is
especially so for drugs that are basic (alkaline) in nature. This can readily be demonstrated where
it is known that a drug has only been administered intravenously under controlled conditions, and
yet can be found later in small concentrations in the gastric contents. The same phenomenon can
be seen with drug metabolites where, invariably, concentrations can be found in the gastric fluid.
While it could be argued that microbial metabolism could have occurred in the stomach, it is more
likely that the majority of the metabolites found were secreted into the stomach via the gastric
juice. Conversely, the presence of “ghost” tablets in gastric contents has been reported for at least
one type of slow-release analgesic, where overdose or abuse was not suspected. Apparently, the
wax-resin matrix of these sustained release tablets may remain in the gastric contents long after
the active ingredient has diffused out.!*

More commonly, significant amounts of conglomerated, unabsorbed tablet or capsule residue
can be found in the stomach many hours, or even a day or two, after a large overdose was consumed.
These masses can occur after overdoses where large amounts of capsules or tablets may form a
gelatinous mass, which is not readily dissolved or broken up, and which may lie slowly dissolving;
they are called bezoars.'> While the term can apply to unabsorbed masses of almost anything (e.g.,
hair balls), it is also applied to unabsorbed drug formulations. They occur, at least in part, because
gastric emptying time is delayed significantly by irritants, including large amounts of undissolved
drug residue. However, the phenomenon is also occasionally seen in patients where overdosage is
extremely unlikely (e.g., controlled setting such as a hospital or nursing home), but where several
unabsorbed tablets may be recovered from the stomach. This is more likely to occur where enteric-
coated tablets are involved, which do not dissolve in the stomach, but may stick together to form
a small mass of tablets. It is also more likely to happen in elderly individuals, or in other patients
where gastric motility is abnormally slow.

6.2.2.5 Urine

It is almost universally accepted that, with few exceptions, there is very little correlation between
urine and blood drug concentrations, and even less correlation between urine drug concentrations
and pharmacological effect. So many factors affect urine concentration, such as fluid intake, rate
of metabolism, glomerular clearance, urine pH, and the times of voiding relative to the dose, that
any attempt to predict or even estimate a blood concentration from a urine concentration is pure
folly. As always there are some exceptions. Urine alcohol concentrations can be used to estimate
the approximate blood alcohol concentration, but only if the bladder is completely voided and the
measurement made on the second void. Estimates of the body burden of some heavy metals are
still made on 24-h urine collections.

6.2.2.6 Brain

The brain is the primary site of action of many forensically important drugs, such as the
antidepressants, benzodiazepines, and narcotics. It is potentially a very useful specimen for the
measurement and interpretation of drugs because it is remote from the stomach and other major
organs in the body and would not be expected to be affected by postmortem diffusion and redis-
tribution. However, although drug concentration data in brain tissue are not hard to find in the
literature, it is largely fragmented into innumerable case reports that seldom specify what anatomic
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region of brain tissue was analyzed. The brain is an anatomically diverse organ such that concen-
trations of many drugs vary significantly from one region to another — up to about twofold.>*

6.2.2.7 Other Soft Tissues

Most of the major organs such as the kidneys, lungs, spleen, and myocardial tissue have at some
time been analyzed to estimate the degree of drug or poison exposure. However, for most drugs,
adequate reference databases are not available in the literature, so the interpretive value of these
measurements may be limited. Skeletal muscle has the potential to be one of the most useful specimens
for drug or poison determination, particularly where the body is severely decomposed, or where
postmortem redistribution or diffusion might affect measurement in blood or other organs. The problem
is one of obtaining sufficient reference values for that drug in skeletal muscle in order to make a
confident interpretation. Some studies have been published, but data are scattered and incomplete.>*1

The potential usefulness of bone marrow for the determination of both drugs and alcohol has
been explored.!”"!° For drugs and other poisons at least, this could be very useful in cases where
severe decomposition, fire, or the action of wild animals has made the major organs unavailable,
but where bone marrow can still be harvested and analyzed. As for many other specimens, the
problem is again one of establishing an adequate and reliable database of reference values.

6.2.2.8 Other Fluids

Bile has been used for decades as one of the primary specimens analyzed in the forensic
toxicology laboratory, but mainly for the detection and measurement of morphine. However, the
usefulness of bile has decreased in the past few years as sensitive immunoassays and mass spec-
trometry—based assays have been developed for whole blood. For most drugs, including morphine,
the interpretive value of bile is limited. Biliary drug concentrations may also be influenced by
postmortem diffusion from the liver and the stomach.

Cerebrospinal fluid (CSF) is also a potentially useful specimen for the measurement and
interpretation of drugs, since it is the fluid that “bathes” the central nervous system, the brain, and
spinal cord. Its limitation lies mainly in the fact that it is often more difficult to collect than blood
postmortem, and as for many other specimens, there is a very limited database of reference values.
As for the vitreous, drugs that are highly protein bound or those that are lipophilic will tend to
have significantly lower concentrations than in the blood.

6.2.2.9 Injection Sites, Nasal Swabs

Suspect injection sites are periodically excised and submitted for analysis, to support evidence
of that route of administration. Certainly, it is not difficult to perform such analyses. However, the
simple qualitative detection or even quantitative measurement of a drug in a piece of skin is evidence
only that the drug was taken or used, not that it was necessarily injected, let alone at that site.
Sometimes it is forgotten that most drugs are distributed throughout the body from any route of
administration, such that any piece of skin will contain some amount of the drug. For such
measurements to be useful, a similar piece of skin from another part of the body, not suspected to
be an injection site, must be analyzed for comparison. Only if the concentration in the suspect site
is substantially higher than that in the reference site can meaningful conclusions be drawn. Even
then, a perfect injection may not cause persistent elevated drug concentrations at the intravenous
injection site, in contrast to an intramuscular or subcutaneous site. Similarly, the simple detection
of a drug such as cocaine in a nasal swab does not prove that the drug was “snorted.” Any fluid
secreted by the body, including sweat, vaginal fluid, and nasal secretions, will contain some
concentration of the drug. In this instance, quantitative determination is difficult and interpretation



120 POSTMORTEM TOXICOLOGY OF ABUSED DRUGS

even more so unless the concentration of drug in the nasal secretions is extremely high relative to
the blood.

6.2.2.10 Hair

Most drugs and poisons will be absorbed by bone, nails, and hair. Hair has long been used for
the determination of arsenic and heavy metals, and by cutting the hair into sequential sections, for
estimating the duration of exposure to the poison.? More recently, hair has been used for the
determination of drugs of abuse in workplace and probation testing. Further, hair analysis can also
be applied to estimate compliance in drug substitution programs and may also prove useful in
therapeutic drug monitoring. In drug-facilitated crimes, the detection of a particular poison, such
as GHB,?' zopiclone,?? and thiopental® in hair, has been used to document the exposure in several
drug-facilitated crimes, but a negative finding can usually not exclude an exposure.?* Finally, hair
analysis has the potential to be useful in postmortem situations, for example, to estimate the
duration of exposure to a drug or toxin, and hence provide information about the subject’s previous
drug use.?>-%

The incorporation of drugs into hair is to a large extent due to melanin binding.’ Hence,
comparisons of levels between individuals is very risky. Even if the melanin content in the hair is
measured, there are different types of melanin, and besides, a correction for total melanin content
can only be applied to drugs where the drug-melanin binding characteristics have been firmly
established. For most drugs, such information is lacking, and hence, the exact hair drug concen-
tration per se is rarely informative.

6.2.2.11 Nails, Bone

One advantage of analysis of keratinized materials that should be emphasized is the stability of
drugs in hair and nails, which means that such samples can be stored in room temperature for very
long periods without major degradation of incorporated drugs. Drugs are incorporated into nails via
both the root of the growing nail and via the nail bed.?! This implies that during the growth of the
nail, drugs follow the movement of the keratinized matrix both upward and forward. In addition,
the growth of nails is variable and generally slow. Hence, a temporal mapping of previous drug
intake using analysis of nails is hardly possible. On the other hand, nails are almost always available
for analysis, whereas hair is not; some subjects may present with alopecia totalis, or have shaved
the hair on many body parts. Despite the limitations as to the growth rate of nails, this matrix has
the potential to be a useful source for information about the drug use history of the decedent.

Most drugs and poisons will be taken up in bone and therefore, unless volatile, will be detectable
in skeletonized remains. The interpretation of concentrations of certain drugs or poisons is relatively
easy since either the normal or reference values are well established (e.g., arsenic; heavy metals),
or the substance should not be present in any concentration (e.g., strychnine). However, interpre-
tation of specific concentrations of pharmaceutical drugs or drugs of abuse is problematic because
of limited reference levels. In addition, it should be recognized that bone is continuously remodeled;
hence, drugs incorporated in bone tissue over time will be liberated and re-delivered to the blood.
This means that a negative detection in bone does not rule out an exposure and a positive detection
will not give very much information as to the time for exposure.

6.2.2.12 Paraphernalia: Syringes, Spoons, Glasses

Most forensic toxicologists are willing to analyze potentially drug-related exhibits found at the
scene of death. Syringes or spoons can provide a valuable confirmation of drugs that may have
been used prior to death. For example, heroin is so rapidly broken down to morphine that little or
no heroin, or even monoacetylmorphine, may be detectable in postmortem blood. The finding of
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morphine in, for example, blood could indicate either use of heroin or a morphine salt (or codeine,
if it was also found). However, it should be borne in mind that most addicts reuse syringes and
therefore the presence of a drug in a syringe found in the same room as a body does not necessarily
mean that drugs contained therein were involved in the death, although it may provide circumstantial
evidence. The use or abuse of insulin in a person without diabetes is exceptionally difficult to prove,
since blood insulin concentrations are so variable, are difficult to determine accurately in postmor-
tem blood, and even during life correlate poorly with blood glucose. Insulin abuse is uncommon,3?33
but in those cases where it happens may be difficult to prove postmortem without a good clinical
history. However, detection of insulin in a used syringe near someone who was not prescribed the
drug can provide useful circumstantial evidence of abuse. The presence of drug residues in drinking
glasses or cups can provide evidence of at least the route of ingestion and in most cases assist with
the determination of manner of death, especially if the drug residue is large and obvious. Care
would obviously have to be taken to distinguish, say, a multiple drug overdose mixed in a glass of
water, from two or three hypnotic tablets introduced into an alcoholic beverage for the purposes
of administering a “Mickey Finn.”

6.3 PHARMACOKINETICS

In this section we review the basics of pharmacokinetics as it relates to postmortem interpre-
tation. The kinetics of all drugs and poisons in the body are characterized by absorption, distribution,
metabolism, and excretion. All these parameters affect the concentrations that will be found in the
body after death, and therefore interpretation of analytical toxicology results.

6.3.1 Absorption and Distribution

Absorption may be via the oral route, parenteral (e.g., intravenous, intramuscular, subcutane-
ous), pulmonary, dermal, and, rarely, rectal. The route of absorption can be very important to the
interpretation. For example, many drugs are extremely toxic via the intravenous route, especially
if given rapidly. For example, heroin, barbiturates, and many other drugs can cause severe hypoten-
sion, and may be fatal if given rapidly, even though the total dose given is within the range normally
considered “therapeutic.” The resulting postmortem blood concentrations may be below those
normally considered fatal. At the other extreme, dermal absorption of medication is probably the
slowest, such that even therapeutic concentrations in blood may take several hours to reach.
Moreover, absorption of the drug may continue for several hours after the source of the drug, for
example, a transdermal patch, is removed, due to the depot of medication that accumulates in the
upper layers of the skin. In these circumstances the dose is difficult to control, and if toxicity
occurs, it is important that the patient be monitored for several hours after the patch is removed,
in case of continued toxicity.3

Morphine provides a good and common example of why interpretation of blood concentrations
alone in isolation from case history is difficult. First, opiate tolerance can vary tremendously
between individuals and even within the same individual over a relatively short time span (days or
weeks). Tolerance is an important consideration both clinically, where opiates may be chronically
administered for pain, and in abuse situations where they are used for their euphoric effect. In
clinical situations the issue of tolerance is complicated by the fact that patients in severe pain can
tolerate higher doses of opioids than those in whom the pain is mild. It is also accepted that less
opioid is required to prevent the recurrence of pain than to relieve it.» The form of the opioids
will affect how rapidly the drug crosses the blood-brain barrier and, therefore, how potent it is.
For example, heroin (diacetylmorphine) is at least twice as potent as morphine, probably because
it is more lipid soluble and reaches the central nervous system faster than the more hydrophilic
drug, morphine. It has been suggested that heroin may simply be a pro-drug for morphine, but one
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that reaches the site of action more efficiently. As a result, blood concentrations of morphine seen
in heroin abuse deaths are frequently lower than concentrations resulting from the therapeutic
administration of oral or parenteral morphine in clinical situations. The situation is complicated
further because morphine is extensively metabolized by conjugation with glucuronic acid.

Originally it was assumed that this resulted in exclusively water-soluble metabolites, which
were pharmacologically inactive. However, while morphine-3-glucuronide is devoid of narcotic
activity, morphine-6-glucuronide, which is typically present in blood at higher concentrations than
unconjugated morphine, is more potent than morphine itself.**-3® Furthermore, much of the case
data published in the clinical and forensic toxicology literature does not even distinguish between
unconjugated and “total” morphine, let alone the 3- and 6-glucuronides, which are seldom measured
routinely. With all these variables, it is no wonder unconjugated morphine blood concentrations
correlate poorly with analgesic effect and central nervous system depression. A good example of
this has been described where prolonged respiratory depression was observed in three patients in
renal failure where morphine concentrations were extremely low, but where morphine-6-glucu-
ronide had accumulated to toxic levels.*

6.3.2 Metabolism and Pharmacogenetics

A detailed treatise on the mechanisms of drug metabolism and the accumulation of drugs or
metabolites due to impaired metabolism is beyond the scope of this chapter. However, it is worth
pointing out at least three different scenarios where impaired metabolism can have a significant
impact on the interpretation of results. Metabolism can be impaired by liver disease, such as
advanced cirrhosis. However, not all metabolic pathways will be impaired equally by liver disease,
and indeed some pathways may be affected little, if at all. Oxidative pathways, which are easily
saturable, are likely to be affected more than others, such as glucuronidation. A person’s metabolism
may be genetically deficient, for example, in cytochrome P4502D6 (CYP2D6). This pathway is
responsible for many oxidative transformations such as ring hydroxylation of the tricyclic antide-
pressants, and genetically poor metabolizers can be identified postmortem.*’ Third, co-ingested
drugs can inhibit one or more drug metabolism pathways. For example, most or all of the selective
serotonin-reuptake inhibitors (SSRIs) inhibit CYP2D6 and some are extremely potent in this regard.
The degree of elevation of the drugs or metabolites affected depends very much on the respective
dosages of the drugs involved and, not least, on the “metabolic reserve” of the individual patient.
Some drug—drug interactions or genetic polymorphism may only result in slightly elevated drug or
metabolite concentrations, perhaps necessitating lowering of dosage. However, in some circum-
stances the increases may be so dramatic as to cause life-threatening toxicity or death, particularly
where the side effects were not sufficiently severe to alert the physician or patient that cardiotoxicity
might be a problem. At least two cases involving probable impaired metabolism of imipramine
have been described in the forensic literature.*!

6.3.3 Calculation of Total Body Burden

Calculation of the total amount of drug ingested in self- or homicidal poisonings has been
attempted many times over the years. This was attempted by the toxicologist who analyzed the
remains found in the basement of Dr. Harvey Crippen, the renowned London poisoner who used
hyoscine.*?> Calculations typically involve measurement of the drug or poison in the major organs
including, where possible, skeletal muscle, and then taking into account the organ weights to arrive
at a total estimate of the amount in the body. In some cases, the amounts have correlated very well
with the available physical evidence (e.g., amount of drug in an empty injection vial or amount
prescribed).**** Doubtless, in some other examples attempted by toxicologists, correlation with the
physical evidence was less convincing, or not possible. In order for such calculations to be
meaningful, a number of factors must be assumed.
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Perhaps most important, the particular part of the tissue or blood sample analyzed must be
representative of the remainder of the organ or tissue. Since most organs are not homogeneous and
because uneven postmortem diffusion (as discussed later) can lead to non-homogeneity of concen-
tration, being sure of the average concentration of drug within any one organ may be difficult
without analyzing that entire organ. While it is easy to know the weight of individual organs such
as the heart, lungs, liver, kidneys, and brain, it is very difficult to reliably estimate the total amount
of tissue into which most drugs readily distribute including the skeletal muscle. While the mass of
skeletal muscle can be estimated from medical tables, given a person’s height and weight, there is
no assurance that the concentration of drug measured in one or two portions of skeletal muscle is
representative of that in muscle from all other parts of the body.

Similar arguments apply to adipose tissue, where it is more difficult to obtain representative
samples and accurately assay. It should also be borne in mind that for a person chronically taking
a drug with a very large volume of distribution and long half-life, the equivalent of many times
the total daily dose will be normally present in the body, even after therapeutic doses. Estimation
of the total body burden of a drug may not be without value in all cases; it must be done with
caution and the variables well understood and acknowledged. It is the rare cases of homicidal
poisoning where significant weight may be erroneously placed on such calculations and where the
stakes are the highest.

6.3.4 Estimation of Amount Ingested from Blood Levels

Given the foregoing discussion, it should go without saying that using pharmacokinetic calcu-
lations to try to estimate dosage, given a postmortem blood concentration, is of virtually no value
and can be extremely misleading. Several factors make such calculations invalid. The blood drug
concentration measured postmortem must be representative of that present at the time of death. As
discussed elsewhere in this chapter, that is often not the case, and it is very difficult to predict whether
any given postmortem drug concentration represents the concentration at the time of death, even for
drugs for which postmortem redistribution is thought to be minimal. Any toxicologist who has
routinely analyzed drugs in multiple blood samples from the same case knows how often those
concentrations unexpectedly vary from sample to sample. Also, the drug must be at steady state at
the time the person dies. By the very nature of drug-related deaths, that is rarely the case. Even if
the gastric contents contain relatively little drug, much of the drug could still be present in the ileum,
or at least not have attained equilibrium with muscle, adipose tissue, and the major organs. Finally,
the rate of absorption, bioavailability, volume of distribution, half-life, rate of metabolism, and
clearance are seldom known for any specific individual and can vary tremendously between subjects.
The estimation of dose from postmortem blood concentrations is a practice of the foolhardy.

6.4 POSTMORTEM REDISTRIBUTION AND OTHER CHANGES

One question should be asked before attempting to interpret postmortem drug concentrations:
Is the concentration found likely to represent, at least approximately, that present at the time of
death? Unfortunately, the answer is often a flat no, or at least not necessarily. A number of factors
need to be considered.

6.4.1 Incomplete Distribution

It is often the case that sudden deaths involving drugs are caused by abuse or suicidal drug
overdose. Death will therefore usually occur before steady state has been reached. If a person is
actively absorbing an overdose, it is likely that the concentration of the drug in blood leaving the
liver (i.e., the inferior vena cava and right atrium) will have a somewhat higher concentration than,
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for example, venous blood returning from the peripheral vessels (e.g., femoral vein), for no other
reason than a substantial amount of the drug will be absorbed during the course of circulation
through the body. This has been demonstrated in living patients with concentration differences up
to about twofold recorded between arterial and venous blood.*#¢ It is an open question if this is
a practical issue in postmortem toxicology. In two cases of almost instantaneous death following
heroin injection, the concentrations of morphine and codeine in blood collected from heart, brachial
veins, and femoral veins were uniform, indicating a very rapid equilibrium.*’

6.4.2 Postmortem Redistribution and Postmortem Diffusion

Postmortem redistribution and postmortem diffusion involve the movement of drug after death
along a concentration gradient. Although the differentiation of these terms is not always clear in
the literature, postmortem redistribution generally refers to the release of drugs from areas of
higher concentration in organ tissues and subsequent diffusion into and through the capillaries and
larger blood vessels of those organs. Postmortem diffusion generally refers to the diffusion of drug
along a concentration gradient, from an area of high concentration to an area of low concentration.
The usual scenario is where a high concentration of drug in the stomach contents (e.g., after an
overdose) causes elevated concentrations of the drug in nearby tissue (e.g., proximal lobe of the
liver) or blood.

Much is still unknown about the extent to which postmortem changes in drug concentration
occur and the drugs affected; however, some generalizations can be made. Postmortem redistribution
is likely to be most marked for drugs that are highly protein bound, but particularly those sequestered
in the major organs such as the lungs and liver (e.g., tricyclic antidepressants, propoxyphene,
chloroquine). Postmortem redistribution starts to occur within an hour after death and continues as
the postmortem interval increases. The most important quantitative changes in blood drug concen-
tration occur within the first 24 h and are highly site dependent. In general, increases will be greater
in blood from “central” sites, such as the vessels near the major organs, than in more peripheral
sites, such as the femoral veins. However, blood drug concentrations can vary fivefold or more
between cardiac, hepatic, and pulmonary sites.>* Given the very close proximity of these major
vessels to one another and the organs they serve, it is impossible to even estimate peri-mortem
drug concentrations based on the postmortem interval and site from which a blood sample was
drawn. Even aside from the unpredictable nature of postmortem redistribution per se, blood from
the “heart,” if labeled as such, could have come from either of the cardiac atria or ventricles, the
pulmonary vein or artery, the aorta, or the inferior vena cava.

Since it is known that many drug concentrations change after death, due to redistribution from
the major organs, it is recommended that postmortem blood for drug and alcohol analysis be
taken from a peripheral site such as the femoral vein. However, it should be emphasized that
even if a “good” femoral blood sample is obtained, it is no guarantee that the drug concentrations
subsequently measured will represent those present at the moment of death. In fact it is well
established that femoral blood concentrations of many drugs can increase twofold or more after
death. While it is possible that some of this increase is due to diffusion of released drug down
the major vessels to the groin, it should be borne in mind that drug concentrations in skeletal
muscle are often twofold or more higher than in the peri-mortem blood.>* Given the mass of
muscle surrounding these relatively small peripheral vessels, diffusion of drug directly into the
blood across the vessel wall is very likely to occur. While in many of the published studies on
postmortem redistribution the vessels have been carefully ligated prior to taking blood samples,
this is rarely done during routine medicolegal autopsies. Consequently, blood labeled as “femoral”
may contain blood drawn down from the inferior vena cava. This is particularly likely to be the
case where large volumes (e.g., 30 to 50 mL) have been obtained from a supposedly femoral site.
It should also be obvious that it does not matter whether the syringe needle is pointing down
toward the leg!
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The mechanisms for postmortem redistribution probably involve release of drug from protein-
bound sites after death occurs, with subsequent diffusion into interstitial fluid, through the capillaries
and into the larger blood vessels. Since this process appears to start within an hour or so of death,
decomposition or putrefaction per se is not likely to play a role, at least in the early stages. It is
more likely that cessation of active cellular processes and the rapid fall in blood and tissue pH that
occurs after death would lead to changes in the conformation of proteins and therefore release of
some proportion of drugs present from the protein-bound state. It is important to bear in mind that
these changes start well before putrefaction and microbiological action is likely to play a role.

Other types of postmortem diffusion can occur. For example, it has been demonstrated that
over a period of a day or more, significant changes in drug concentrations in the major organs can
occur. This has been shown for the tricyclic antidepressants, where concentrations in the lungs
tended to decrease, commensurate with an increase in concentration in the liver.*® This study was
done in such a manner as to show that these changes can occur due to direct diffusion from one
organ to the other, independent of the residue of drug in the stomach. However, the magnitude of
these changes is not likely to affect interpretation of tissue drug concentrations to a significant
extent. It has also been demonstrated that postmortem diffusion of drug from the stomach can
markedly increase drug concentrations in proximal lobes of the liver and lungs, as well as post-
mortem blood in some of the central vessels.'>!? Tronically, when organ tissue was analyzed in
previous decades, postmortem diffusion into the liver or lungs might have been less important since
it was not uncommon to homogenize large amounts of organ tissue (e.g., 500 g), such that any
local increases in concentration would be averaged out. However, today the tendency in many
laboratories is to homogenize small amounts of tissue (e.g., 2 to 10 g), which could lead to a gross
overestimation of the amount of drug in the organ if the sampled tissue were taken close to the
stomach. The potential for postmortem diffusion of drugs in this manner has been known for
decades, but recent work has brought the issue the attention it deserves and better quantified the
potential changes.

Aspiration of gastric contents can provide one more important mechanism whereby postmortem
blood concentrations can be artificially elevated.*® This can occur agonally, as death is occurring,
or after death, during transportation of the body. It is a factor that may more commonly occur after
overdosage where the stomach contains a very concentrated cocktail of one or more drugs, with
or without alcohol. However, it could also be very important to consider in deaths where therapeutic
doses have been consumed and death occurs as a result of unrelated natural causes. It is not
uncommon, for example, for tricyclic antidepressants to be taken as a single nightly dose, and in
fact large doses of many antipsychotic drugs are taken at night. This can result in drug concentrations
in the stomach of the order of grams per liter, which if aspirated could result in significant increases
in some local postmortem blood concentrations. Not surprisingly, the pulmonary vein and artery
blood concentrations are elevated to the greatest extent following simulated aspiration. This is more
significant than it might seem because much of the so-called “heart blood,” which is often sampled
at autopsy, is in fact blood of pulmonary origin drawn from the major pulmonary vessels or the
left atrium. A comprehensive discussion of the possible mechanisms for postmortem redistribution
has been published.>

6.5 OTHER CONSIDERATIONS
6.5.1 Trauma
Severe trauma can affect the interpretation of both alcohol and drug concentrations. For
example, it is not uncommon for severe motor vehicle accidents to result in rupture of the stomach

and diaphragm. This can easily result in the release of gastric fluid into the body cavity. Because
blood may be difficult to obtain from discrete vessels, pooled blood from the pleural cavity may
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be sampled. If an autopsy is performed, the origin and nature of the fluid so drawn should be
obvious, and hopefully noted. However, if an autopsy is not performed and “blood” is sampled
through the chest wall in an attempt to obtain cardiac blood, the coroner or medical examiner may
be unaware that the sample is contaminated with gastric fluid. If even small, therapeutic amounts
of drug remain unabsorbed in the gastric contents in these circumstances, it can result in what
appears to be a grossly elevated “blood” drug (or alcohol) concentration. The release of microor-
ganisms from the gastrointestinal tract and subsequent potential for fermentation are well-recog-
nized problems.

Trauma causing extended blood loss may also affect blood drug levels, since the physiological
reactions include, in addition to increased heart rate and peripheral vasoconstriction, plasma volume
refill. Hence, blood levels may increase or drop, depending on their concentrations in the restoration
fluid. Experimentally, codeine and morphine blood levels were found to increase significantly after
controlled exsanguination in rats®' and a similar study showed that the analgesic effect of morphine
was elevated when given to rats with hemorrhagic shock.3? Although further studies are needed to
determine the impact of and conditions for such antemortem redistribution for several drugs with
different pharmacokinetic properties, the phenomenon should be considered in trauma cases with
longer duration of blood loss.

6.5.2 Artifacts of Medication Delivery

Artifacts of absorption and distribution must be recognized when interpreting postmortem blood
concentrations. For example, it is quite common to find grossly elevated concentrations of lidocaine
in cases where resuscitation has been unsuccessfully attempted. Concentrations may be two to five
times those normally considered therapeutic when lidocaine is given by intravenous infusion for
the treatment of cardiac arrhythmias. If lidocaine is administered as a bolus intracardiac injection
and normal cardiac rhythm never established, very high local concentrations will result in the cardiac
blood. These could be interpreted as “fatal” unless all the circumstances are considered.

Devices that automatically deliver medication by the parenteral route can lead to artificially
high blood concentrations postmortem. Most of these devices will continue to periodically dispense
medication, usually narcotics, into the vein after a person dies, unless they are switched off and
disconnected quickly. This can result in extremely high local concentrations of drug, which may
be misinterpreted as an overdose.

Transdermal patches left on a body after death will give rise to locally high concentrations of
the drug (e.g., fentanyl). Since these patches rely primarily on passive diffusion across a rate-
limiting membrane for drug delivery, the concentration of the medication in the local area will
continue to rise after death, albeit at a slower rate. Since blood circulation through the skin obviously
stops after death, the drug will no longer be transported away except by diffusion, allowing a local
build-up of drug. However, such a high concentration gradient exists between the gel containing
the medication in the patch and the skin, that even modest postmortem diffusion might be expected
to raise the postmortem blood and tissue concentrations up to several inches away.

6.5.3 Additive and Synergistic Toxicity

When interpreting drug concentrations it is important to take into account the sum of the effects
of all of the drugs detected. This is often an issue in drug abuse deaths, particularly those involving
prescription drugs. Such deaths often involve multiple drugs of the same type (e.g., benzodiazepines
or narcotics), individually present in “therapeutic” amounts, and often in combination with alcohol.
Interpretation of blood drug concentrations in these cases has to take into account disease that may
be present, and the total amounts of drugs and alcohol. In many cases, these effects may simply
be additive, i.e., simply the sum of the individual effects of the drugs involved. In other cases, the
effect may be truly synergistic, where the toxicity is greater than would be expected based on the



INTERPRETATION OF POSTMORTEM DRUG LEVELS 127

pharmacology and concentrations of the individual drugs. Cases where multiple drugs are present,
with or without alcohol, are probably the most difficult to interpret and rely heavily on the experience
of the interpreter and a reliable and complete case history.

6.5.4 Adverse Reactions

A death attributed to neuroleptic malignant syndrome (NMS) resulting from therapy with
phenothiazine or some other neuroleptics is a good example of a fatal adverse drug reaction.>?
Combinations of drugs can result in similar syndromes, such as combination of a tricyclic
antidepressant and a monoamine oxidase inhibitor (MAOI) causing serotonin syndrome.>*
Although not always fatal, a serotonin reaction can result in death and might be considered where
there is no other reasonable cause of death and especially where there are elevated concentrations
of MAOISs and either tricyclic antidepressants or SSRIs. It should be borne in mind that by the
very nature of drug—drug or other adverse reactions, blood concentrations of the drug(s) involved
are seldom predictive of the outcome and are often well within the range normally expected from
therapeutic doses. In the absence of clinical observations, such fatalities can be very difficult to
diagnose accurately.

6.5.5 Drug Instability

It should not be overlooked that many drugs are unstable in any biological fluid. Cocaine is
probably the most notable example. It is broken down in aqueous solution and enzymatically in
blood or plasma to benzoylecgonine and methylecgonine, neither of which has much pharmaco-
logical activity. While cocaine may be stabilized to some extent by the addition of fluoride after
the blood is collected, the extent of breakdown between death and autopsy must be considered.
Unfortunately, there are many variables to consider. First, the toxicity of cocaine itself correlates
only poorly with blood concentration, even in the living. There is good evidence that cocaine
concentrations in postmortem blood can increase or decrease, depending on the exact site of
collection.>>>¢ There are probably competing effects due to variable breakdown in different areas
of the body and true postmortem redistribution. The collection and measurement of cocaine in
vitreous humor has been attempted to overcome these problems. However, it has been shown that
cocaine will often, if irreproducible, increase in concentration with time in the vitreous humor. The
mechanism for this has not been proved, but it likely involves postmortem redistribution from the
brain, where cocaine is known to concentrate relative to the blood, into the eye via the optic nerve
and other soft tissue. It is possible that time-dependent postmortem increases in vitreous concen-
trations may occur for other drugs where those drugs attain higher concentrations in the brain.

6.5.6 Interpretation Using Tables of Values

There probably is not a forensic toxicologist or pathologist alive who has not used published
tables as a reference when trying to interpret postmortem blood concentrations. Tables of such
values became a necessary evil due to the sheer volume of medical and forensic literature. However,
they unfortunately perpetuate the myth that postmortem toxicology results can be interpreted solely
using, or heavily relying on, so-called “therapeutic,” “toxic,” and “fatal” ranges. Although tables
of drug concentrations can serve as a useful reference point, it should be borne in mind that many
of the values in these tables are derived from serum or plasma data from living patients, that the
ranges are seldom referenced to published cases, and that they may not take into account or state
other variables such as postmortem redistribution, time of survival after intoxication, or the presence
of other drugs, natural disease, or injury. Having stated that, one compilation has attempted to
address some of these issues and indeed bases the postmortem values it lists exclusively on carefully
collected femoral blood samples.’” In that compilation, values are also provided for “controls,”
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consisting of deceased subjects, who with certainty died of causes other than intoxication, and who
were not incapacitated at the time for the demise. Such data are equally important as levels in fatal
cases and additional compilations using this approach are encouraged.

6.6 CONCLUSION

In the final analysis, postmortem toxicology results must be interpreted with regard to all of
the available information, including medical history, information from the scene, autopsy findings,
nature and exact location of the postmortem samples collected, and the circumstances of the death.
Only after weighing all of these variables can postmortem results be reliably interpreted. Even
then, it must be admitted that reliable interpretation of some results is simply not possible based
on the available information. In many respects, the desirable underlying approach to the interpre-
tation of postmortem drug concentrations is not much different from that used a century ago: a
good scene investigation, medical investigation, laboratory investigation, and the application of
common sense. We hope we are also wiser now.
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APPENDIX |
Glossary of Terms in Forensic Toxicology

Compiled by H. Chip Walls, B.S.

Department of Pathology, Forensic Toxicology Laboratory, University of Miami, Miami, Florida

Absolute Method A method in which characterization is based on physically defined (absolute) standards.

Accreditation (1) A formal process by which a laboratory is evaluated, with respect to established
criteria, for its competence to perform a specified kind(s) of measurement(s); (2) the decision based
upon such a process; (3) formal recognition that a testing laboratory is competent to carry out specific
tests or specific types of tests.

Accuracy Closeness of the agreement between the result of a measurement and a true value of the
measured quantity.

Acetaldehyde The first product of ethanol metabolism.

Acute Severe, usually crucial, often dangerous in which relatively rapid changes are occurring. An acute
exposure runs a comparatively short course.

Acute tolerance The development of tolerance within the course of a single exposure to a drug.

Alcohol dehydrogenase (ADH) The main enzyme that catalyzes the conversion of ethanol to ace-
taldehyde.

Aldehyde dehydrogenase (ALDH) The enzyme that converts acetaldehyde to acetate.

Aliquot (1) A divisor that does not divide a sample into a number of equal parts without leaving a
remainder; (2) a sample resulting from such a divisor.

Analyte The specific component measured in a chemical analysis.

Analytical run (series) A set of measurements carried out successively by one analyst using the same
measuring system, at the same location, under the same conditions, and during the same short period
of time.

Analytical sensitivity The ability of a method or instrument to discriminate between samples having
different concentrations or containing different amounts of the analyte. Slope of the analytical
calibration function.

Analytical specificity Ability of a measurement procedure to determine solely the measurable quantity
(desired substance) it purports to measure and not others.

Analytical wavelength Any wavelength at which an absorbance measurement is made for the purpose
of the determination of a constituent of a sample.

Antemortem Before death, occurring before death.

Ascites An abnormal accumulation of fluid in the peritoneal cavity of the abdomen.

Assignable cause A cause believed to be responsible for an identifiable change in precision or accuracy
of a measurement process.

Beer’s law The absorbance of a homogeneous sample containing an absorbing substance is directly
proportional to the concentration of the absorbing substance.
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Bias A systematic error inherent in a method or caused by some artifact or idiosyncrasy of the measure-
ment system. Temperature effects and extraction inefficiencies are examples of errors inherent in
the method. Blanks, contamination, mechanical losses, and calibration errors are examples of artifact
errors. Bias can be either positive or negative, and several kinds of error can exist concurrently.
Therefore, net bias is all that can be evaluated.

Blank (1) The measured value obtained when a specified component of a sample is not present during
the measurement. In such a case, the measured value (or signal) for the component is believed to
be due to artifacts and should be deducted from a measured value to give a net value due solely to
the component contained in the sample. The blank measurement must be made so that the correction
process is valid. (2) Biological specimen with no detectable drugs added, routinely analyzed to
ensure that no false-positive results are obtained.

Blind sample A control sample submitted for analysis as a routine specimen whose composition is
known to the submitter but unknown to the analyst. A blind sample is one way to test the proficiency
of a measurement process.

Calibrant Substance used to calibrate, or to establish the analytical response of, a measurement system.

Calibration Comparison of a measurement standard or instrument with another standard or instrument
to report or eliminate, by adjustment, any variation or deviation in the accuracy of the item being
compared.

Central line The long-term expected value of a variable displayed on a control chart.

Certification A written declaration that a particular product or service complies with stated criteria.

Certified reference material (CRM) A reference material one or more of whose property values
are certified by a technically valid procedure, accompanied by or traceable to a certificate or other
documentation that is issued by a certifying body. [ISO Guide 30: 1981 (E)]

Certified value The value that appears in a certificate as the best estimate of the value for a property
of a certified reference material.

Chain of custody (COC) Handling samples in a way that supports legal testimony to prove that the
sample integrity and identification of the sample have not been violated as well as the documentation
describing these procedures.

Chance cause A cause for variability of a measurement process that occurs unpredictably, for unknown
reasons, and is believed to happen by chance alone.

Check standard (in physical calibration) An artifact measured periodically, the results of which
typically are plotted on a control chart to evaluate the measurement process.

Chronic Persistent, prolonged, repeated.

Chronic tolerance The gradual decrease in degree of effect produced at the same blood concentration
in the course of repeated exposures to that drug.

Coefficient of variation The standard deviation divided by the value of the parameter measured.

Comparative method A method that is based on the intercomparison of the sample with a chemical
standard.

Composite sample A sample composed of two or more components selected to represent a population
of interest.

Concentration Amount of a drug in a unit volume of biological fluid, expressed as weight/volume.
Urine concentrations are usually expressed either as nanograms per milliliter (ng/ml), micrograms
per milliliter (ug/ml), or milligrams per liter (mg/1). (There are 28,000,000 micrograms in an ounce,
and 1,000 nanograms in a microgram.)

Confidence interval That range of values, calculated from an estimate of the mean and the standard
deviation, which is expected to include the population mean with a stated level of confidence. In
the same manner, confidence intervals can also be calculated for standard deviations, lines, slopes,
and points.

Confirmation A second test by an alternate chemical method to positively identify a drug or metabolite.
Confirmations are carried out on presumptive positives from initial screens.

Control chart A graphical plot of test results with respect to time or sequence of measurement together
with limits in which they are expected to lie when the system is in a state of statistical control.

Control limits The limits shown on a control chart beyond which it is highly improbable that a point
could lie while the system remains in a state of statistical control.
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Control sample A material of known composition that is analyzed concurrently with test samples to
evaluate a measurement process. (See also Check standard.)

Correlation coefficient Measures the strength of the relation between two sets of numbers, such as
instrument response and standard concentration.

Cross-reacting substances In immunoassays, refers to substances that react with antiserum produced
specifically for other substances.

Cross-sensitivity A quantitative measure of the response for an undesired constituent or interferent as
compared to that for a constituent of interest.

Cutoff level (threshold) Value serving as an administrative breakpoint (or cutoff point) for labeling
a screening test result positive or negative.

Cytochrome P450 A detoxifying enzyme found in liver cells.

Detection limit or limit of detection (LOD) The lowest concentration of a drug that can reliably
be detected. Smallest result of a measurement by a given measurement procedure that can be accepted
with a stated confidence level as being different from the value of the measurable quantity obtained
on blank material.

Double blind A sample, known by the submitter but supplied to an analyst in such a way that neither
its composition nor its identification as a check sample or standard is known to the analyst.
Duplicate measurement A second measurement made on the same or identical sample of material to

assist in the evaluation of measurement variance.

Endogenous Produced or originating within the body by natural processes such as intermediary
metabolism.

Enzymes Proteins whose function is to drive the chemical reactions of the body — a catalyst of
biochemical reactions.

False negative An erroneous result in an assay that indicates the absence of a drug that is actually present.

False-negative rate The proportion of true positive samples that give a negative result.

False positive An erroneous result in an assay that indicates the presence of a drug that is actually not
present.

False-positive rate The proportion of true negative samples that give a positive test result.

Fume Gas-like emanation containing minute solid particles arising from the heating of a solid body such
as lead, distinct from a gas or vapor. This physical change is often accompanied by a chemical
reaction such as oxidation. Fumes flocculate and sometimes coalesce. Odorous gases and vapors
are not fumes.

Hepatocyte Name given to cells within the liver.

Hyperglycemia An excessive amount of glucose in the blood.

Hypoglycemia An abnormally low concentration of glucose in the circulating blood.

Impairment Decreased ability to perform safely a given task.

Infrared Pertaining to the region of the electromagnetic spectrum from approximately 0.78 to 300
microns (780 to 300,000 nanometers).

Insulin A hormone produced in the islets of Langerhans in the pancreas as a response to elevated blood
sugar levels. The hormone permits the metabolism and utilization of glucose.

Interferant A chemical compound or substance other than the substance of interest (e.g., ethanol) to
which the measuring instrument responds to give a falsely elevated result.

Interfering substances Substances other than the analyte that give a similar analytical response or
alter the analytical result.

Interindividual variation Distribution of the values of a type of quantity in individuals of a given set.

Intraindividual variation Distribution of the values of a type of quantity in a given individual.

Limit of quantification (LOQ) The lower limit of concentration or amount of substance that must
be present before a method is considered to provide quantitative results. By convention, LOQ = 10
X s0, where so = the estimate of the standard deviation at the lowest level of measurement.

Matrix The composition of the biological sample being analyzed, consisting of proteins, lipids, and
other biomolecules that can affect analyte recovery.

Matrix effects Influence of a component in the analytical sample other than the component being
investigated on the measurement being made.
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MEOS The microsomal ethanol oxidizing system; an enzyme system in liver that converts ethanol to
acetaldehyde.

Metabolite A compound produced from chemical changes of a drug in the body.

Microsomal enzymes Detoxifying enzymes associated with certain membranes (smooth endoplasmic
reticulum) within cells.

Ordinal scale Ordered set of measurements consisting of words and/or numbers indicating the magni-
tude of the possible values that a type of quantity can take.

Outlier A value in a sample of values so far separated from the remainder as to suggest that it may be
from a different population.

Perimortem At or near the time of death.

Pharmacodynamics The study of the relationship of drug concentration to drug effects.

Pharmacokinetics The study of the time course of the processes (absorption, distribution, metabolism,
and excretion) a drug undergoes in the body.

Physical dependence A state that develops in parallel with chronic tolerance and is revealed by the
occurrence of serious disturbances (abstinence syndrome) when drug intake is terminated.

Postmortem After death, occurring after death, of or pertaining to a postmortem examination, an
autopsy.

Precision Closeness of agreement between independent results of measurements obtained by a mea-
surement procedure under prescribed conditions (standard deviation).

Presumptive positive Sample that has been flagged as positive by screening but that has not been
confirmed by an equally sensitive alternative chemical method.

Proficiency-testing specimen A specimen whose expected results are unknown to anyone in the
laboratory, known only by an external agency, and later revealed to the laboratory as an aid to
laboratory improvement and/or a condition of licensure.

Psycho Pertaining to the mind and mental processes.

Psychoactive Affecting the mind or mental processes.

Psychochemical A substance affecting the mind or mental processes.

Psychology The science of mental processes and behavior.

Psychomeotor Of or pertaining to muscular activity associated with the mental process.

Psychomotor functions Matters of mental and motor function.

Psychosis Severe mental disorder, with or without organic damage, characterized by deterioration of
normal intellectual and social functioning and by partial or complete withdrawal from reality.

Psychotomimetic Pertaining to or inducing symptoms of a psychotic state.

Psychotropic Having a mind-altering effect.

Qualitative test Chemical analysis to identify one or more components of a mixture.

Quality assurance (QA) Practices that assure accurate laboratory results.

Quality control (QC) Those techniques used to monitor errors that can cause a deterioration in the
quality of laboratory results. Control material most often refers to a specimen, the expected results
of which are known to the analyst, that is routinely analyzed to ensure that the expected results are
obtained.

Quantitative test Chemical analysis to determine the amounts or concentrations of one or more
components of a mixture.

Repeatability Closeness of agreement between the results of successive measurements during a short
time (within run standard deviation).

Reproducibility Closeness of agreement between the results of measurements of the same measurable
quantity on different occasions, made by different observers, using different calibrations, at different
times (between run standard deviation).

Screen A series of initial tests designed to separate samples containing drugs at or above a particular
minimum concentration from those below that minimum concentration (positive vs. negative).

Sensitivity The detection limit, expressed as a concentration of the analyte in the specimen.

Specificity Quality of an analytical technique that tends to exclude all substances but the analyte from
affecting the result.
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Split specimen Laboratory specimen that is divided and submitted to the analyst, unknown to him or
her, as two different specimens with different identifications.

Standard Authentic sample of the analyte of known purity, or a solution of the analyte of a known
concentration.

Substrate The substance (molecule) acted upon by an enzyme; its conversion to a particular product is
catalyzed by a specific enzyme.

Tolerance A state that develops after long-term exposure to a drug. Metabolic tolerance infers a faster
removal, oxidation by the liver. Functional tolerance infers a change in sensitivity of the organ to
the effects of the drug.

Tolerance interval That range of values within which a specified percentage of individual values of a
population, measurements, or sample are expected to lie with a stated level of confidence.

Ultraviolet Pertaining to the region of the electromagnetic spectrum from approximately 10 to 380 nm.

Visible Pertaining to radiant energy in the electromagnetic spectral range visible to the human eye,
approximately 380 to 780 nm.

Wavelength A property of radiant energy, such as IR, visible, or UV. The distance measured along the
line of propagation, between two points that are in phase on adjacent waves.






APPENDIX Il

Common Abbreviations

Compiled by H. Chip Walls, B.S.

Department of Pathology, Forensic Toxicology Laboratory, University of Miami, Miami, Florida

ABS
AM
AMPH
AP
APAP
ASA
ASCVD
ASHD
BAC
BDS
BE
BENZO
Bld
BP
BSV
CAP
CBC
(¢]]
CID
CN
CcO
Co

c/o
COPD
DC
Decd
DM
DNR
DOH
D/T
DUI
DUID
DWI
dx

EB
ECD
El
EMIT
ER

Absorbance error (EMIT)

Morning, antemortem

Amphetamines

Attending physician

Acetaminophen

Salicylates

Arteriosclerotic cardiovascular disease
Arteriosclerotic heart disease

Blood alcohol concentration

Basic drug screen

Benzoylecgonine

Benzodiazepine(s)

Blood

Blood pressure

Blue-stoppered vacutainer

College of American Pathologists
Complete blood count

Chemical ionization (in mass spectrometry)
Criminal investigation department
Cyanide

Carbon monoxide

County

Complain(-ing), (-ed), (-t) of

Chronic obstructive pulmonary disease
Death certificate

Decedent/deceased

Diabetes melitus

Do not resuscitate

Department of Health

Due to

Driving under the influence

DUI for drugs

Driving while intoxicated

Diagnosed

Eastbound

Electron capture detector (GC)
Electron impact ionization (in mass spectrometry)
Enzyme-multiplied immunoassay testing
Emergency room
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ET Evidence technician

EtOH Ethanol/alcohol

Ext Extract

Extn Extraction

FH Funeral home

FID Flame ionization detector (GC)
FS Fingerstick

FTD Failed to detect

Fx Fracture

g Gram

9% Gram percent

GC Gastric contents, gas chromatography
GC/MS Gas chromatography/mass spectrometry
gm Gram

GSV Gray-stoppered vacutainer
GSW Gunshot wound

H,O Water

HCT Hematocrit

Hgb Hemoglobin

HIV Human immunodeficiency virus
HPLC High performance liquid chromatograph(y)
HTN Hypertension

Hx History

ICU Intensive care unit

L, I Liter

LLQ Left lower quadrant

LuQ Left upper quadrant

MC Mixed volatiles

MCT Micro color test

MCV Mean cell volume

Meds Medications

MEO Medical Examiner’s Office
MeOH Methanol

mg Milligram

ml, mL Milliliter
MSDS Material safety data sheet

MVA Motor vehicle accident

n Number

NB Northbound

ND None detected

NDD No drugs detected

Neg Negative

ng Nanogram

NOK Next of kin

NP Nurse practitioner

NPD Nitrogen phosphorus detector
NR Not requested

0, Oxygen

OF Ocular fluid (vitreous)

Opi Opiates

p After

P Probation

Pb Lead

PCC Poison Control Center
PCP Phencyclidine

pg Picogram

PM Postmortem, in the evening
PMH Previous medical history
PO Police officer, probation officer
Pos Positive

PSV Purple-stoppered vacutainer
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p/u
QA
QC
QNS
QS
QS to _
R
RB
RBC
RIA
RLQ
R/O
RSV
RUQ
Rx

s
S/A
SB
SD
Ser
SMA
S/0
SOB
SOP
Sp Gr
SST
STD
TAT
THC
TLC
Tx

]
VD
VP
w/
WAN
WwB
WBC
w/o

y/o
pL

Hg
4-Br
% sat

Pick(ed) up

Quality assurance

Quality control

Quantity not sufficient
Quantity sufficient

Dilute to volume

Referral

Reagent blank

Red blood cells

Radio immunoassay

Right lower quadrant

Rule out

Red-stoppered vacutainer
Right upper quadrant
Prescription

Without

Same address
Southbound

Standard deviation

Serum

Sympathomimetic amines
Sign-out

Shortness of breath
Standard operating procedure
Specific gravity

Serum separator tube
Sexually transmitted disease
turn-around time
Tetrahydrocannabinol
Thin-layer chromatography
Taken

Urine

Venereal disease
Venipuncture

With

Weak acid/neutral
Westbound

White blood cells

Without

Average

Year old

Microliter (also uL)
Microgram (also ug, ugm, pgm)
Tetrabromophenolphthalein ethyl ester (a color test)
Percent saturation
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APPENDIX Il

References for Methods of Drug
Quantitative Analysis

Drug Name Class Fraction uv GC LC GC/MS General
11-Hydroxy delta-9-THC 3 B [1] [2] [3-9] [10-12]
delta-9-THC 3 B [10-12]
Acebutolol 2 B [13] [14] [15-17]
Acetaminophen 1 WAN [18-20] [21-24] [25-29]
Acetazolamide 5 B [30]

Acetylcarbromal 3 WAN

Acetylsalicyclic acid 1 A [31-33] [34,35] [36-38]

Albuterol 2 B [39] [40]

Alfentanil 1 B [41] [42] [43,44]

Allobarbital 3 WAN [45] [46-55] [46,56-60]

Allopurinol 5 WAN

Alphaprodine 1 B [61]

Alprazolam 3 B/N [62,63] [64,65] [66]

Amantadine 1 B

Amiodarone 2 B [67,68]

Amitriptyline 3 B [69,70] [71-76] [77-80]

Amlodipine 3 B [81]

Amobarbital 3 WAN [82-85] [86,87]

Amoxapine 3 B [88—90]

Amphetamine 3 B [91-93] [94-101]

Amyl nitrite 3 G [102—-106]

Aprobarbital 3 WAN [50] [107]

Astemizole 4 B [108]

Atenolol 2 B [109]

Atracurium 3 Q [110]

Atropine (Hyoscyamine-p,L) 3 B [111,112] [113]

Azatadine 3 B

Baclofen 1 B [114,115]

Barbital 3 WAN [116] [117]

Barbiturates 3 WAN [118-123] [51,120,
124-129]

Benzephetamine 3 B [130-134]

Benzocaine 3 B [135]

Benzoylecgonine 3 AMPHO [136-139] [140-145]

Benzphetamine 3 B [146]

Benztropine 3 B [147]

Bepridil 2 B [67]

Betaxolol 2 B

Biperiden 3 B

Bisoprolol 3 B
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Drug Name Class Fraction uv GC LC GC/MS General
Bretylium 2 o]
Bromazepam 3 B [148] [149]
Bromocriptine 3 B [150]
Bromdiphen-hydramine 4 B [151,152] [153,154]
Bupivacaine 3 B [155-157] [158] [159-161]
Buprenorphine 1 B [162,163] [164—-166] [167-169]
Bupropion 3 B [170] [171,172] [173,174]
Buspirone 3 B [62] [175] [175]
Butabarbital 3 WAN [176]
Butalbital 3 WAN [86,107,
120,126]
Butorphanol 1 B [177] [178]
Caffeine 3 WAN [179-181] [182-184]
Camazepam 3 B
Carbamazepine 3 B [185-187] [188-190] [191,192]
Carbinoxamine 3 B
Carfentanil 1 B [124,193] [194]
Carisoprodol 3 WAN [195] [196]
Chlopropamide 5 WAN [197] [198]
Chloral Hydrate 3 (0] [199-202] [2083]
Chlordiazepoxide 3 B [202,204—- [201,202]
206]
Chloropromazine 3 B [207] [208] [209]
Chloroquine 5 B [210,211]
Chlorpheniramine 3 B [212] [213]
Chlorphentermine 3 B
Chlorpromazine 3 B [214,215] [208,216]
Chlorpropamide 5 WAN [197]
Chlorprothixene 3 B
Chlorzoxazone 3 WAN, B
Cimetidine 5 B [217]
Clemastine 3 B
Clobazam 3 B [218,219] [220]
Clomipramine 3 B [221-224]
Clonazepam 3 B [225-228] [229-231] [227]
Clonidine 2 B [232,233]
Clorazepate 3 B [234,235] [236]
Clotiazepam 3 B
Clozapine 3 B [237-239]  [240-243] [244]
Cocaethylene 3 B [245] [140,245—-  [138,249]
248]
Cocaine 3 B [248] [250-253]  [140,145,
254-257]
Codeine 1 B [258] [259] [260-264] [265]
Colchicine 5 B [266,267]
Cotinine 5 B [268] [269-271]
Cyclizine 3 B [272]
Cyclobenzaprine 3 B [72] [78,273] [274]
Cyclopane 5 WAN
Cyproheptadine 3 B [275]
delta-9-THC-Carboxylic 3 A [276] [3,7,10,
acid 277-279)
Demoxepam 3 B [201,280, [202,282]
281]
Desalkylflurazepam 3 B [283] [284,285] [286]
Desflurane 5 G [287]
Desipramine 3 B
Dextromethorphan 4 B [288,289]
Dextrorphan 4 B [288,289]
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Drug Name Class Fraction GC LC GC/MS General
Diazepam 3 B [234,235, [283,291, [236]
290] 292]
Diclofenac 1 A [293,294]
Dicyclomine 5 B [295]
Diethylpropion 3 B [296]
Diflunisal 1 WAN [297]
Dihydrocodeine 1 B [298,299]
Diltiazem 2 B [300]
Diphenhydramine 4 B [152] [153]
Diphenoxin 1 B [301]
Diphenoxylate 1 B [301]
Disopyramide 2 B [302,303] [304,305] [300]
Doxepin 3 B [306] [307]
Doxylamine 4 B [308]
Ecgonine methyl ester 3 B [250,251, [254,312—
309-311] 315]
Encainide 2 B [316,317]
Enflurane 5 G [318] [319]
Ephedrin 4 B [320] [183]
Esmolol 2 B
Estazolam 3 B [321] [149]
Ethanol 5 G [322-329]
Ethchlorvynol 3 (0] [330-334] [335,336]
Ethinamate 3 WAN
Ethosuximide 3 WAN [337-339] [340,341]
Ethylene 5 G
Ethylflurazepam 3 B
Etodolac 1 A
Etomidate 3 WAN [342]
Famotidine 3 B [343]
Felbamate 3 WAN, B [344] [189,345, [347]
346]
Felodipine 2 B [348]
Fenfluramine 3 B [349]
Fenoprofen 1 A [350]
Fentanyl 1 B [351] [124,193, [356]
352-355]
Flecainide 2 B [857-359] [300]
Flunitrazepam 3 B [62,63] [360-363]
Fluoxetine 3 B [364-367] [368] [369]
Fluphenazine 3 B [370]
Flurazepam 3 B
Flurbiprofen 1 A
Freon 5 G
Gasoline 5 G
Glipizide 5 WAN [371]
Glutethimide 3 WAN [372,373] [374,375]
Glyburide 5 WAN [871]
Halazepam 3 B
Haloperidol 3 B [376-379] [380-382]
Hexobarbital 3 WAN [129,383, [120,125, [385]
384] 126]
Hydrocodone 1 B [386]
Hydromorphone 1 AMPHO [387-389] [264,390]
Hydroxychloroquine 5 B [211,391]
Hydroxyzine 3 B [392]
Ibuprofen 1 WAN [294,393] [394-397]
Imipramine 3 B [398] [398-401] [402]



144

POSTMORTEM TOXICOLOGY OF ABUSED DRUGS

Drug Name

Class Fraction uv

GC LC

GC/MS

General

Indomethacin

Insulin
Iso-metheptene
Isoflurane
Isopropanol
Isoxsuprine
Isradipine
Ketamin
Ketazolam
Ketoprofen
Ketorolac
|-Methamphetamine
Lamotrigine
Levallorphan
Levodopa
Levorphanol
Lidocaine

Lithium
Loperamide
Lorantadine
Lorazepam
Loxapine

LSD

Maprotiline
Mazindol

MDEA
Meclizine
Medazepam
Mefenamic Acid
Meperidine (Pethidine)
Mephentermine
Mephenytoin
Mephobarbital
Mepivacaine
Meprobamate

Mescaline (Peyote)
Mesoridazine

Methadone and metabolite
Methamphetamine

Methanol

Methapyrilene
Methaqualone
Methocarbamol
Methohexital
Methsuximide
Methylenedioxy ampheta-
mine (MDA)
Methylenedioxymeth-
amphetamine (MDMA;
Ecstasy)
Methylphenidate
Methyprylon
Methysergide
Metoclopramide

1
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WAN,B
WAN
WAN
WAN

[403,404]  [350,405—
407]

[421] [422]

[425-427]
[428-431]

[155,158,
441]

[281]

[445-447]

[195,452]

[457]
[459]
[463]

[418,466—
468]

[235,469]

[471]

[318]

[423,424]
[432]
[433-435]

[439]

[442-444]

[448,449]
[450,451]

[132]
1361]

[157]

[453]

[460-462]
[133,464,
465]

[470]

[132,472]

[132,472]

[408-412]

[413-419]

[420]

[436-438]

[440]

(375,454,
455]

[456]

[458]

[340]
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Drug Name Class Fraction GC LC GC/MS General
Metoprolol 2 B [473] [474] [474]
Mexiletine 2 B [475] [300,476]
Midazolam 3 B [422,477, [479]
478]
Molindone 1 B
Monoacetylmorphine 1 B [480] [481] 299,482—
484]
Moricizine 2 B
Morphine 3 AMPHO [485-487]  [488-490]
Morphine-3-glucuronide 3 AMPHO [491-494]
Nadolol 2 B
Nalbuphine 1 B [178,495]
Naproxen 1 WAN [294]
Nicotine 5 B [496] [269,497,
498]
Nifedipine 2 B [499] [500,501] [502]
Nitrazepam 3 B [149,321,
360,363]
Nitrous oxide 3 G
Nomifensine 3 B
Nylidrin B
Orphenadrine 3 B
Oxazepam 3 B [292] [503]
Oxycodone 1 B [504,505] [506]
Oxymorphone 1 B [505]
Pancuraonium 3 Q [507,508]
Papaverine 2 B [509]
Paradehyde 3 (0]
Paroxetine 3 B [510]
PCP 3 B [611-513] [514,515]
Pemoline 3 B [516]
Pentazocine 1 B [517-519]
Pentobarbital 3 WAN [49,54] [520] [621-524]
Pergolide 3 B [525]
Perphenazine 3 B
Phendimetrazine 3 B [526]
Phenelazine 3 B
Phenobarbital 3 WAN [189,339,
527-529]
Phensuximide 3 WAN
Phentermine 3 B [530] [134,531]
Phenylpropanolamine 3 B [532]
Phenyltoloxamine 4 B
Phenytoin (Diphenyl- 3 WAN [528,533,
hydantoin) 534,338]
Piroxicam 1 A
Prazepam 3 B [62,321,
360,535]
Primidone 3 WAN [189,527, [536,537]
529]
Procainamide 2 B [303] [538,539]
Procaine 5 B
Promazine 3 B
Promethazine 3 B [540]
Propafenone 3 B [541]
Propanolol 2 B [473] [5642-544] [545,546]
Propofol 3 B [547] [548]
Propoxyphene 1 B [469,549— [653-556] [557-559]

552]
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Drug Name Class Fraction uv GC LC GC/MS General
Protriptyline 3 B [74,222, [385,561—
376,560] 564]
Pseudoephedrine 4 B [94,565]
Psycylobin 3 (0]
Pyrilamine 4 B [308,566]
Quazepam 3 B [567] [568] [569]
Quinidine 2 B [570] [538]
Quinine 5 B [571]
Ranitidine 5 B [572,573]
Risperidone 3 B [574,575] [576,577]
Scopolamine 3 B [578,579]
Secobarbital 3 WAN [580] [581]
Selegiline 3 B [582] [583] [584,585] [586]
Sertraline 3 B [587] [510]
Sotalol 2 B
Strychnine 5 B [588]
Succinylcholine 3 Q [589,590]
Sufentanil 1 B [193,591]
Sumatriptan 1 B [592]
Talbutal 3 WAN [86,593,
594]
Temazepam 3 B [595] [596,597]
Terbutaline 4 B [598] [599,600]
Terfenadine 4 B
Tetracaine 5 B [601]
Tetrazepam 3 B
Theophylline 4 WAN [83,338, [603-607]
602,603]
Thiamylal 3 WAN [608,609]
Thiopental 3 WAN [610] [405]
Thioridazine 3 B [399,457]
Thiothixene 3 B
Tocainide 2 B [300]
Tolazamide 3 WAN
Tolmetin 1 WAN [126]
Toluene 5 G [611] [612-614] [615-617]
Tolutamide 3 WAN
Tramadol 1 B [618]
Tranylcypromine 3 B
Trazodone 3 B [619-621]
Triazolam 3 B [321] [66,622—
624]
Trichloroethylene 5 G [625]
Trifluoperazine 3 B [67]
Triflupromazine 3 B
Trihexyphenidyl 3 B [626]
Trimethadione 3 WAN [627]
Trimethobenzamide 3 B [628,629]
Trimipramine 3 B [398] [630] [402] [631]
Tripelennamine 4 N [517,518,
632]
Triprolidine 4 N
Tubocurarine 5 Q
Valproic acid 3 WAN [633-635] [636,637] [638] [639]
Venlafaxine 3 B [640,641]
Verapamil 2 N [642-644] [645,646]
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Drug Name Class Fraction uv GC LC GC/MS General
Xylene 5 G [102,647—
650]
Zolpidem 3 B [651-655]

KEY: Fraction (extraction): A = acid, B = Base, WAN = weak acid neutral, Ampho = amphoteric, Q = quantanary,
O = Other

Pharmacological Classification

1 Analgesics and Anti-inflamatory
Nonsteroidal anti-inflammatories
Opioids
Central analgesics

2 Cardiovascular/Diuretic Drugs
Antiarrhythmics
Antihypertensives
Beta blockers
Calcium channel blockers
Inotropic
Nitrates

3 Central Nervous System Drugs
Anticonvulsants
Antiemetics/antivertigo
Depressants
Hallucinogens
Psychotherapeutic agents
Antianxiety
Antidepressants
Antipsychotics
Sedatives and hypnotics
General anesthetics
Barbiturates
Nonbarbiturates
Gases
Volatile liquids
Muscle relaxants
Parkinsonism drugs
Stimulants
Analeptics
Amphetamines
Anorexiants

4 Respiratory Drugs
Antihistamines and antiallergics
Bronchodilators
Cough and cold

5 Other
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