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FOREWORD

he legal world has needed a text such as this for a long time. Over-con-

sumption of alcohol and the ensuing drunken behavior and its conse-
quences have been around for centuries, if not millennia. Such
over-consumption of alcohol exerts an enormous toll on individuals, families,
marriages, society, and health. Even today, patients with physical and mental
pain, discomfort, and frank diseases are seen by physicians, pharmacists,
nurses, and social workers, who unknowingly are trying to overcome the
physical and emotional consequences of drinking too much alcohol. Acute
and long-term alcohol-using patients who are not well-handled by such health
professionals often end up seeing lawyers and judges to sort out the social,
physical, and legal consequences of drunken behavior leading to physical or
mental impairment, traffic accidents, and criminal acts.

I have been a colleague of John Brick for almost 30 years, and in full dis-
closure, Dr. Brick and I have written several books together (and helped each
other with others), except this one. Thus I know his writing well, I know his
strengths and weaknesses, and therefore I am able to (and happy to) write this
Foreword to his latest book. I promise to be as unbiased as I can.

I suggest that the reader begin reading this book by looking first at the
chapter headings and subdivisions. If you do this, you will have difficulty
finding a forensic topic regarding alcohol that isn’t listed. In fact, it gets even
better: I've noticed that the chapters and topics break down into four types of
information, depending on what you are looking for: basic questions, classical
topics, practical topics, and new topics. Let’s see if I can make it simple for
the reader and provide a quick overview of the panoply of information (the
following list is illustrative, not meant to be exhaustive):

Basic QUESTIONS

What is forensics?

What is alcohol?

What is forensic alcohol test evidence?

How do objective alcohol tests relate to intoxication?

\'%
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How do neurons function?

Why do people combine drugs?

How much drinking will cause liver damage?
Who drinks?

What is a drink?

What is memory and how does it work?
Amnesia as a defense?

CLASSICAL TOPICS

types of alcohol

alcohol tolerance

collection of samples

chronic alcohol use
alcohol-induced liver injury
breath and blood alcohol testing
functional neuroanatomy

Pracrrcar Topics

types of research

years of life lost

misdiagnosis of intoxication

heavy drinking

alcohol intoxication and memory
translating [blood alcohol expression] into something understandable
alcohol proof and percentages

calculations of alcohol use and intoxication
standard field sobriety tests

alcohol and the law

the DWI and crash investigation, and arrest
alcohol-medication interactions

NEw TopPICS

alcohol and energy drinks

severe alcohol use disorder

calculation of breath alcohol detection threshold

alcohol and age and abstinence

emergence of laws related to alcohol intoxication

alcohol in everyday activities — water sports, aircraft, bicycling,
thermal injuries, homicide and suicide, etc.
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odor of alcohol beverages on the breath
alcohol and narcotic pain relievers
dram shop liability laws

biomarkers of alcohol use

alcohol and medical problems

Writing a book with this thoroughness and detail takes a great deal of
talent, knowledge, and real-world experience. The only “missing” alcohol
and law topics I would like to see Dr. Brick write about concern a) the treat-
ment of alcohol use disorders in the criminal justice system, b) the impor-
tance of drug courts, c) the use of disulfiram (Antabuse) in the treatment of
multiple DWI offenders, and d) new medications for people with severe alco-
hol use disorders. However, knowing John Brick as I do, he is probably
working on those chapters for the next edition of FATE (although one may
argue that these topics are far-removed from alcohol test evidence).

It feels to me that the word FATE in the title of this book should have
some practical meaning. Is it fate that Dr. Brick and I are colleagues who both
have an interest in forensic alcohol testing? Is it fate that positioned Dr. Brick
to apply his unique combination of clinical and laboratory experience to fo-
rensic alcohol matters? Is it fate that this book is being published at the same
time that drunk driving around the world is still a major problem, and that
this book will help solve many of those problems? Or is it fate that brought
you (the reader) to buy (or borrow) this book to deal with a major problem
involving alcohol in your life (either professionally or personally)? Which-
ever question resonates with you, this book will certainly lead you to answers
for questions that you may have had over the years or are dealing with now,
because of the immense information contained herein.

FATE is good for beginners in the alcohol forensic field as well as those
with previous experience. I recommend that the former read the book like a
novel, beginning with the first chapter and reading it straight through. This
way you will get an overview — if not the full details — of all the topics. For the
latter, this book will make an excellent resource text — providing reminders of
those topics that you may have forgotten, or finding the answer to a question
about something new for the first time. In either case, I'll bet that both begin-
ners and experienced scholars will return to this book many times. Its real
value is in the details!

Carlton (Carl) K. Erickson, Pu.D.
Distinguished Professor of
Pharmacology and Toxicology
Director, Addiction Science
Research and Education Center
College of Pharmacy

Austin, Texas, July 2016






PREFACE

he motivation to write Forensic Alcohol Test Evidence (FATE) is an extension

of my long-standing interest in learning and explaining how things work.
As an undergraduate, my focus on the neurophysiology of the brain and be-
havior was a passion that grew, as did the opportunity to work with excellent
mentors at Queens College of the City University of New York and at Rock-
efeller University, where I continued working after completing my under-
graduate degree and before starting my graduate work in psychobiology at
Binghamton University. My research at the Rutgers University Center of Al-
cohol Studies and the Rutgers Alcohol Behavior Research Lab allowed me to
follow my scientific curiosity about the relationship between the brain, behav-
ioral psychology, and alcohol. Coincidentally, this academic background in
both laboratory research and clinical testing related to alcohol met the need
of the legal community to have a resource to answer both analytical and
biobehavioral questions about the role, if any, of alcohol in a crime or
accident.

It is a privilege to apply my lifelong experience as an alcohol research sci-
entist, teacher, and author on the biobehavioral effects of alcohol to matters
of the law. Everyday medico-legal problems associated with the consequences
of alcohol use disorders require answers, and it is for this reason, FATE was
written. In FATE, many of the issues pertinent to a thorough forensic evalua-
tion and trial testimony are discussed, but most importantly, my philosophy
in forensic cases is to focus on consistent, unbiased, and comprehensive ap-
plication of diverse scientific disciplines and research to questions of forensic
interest. This philosophy requires evaluating behavioral, analytical, physio-
logical, and pharmacological, and toxicological evidence in the puzzle; deter-
mining if the pieces go together; and reaching a conclusion to a reasonable
degree of scientific certainty.

J.B.

ix






ACKNOWLEDGMENTS

My thanks to Charles C Thomas Publisher and Michael Payne Thomas
in particular, for such incredible patience and assistance during this
journey and to fellow NJAAR board members David Benn and Jeff Grey for
agreeing to co-author the chapter on Accident Reconstruction. Thanks to Drs.
Mary Reuder and Carlton Erickson who have been consistently supportive
and encouraging during my career and to my highly organized, meticulous
and loyal secretary, Lisa Rickert, who endured what must have seemed like
unending edits of the manuscript. My thanks to my daughters Kyla and
Stephanie for brightening every day and inspiring me to always do my best.
Finally, to my wife Laurie: for forty plus years, you have endured my thirst
for knowledge, starting with our midnight lab runs to check the scintillation
counter to my long work days and nights and everything in-between — thank
you for your lifetime of love and support.

xi






CONTENTS

Page
Foreword . . ... ... .. . v
Preface. . ........ . . . . ix
CHAPTER 1. WHAT IS FORENSIC ALCOHOL TEST EVIDENCE?
1.1 What Is Forensics? . ....... ...t 3
1.2 Why Study Forensic Aspects of Alcohol Intoxication? ......... 4
1.3 Merger Of Scientific Disciplines. . .......................... 6
Anatomy, Histology, Pathology .......................... 7
Chemistry. . ... . 8
Physiology ........ ... . 8
Physics And Engineering ................... ... ... ... 8
Psychology....... ... ... ... i 9
Pharmacology and Toxicology .................. ... ... ... 9
CHAPTER 2. WHAT IS FORENSIC ALCOHOL EVIDENCE?
2.1 WhatIs Alcohol? . ... .. . .. 11
Typesof Alcohol .......... ... ... . ... ... 11
Ethanol. .. ... ... ... . . .. . 12
Methanol . ... ... .. ... . . 12
Clinical Signs and Symptoms of Methanol Poisoning . ... 14
Lab Findings. . ......... .. .. i 14
OsmolarGap ............. ... .. ..o i 15
Mean Corpuscular Volume . ..................... ... 15
Isopropyl Alcohol . ....... ... ... . ... . o 15
Clinical Signs and Symptoms of Isopropyl
Alcohol Poisoning ........... ... ... . o oL 17
2.2 What is Forensic Alcohol Test Evidence? ................... 17
Subjective Alcohol Evidence. ........................... 17
Interviewing Witnesses — General Observations . ....... 18

xiii



Xiv Forensic Alcohol Test Evidence (FATE)

Subjective Intoxication Evidence Related to

Driving While Intoxicated Stops .. ................ 18

Objective Evidence .. ............. ... ... ... .. ... .. 20

Biobehavioral Tests. . . ........ ... ... i 20

Chemical Tests .. ........ i 21

Enzymatic Oxidation ............................. 22

Breath Alcohol Testing. ............................ 24

2.3 Quantitative Expression of Blood Alcohol .................. 27

Translating Results to Something Understandable. .......... 27

Metric System . ........ ... .. . 27

How Do Objective Alcohol Tests Relate to Intoxication?. . . .. 28

Alcohol Proof and Percentages.......................... 29
CHAPTER 3. PHARMACOLOGY OF ALCOHOL

3.1 Alcohol Pharmacokinetics ............ ... ... ... ... 31

Absorption Through the Gastrointestinal System ........... 31

Factors Affecting Absorption ........................... 34

Beverage Characteristics ........................... 34

Food ....... .. . . 35

Volume . ... .. 36

Other Factors .. ....... . i 37

Alcohol Absorption After Drinking Stops ............. 38

Distribution . . ... ... 38

Factors Affecting Distribution. ........... ... ... ... ... .. 39

Gender Differences . ....... ... ... .. .. . ... 39

Metabolism and Elimination ........................... 40

First-Pass (Gastric) Metabolism .. .................... 41

Hepatic Metabolism. .............................. 44

Other Routes and Factors in Elimination ... ........... 44

Zero and First-Order Kinetics . . ..................... 45

3.2 Alcohol Pharmacodynamics Site of Alcohol Action........... 46

Organization of the Nervous System ..................... 47

Functional Neuroanatomy.............................. 48

Subcortical Structures . ......... ... ... .. 50

Cerebellum. ....... ... .. . . . 50

Brainstem (Midbrain, Pons, Medulla) . ................ 50

Medulla. .. ....... . ... 52

Thalamus . .......... .0 52

Hypothalamus .................. ... ... ........ 53



Contents XV

Limbic System ............. .. ... ... . oL 53

Basal Ganglia . ............ ... ... ... ... . oL 53

Pituitary (Master Gland). . .......................... 54
Ventricles .. ... 54

Cranial Nerves . .......... .. i 54
BrainCells . ........ ... . 54

3.3 Basic Neurophysiology: How Do Neurons Function?. ......... 56
Ion-Gated and Non-Ion-Gated Neurotransmission . . ........ 56

3.4 Neuropharmacology of Alcohol Intoxication ................ 59
GABA . .. 60

CHAPTER 4. LABORATORY AND CLINICAL-BASED TESTS OF
IMPAIRMENT

41 Typesof Research .......... ... ... ... ... ... ... ... ..., 64
Early Origins of Testing. . .............................. 65

4.2 Sensory Psychomotor Effects of Alcohol ... ................. 66
Detection . . ... 67

4.3 Perception and Information Processing..................... 69
Attention ... ... .. ... 70
Concentrated Attention . .. ................ . ........ 70

Divided Attention. .. ......... ... i 71

Visual Field Searches . . ........... ... ... ... ...... 73

Decision Making and Processing ........................ 74
Response-Reaction Time. . ............. .. ... ... ... ... 75
Factors Affecting Overall Response Time.............. 77

4.4 Alcohol Intoxication and Reaction Time. ... ................ 79
4.5 Clinical Diagnoses of Intoxication......................... 84
DSM Criteria for Intoxication .......................... 84

4.6 Standardized Field Sobriety Tests. .. ....................... 85
Horizontal Gaze Nystagmus Test . ....................... 86
General Testing Procedure. ......................... 87
Horizontal Gaze Nystagmus Scoring ................. 88

Walk and Turn (WAT) . .. ... .o 88
Signs of Intoxication. . ................ ... ... ...... 88
One-LegStand. .............. ... ... ... ... .. .. ... 89
SCOTING . ..ot 89

CHAPTER 5. DWI, HIGH-RISK BEHAVIORS, AND INJURIES
5.1 Emergence Of Laws Related to Alcohol Intoxication.......... 95
Liability Laws. . .. ... oo 98



xvi

Forensic Alcohol Tést Evidence (FATE)

5.2 Nonhuman Factors That Contribute to Crashes . ............
Vehicle Type. . ...
Location ..........c.iii

Highway Characteristics . . . ............. ... ... .......

Speed Limit .. ........ ... ..

Traffic ... . .

Lighting ...... ... ... .. .

5.3 Driver Characteristics In Crashes. .. ......................

Gender, Age, and Alcohol Use ........................

Race, Ethnicity and Other Factors .. ....................

SeatBelt Use . ........ . i

54 Relative Risk . ... ..o
Psychological Characteristics—Alcohol and Traffic Safety:

A Complex Problem ............ ... ... ... ... ...

Alcohol and Injury Outcome ..........................

5.5 Years and Potential Life Lost . ...........................

5.6 Scope of the Problem—Alcohol in Everyday Activities........

Water Sports. . ....... .

Aircraft Operation. .. ........ ... ... ... ... . i

Alcohol and High-Risk Sexual Behavior .................

Pedestrian Behavior. ... ......... ... .. ... ... . ... ... ...

Fall Down Injuries ...............................

Pedestrians Versus Motor Vehicles ..................

Bicycling ........ ...

Thermal Injuries ........... ... ... ... . ... ........

Homicide and Suicide. .. ........ ... ... ... ...

Traumatic Alcohol-Related Injury in Specific Populations . . .

CHAPTER 6. ALCOHOL AND THE LAW: DRUNK DRIVING,

VISIBLE INTOXICATION, AND AGGRESSION

6.1 OVerVIEW . . . oo
6.2 Evolution Of Laws To Prevent Intoxicated Driving ..........
Early Definitions of Intoxication. . ......................
Downward Shift in Definitions of Intoxication. . ...........
Current Definitions of Intoxication: DWI Laws. ... ........

6.3 Prevention Efforts Create a Detection Problem .............

Low Dose Studies on Impaired Driving and Divided
Attention Tasks. ... ... ... .. .
Legislation ...... ... ..

120



Contents xvii

Administrative Liability Laws .. .............. ... .. 137
Dram Shop Liability Laws ........................ 138
Social Host Liability Laws . ........................ 139
Definition of Signs and Symptoms. .................. 140
Diagnosis of Intoxication.......................... 140
Early Studies of Intoxication ....................... 141

Recent Studies on Signs of Intoxication: Observer
Reliability Studies . . ............. ... .. .. oL 150
Conclusions from Studies of Visible Intoxication. ... ... 157
Odor of Alcoholic Beverages on the Breath .............. 158

Significance of the Available Studies Identifying
Alcohol Use and Intoxication. ................... 160
6.4 Alcohol, Violence, and Aggression ....................... 163
Causal Pharmacological Model. . . ...................... 164
Attention-Cognitive Model . .. ............. ... ... ... 165
Disinhibition Model. ... ..... ... ... .. .. .. ... ... ... ... 165
Aggression Predicts Alcohol Use ....................... 166
Spurious Model .. ...... ... .. .. ... .. .. . L 166
Triggering and Dispositional and Constitutional Models. . . . . 166
Alcohol and Personal Violence ........................ 167
CHAPTER 7. THE DWI INVESTIGATION AND ARREST
7.1 Need for Comprehensive Investigations. . .................. 175
7.2 Elements of the DWI Report ............. ... ... ... ..... 176
73 Vehiclein Motion . ............ .. 176
7.4 Personal Contact: Pre-Arrest Screening .. ................... 177
7.5 Outside Vehicle Tests .. ......... .. ... 178
Nonstandardized Testing. . .............. ... ... ....... 179
Additional Information to be Collected .............. 181
Witness Evidence ............... ... ... .. ... .. ... 183
7.6 Obtaining Blood Samples . .............................. 183
Relevant Case Law .. ....... ... ... ... ... ... ... .. ... 183
CHAPTER 8. ALCOHOL-DRUG INTERACTIONS

8.1 Why Do People Combine Drugs? ........................ 186
8.2 Pharmacology of Alcohol-Drug Interactions ............... 188
Pharmacokinetic Interactions . . ........................ 188
Absorption ......... .. ... i 189
Distribution. . ....... ... . 189

Metabolism. . ..o oo 189



xviii Forensic Alcohol Tést Evidence (FATE)

Elimination and Excretion ........................ 190
Pharmacodynamic Interactions ........................ 190
Additive ... ..o 190
Synergistic. . ........ . 190
Potentiation. ........... ... ... ... ... . . . . . . ... 191
Antagonism . ........... i 191

8.3 Alcohol-Medication Interactions. ... ..................... 191
Alcohol and Amphetamines................ ... ... ... 191
Alcoholand Cocaine ............ ... ..., 192
Alcohol and Energy Drinks. . .......... ... ... .. .. ... 194
Alcohol and Methanol. . .............................. 194
Alcohol and Nonnarcotic Pain Relievers . ................ 195
Alcohol and Antihistamines ... ........................ 195
Alcohol and Cimetidine, and Other H2 Receptor Antagonists 196
Alcohol and Cannabinoids . ........................... 197
Alcohol and Sedative-Hypnotics. . . ..................... 200
Alcohol and Anticonvulsants .. ........................ 202
Alcohol and Cardiovascular Medications. ... ............. 202
Alcohol and Antibiotics. . .. ....... ... 203
Alcohol and Antidepressants ............... ... ... ..... 204
Alcohol and Antipsychotics ........................... 205

CHAPTER 9. MEDICAL CONSEQUENCES AND TOXICOLOGICAL
CONSIDERATIONS

9.1 Acute Alcoholand Trauma. ............... ... . ... ...... 211
Likelihood of Injury. . ......... ... ... ... .. ... .. ... 211
Seriousness of Injury . .. .......... ... ... o il 212

92 Injury Outcome. . ........ .. .o 212

9.3 Misdiagnosis . ............ i 213

9.4 Biomarkers of Alcohol Use. ............ ... ... ... ...... 216
Other Biomarkers of Alcohol Use. .. .................... 218
Chronic Alcohol Use. ........... ... .. 219

9.5 Alcohol and The Skeletal System. ..................... ... 220
Alcohol-Induced Fractures ............ ... ... ......... 220
Alcohol-Induced Osteoporosis . . ....................... 221
Possible Causes of Alcohol-induced Bone Fragility ... ...... 221
Potential Mechanisms of Alcohol-Induced Bone Disease . . .. 222
Alcoholand Cancer. . ........ ... ... ... 223

PancreaticInjury . ......... ... ... ... o il 224



Contents Xix

Alcohol-Induced Liver Injury.......................... 224

How Much Drinking Will Cause Liver Damage?. ... ... 225

Cardiovascular Diseases . ........... ... ... ..., 227

Alcohol and Blood Pressure .. ......................... 227

Thermal Injuries ........... ... ... ... ... ........ 228

Immune System............. ... .. ... .. il 231

9.6 Years of Potential Life Lost. . ........... ... ... . ... ...... 231

9.7 Antemortem and Postmortem Sampling . ............... ... 232

Blood and Other Tissues and Fluids. .. .................. 232

Temporal Evidence — When to Collect Samples........... 232

Toxicology Evidence: Blood Tests. . ..................... 233

9.8 Collection of Samples. .. ........ ... ... ... ... ... . ... 234

Postmortem Blood Sample Collection ................... 234

CardiacBlood. ........... .. ... .. . .. 235

Femoral Artery............. ... ... . ... .. ... ... 236

Pericardium ........ ... . ... . ... ... 236

Pooled Blood ......... ... . ... . ... ... 236

Vitreous Humor ............ ... ... .. ... ... ..... 237

Brain. ... ... .. ... 237

Stomach ...... ... .. .. ... 237

Bile ... . 238

Urine. . ..o e 238

Other Postmortem Considerations . . .................... 238

Microscopic Evaluations . . ........... ... .. .. oo L 239
CHAPTER 10. ALCOHOL USE, TOLERANCE, AND DEPENDENCE

101 ALCOHOLUSE . ... . i 251

Who Drinks? ... ... 251

Determining Alcohol Use: What Isa Drink?.............. 252

Abstainers . ......... ... 253

Social Drinking . ....... ... ... . ... .o il 253

Moderate Drinking ........... ... ... ... ... ... oL 254

Heavy Drinking. . ...... ... ... . ... ... . ... ... 256

Severe Alcohol Use Disorder . ......................... 256

10.2 Alcohol Tolerance. . ....... ... . 256

Acute Tolerance .......... ... .. .. . .. i 257

Functional Tolerance . ... ........ ... .. ... ... . ... ...... 258

Metabolic Tolerance . ............ ... ... .. .. 259

Cross-Tolerance . . ... it 259



XX Forensic Alcohol Test Evidence (FATE)

Nonpharmacological (Pavlovian) Tolerance............... 260
Exceptionally Tolerant Drinkers........................ 262
10.3 Alcohol Use Disorders ... ........ ..., 264
Need for Diagnostic Clarity. . .......................... 264
CHAPTER 11. ALCOHOL CALCULATIONS
11.1 The Need For Standardization .......................... 271
Calculating Alcohol Equivalents. . ...................... 273
11.2 Estimating BAC, Intake, Dosing Methodologies, and
Related Formulas. .. ........ ... ... .. . . .. 280
Alcohol Tests . ... ..o 286
Calculation of Breath Alcohol Detection Threshold . ....... 290
CHAPTER 12. ACCIDENT RECONSTRUCTION
12.1 Introduction. . .. ... i 298
122 Typesof Evidence . .. ...... ... ... . ... ... ..o 299
Three Sources of Evidence: People, Vehicles,
and Environment . ........... ... ... .. . . ... . ... 301
People...... ... .. 301
Vehicles. . ... . 304
Environment. .......... ... ... .. .. . . . 306
12.3 Measurements and Photographs. . .................... ... 306
Measuring and Documenting Roadway Evidence ......... 307
Photographing Evidence ............................. 311
Photography Primer .............. ... ... ... ... ..., 312
12.4 Value of Crash Reconstruction. ... ...................... 314
CHAPTER 13. NEUROPSYCHOLOGY: ALCOHOL AND MEMORY
13.1 Reliability of Memory in Forensic Casework. .............. 321
13.2 What is Memory and How Does it Work? ................ 322
Acute Intoxication and Memory. ....................... 324
13.3 Alcohol-Induced Blackouts. ... ............ ... ... ...... 325
13.4 Amnesiaasa Defense? .. ........ ... ... .. ... ... . ..... 327
Blood Alcohol Concentrations and Blackouts .. ........... 327
13.5 Mechanisms of Memory Loss from Acute Alcohol ......... 328
13.6 Chronic Alcoholism and Korsakoff’s Amnesia ... .......... 329
13.7 Neuropsychological Findings in Nonamnesiac
Chronic Alcoholics. . ... o 331

13.8 Alcohol and Age and Abstinence ....................... 332



Contents xxi

13.9 Mechanisms of Indirect and Direct Biobehavioral Effects of

Alcohol Abuse . . ... 333
Hepatic Encephalopathy.............................. 333
Nutrition as a Secondary Factor ........................ 333
Index . . .. ... . . 339






FORENSIC ALCOHOL TEST
EVIDENCE (FATE)






Chapter 1

WHAT IS FORENSIC ALCOHOL
TEST EVIDENCE?

1.1 WHAT IS FORENSICS?

Forensics is the application of scientific knowledge and principles, from a
number of disciplines, to a matter of law. Almost every field has a forensic
application in criminal investigation and prosecution or civil litigation in
which forensic examiners collect, analyze, or interpret evidence in order to
render an opinion to assist in the interpretation of law or violations thereof.

Forensic alcohol test evidence focuses on the evaluation, interpretation
and application of the effects of alcohol or an alcohol test result to some legal
issue such as a crime, accident, or consequence of alcohol exposure. For ex-
ample, was the person under the influence of alcohol, either as defined by a
legal statute or as defined clinically? Was the methodology used to report in-
toxication reliable, and could the analytical results or behavioral observations
be affected by some physiological condition? Was the cause of some event
(e.g., an injury) due to intoxication or a mechanical failure (e.g., of a vehicle,
structure, or machine)? The range of scientific disciplines that can be encom-
passed in this field of study is almost as large as the number of applications to
which those fields of study can be applied. For example, forensic alcohol test
evidence may include anatomy, biochemistry, biomechanics, chemistry, neu-
ropharmacology, neurophysiology, physiology, psychology, and toxicology
to answer questions about the role, if any, of alcohol in pedestrian, bicycle,
boating, drowning or motor vehicle accident; fall-down injury; or overdose
or in crimes ranging from first-degree murder to vehicular homicide to simple
assault to medical consequences from chronic or acute high doses of alcohol
that may cause organ damage or developmental changes.
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1.2 WHY STUDY FORENSIC ASPECTS
OF ALCOHOL INTOXICATION?

Alcohol more than any other drug continues to be overrepresented in a
wide range of injuries from accidents and crimes. In recent years, cocaine,
other drugs such as cannabinoids, antianxiety medications (e.g., benzodiaze-
pines), pain medications (e.g., oxycodone and other opioids), and inhalants
(e.g., chlorinated hydrocarbons, toluene, and fluorocarbons) have been de-
tected with increasing frequency. However, the fact remains that more people
drink alcohol than consume any other psychoactive drug, and more is known
about the causal role of alcohol intoxication in crimes and accidental
injuries.

Historically, the study of the effects of alcohol has its earliest roots in the
study of intoxicating poisons. In the most basic sense, alcohol is a poison, al-
though that definition is often lost on the general public. The term intoxica-
tion derived from the Greek foxikon and the Latin toxikom means poison.
Hence, the derivation of the word intoxicate. Toxicology is the study of a
wide range of poisons, including alcohols.

The poisonous effects of alcohol have been known at least since biblical
times. The pernicious relationship between alcohol use in pregnancy and
harm is expressed in The Book of Judges (13:7), which states “behold, thou
shalt conceive and bear a son; and now drink no wine nor strong drink. . . .”
It was not until the 1970s that the toxicological basis for this warning began to
develop with the first reports of fetal alcohol syndrome (FAS). FAS (now also
called fetal alcohol spectrum disorder FASD) results in anatomical (e.g., cra-
niofacial dysmorphology, incomplete organ development) and psychological
(e.g., developmental delay, impulse control, boundary and emotional attach-
ment) problems. Alcohol abuse during pregnancy may result in criminal
prosecution of the mother, who exposed her unborn child to a poison (child
endangerment).

The physician-alchemist Paracelsus (1493-1541) is credited with some of
the most basic concepts in toxicology and pharmacology that are directly rel-
evant to the forensic psychopharmacology of alcohol and other drugs. Para-
celsus believed that experimentation was essential in understanding the
response to toxic agents (the “toxicon”). He further proposed that there is an
important distinction between the therapeutic and the toxic effects of agents
and that it is the dose of the toxic agents that often determines its helpful or
harmful properties.

“All substances are poisons; there is none which is not a poison. The right
dose differentiates a poison from a remedy.” The views put forth by Paracel-
sus are believed to have set the foundation for the dose-response relation,
which is the basis of most studies in pharmacology and toxicology and many
other services (Pachter, 1961, as cited by Gallo, 1996).
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In the late eighteenth and early nineteenth century, American Surgeon
General Dr. Benjamin Rush put forth the somewhat radical view that alcohol
intoxication, or “inebriety,” was an illness (Jellinek, 1960). This view, and
many other social and historical events eventually led to a U.S. constitutional
amendment that prohibited the manufacture, sale, or use of alcohol. Prohibi-
tion of alcohol did not work and eventually was repealed, but there was an
interesting consequence: it generated studies on the neurotoxic effects of a
variety of toxic agents in bootleg liquor that were probably used by some ad-
vocates as further evidence to support prohibition. One such toxin was the
organophosphate, triorthocresyl phosphate (TOCP).

In the nineteenth century, TOCP was an additive to Ginger Beer, a high-
alcohol patent medicine that circumvented prohibition laws. When ingested
through bootleg liquor, TOCP causes a neurological syndrome commonly
referred to as a “ginger-jake,” a spastic gait that was also caused by drinking
TOCP adulterated ginger beer. Today TOCP is a gasoline additive (Pachter,
1961).

Throughout history, people have been aware of the potential harmful ef-
fects of drugs like alcohol. It was not until the middle of the nineteenth cen-
tury that scientific and public interest in alcohol really began to take off. In
part, this interest was precipitated by two events: the development and wide-
spread use of the motorized vehicles and the eventual development of quan-
titative methods of analysis for alcohol.

Certainly by the mid-1800s, concerns about safety and alcohol intoxica-
tion were already forcing changes in law and public policies. For example,
the New York Central Railroad prohibited employees from drinking on the
job as early as 1843. Apparently, the problem of intoxicated railroad employ-
ees was so great that in North America “Rule G” was adapted by the Ameri-
can Railway Association in 1899. Rule G prohibited drinking by railway
crewmembers while on duty (cited by Borkenstein, 1984). By the turn of the
last century, research using quantitative methods of analysis of alcohol and
the effects of alcohol on the body was gaining momentum. It was not until the
early 1900s, however, that there was enough data to correlate measured
amounts of alcohol in the body with impaired behavior. E.M.P. Widmark, a
Swedish physician, was probably the first person to develop a protocol to
evaluate suspected drunk drivers. Some of Widmark’s “diagnostic factors” are
still used today by police and clinicians to assist in determining if someone is
intoxicated and are discussed in Chapter 7.

In the United States, a U.S. Army physician, Dr. Herman Heise, was re-
sponsible for performing autopsies of soldiers who died in automobile crashes
“after a night on the town.” Heise observed that the majority of soldiers were
“heavily loaded with alcohol” (as cited by Dubowski, 1985). After finishing
his tour of duty in the Army, Heise returned to Uniontown, Pennsylvania,
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