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Description

Increasingly, high profile criminal and civil legal actions around the world highlight the
interactions between medicine and the law. Forensic and legal medicine describes the
body of knowledge that encompasses this interaction. The terms generally embrace
forensic pathology and clinical forensic medicine. However, the nature of forensic and
legal medicine is broad and may extend beyond medical and legal issues, into scientific
and technical areas, and include specialist roles such as anthropology, toxicology,
odontology and psychiatry. Separate from these issues is the much more widely
recognized need to apply moral, ethical and human rights principles in the investigation
of certain crimes, whether considering victims or perpetrators. Those involved in the
practice of forensic and legal medicine and those in legal, judicial, police and other
investigative organizations which require knowledge of aspects of forensic and legal
medicine often need to identify appropriate and relevant information. The aim of this
Encyclopedia is to provide a reliable starting point for validated information across these
fields. The success of lawsuits and prosecutions is dependent on utilizing the best
services available, and knowing when to use them appropriately. All aspects of medicine
are now scrutinized, not only by medical, legal and scientific professionals — but also by
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the lay public. Such scrutiny drives and improves standards — and some of these
standards have come about as a result of major cases in criminal and civil courts and
other tribunals around the world. The drive for much of this scrutiny derives from the
intense review that occurs as a result of events taking place throughout the world in
criminal and civil courts. Thus, improved methodology of detecting and documenting
evidence, ensuring chains of custody and scientifically testing evidence ensures that
appropriate judicial outcomes are achieved. Teaching of forensic and legal medicine at an
undergraduate level is — on a worldwide basis — underemphasized when compared with
therapeutic specialities. Paradoxically, barely a day goes by without at least one medical
news story being published of legal and forensic relevance and significance. The need for
readily accessible knowledge has never been greater. The Encyclopedia of Forensic &
Legal Medicine comprehensively covers forensic and legal medicine (including related
specialities and scientific, technical and legal issues) and is available online and in three
printed volumes, offering any practitioner in a forensic, medical, healthcare, legal,
judicial, or investigative field easily accessible and authoritative overviews on a wide
range of topics. The work is edited and written by experienced professionals with
medical, legal or dual training — and who are internationally renowned for their
experience or expertise within their areas of specialty. The Editorial Board reflects the
multidisciplinary, multi-jurisdictional and global emphasis of forensic and legal
medicine. The individual articles are written in a clear and concise manner and are
supplemented by diagrams, tables and full-color images. Key further reading and
extensive cross-referencing make this work an invaluable reference source for
undergraduates and graduates looking for an introduction to key fields and experts
reading outside their specialization. Online access to the Encyclopedia is available on
ScienceDirect. The online version will offer all that the print version does plus smooth
linking, eg, to cross-referenced articles, powerful search functions, and more. Visit
www.info.sciencedirect.com/reference_works/index.shtml for contact and subscription
information. Access options are available even if you?re not an existing ScienceDirect
customer.

Audience

medical examiners; coroners; the police; prison medical officers; those involved in
refugee medicine and allegations of torture; healthcare professionals also involved in this
field: prison nurses, sexual assault nurse examiners and custody nurses.
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FOREWORD - A FORENSIC PERSPECTIVE

To comprehensively encompass the fields of both forensic medicine and legal medicine is an ambitious project
indeed, as conventionally, the two disciplines are usually treated separately. Even “forensic medicine” itself is
traditionally divided into autopsy pathology and the clinical aspects, so to produce anything more than an
overview of the whole spectrum of the subject, is something that has probably never before been attempted in
the English language.

The Editors have assembled an impressive array of contributors, each masters of their own topic and the
result is an impressive work which deserves the highest praise, both to the authors and to those who have had to
labor at editing to achieve a coherent whole — a feat which personal experience has taught me can be a daunting
task. Having myself written about ten books on forensic medical topics, as well as contributions to many more, I
can vouch for the fact that the most difficult job of all was editing a couple of multi-author volumes.

The content of this encyclopedia is diverse and comprehensive. The actual range can be seen from the very
extensive chapter list and covers virtually every sub-discipline in forensic and legal medicine, from anthropology
to botany, from malpractice to substance abuse. Some of the subjects dealt with, would be thought of as
“forensic science” in the more compartmentalized attitude of Great Britain, but of course in very many
countries, there is not the same demarcation of professional interests within their Institutes of Legal Medicine
and thus this book avoids geographical restrictions, which in the past have always raised difficulties in writing
for different parts of the world, which have markedly diverse medico-legal systems.

Some of the headings in the list of contents would seem unfamiliar to doctors of previous generations —
examples might be “accreditation, digital evidence, crime-scene management, profiling, ritualistic crime,
terrorism and torture” — but this underlines the evolutionary nature of all medical disciplines, in which legal
medicine is no exception. In former years, many textbooks remained relatively static over numerous editions,
following a conventional sequence of topics. Whereas forensic science developed almost explosively, the pace of
progress in forensic pathology was slow and it seemed hardly worth buying new editions of established
manuals. This has all changed and it is timely that such an ambitious work as this encyclopedia should seek
to sweep all current knowledge into its grasp for the benefit of those doctors “at the sharp end” of forensic
practice, who need to refer to any part of such a broad field of knowledge that now exists.

Zw//é%f

Professor Bernard Knight, CBE
Cardiff, UK
January 2005.



FOREWORD - A LEGAL PERSPECTIVE

Over my judicial career I have observed a tremendous number of changes in the law, scientific and medical
practices, and society in general. DNA evidence is now commonplace in many criminal and family cases,
domestic violence and child abuse are unfortunately still prevalent, and the notion of personal rights and
freedoms for incapacitated children and adults is now becoming widely accepted. The courts are also becoming
increasingly involved in difficult cases concerning individuals who, but for advances in life-prolonging tech-
nologies, might have reached a natural death much sooner. I am particularly pleased to see a single work that is
relevant to all these topics, and with contributions by distinguished practitioners and authors from many
disciplines. T am only disappointed that a work of this importance was not available long ago.

The Encyclopedia will be of use and interest to a wide-ranging audience. Judges, lawyers, medical practi-
tioners, scientists and students will be among the many who will benefit from this single repository of
knowledge. I especially welcome, as will many, the electronic version which will receive regular updates. This
will ensure that the Encyclopedia remains at the forefront of legal, technological and medical developments and
will be of continuing use over the years to come.

The number of cases requiring evidence or advice from medical and other forensic experts has increased over
recent years. In some cases as many as nine experts have been involved, providing a variety of viewpoints. The
Encyclopedia will be a valuable aid in explaining to judges, lawyers and many others engaged in the court
process the technical language of forensic and legal medicine and will assist in elucidating the complex issues
which arise for resolution in the courts.

vabﬁ Bl Sles.

Dame Elizabeth Butler-Sloss, GBE
President of the Family Division
London, UK

January 2005.



PREFACE

The phrase “Forensic and Legal Medicine” may at first appear cumbersome. It does, however, enable all the
areas that this Encyclopedia covers to be fully embraced. Global differences in terminology and cross-over with
other healthcare and scientific disciplines mean that unlike many other medical specialties such as cardiology or
gastroenterology — each with clear boundaries — there may be misunderstanding, both within and without the
medical profession as to the vast scope of subject covered. “Forensic medicine” and “legal medicine” are terms
that can be used interchangeably, and their specific use may vary from country to country. For many readers, the
term “forensic medicine” is synonymous with that of forensic pathology (that specialty of medicine which
investigates the cause of death). However, forensic pathology, although part of forensic medicine, is but a small
part of the vast range of subjects with which forensic medicine practitioners may be involved. In the broadest
terms forensic and legal medicine includes all areas where medicine interacts with the law (including criminal
and civil law), judiciary, police bodies, investigative agencies, professional bodies and government or state
bodies.

When developing this Enyclopedia the Editors and the Publishers had the objective of providing the major
reference source of subjects related to forensic and legal medicine. This information is provided in separate
chapters generally of about 3-5,000 words. Each chapter gives a source of specific Further Reading to which
those requiring even more detailed information can be directed. The degree of interaction of those practising
forensic and legal medicine with the law, the judiciary, police bodies, investigative agencies, professional,
government and state bodies, will vary from country to country, and from jurisdiction to jurisdiction. Some
forensic medicine specialists will be independent of state, government or judiciary, while others will not. Some
will work full-time in their field, others part-time. Just a few examples of key areas where differences arise
include the investigation of death, approaches to care of detainees in custody, structure of investigative of
systems, and interpretation of human rights issues. Clearly it is not possible for a single work, even of this size to
illustrate all the differences that exist in our complex world. As Editors, we have sought to identify the most
relevant issues and give examples of how such systems, or topics work within a given country or region. There
will of course be omissions — and these we apologise for any such in advance. We hope that readers will inform
us directly of any information that they feel should have been included. The online version of the Encyclopedia
will be updated at timely intervals. Any such suggestions from readers will be assessed and considered as we
plan the new material to be included at each update, and will thus help the development and evolution of this
work.

The main readership groups of the Encyclopedia are intended to be medical practitioners whose work
comprises a forensic element (including forensic pathologists, medical examiners, forensic physicians, forensic
odontologists, paediatricians, psychiatrists, psychologists, genitourinary medicine specialists, emergency
medicine specialists and primary care physicians), others within the forensic setting (including scientists,
toxicologists, anthropologists), legal practitioners (lawyers, advocates, attorneys, coroners, barristers and
solicitors), the judiciary, police and related bodies, government and state bodies responsible for — or using the
services of — forensic practitioners, research institutes and those undertaking (as educators or students)
academic courses or training in medical law, forensic medicine, investigation of crime and related topics.



xii PREFACE

The Editors also hope that those who require authoritative information about the wide range of topics
included - such as journalists and campaigning bodies, will find the information contained within as a valuable
and indispensable resource.

The Editors have to offer huge thanks to the international spectrum of respected authors of the chapters, for
their patience in the production of this substantial work. Each author has been chosen because of their
reputation and their expertise in their given topic. Some aspects of some chapters may be controversial — we
hope and intend that this is so. Forensic and legal medicine is not a science of absolutes, and its purpose is best
served when opinions and approaches to the often complex and sensitive topics of debate can be discussed
freely, openly and reasonably without fear of intimidation, retribution or victimisation.

Our thanks must of course go to the publishers — Elsevier — and to the staff of the Major Reference Works
Department. In particular, we must congratulate Mark Knowles for his patience and understanding throughout
the project, as he as borne the brunt of the development and given the Editors unqualified and unhesitating
support. As Editors we have been very grateful for his involvement from shortly after conception, through
gestation, to delivery. Assisting Mark have been Tracey Mills, Eleanor Orchard, Sue Stokes, Davinia Hurn-
Shanley and Mireille Yanow. Nick Fallon, Mark Listewnik and Carey Chapman were key in establishing and
supporting the project through its development. In the production stages Sarah Parkin has been extremely active
in identifying any concerns and providing solutions in the production of the work.

Jason Payne-James
Roger W Byard
Tracey S Corey

Carol Henderson
November, 2004



INTRODUCTION

The need for an understanding of the roles, responsibilities and relationships of practitioners of forensic and
legal medicine — and those related specialties — in relation to issues outside the specific medical world has
never been greater. There are many issues that are of huge relevance today, where the medical and related
professions can have a multiplicity of roles. International terrorism is one example. The medical profession may
be involved at a number of levels — the investigation of causes of death after an attack; the identification of
human remains; the appropriate sampling of substances that may have evidential value; the care and assessment
of terrorist suspects and their victims; the presentation of evidence to courts; and at a more local level, issues of
consent for treatment of those unable to consent for themselves; and concern for the treatment of prisoners.
Each of these issues requires independent, impartial and objective opinions which allow justice to be pursued
appropriately and fairly. With this example the skills of forensic pathologists, forensic physicians, forensic
anthropologists, forensic odontologists, forensic psychologists, forensic psychiatrists and forensic scientists may
be required. Their findings and conclusions need to be given robustly, with emphasis given where facts or
scientific research support an opinion, and clear guidance when such facts or research are either equivocal, or
not available.

In some ways the forensic and legal medicine specialist may act as one of the gatekeepers within judicial
systems. The recognition of the critical importance of such evidence has been highlighted worldwide where
expert evidence has been challenged and impartiality has been questioned. Such challenges and questioning have
put much focus on attempting to improve and clarify how, when and to what extent expert opinions in the
forensic setting can be utilised, and different judicial systems apply a range of tests to such evidence to assess its
integrity. This means that for all those working in forensic and legal medicine and its related specialties, and
scientific or healthcare specialties, training, update training and audit and assessment has become a sine qua
non. “Accreditation”, “revalidation” and “standard setting” are terms that are used interchangeably worldwide.
Training and education in medical law and forensic aspects of medicine are much more widely available and,
increasingly, medical practitioners may be dually trained in medicine and law. However, there are few areas of
medicine and healthcare now which are untouched by a need to understand certain aspects of forensic and legal
medicine. All healthcare professionals need to be aware of, and put into practice, issues such as consent and
confidentiality and apply these into their practice. Every medical or healthcare specialty has some aspect that
may require specialist forensic and legal medical knowledge. In many areas this knowledge may be available
from a forensic practitioner, but all practitioners need to be able to assist their patients in the absence of such a
specialist. To give a number of examples: emergency medicine specialists need to be able to document accurately
wounds that present for treatment, so that later interpretation in terms of modes of causation may be under-
taken; those caring for the elderly need to recognise and document signs of elder abuse; similarly, paediatricians
need to recognise and document signs of child abuse; genitourinary medicine specialists and gynaecologists need
to be able to assess, document and provide management plans for victims of sexual assault; primary care
physicians need to be able to assess and documents signs of domestic or interpersonal violence; psychiatrists and
psychologists need to determine whether mentally vulnerable individuals are responsible for their actions;
radiologists need to be able to recognise image appearances of non-accidental injury. All may have to present



xiv. INTRODUCTION

evidence in court to assist a court with their deliberations. The Encyclopedia provides sources of information to
assist in all these functions, as well as giving examples of how court and legal systems compare in different
jurisdictions worldwide.

The Encyclopedia endeavours to ensure that the cross-over of boundaries between different related but non-
medical specialties, such as forensic toxicology, forensic psychology, forensic anthropology and forensic science
are understood and defined. The interrelationship between these specialties is complex and the investigation of
issues such as war crimes may require the skills of all these specialties and more.

The work undertaken by forensic practitioners must be based on a bedrock of an understanding of human
rights and ethical principles. These principles are identified and referred to in the Encyclopedia; the Editors
believe that these ethical principles should guide all those whose careers are primarily or even peripherally
involved in the forensic and legal medicine setting.

Jason Payne-James
Roger W Byard
Tracey S Corey

Carol Henderson
November, 2004



NOTES ON THE SUBJECT INDEX

To save space in the index, the following abbreviations have been used:
DSM-1V - Diagnostic and Statistical Manual of Mental Disorders-1V
ICD-10 - International Classification of Disease

PCR - polymerase chain reaction

xXv
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Introduction

The Forensic Specialties Accreditation Board (FSAB)
is an independent board established in 2000 to accred-
it professional bodies that certify forensic scientists
and other forensic specialists. The term “specialty”
was used because not all forensic disciplines are strict-
ly science-based, but rather they are based on learned
knowledge, skills, and abilities. Assistance in develop-
ing the FSAB program was provided by the American
Academy of Forensic Sciences (AAFS) and the US
National Institute of Justice (NIJ).

Accreditation versus Certification

Before going further, it is necessary to clarify the differ-
ence between certification and accreditation. In a pro-
fessional context, the term “certification” is applied
to individuals who submit to some process of evalua-
tion and/or examination. It establishes whether indivi-
duals have the minimum knowledge, skills, and
abilities as defined by the certification body to perform
their jobs adequately. In a professional context, certifi-
cation is often voluntary, although in a regulatory
context it may be mandatory to perform a specific
task or job.

The term “accreditation” is normally applied to
an institution or program. In forensic science that
institution is normally a laboratory, but it may be a

program such as a professional certification program.
An accreditation program evaluates the structure and
performance of the institution against a set of stan-
dards. If those standards are met or exceeded, accred-
itation is granted.

Why Accredit the Certifiers?

It is not unreasonable to conclude that a professional
certification program should be able to stand on its
own without being accredited. Many could. How-
ever, there has been a marked increase in the number
of forensic certification bodies over the past 10 years
or so, some of which apply reasonable program stan-
dards, but some of which have few standards. This
has become a problem since the courts and the legal
system are not readily able to scrutinize every single
expert that comes before them in enough detail to
establish their credibility as an expert in the field.
The courts therefore rely on board-certified creden-
tials; these credentials are a useful baseline if the
forensic expert is able to establish that he/she is certi-
fied by a reputable certification board and if the
standards and reliability of that board can be estab-
lished. However, determining which certification
boards have acceptable programs is not easy.

Many of the mainstream forensic certification
boards were established with the help of a US NIJ
grant in 1976. However, even though they grew out
of the same initiative, some lack components that are
considered important today. For example, some have
no requirement for a minimum amount of continuing
education. Some certification programs do not re-
quire periodic recertification. An even greater prob-
lem is that some of the less reputable certification
programs that have sprung up in recent years do
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not even have a meaningful examination that evalu-
ates the competency of the individual, but rather are
fee-based membership organizations.

Background to FSAB

The FSAB started as a committee of the AAFS in
1996. The AAFS was starting to receive requests to
list the certification of forensic boards in its member-
ship directory, but had no means of assessing which
certification boards were credible, and which were
not. It soon became clear that some type of evaluation
or accreditation process needed to be established. At
the time, there were only two main programs in
North America that accredited certification bodies.
The best-known is the American Board of Medical
Specialties (ABMS), which is an umbrella organiza-
tion that accredits most medical certification boards
in the USA. These include the American Board of
Pathology, which recognizes forensic pathology as a
defined subspecialty. In addition, forensic psychiatry
is a subspecialty certification under the American
Board of Psychiatry and Neurology. However, the
ABMS only accredits recognized medical certification
boards and cannot accredit nonmedical specialties.

The other accrediting agency offering accredita-
tion of certifying bodies in 1996 was the National
Commission for Certifying Agencies (NCCA). The
NCCA is a well-established accreditation board with
published standards that has accredited over 50 cer-
tification boards in various paramedical and other
areas. However, most forensic certification boards
are very small and would find it difficult
or impossible to meet the criteria and financial
requirements of NCCA.

More recently, the USA-based American National
Standards Institute (ANSI) has offered an accredita-
tion program based on the standard ISO/IEC 17024.
However, similar to the NCCA, the ANSI program
is cost-prohibitive for the forensic specialty boards,
most of which are relatively small. Furthermore, nei-
ther the NCCA nor ANSI programs would address
some of the difficult issues related to the forensic
arena (such as multiple certification boards for the
same discipline). While accreditation by NCCA and
ANSI remains an option, it was judged that formation
of a new accreditation program, based primarily on
internationally accepted standards, was the only
practical course to follow.

What are the FSAB Accreditation
Standards?

The accreditation standards used by FSAB are based
primarily on the international ISO/IEC 17024

standards. Additional standards have been added to
strengthen the FSAB accreditation program for the
forensic specialties, and are readily available. There
are two main components to the FSAB program:
(1) those standards that apply to the certification
body itself; and (2) those that the applicant certifica-
tion body applies to evaluation and certification of
its applicants. Standards applied to the certification
body include: (1) a requirement that the certifica-
tion granting entity be independent and impartial in
granting or denying certification; (2) that they have
written policies and procedures; (3) that they have a
quality management program; and (4) that the struc-
ture, scope, and security for examinations are ade-
quate. Standards must be in place that adequately
assess the applicant. These are outlined below.

FSAB Standards that Apply to the Certificants

The FSAB program requires that the forensic certify-
ing body have a meaningful credentialing process that
stipulates the minimum standards for education,
training, and experience, and inquires into the ethics
of the applicant. There is also a requirement to con-
duct a meaningful assessment of the knowledge,
skills, and competency of the applicant. Depending
on the discipline, part or most of that requirement
may be satisfied by a validated examination.

Validation of the examination is required to en-
sure that the questions are clear, unambiguous, unbi-
ased, and properly cover the scope of the forensic
discipline. Part of the examination may be oral
or practical. The program must also require manda-
tory, periodic recertification, not to exceed every five
years. Recertification must require continued in-
volvement in the forensic discipline, plus a minimum
amount of continuing education (also more broadly
called continued competency), and reaffirmation
of a commitment to uphold ethical and professional
standards.

One other critical feature of the program is that
“grandfathering” is not allowed. “Grandfathering”
can be defined as the process where people are
granted certification by virtue of the fact that they
practiced in the profession before or for a defined
time after the certification program was instituted.

The Problem of Multiple
Certification Boards

One of the biggest problems in accrediting forensic
certification bodies is that, for some disciplines, multi-
ple certification boards exist. Different certification
programs for the same discipline may be aimed at
different levels of forensic practice (e.g., technical



ACCREDITATION/Crime Scene Investigators 3

versus professional), but in some instances they may
have evolved because of differences in philosophy over
some aspect of professional practice or qualification.

At the present time, perhaps arguably, true stan-
dards for what an individual in a specific professional
discipline must know do not exist for any forensic
discipline. As a result, arguments abound as to wheth-
er the program with the most extensive and strin-
gent standards is the only permissible one. Even if
a professional consensus is reached for a given fo-
rensic discipline, certification programs may legiti-
mately differ because they are directed at different
levels or types of forensic practice. For example,
in forensic toxicology, many “bench-level” toxicolo-
gists are never required to interpret toxicology results
and therefore do not require the education and train-
ing in pharmacology that would be required for
forensic toxicologists who do give opinion evidence
in court. Because of these differences, the FSAB pro-
gram cannot impose discipline-specific standards (be-
cause they do not exist), but does require that each
certification program publish and have readily avail-
able (e.g., on a website) the standards (including
the education, training, knowledge, skills, and abil-
ities) that applicants are required to have to become
certified under that program. The rationale is that,
even though programs in the same forensic discipline
may differ (often for legitimate reasons), anyone can
readily determine the nature and scope of the
program.

Scope of the FSAB Program

There is no geographic limit to the FSAB program,
although for practical reasons it is currently limited
to programs that operate in the English language. Any
forensic specialty certification program that meets
the published FSAB standards can apply for accredi-
tation.

At the time of writing, the FSAB board has represen-
tatives from 10 different organizations, covering most
of the major forensic disciplines. The first forensic
board was accredited in March 2004. A list of current
board members and program documents is available
through the FSAB website (http://www.thefsab.org).

Further Reading

FSAB Standards for Accrediting Forensic Specialty Certifica-
tion Boards. Available online at: http://www.thefsab.org/
standards.html

ISO/IEC 17024 General Requirements for Bodies Operating
Certification Systems of Persons. Available online at:
http://www.iso.ch/iso/en/commcentre/pressreleases/2003/
Ref847.html

Crime Scene Investigators

J Horswell, Forensic Executives, Upper Mt. Gravatt,
QLD, Australia

© 2005, Elsevier Ltd. All Rights Reserved.

History

During the 1980s Australians were subjected to a
media frenzy surrounding the disappearance of
Azaria Chantel Loren Chamberlain at Ayers Rock in
the Northern Territory of Australia on August 17,
1980. The circumstances surrounding the disappear-
ance and the Chamberlain family were subjected to
media scrutiny like no case in living criminal history
of the Northern Territory, or for that matter many
other jurisdictions in Australia.

It was during a Royal Commission of Inquiry con-
ducted by His Honour Justice Trevor Morling that
the legal fraternity in Australia and forensic science
practitioners sued for changes in the structure, func-
tion, and practice of forensic science in Australia.
Justice Morling in his report highlighted some defi-
ciencies in forensic science that contributed to the
problems encountered in the Chamberlain case and
suggested remedies for future practice. Specific areas
of concern were the lack of communication between
police, experts, and lawyers that resulted in an exag-
gerated importance being placed on expert evidence.
He was also concerned about the absence of uniform
and reliable practices throughout Australia which
meant that the court could not be sure that “reason-
ably certain” results were being obtained, reported,
and depended upon.

The Commissioner attributed these problems to
the lack of infrastructure within forensic science in
Australia and advocated the development of a National
Institute of Forensic Science (NIFS). His vision for
NIFS was to unite experts within Australia and con-
nect them with experts from overseas. The Institute
would be responsible for establishing and maintain-
ing standards, facilitating the exchange of informa-
tion, and research and education. The Commissioner
stressed that the onus for funding NIFS should rest
with government. It is pleasing to see that NIFS came
into operation during the 1990s, funded by the state
and federal governments of Australia, with the man-
date to do just what the Commissioner had envisaged.

It was during the early 1990s that the Senior
Managers of Australian and New Zealand Forensic
Laboratories (SMANZFL), representing the forensic
science management community in Australia and
New Zealand, provided the vital leadership and
pressed the newly formed NIFS for the creation of an
Australian forensic science accreditation program,
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which would be managed by the National Association
of Testing Authorities (NATA), through its newly
formed Forensic Science Accreditation Advisory
Committee (FSAAC).

The first third-party forensic science laboratory
accreditation program in Australia relied in part on
the forensic science laboratory accreditation program
already in existence in North America, which
was managed by the American Society of Crime Lab-
oratory Directors Laboratory Accreditation Board
(ASCLD-LAB), a program ASCLD had been offer-
ing to laboratories throughout the world for a num-
ber of years. In fact, Melbourne’s Victoria Police
Forensic Science Center had successfully gained
forensic science accreditation through this scheme.

The first Australian program consisted of the
American program’s forensic science criteria, which
basically centered on a quality systems approach
to forensic science laboratory management. This,
combined with assessment against criteria from the
International Guide, International Organization for
Standardization (ISO) Guide 25, for testing and cali-
bration laboratories, which had been offered to
participating testing and calibration laboratories
throughout Australia, by NATA, Australia for some
years, was offered as the first Australian program.

With the introduction of ISO 17025 and NATA’s
new supplementary requirements for forensic sci-
ence laboratories in Australia, managers of Australian
laboratories reviewed the necessity for continuation
with ASCLD-LAB’s accreditation for their respective
laboratories.

It was, however, the foresight of NATA’s FSAAC
when formulating the classes and subclasses of tests
that would come under the umbrella of NATA’s fo-
rensic science accreditation program that, for the first
time anywhere, an accreditation program for forensic
science would include crime-scene investigation.

The Field and Identification Specialist Advisory
Group (F&ISAG), a committee of SMANZFL, con-
sisting of senior crime-scene investigators, forensic
ballistics specialists, and fingerprint specialists, was
tasked with coming up with an accreditation program
for crime-scene investigators. The F&ISAG formed a
smaller group of senior crime-scene investigators into
a committee titled the Crime Scene Accreditation
Committee (CSAC) to work through the conceptual
and development issues surrounding the proficiency
testing of crime-scene investigators, which is an
integral part of the accreditation process.

Accreditation Criteria for Forensic
Science

NATA’s ISO 17025 supplementary requirements
for accreditation in the field of forensic science

application document require that crime-scene in-
vestigators be competent in the application of the
principles of crime-scene photography, scene exami-
nation and exhibit handling, safety, and have an
appreciation of the capabilities of other disciplines.

Being part of the overall accreditation regime
requires that, even though a facility may go forward
seeking accreditation for crime-scene investigation
only, it must conform with the International Standard
ISO 17025 - general requirements for the competence
of testing and calibration laboratories — as well as
NATA’s supplementary requirements for accredita-
tion in the field of forensic science application
document.

The specific aspects of NATA’s forensic science ac-
creditation program as it applies to the discipline of
crime-scene investigation is outlined below.

Court Testimony Monitoring

The presentation of testimony is the culmination
of the work performed by a forensic scientist. It is
therefore vitally important that the effectiveness of
each examiner in the presentation of oral evidence
be reviewed at least once annually. The following
are acceptable methods by which monitoring may
be carried out:

® observation of the testimony by a supervisor or a
peer and completion of the pro-forma testimony
evaluation form or

® the completion by officers of the court of a testimo-
ny evaluation form or

® a member of the laboratory’s technical manage-
ment team Or a supervisor may request responses
by telephone from one or more officers of the
court. The responses would be used to complete
the testimony evaluation form.

The testimony evaluation form allows for personal
impressions such as voice volume, tone and fluency,
eye contact, demeanor, and etiquette. The testimony
of the witness is also evaluated for confidence,
responsiveness to questions, preparation and subject
knowledge, clarity and conciseness, objectivity, and
impartiality. The witness having referenced the
case file, diagrams, and photographs as well as the
length of time the witness underwent evidence in
chief, cross-examination, and reexamination would
be included in the evaluation.

The monitoring procedure must also prescribe
the remedial action that is to be taken should the
evaluation be less than satisfactory and each analyst/
examiner must be given timely feedback on the
evaluation.

It is a requirement of the accreditation program
that there is a documented procedure whereby the
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testimony of each analyst/examiner is monitored
during each year testimony is given. Records of the
actual monitoring must be kept for each examiner as
a record of the evaluation having taken place.

Figure 1 gives an example of a court testimony
monitoring form.

Duties and Competencies of
Crime-Scene Investigators

The following is a summary of the main duties of a
crime-scene investigator. These seven criteria were
developed from information provided to CSAC by

each jurisdictional representative on this committee.
They were used to develop the competency and
internal proficiency testing instrument, and the exter-
nal proficiency test, which form the crime-scene
component of NATA’s program.

Initial Assessment of the Scene

1. Assess health and safety risks and take adequate
safety precautions.

2. Ascertain the circumstances regarding the incident.

3. Define/redefine the scene boundary to optimize
the recovery of physical evidence.

Case Reference Number

COURTROOM/WITNESS EVALUATION FORM

Constructive evaluation of courtroom performance is encouraged.

The purpose of this questionnaire is to provide information that will help staff present more effective court testimony.

NAME Of WINESS: ...ttt a ettt s et b e e bt b e bt b e aeeaenes Date: ..........ccccoeeee.
L= 1 (T <) TSSOSO S
[0 Coronial: [0 Magistrates O Trial:
1 2 3 4 5
PERSONAL 1. VOICE (volume, tone, fluency)
IMPRESSIONS: 2. EYE CONTACT
3. DEMEANOUR
4. DRESS
5. ETIQUETTE
TESTIMONY: 1. CONFIDENT (forceful, direct)
2. RESPONSIVE TO QUESTIONS
3. PREPARED & KNOWLEDGEABLE
q. CLEAR & CONCISE
5. OBJECTIVE
1 2 3 4 5
CASE FILE (referred to in court?) YES/NO
COURTROOM AIDS (diagrams/photos) YES/NO
LENGTH OF TIME: EVIDENCE IN CHIEF ..
CROSS EXAMINATION e,
COMMENTS:

Your comments would be appreciated on any of the above aspects of witness performance, which in your view could be improved. As a guide,
“5” would be considered improvement needed and “1” no improvement required. If appropriate, indicate how witness performance could be
improved.

Figure 1
Investigation. Boca Raton, FL: CRC Press.

Courtroom/witness evaluation form. Reproduced with permission from Horswell J (ed.) (2004) The Practice of Crime Scene
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Control of the Scene

1. Ensure that a log of all persons entering and leav-
ing the scene is established and maintained.

2. Preserve the scene during the examination.

3. Advise those entering and leaving the scene of an
access and exit path to minimize loss of evidence.

4. Adopt appropriate procedures to prevent contam-
ination and loss of evidence.

Examination of the Scene

. Identify and apply an appropriate search pattern.
. Accurately record details of the scene.
Locate physical and trace evidence.
Make appropriate arrangements to
evidence from victims and suspects.

5. Seek assistance from other specialists where
appropriate.

B =

collect

Interpretation of the Evidence

1. Establish the possible significance of the evidence.

2. Establish the possible sequence(s) of events, where
appropriate.

3. Communicate the significance and interpretation
of the evidence to the officer in charge of the
incident.

Recording the Scene

1. Record time, date, and location of the scene.
2. Make a thorough and accurate record of the scene.

Exhibit Collection

1. Collect and package exhibits in a manner, which
will prevent contamination.

2. Ensure exhibits are identified by appropriate
labeling.

3. Establish a record of exhibits collected.

Case Management

1. Ensure continuity and security of exhibits, items,
and records.

2. Maintain liaison with the officer in charge of the
case and other specialists.

3. Prepare relevant statements, reports, and other
documentation.

Competency and Proficiency Testing
Crime-Scene Investigators

The emphasis inherent in internal and external
proficiency tests is one of continual improvement.
Proficiency testing is an integral part of an effective

quality assurance program, to monitor performance
and to identify areas where improvement may be
needed. Hence a critical element in NATA’s forensic
science accreditation program has been the de-
velopment of proficiency tests for crime-scene
investigation.

Internal Competency and Proficiency
Test Instrument

A proficiency-testing program is an essential criterion
for accreditation of a facility. Both the internal and
external proficiency tests measure the capability of a
facility’s investigators, thus ensuring their competen-
cy and therefore the reliability of any results pro-
duced. Each crime-scene investigator must complete
an internal proficiency test instrument and each
facility must complete an external proficiency test
using CD-ROM as a medium annually.

The instrument for internal competency and profi-
ciency testing replicates what is required from a
crime-scene investigator undertaking the external
(CD-ROM) proficiency test.

See Figure 2 for an example of the competency and
internal proficiency test instrument.

Crime-scene investigation, because of its subjective
nature, presented a definite challenge in developing the
concept of how to test crime-scene investigators. The
initial committee of crime-scene investigators (CSAC),
after considerable thought and discussion, came up
with strategies in dealing with external proficiency
tests for crime-scene investigators covering:

® concept
® platform
® management
® development
o delivery.

The conceptual stage of developing external profi-
ciency tests was a challenge for CSAC and it was
decided to produce the first proficiency test using
video (analog) format and at the same time task a
media development company to develop the concept
of CD-ROM (digital). It was also decided to set up an
independent committee, the Crime Scene Proficiency
Advisory Committee (CSPAC), which was tasked
with managing the external proficiency testing
program, leaving the marketing and distribution to
NIFS, and the work of shooting the actual mock
crime-scene scenarios to a subgroup of CSPAC
entitled the Proficiency Test Working Party (PTWP).
Since its inception, CSPAC has become a standing
committee of NIFS and is an accredited NATA
proficiency test provider.
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This involves assessment at an actual crime scene.
A. INITIAL ASSESSMENT OF THE SCENE

The crime scene investigator should establish if the crime scene guard at the scene has:

Not Not
Achieved Applicable

DESCRIPTION Achieved Comment

1. Assessed hazards, physical, electrical,
gas, chemical, and biological

2. Supplied first aid or medical attention as
required

3. Determined nature and size of the scene

4. Determined entry and exit points that
may have been used by suspect/s

5. Removed all persons from the scene and
recorded details of anyone who may
have unintentionally or deliberately
contaminated the scene

6. Called for assistance (if required) to
coordinate the scene

7. Called any other experts (e.g.,
fingerprints, police surgeon, forensic
pathologist, and plain clothes
investigators) if required

8. Defined the scene boundary with tape
and guards

9. Protected any endangered physical
evidence

10. Recorded details of all actions in an
official notebook and maintained a log of
persons who entered and left the scene

Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable Comment

1. Ascertained the circumstances of the
incident

2. Re-assessed scene boundary and
protection

3. Re-assessed health and safety risks

4. Taken adequate safety precautions,
additional checks, and protective clothing

5. Determined if anyone else may have
entered or left the scene (e.g. ambulance
officers, witnesses, other victims or
suspects)

B. CONTROL OF THE SCENE

Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable

Comment

1. Identified an appropriate entry point to the
crime scene

2. Monitored cordon(s)

3. Ensured a log is maintained

4. Arranged to obtain a copy of log of events
recorded by the first officer

Figure 2 Competency and proficiency test crime scene investigation. Reproduced with permission from Horswell J (ed.) (2004) The
Practice of Crime Scene Investigation. Boca Roton, FL: CRC Press.
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5. Adopted appropriate procedures to
prevent contamination and loss of
evidence

6. Ensured that the scene is adequately
guarded

7. Determined an entry and exit path for the
investigator to commence examinations
whilst minimizing loss of evidence

C. EXAMINATION OF THE SCENE

Did the crime scene investigator:

. Not Not
DESCRIPTION Achieved Achieved Applicable Comment
1. Demonstrate an appropriate search
pattern such as lane, grid, zone, or spiral
NB: At least one of these techniques must be
demonstrated
2. Make detailed observations of the scene
3. Consider and assess trace evidence
during the search
4. Consider possible contamination of
evidence during the search
5. Make arrangements to later search
victims and/or suspects for evidence (if
applicable)
6. Assess the need for:
a. Fingerprinting
b. Forensic ballistics
c. Forensic pathologist/police surgeon
d. Video
e. Photogrammetry/plan drawing
f. Other experts or assistance
D. INTERPRETATION OF THE EVIDENCE AT THE SCENE
Has the crime scene investigator:
. Not Not
DESCRIPTION Achieved Achieved Applicable Comment
1. Assessed the significance of evidence at
the scene
2. Considered possible sequences of events
3. Determined the most probable scenario
E. RECORDING THE SCENE
Photography
Has the crime scene investigator:
. Not Not
DESCRIPTION Achieved Achieved Applicable Comment
1. Taken adequate photographs:
a. General
b. Mid-range
c. Close-up
d. Technical

Figure 2 Continued.




ACCREDITATION/Crime Scene Investigators 9

2. Taken adequate notes regarding:
a. Times, dates, locations

. Description of scene

. Location of items

. Lighting conditions

b
c
d. Persons in attendance
e
f

. Condition of locks, windows, doors

g. Condition of items and objects
h

. Any other relevant details

Plan

Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable

Comment

1. Arranged for appropriate plans:
a. Completed a sketch plan which is a
reasonable representation of the
scene

b. Taken adequate measurements for
CAD/sketch plan

F. EXHIBIT COLLECTION

Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable

Comment

1. Collected all relevant exhibits

2. Packaged all items according to
procedures

3. Labeled all items collected in accordance
with procedures

4. Maintained a log of all items collected

G. CASE MANAGEMENT
Scene Aspects
Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable

Comment

1. Maintained close liaison with first officer
and investigator so as to process the
scene effectively

2. Maintained control

3. Organized and planned the scene
examination

4. Evaluated options available

Post Scene
Has the crime scene investigator:

Not Not

DESCRIPTION Achieved Achieved Applicable

Comment

1. Entered details of examination in the
case management system

2. Entered collected items in relevant
recording system/s

3. Obtained any other relevant paperwork
for inclusion in the case folder

Figure 2 Continued.
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4. Examined items for evidence potential in
an appropriate manner to avoid
contamination and/or cross
contamination

5. Assessed items for further laboratory
examination including possible options

6. Completed all relevant forms and
reports for items requiring further
examination and forwarded them to the
appropriate laboratory

7. Secured exhibits for further examination

8. Attended at case conference

9. Ensured continuity is maintained for all
exhibits

10. Ensured appropriate quality assurance
procedures have been adopted

11. Prepared relevant statements and other
documentation covering the following:

a. Included an opening paragraph
stating relevant qualifications and
experience

b. Presented the evidence in
chronological order

c. Explained the nature and extent of the
examination

d. Provided a detailed description of the
scene

e. Described details before presenting
photographs in series

f. Presented the information in a way
that can be understood

g. Labeled/captioned photographs
appropriately

h. Introduced exhibits appropriately

i. Produced any charts, plans, etc. of
scene

j. Presented opinion evidence
appropriately

ADDITIONAL COMMENTS SECTION

Any other matters arising from this assessment which should be considered in the final assessment:

Figure 2 Continued.
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Has the crime scene investigator carried out additional specific procedures?

Not Not
DESCRIPTION Achieved Achieved Applicable Comment
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Crime Scene Investigator being assessed: ...
(name)
ASSESSOI: s
(name)
........................................................ Date: ...
(signature)

Figure 2 Continued.

Crime-Scene Proficiency Advisory
Committee

This committee was formed under the auspices of
NIFS and initially comprised five senior crime-scene
investigators from jurisdictions throughout Australia.
CSPAC is responsible for the development of all
external proficiency tests relating to crime-scene
investigation.

Crime-Scene Proficiency Test

CSPAC develops one external proficiency test an-
nually, which covers any or all of the following
performance criteria:

initial assessment of the crime scene

control of the crime scene

examination of the crime scene
interpretation of evidence at the crime scene
recording of the crime scene and evidence
evidence collection

case management.

The scenarios conceptualized by the Committee
are representative of those encountered in normal
crime-scene operations and reflect any jurisdiction-
al-specific roles of crime-scene investigators through-
out Australia.

The scenarios are mock crime scenes, which allow
crime-scene investigators to carry out normal pro-
cedures as near to the real thing as possible. These
crime scenes are fabricated by PTWP and photo-
graphed using still photography. The photographs
are sequenced and overlapped using a special photo-
graphic camera mount on a tripod. They are then
entered into the program by stitching the images
together to provide a panorama of the scene, with
the ability to move from one point in the scene to
another, allowing zoom ability for close-up views of
evidential material which has been seeded within
the mock scene by PTWP. The resulting interactive
CD-ROM program is known as “After the Fact.” The
concept of interactive CD-ROM technology is not
new, as it has been available in animated games for
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some time. The application, for this purpose, is a
first anywhere in the world, which has been
followed by others in Australia in relation to the
recording of actual crime scenes for replication as
virtual reality used during investigations and court-
room presentations. The concept has also surfaced in
North America in relation to testing fire investigators.

After several draft versions, the first CD-ROM
external proficiency test was distributed to 110 facil-
ities throughout Australia in August 1999.

There are three aspects to the crime-scene profi-
ciency test:

1. the crime scene
2. the investigation tools
3. the written test.

Each aspect is fully explained in detail on the pro-
gram and it is important that all investigators repre-
senting the participating facility equate themselves
fully with the functions of the program before
attempting the assessment phase.

“After the Fact” allows the investigator to “walk
through” a virtual crime scene and provides for real-
istic scene processing, including the following;:

113

® photography
® notes
® collection and packaging of evidence.

Questions, predeveloped by the Committee and
relevant to that particular scene, are presented to the
investigator in accordance with the seven key perfor-
mance criteria of crime-scene investigation.

Crime-Scene Investigation

The identification, recording, and retrieval of poten-
tial evidentiary material is practiced worldwide by
individuals from a variety of backgrounds who pos-
sess a variety of qualifications and who have under-
taken a variety of education and training programs.
Some countries employ bench scientists as crime-
scene examiners, some countries employ uniformed
or plain-clothed police, who have very little training
as crime-scene examiners, and some countries employ
professional scientists as crime-scene investigators.
Some jurisdictions have recently embarked on
employing graduate scientists who are then trained
as crime-scene investigators. The author has been
a strong advocate in the past for the provision of
scientific and forensic education and training to po-
lice officers who carry out the functions of crime-
scene investigators. This has had varying degrees of
success in Australia; however, it has worked particu-
larly well in the author’s own jurisdiction. What one

needs to avoid is a bench scientist undertaking crime-
scene investigation duties in addition to his/her bench
duties — these are two very distinct vocational activ-
ities, laboratory science and field science. Like all
specialties, those who practice within a given special-
ty must practice their discipline to maintain current
competencies and be in a position to provide evidence
to a court of law that they have the expertise required
to present evidence of “interpretation” or what is
known in scientific circles as “hypothesis testing.” It
is only by carrying out many and varied crime-scene
investigations that a crime-scene investigator will re-
main current and be in the position alluded to above.
However, there are instances when laboratory scien-
tists should be called to scenes to assist their field
scientist colleagues. This would normally relate to
the way in which the laboratory scientist would
want the item or sample collected and handled given
a particular set of circumstances. There is always
room for other specialists to assist at the scene, such
as fingerprint and forensic ballistics examiners. To
take away the “interpretation” aspect of a crime-
scene investigator’s duties is to demean the practice
of crime-scene investigation and those dedicated indi-
viduals who practice in the discipline.

The value of accreditation in crime-scene investiga-
tion cannot be understated. The old adage “rubbish
in, rubbish out” applies when there is not an appro-
priately educated, trained, and equipped crime-scene
investigator undertaking crime-scene investigation
duties. There is another universally held view: “it
does not matter how well equipped or qualified the
staff are at the forensic science laboratory, if the
material they are asked to analyze or examine is not
relevant to the case, was not appropriately collected
or packaged, or, indeed was not collected at all, then
the forensic science laboratory will not be able to
‘make it right” and provide useful information as the
evidential value of such material is lost forever.”

It is only by routine quality systems auditing and
proficiency testing the individual crime-scene investi-
gator and the system that the crime-scene investiga-
tion facility will be able not only to say that they are
delivering a quality product, but be able to prove it.

A crime-scene investigation facility must be staffed
with appropriately educated and trained scientists,
who carry out their field science discipline, by not
only attending the very complex crime scene, but
also by attending the everyday routine crime scene.
The crime-scene investigation facility should also
possess quality systems forensic science accreditation
which will indicate to their client, the courts, and
hence the public, that the product they produce is a
“quality” product that is backed up by a rigorously
tested “quality system.”
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The addition of crime-scene investigation to the
Australian forensic science accreditation program is
an international achievement that has only come
about through a persistent team effort.

One last closing comment: third-party quality sys-
tems accreditation, even though it is administratively
hard work, is good management practice.

See Also
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Introduction

When the results of analysis by a forensic labora-
tory are reported or presented in court, there is an
obvious expectation that the testing was performed
by a competent laboratory and that the results are
reliable and accurate. At one time, there was an
assumption that testing performed by a police or
government laboratory was necessarily accurate.
However, unreliable testing in several high-profile
cases throughout the world has shown that gov-
ernment or police laboratories are just as capable of
using “bad science” as any other laboratory (Dingo
Baby case (Australia), Birmingham Six bombers
(UK), Guy Paul Morin (Canada), FBI whistleblower
Whitehurst (USA)). So, how do the courts know
whether any laboratory is competent enough to get
“the right answer”? The short answer is, there is no
way to guarantee any laboratory will perform flaw-
lessly. However, accreditation of the laboratory fol-
lowing administrative review and on-site inspection is
a major step toward ensuring reliability and setting
minimum standards.

Why are there Several Accreditation
Programs?

There are several subdisciplines within forensic toxi-
cology, some of which overlap, and some of which
have their own distinct accreditation programs.
The subdisciplines include postmortem forensic toxi-
cology (medical examiner/coroner deaths), impaired
driving cases (so-called driving under the influence
(DUI)), drug-facilitated sexual assault cases, alleged
attempted poisonings, so-called workplace-related
drug testing (employment or preemployment testing
for drugs of abuse in urine, hair, or saliva), metha-
done treatment-related testing, court-mandated for-
ensic testing such as in child custody cases, and
sports-related testing for both amateur and profes-
sional athletes. The design and focus of an accredita-
tion program will depend partly on the specific area
of forensic toxicology; the scope of testing may vary
considerably and the standards applied may be differ-
ent for the subdisciplines. For example, while fairly
strict standards can be applied to the analysis of a
small number of drugs of abuse in a simple and rela-
tively consistent specimen like urine, it is not practical
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to apply exactly the same standards to a diverse range
of postmortem specimens such as blood and tissues,
some of which may be in a state of decomposition.

What do Most Accreditation Programs
Have in Common?

By their nature, all accreditation programs have writ-
ten standards with which the laboratory must comply
in order to become accredited and remain so. The
process starts with a comprehensive application that
will assess whether the laboratory appears to meet at
least the basic requirements. If that review is satisfac-
tory, the laboratory must submit to an on-site inspec-
tion of its facilities, procedures, and personnel
records by volunteer or paid personnel who have no
connection with the laboratory. This process is usual-
ly aided by use of a comprehensive checklist that
reflects the standards set by the accrediting organiza-
tion. If the minimum standards are met, the labora-
tory will be awarded accreditation for a finite period
of time (usually no more than § years), after which
the laboratory must be reassessed by at least an on-
site inspection. Many accreditation programs will
also monitor laboratory performance between on-
site inspections by review of proficiency test results
and/or by requiring a documented internal audit of
the laboratory’s operations using its own staff.

What do Accreditation Programs Assess?

The specific nature of the different programs varies
significantly, particularly between the USA and
Europe, Canada, and Australia. However, they all
generally assess the administrative operation of the
laboratory, qualifications of personnel and adequacy
of their training, existence and adequacy of standard
operating procedures, adequacy of the chain of cust-
ody, review of the analytical procedures used, quality
assurance (including quality control), reporting pro-
cedures, and safety. Individual programs differ in their
approach and focus.

How do Accreditation Programs Differ?

Most of the forensic accreditation programs in Eur-
ope, Canada, and Australia are based on International
Organization for Standardization (ISO) standards,
primarily ISO 17025, usually supplemented by addi-
tional peer-written standards or guidelines. ISO stan-
dards are internationally accepted, at least by the very
large number of signatory countries, and therefore
have wide acceptance. They include widely accepted
principles and standards of analytical laboratory
practice, quality assurance, and quality control.

Examples of ISO 17025-based programs include that
of the National Accreditation of Measurement and
Sampling (NAMAS) in the UK, the National Associa-
tion of Testing Authorities (NATA) in Australia, and
the Forensic Science Accreditation program of the
Standards Council of Canada. The disadvantage of
the existing ISO-based programs is that specific stan-
dards for forensic toxicology are lacking or limited.
ISO-based programs are very dependent on the exis-
tence of a fundamental infrastructure, the cornerstone
of which is a strong quality-assurance program. The
vast majority of these programs cover forensic science
“in general” and are not focused toward forensic
toxicology. Specifically for forensic toxicology, espe-
cially postmortem and some other areas, the disad-
vantage is that the nonroutine nature of such testing
is sometimes difficult to fit into the “ISO mold.”
For example, ongoing quality monitoring is difficult
for a drug assay that may only be performed once or
twice a year. However, forensic toxicology labora-
tories in Canada, Australia, and the UK, and at least
one in the USA have been accredited under ISO
17025 with appendices that include standards for
the forensic sciences.

While at least one forensic science accreditation
program in the USA is performed according to
ISO standards, most forensic laboratories in the
USA are based on peer-developed standards, although
they invariably encompass many of the principles
contained in the ISO standards. One advantage of
the programs developed within the discipline is that
they necessarily address some of the unique problems
of that discipline.

Specific Accreditation Programs Covering
Forensic Toxicology

There are five nationally available accreditation pro-
grams currently in the USA, only three of which are
specific for forensic toxicology. Two of those pro-
grams are specific for so-called forensic urine drug
testing (FUDT).

National Laboratory Certification Program (NLCP)

The NLCP is perhaps the most prominent program,
mandated by the US Substance Abuse and Mental
Health Services Administration under contract to Re-
search Triangle Institute in North Carolina. The pro-
gram stemmed from the “mandatory guidelines”
published in the Federal Register in 1987, and
subsequent revisions. However, this regulatory “cer-
tification” program has a very narrow focus, dealing
with only five drug groups in urine (covering only
eight drugs), in addition to integrity testing (to deter-
mine whether a urine sample has been adulterated or
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substituted); it does not cover the broader aspects of
forensic toxicology. There have been discussions to
include oral fluids and hair testing, although there are
no plans to expand the list of drugs covered. This
regulatory program covers the mandated testing of
specific federal government employees and testing
mandated by the US Department of Transportation.
Laboratories must maintain a satisfactory score in
quarterly proficiency tests and satisfactory perfor-
mance in on-site inspections held every 6 months.

College of American Pathologists (CAP)

The CAP offers several accreditation programs in the
clinical area, although only one is specific for forensic
toxicology — specific for FUDT. It is broader than
the NLCP program in that it covers a larger range
of drugs of abuse in urine. Unlike the NLCP program,
the CAP FUDT program is voluntary, unless mandated
by local or state authorities. Satisfactory performance
inthe CAP FUDT proficiency test program, plus on-site
inspections every 2 years, is required. (CAP also has a
more general clinical chemistry accreditation program
that covers clinical toxicology, including testing such as
emergency drug screening and therapeutic drug moni-
toring. A broader range of drugs is covered than for
FUDT, as is analysis in serum or plasma, in addition to
urine. However, forensic toxicology is not specifically
covered.)

While some aspects of each program are applicable
to the broader aspects of forensic toxicology, these
programs are otherwise inadequate for, for example,
postmortem toxicology. Two other US programs are
offered by the American Society of Crime Laboratory
Directors Laboratory Accreditation Board (ASCLD/
LAB) and the American Board of Forensic Toxicology
(ABFT).

American Society of Crime Laboratory Director/
Laboratory Accreditation Board

The ASCLD/LAB program has currently accredited
over 250 forensic laboratories of various sizes. Some
are limited in scope, but many are broad-based foren-
sic science laboratories that include forensic toxicol-
ogy laboratories. The ASCLD/LAB program covers
most of the conventional forensic science disciplines,
of which forensic toxicology is one. The program
checklist focuses on management of the laboratory,
supervision, training, and quality assurance. How-
ever, very few questions in the ASCLD/LAB program
checklist are specific to forensic toxicology. The pro-
gram relies heavily on the judgment of individual
on-site inspectors. The ASCLD/LAB program cycle
is currently 5 years. However, laboratories are re-
quired to conduct periodic self-audits and maintain

satisfactory performance in a designated twice-yearly
forensic toxicology proficiency test.

American Board of Forensic Toxicology

The ABFT laboratory accreditation program is
designed specifically for medical examiner, coroner,
police, private, and other laboratories performing
postmortem toxicology and so-called human-perfor-
mance toxicology. (Human-performance toxicology
encompasses areas such as the detection and measure-
ment of drug in drivers and other vehicle operators,
as well as drug-facilitated sexual assault and similar
testing.) It is the only program that was peer-designed
and run specifically for laboratories performing
broad-based forensic toxicology and is based on the
Forensic Toxicology Laboratory Guidelines, first
jointly published in 1991 by the Society of Forensic
Toxicologists (SOFT) and the Toxicology Section of
the American Academy of Forensic Sciences (AAFS).
Those guidelines have subsequently been revised on
at least three occasions; the latest version is available
on the SOFT website. The ABFT program was first
offered in 1996 and has slowly grown since that time,
with a total of 16 laboratories accredited at the time
this article was written. In order to maintain accredi-
tation, laboratories must submit to an on-site inspec-
tion every 2 years and provide copies of all relevant
proficiency test results annually. The 160-question
checklist has sections covering laboratory administra-
tion, personnel, chain of custody and security, stan-
dard operating procedures, quality assurance and
quality control, reporting, and safety, in addition to
specific sections on all of the major analytical tech-
niques. All questions are categorized as “essential,”
“important,” or “desirable.” Currently, laboratories
must meet 100% of essential questions, at least 80%
of important questions, and at least 50% of desirable
questions.

Voluntary versus Regulatory or Mandatory
Accreditation

For the most part, forensic toxicology testing is un-
regulated throughout the world, although there are
some notable exceptions. The NLCP program for
specific US federal employees and US Department of
Transportation-regulated individuals has already
been mentioned. However, for more general forensic
testing, the state of New York passed legislation in
1996 requiring all public-sector forensic laboratories
to be accredited. The ASCLD/LAB and ABFT pro-
grams are recognized for that purpose. Following
some high-publicity failures in forensic testing, two
other states, Texas and Oklahoma, have recently



16 ACCREDITATION/Toxicology

passed legislation requiring all forensic laboratories
to become accredited; undoubtedly other states will
follow. (It should be noted that many states and local
authorities have regulatory programs for breath alco-
hol and the determination of blood alcohol, and even
sometimes for laboratories performing urine drug
testing (e.g., so-called workplace drug testing), but
very few have legislation or regulations that cover
the broader aspects of forensic testing and forensic
toxicology specifically.)

The main advantage of mandatory accreditation
is that it forces laboratories to upgrade their
methods, procedures, and all aspects of laboratory
operation. Even a conscientious laboratory director
may delay these tasks if not forced to as a result of
accreditation inspections, if there is a large and un-
relenting backlog of casework. The secondary benefit
of mandatory accreditation is that usually the state or
local authority is forced to provide the necessary
resources to allow facilities and equipment to be
upgraded to the minimum standards required by the
accrediting body. (A frequent excuse of laboratory
directors for not pursuing voluntary accreditation is
that they do not have the resources or time, because
they are overworked and underfunded.) A local
benefit is that preparing for initial accreditation and
maintaining it can serve as a common goal for the
entire staff of the laboratory, as well as instilling a
sense of professional pride and accomplishment once
accreditation is awarded.

Does Accreditation Ensure Acceptable,
Error-Free Testing?

The short answer to this question is “no.” The nature
of any accreditation program is that it takes a “snap-
shot” of a laboratory’s operations at a specific point
in time. It cannot guarantee that the quality of work
produced by the laboratory will continue at the same
level (it may stay the same, deteriorate, or improve).
Staff may change between on-site accreditation
visits. Accreditation certainly cannot guarantee that
mistakes won’t happen and bad practice won’t creep
in. However, accreditation, especially over a period
of several cycles, should ensure that a minimum

standard of practice is established, and that methods
are properly documented, properly performed, and
reliably reported.
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Introduction

Determining the actual age of a living individual
has great forensic significance, especially in the light
of a renewed outbreak of sometimes unlawful adoles-
cent populations (illegal immigration, young people
seeking refugee status) and the subsequent rise
of delinquency among youths lacking proof of na-
tional identity. This may be exacerbated in some
countries by a mounting rate of family abandonment
or parental death.

Much less frequently, the court may also issue
orders aimed at determining the age of adults who,
for the most part, are born outside the country and
have not been officially registered with the state.

Age Estimation among Children and
Young Adults: Justice for those Under Age

Although legislation regulating judicial rules for under-
age individuals varies from country to country, every
judicial system has set up age limits in regard to penal
procedures, as well as for penalties applicable to minor
delinquents. Thus, the magistrate needs to know the
age of individuals involved in penal proceedings.

For example, in France, there are no penal sanc-
tions before the age of 13 years, even when an offense
has been committed. Another important age is 16
years because, after this age, prison sentences are
more important. The last significant age is 18 years,
the age of legal majority.

Age Determination Methods

The estimation of chronological age is derived from
the clinical, odontological, and radiological examina-
tion findings. Great interindividual variation in all
criteria being analyzed commands utmost caution of
interpretation and reservations in the final report to
the authorities.

Clinical Examination

Anthropometric criteria Anthropometric measure-
ments (e.g., weight, stature) are so highly variable
between individuals that they are of little value. It is
necessary to rely on easily measurable and replicated
criteria such as those found in growth percentile

curves. However, such reference groups of boys and
girls may not represent all the potential within their
generation, and even less so in cases where children
are of unknown origin: these results are not then
norms, but references to be interpreted.

Sexual maturity criteria Tanner most precisely
described normal puberty development in both sexes.

In girls The onset of puberty occurs between the
ages of 8 and 13 years. The growth of pubic hair
or labia majora precedes puberty by a few months
(P2 on the Tanner scale, average 107 years of age);
puberty begins with the development of the nipples
(S2 on the Tanner scale, average 11 years). Axillary
hair appears during stages S3 and S4 of breast devel-
opment, about 12-18 months after the appearance
of pubic hair (average: 12 years of age). Around 13,
menstruation begins, about 18-24 months after the
first signs of puberty. The transformation of external
genital organs can also be seen: the vulva becomes
more horizontal due to forward tilting of the pelvis,
and the labia minora develop. Internal organs (uterus,
ovaries) also evolve. Other somatic changes are also
noticeable: growth of stature, muscular development,
and fat deposit on hips and thighs.

In boys Puberty begins between the ages of 9 and
14 years in boys. The onset of puberty begins with
modification of the scrotum and penis and enlarge-
ment of the testicles, followed by the growth of pubic
hair (12 years). In accordance with stages P3 and P4
on the Tanner scale, axillary hair begins to grow (12 —
13 years), later followed by the growth of facial hair
between 15 and 20 years. The voice changes around
13-14 vyears, at stages 4 and 5. Also noticeable are
increased growth, broadening of the shoulders
(biacromial diameter), and increase in muscular mass.

The evolution of maturity is greatly influenced by
genetic and environmental factors, acute diseases that
may slow down growth temporarily, and psychosocial
factors. Precocious or delayed puberty, whether path-
ological or not, are eventualities that cannot be ex-
cluded on the basis of examination alone. Caution is
further warranted since a single secondary sexual trait
may remain isolated for a long time without any other
sign of development of puberty, without any spurt in
stature increase or rate of ossification.

Odontological examination Dental aging may be
the most precise method of age estimation, especially
before the age of 15 years.
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Dental age may be estimated either from the chro-
nology of eruption of the teeth on the gum or from the
mineralization of crowns and roots.

A dental formula allows good estimation of age,
but, in contrast to the progressive calcification of
dental germs, tooth eruption is more influenced by
exogenous factors (anatomical characteristics of the
maxilla, precocious puberty, heredity, and nutrition).

Chronological age estimation is relatively reliable
during childhood, especially with regard to the sec-
ond molar or “12-year-old tooth” which erupts be-
tween 12 and 13 years of age. Eruptions of the
deciduous and permanent teeth have a well-known
chronology before 15 years of age.

The level of development of crowns and roots is
measured from dental X-rays and there are tables that
correlate chronological age with the stages of devel-
opment of crowns and roots. For better results these
tables should be adjusted to correlate with ethnic and
socioeconomic origins. These methods are more
accurate than emergence because they take into ac-
count all teeth, even those that are yet to erupt. How-
ever the X-ray methods require substantial training
and experience to be efficient.

After the age of 15, age estimation is based on the
study of the third molar. Odontological methods are
still very useful, although the relationship between
third molar development and chronological age has
been shown to be quite variable. In compensation,
age could be estimated until the early 20s. The root
begins to develop around the age of 15 and is com-
plete around 21 years, with an average standard
deviation of about 2 years. The third molar develops
earlier in males than in females, and in mandibular
than in maxillary arch. In forensic practice, if the
third molar is totally erupted, or the root apices
are completely closed, and the periondontal mem-
brane has a uniform width around the tooth, there is
a high probability that the chronological age is more
than 18.

Alternatively, the third molar may be nonexistent,
malformed, impacted, or extracted among young
adults. Dental X-rays are very useful in such cases to
make a differential diagnosis.

Several methods using computerized images of
third molar root growth have been tested but are
not currently used.

Bone Age

The evaluation of bone growth is based on the se-
quence of development of epiphyseal and round bone
points of ossification, their growth rate, and the
disappearance of cartilage in relation to established
reference points.

It is critical to note that the goal of these methods
was never to determine chronological age, but rather
to evaluate bone development and evolution through
time among children presenting with growth defects,
to predict adult stature, or to check on the outcome of
endocrine treatment.

Bone growth increases during puberty, a period
when these tests are most reliable.

Methods
bone age:

There are several methods of determining

® Quantitative methods require X-rays of half of the
skeleton, are very penetrating, and are not often
used.

® Qualitative methods are based on morphological
variation of centers of ossification for a given artic-
ulation, and comparison to pictures of atlas of
reference. The Greulich and Pyle atlas is the best
known.

® Index methods: a numerical score is attributed to
each step of ossification. For each given segment
scores are added up to a total number which
determines level of ossification.

Greulich and Pyle method This method is based on
frontal left-hand wrist and palm X-rays.

The purpose is to identify the carpal bones and the
phalangeal epiphyses stage of ossification and com-
pare them to those from the atlas of that particular
sex. For both sexes there are reference sources for
every 6 months or 1 year, depending on the age.
Ossification-based aging is determined by comparing
the subject X-ray to the atlas X-ray picture that best
approximates it.

The Greulich and Pyle atlas was compiled in 1957
from a population of North American children, born
between 1931 and 1942, and in a high socioeconomic
stratum.

Bones displayed on each page of the atlas are of the
same skeletal age. However, it was demonstrated
that, barring any pathology, there could be a time
lag between the stage of ossification of the carpal
bones and the phalanges of 20 months for boys and
10 months for girls. The differential development of
various bones may complicate the selection of atlas
X-ray of reference. It is therefore recommended that
primacy be given to the fingers.

Studies show that, if the average ossification age is
close to the chronological age, standard deviation
increases with age (it varies between 4, 7, and 13
months among boys over 17 depending on the
study). For European children, the differences found
between skeletal ages and chronological ages seem
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not to differ from the normal variations in skeletal
maturation found initially by Greulich.

With this method, it is commonly accepted that, in
order to obtain a reasonable bone age estimation, the
result should be presented as an age range which
takes into account the atlas pictures before (lower
limit) and after (upper limit) the selected one.

A recent study concludes that the Greulich and Pyle
method can be used for various ethnic groups. Low
socioeconomic status may lead to age underestimation.

Taner and Whitehouse method This method is
based on frontal left-hand wrist and palm X-rays.

This is a method based on a specific study of each
bone to evaluate the development of certain hand and
wrist bones. The first method studies 20 bones (radi-
us, ulna, carpal bones (except the pisiform), and first,
third, and fifth finger metacarpal and phalanges). The
second method studies 13 bones, RUS (radius, ulna,
short bones). Depending on developmental growth,
each bone is divided into eight or nine stages. Each
stage, documented by picture and diagram, is given a
numerical score. The sum of the scores results in a
score of skeletal maturation. Numerical results may
be combined to obtain three types of skeletal devel-
opment score: the carpal (TW3) score, the 20-bone
(TW3) score, and the RUS (TW3) score. RUS pro-
vides the best age correlation, hence should be given
priority in calculation.

It is imperative then to relate the chosen skele-
tal development age score to tables and curves of
references to determine the age of ossification.

This method was devised from a population study
of Scottish children born in the 1950s from rather low
socioeconomic status.

For any given visualization, the difference between
the most and the least advanced bone can generate an
age difference of 3 months to 1 year. At best, the
estimation then gives a variation of +6 months.

Differences between various ethnic groups have
been observed when age determination is based on
the TW2 method. Several methods have generated
conversion scales in order to adapt this method to
local populations. A more recent atlas is now also
available.

An advantage of this “bone-by-bone” method is
that the examiner is not influenced by the stages of
development of other hand bones.

Other methods The Sauvegrain and Nahum meth-
od is based on scoring elbow bones from frontal and
profile X-rays. This method is valuable in popula-
tions of 11-15-year-old boys and 9-13-year-old
girls, and can be a useful complement in forensics
when the age is projected to be within this range.

The Risser test is based on a study of the develop-
ment of the iliac crest points of ossification from a
frontal view of the pelvis. The first ossification point
appears around 13-14 years in females and 15-16
years in males. Ossification and complete fusion are
generally completed in 3 years. Given significant var-
iation in the development of ossification points of the
iliac crests and strong potential for irradiation, this
test is not systematically performed.

A scan test of the proximal end of the clavicle
allows for the determination of four stages approxi-
mately separated by 2 years. This method could be
used to estimate chronological age up to 29 years,
and could be a useful complement to the TW3 and
Greulich and Pyle methods.

Computer-enhanced methods Several such methods
have been tested, one by Tanner himself: computer-
enhanced methods allow for much more rapid analy-
sis. Interobserver and intraobserver variability are
greatly reduced. However, the quality of the radiog-
raphy is critical to avoid important errors. In addi-
tion, underexposed or overexposed images that are
poorly analyzed by the human eye are not so by the
computer. Satisfactory image resolution is necessary,
hence the fact that such methods are performed more
to estimate bone age after the age of 10.

Computer-enhanced methods assisted by complex
mathematical calculation methods called “neural net-
work” have been proposed. Due to the greater preci-
sions of such methods, results have been encouraging
so far. Such technology, apparently in the process of
being improved, is not currently in application, and
these methods are not used in daily practice.

Other Factors

No method truly meets forensic needs.

There are essentially three sources of discrepancy
between bone or dental age and chronological age:
(1) inter- and intraindividual variability of growth; (2)
systematic errors linked to the method itself; and (3)
inter- and intraindividual variation among observers.
For individuals in good health, skeletal age can be more
than 1 year higher or younger than chronological age.

The rate of skeletal growth varies between vari-
ous ethnic groups and between individuals residing
in different countries, but it is the socioeconomic level
that seems to play the most important role. Less
favorable environments generate growth retardation.
Overall, bones mature faster today than in the past.
The application of the methods to subjects of un-
known origin warrants extreme caution, especially
given the fact that the patient’s X-rays are never com-
pared to his/her population of reference. National



20 AGE ESTIMATION IN THE LIVING

standards should be established and regularly
updated.

If the Greulich and Pyle method is more rapid (and
often the only one mastered) and more often used
(1.5 mm per picture) than the TW2 (8 mm per pic-
ture), studies have shown that it is TW2 that retains
the best correlation to chronological age and that
offers better reproducibility.

The Greulich and Pyle atlas is the most widely used
and has been recommended in practical situations.
However, the authors themselves recognize the great-
er accuracy and reproducibility of the Tanner and
Whitehouse method.

Epiphyseal fusion is more subject to population
variability and puberty timing than dental develop-
ment. Thus, dental age will often be closer to chrono-
logical age than bone age. Dental age is a more
accurate index for age estimation for the early
teens. Later in adolescence, only the third molar con-
tinues to form. The development of the third molar is
quite variable, but allows estimation until the early
20s, whereas bone age, except the clavicle, allows
estimation until 18 years of age.

No methods exist to estimate the age of living adults.

In Practice

Chronological age estimation begins with a clinical
examination (anthropometric criteria, signs of sexual
maturation) followed by odontological examination
in order to determine dental status. If all teeth are
erupted, including the third molar, it is not necessary
to perform radiographs such as orthopantograms.
If not, dental radiographs must be performed and
interpreted by a forensic odontologist.

Any developmental disorders that may affect normal
development should be taken in account.

Radiological bone examination should follow but
be limited to a frontal X-ray of the left hand and wrist
on the same picture (= the elbow if the age appears to
be clinically less than 15 years).

The optimal course of action should aim at evalu-
ating bone age from two methods, Tanner and White-
house and Greulich and Pyle. In our opinion, the
Risser test should no longer be performed. Most
often however, one must rely on the Greulich and
Pyle atlas, since few trained teams will be able to
master the TW3 method.

It is advisable to have a radiologist interpret the
X-rays. It is the task of the medical examiner then to
synthesize the clinical and radiological results.

In all cases, age estimation will and must be given as
an estimation between two value points of discrepancy
and should be discussed case by case. The expert must
remain wary of puberty retardation and precocity,

diseases, and socioeconomic factors that may affect
the development of the individual examined.

Conclusion

Age determination is an important and frequent fo-
rensic act. The selected method should as far as pos-
sible be the most accurate, the most reproducible, and
the least irradiating.

The tools at our disposal today can only indicate an
age bracket, whereas the court would like to see age
determination to the day. Chronological age can only
be concluded to a certain degree of likelihood from
the biological age, but not definitely determined.

It is necessary for medical examiners to devise
new standards and/or to update them on a regular
basis, so as to incorporate ethnic, geographic, and
socioeconomic differences.

Beyond these requirements, computer-enhanced
imaging should take the lead in the future.

See Also

Anthropology: Morphological Age Estimation
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Introduction

As early as 1904, alcohol was recognized as a signifi-
cant contributor to the risk of having an automo-
bile accident. Since then, abundant epidemiological
evidence supports the causal association between al-
cohol concentration in drivers (usually measured in
the breath) and the risk of automobile accidents.
Alcohol remains a major threat to traffic safety and
is the drug most commonly encountered by forensic
toxicologists. In order to address these concerns effi-
ciently, breath alcohol measurement has emerged as
the predominant method employed in “driving under
the influence” (DUI) enforcement throughout North
America, Europe, Australia, and other western
nations. Programs have been established that inte-
grate analytical methods, protocols, and trained per-
sonnel, all within a sound legal framework. Despite
significant advancements in technology and legal
structure, many challenges remain. The term alcohol
will refer to ethyl alcohol, the organic compound
found in alcoholic beverages.

Relevance to Traffic Safety

The role of alcohol in traffic safety has been the focus
of enormous research effort. The vast majority of this

Tanner JM, Gibbons RD (1994) A computerized image
analysis system for estimating Tanner—Whitehouse
2 bone age. Hormone Research 42: 282-287.

Tanner JM, Healy JR, Goldstein H, Cameron N (2001)
Assesment of Skeletal Maturity and Prediction of Adult
Height (TW3 Method), 3rd edn. London: Saunders.

Ubelaker DK (1999) Human Skeletal Remains, Excavation,
Analysis, Interpretation, 3rd edn. Washington, DC:
Taraxacum.

work has relied on breath alcohol data when asses-
sing accident risk. Breath alcohol analysis has also
become widely employed in other transportation,
research, public safety, and workplace contexts.

Several reasons exist for the widespread forensic
application of breath alcohol measurement. These
include: (1) minimal training and ease of analysis;
(2) instrument portability; (3) immediate results; (4)
computerized instrumentation; (5) noninvasive sam-
ple collection; (6) analytical reliability and robust-
ness; and (7) widespread legal acceptability. Many
jurisdictions, therefore, have enacted laws prohibit-
ing specific breath alcohol concentrations (BrAC) and
requiring subjects to provide breath samples under
implied consent. Implied consent describes legislation
where, by the operation of a motor vehicle, an indi-
vidual has implied to have given his/her consent to
submit to a breath alcohol test if requested by a
law enforcement officer. Failing to do so results in
driver’s license revocation. A long history of case law
exists for these issues. The measurement of breath
alcohol, therefore, has substantial scientific and
legal foundation.

Biological Considerations

Alcohol is consumed orally in most cases of forensic
interest. Ethyl alcohol is a small (atomic mass unit
= 46), polar organic molecule that is rapidly absorbed
into the blood by simple diffusion across the mucosa
lining the stomach and small intestine. Absorption
from the stomach can be highly variable, depending on
food content, alcohol concentration of the beverage,
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general gastric motility, and pyloric response. Ap-
proximately 25% of the ingested alcohol will be
absorbed from the stomach while the remaining is
rapidly absorbed in the upper portion of the small
intestine. Upon entering the portal circulation, alco-
hol is transported to the liver where metabolism, pre-
dominantly via the alcohol dehydrogenase (ADH)
pathway, occurs. The blood will distribute the alcohol
to all parts of the body according to water concentra-
tion. Approximately 95% of the ingested alcohol is
metabolized by enzymatic pathways in the liver with
the remaining fraction being lost through sweat,
urine, and exhaled breath. Alcohol pharmacokinetics
generally follows a Michaelis-Menten model with
linear (zero-order) elimination throughout most of
the forensically relevant concentrations. Linear elimi-
nation has become an important assumption in cases
requiring retrograde extrapolation.

The delivery of alcohol to the pulmonary circula-
tion allows its measurement within the exhaled
breath. The lungs of a healthy adult contain over
300 million alveoli and provide a surface area of
60m?. The alveolar—capillary interface allows for
the exchange of volatile gases, including alcohol. In
accordance with Henry’s law, alcohol will partition
itself between the capillary blood and the alveolar
breath as a function of temperature. At 37 °C this par-
tition coefficient (Kpjood/air) 18 approximately 1780:1.
Following exhalation and airway interaction, the
alcohol concentration in the breath sample is signifi-
cantly reduced. Measurement ratios determined from
venous blood alcohol concentration (BAC) and
end-expiratory BrAC are generally closer to 2300:1.
Because early breath alcohol instruments were devel-
oped as surrogates for BAC and statutes prohibited
specific BAC levels, BAC/BrAC ratios have been the
focus of much research and litigation. Position state-
ments by the National Safety Council’s Committee on
Alcohol and Other Drugs in the early 1950s agreed
that “Available information indicates that this alveo-
lar air-blood ratio is approximately 1:2100.” In 1972
this ratio was reaffirmed by the Committee. From
these and other position statements has emerged the
practice in North America of reporting BrAC as
grams per 210 liters. The assumed ratio of 2100:1
has resulted in many legal challenges owing to the
many analytical and biological factors influencing it.
This highly variable relationship between the within-
subject BAC and BrAC is illustrated in Figure 1,
which plots both the BAC and BrAC for the same
subject over time along with the corresponding BAC/
BrAC ratio. The ratio is clearly not constant, even
within the same subject. Issues and challenges regard-
ing the uncertainty of this ratio, therefore, have
prompted many jurisdictions to adopt statutory

language prohibiting specific BrAC (e.g., 0.08 g per
2101) and BAC (e.g., 0.08 g per 100 ml) results sepa-
rately. Moreover, one must use caution when reading
and comparing the scientific literature regarding al-
cohol measurement since jurisdictions use a variety of
different units. The measurement units used within
each jurisdiction usually have a substantial procedural
and legal history.

Differing within-subject pharmacokinetic models
of BAC and BrAC have forensic significance. Since
breath alcohol actually arises from arterial blood, it
may differ in concentration from that of venous blood
collected simultaneously. These arteriovenous differ-
ences are greatest during the absorption phase where
BrAC (g per 2101) frequently exceeds venous BAC
(g per 100 ml). Following the peak (probably describ-
ing most subjects arrested for drunk driving), BrAC
will generally be less than that of venous BAC, as
illustrated in Figure 1.

Sampling is another very important consideration
in measuring breath alcohol. While being voluntarily
provided by an intoxicated individual, there can be
significant variability in breath measurement results.
Unlike blood, the subject is significantly involved in
the breath-sampling process. Measurement results,
therefore, are influenced by length of exhalation,
preexhalation breathing pattern (e.g., hyper- or hypo-
ventilation), breath temperature, preexhalation inha-
lation volume, and the alveolar composition of the
sample. Modern instrumentation is designed to ob-
tain representative and repeatable breath samples by
employing several sampling criteria. Figure 2 illus-
trates two separate breath alcohol expirograms from
the same individual collected within minutes of each
other. The reported results (those obtained at the end
of exhalation) show typical variation observed in
forensic practice.

The variability observed in forensic breath alcohol
measurement has two components — the analytical
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Figure 1 Corresponding blood (BAC) and breath alcohol con-
centration (BrAC)—time curves for the same individual along with
the computed BAC/BrAC measurement ratio.
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Figure 2 Two breath alcohol exhalation curves (expirograms)
collected a few minutes apart from the same subject following
two separate continuous exhalations into a computerized breath
alcohol instrument. The large variability between samples is
clearly illustrated.

and biological (sampling). If we consider these com-
ponents as independent contributors to total variance,
we can employ the equation:

St =Si+S 1]

where S2 = total variance, S5 = analytical variance,
and S = biological (sampling) variance. Consider as
an estimate of the analytical component of variance an
instrument that obtains a standard deviation of
0.0026 g per 2101 to 0.0009g per 2101 on n=10
sequential simulator standard results measured over
16 days near the concentration of 0.08 g per 210 1. The
total variance, determined from an estimated stan-
dard deviation of 0.0033g per 2101, is obtained
from evaluating duplicates on a large number of sub-
jects also having concentrations near 0.08 g per 210 1.
Employing these estimates in eqn [1] we determine
that the biological (sampling) component contributes
only 92% to the total measurement variance. This
information can assist in identifying where efforts
should be focused for minimizing the total variance.
Sampling parameters based on exhalation time, vol-
ume, and flow rates can be developed within the ana-
lytical software that will require near-equivalent
samples each time. These parameters must not be
so strict, however, so that a large proportion of indi-
viduals are unable to comply. Similarly, features
associated with the analytical, environmental, and
simulator device can also be evaluated to minimize
the analytical source of variance.

Analytical Methods

Work with animals in 1910 began to establish much
of the physiological foundation for measuring alcohol

in breath. Further work with humans in 1927 showed
that breath was a suitable surrogate for blood alco-
hol. The work of Rolla Harger in 1931 led to the
development of the Drunkometer — the first commer-
cially available breath alcohol instrument. The ana-
lytical method was the oxidation of ethanol in
a solution of potassium permanganate within which
a color change was measured. Harger also recognized
the importance of obtaining an end-expiratory sam-
ple and incorporated the measurement of carbon di-
oxide to estimate alveolar breath. The Drunkometer
began to be used by law enforcement agencies during
the late 1930s. Finally, the Breathalyzer, developed by
Robert Borkenstein in 1954, became the most widely
used evidential instrument for breath alcohol deter-
mination. The Breathalyzer also employed a colori-
metric method using potassium dichromate in a
sulfuric acid solution and was designed to collect
only the last fraction (52.5 ml) of breath from a pro-
longed exhalation. The Breathalyzer continues to be
used by several law enforcement agencies today.

Modern Instrumentation

Computerized instruments employing infrared ab-
sorption and electrochemical technologies have now
become state of the art. Employing computerized
technology, manufacturers have developed highly
automated instruments that ensure end-expiratory
samples, provide printout results, transfer data to
a host computer, monitor system performance, reject
defective test results, and provide several other
“intelligent” features capable of monitoring and
controlling the analytical process. These modern
instruments are also capable of performing automatic
internal and external (simulator or gas) standard mea-
surements along with barometric pressure monitoring
when employing gas standards.

A large number of instruments are available for use
by law enforcement agencies today. The National
Highway Traffic Safety Administration (NHTSA),
an agency within the US Department of Transporta-
tion, has published a conforming products list
containing over 75 different instruments produced
by 20 different manufacturers. Only a brief descrip-
tion of a few of the more widely used instruments for
forensic purposes will be presented. Since every juris-
diction purchasing modern instruments requests dif-
ferent features, the ones discussed here are only
representative of the features as employed within spe-
cified jurisdictions. All of these features can be altered
or employed by all of the manufacturers, owing to the
flexibility offered by computerized technology. More-
over, where predetermined criteria are not met, all of
the instruments can be programmed to abort tests,
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require additional samples, and display and preserve
message codes. Many of the analytical features of
each instrument, therefore, are largely determined
by the customized requests of end users.

The BAC Datamaster (National Patent Analytical
Systems, Mansfield, OH) is widely used throughout
North America and Europe. The instrument (Figure 3)
employs infrared absorption to quantify the alcohol
concentration in accordance with Beer’s law.

The instrument employs two or more wavelengths
(i.e., 3.37 and 3.44 um) to distinguish between etha-
nol and one or more interfering substances (typically
acetone). A basic condition of Beer’s law requires
that the same number of frequencies be employed as
compounds to be distinguished. In addition, filters
of these frequencies must be sufficiently separated
to avoid overlap and of sufficient quality to
approximate monochromatic light. These basic prin-
ciples are appropriately applied in all modern infra-
red breath alcohol instruments discussed here. The
BAC Datamaster is computerized with an attached
keyboard. Customized software allows flexibility for
a variety of analytical and data collection features.
Breath-sampling parameters generally include:
(1) minimum of 5s of exhalation; (2) maximum
slope for the breath alcohol expirogram; (3) mini-
mum flow rate of approximately 41 min~'; and (4) a
minimum breath volume of 1.5 . The instrument also
monitors several of its analytical systems including;:
(1) blank tests; (2) sample chamber purging; (3) inter-
nal standard; (4) external control standards; (5) sam-
ple chamber temperature; (6) duplicate breath test
agreement; (7) pump operation; (8) software integri-
ty; (9) presence of “mouth alcohol.” Failing to com-
ply with predetermined standards results in an
aborted test.

Figure 3 The BAC Datamaster breath-testing instrument
showing a wet-bath control simulator standard device attached.

The Intoximeter EC/IR (Intoximeters, St. Louis,
MO) is another computerized instrument (Figure 4)
employing electrochemical (fuel-cell) technology to
quantify the breath alcohol. Infrared is also employed
for the purpose of detecting “mouth alcohol” by
monitoring the expirogram slope over time.

The instrument has a keyboard allowing for data
collection. The breath-sampling parameters generally
include: (1) minimum flow rate of 0.21s™%; and (2) a
minimum breath volume of 1.5 1. Several system para-
meters are also monitored, including: (1) blank tests;
(2) fuel-cell solenoid operation; (3) diagnostic checks;
(4) fuel-cell integrity; and (5) presence of “mouth
alcohol.” When failing to comply, status codes are
preserved in memory for subsequent evaluation. The
risk of acetone interference is further minimized by
the fuel-cell characteristics and associated algorithms
since the time for acetone reaction on the cell surface
is largely different than that of ethanol.

The Intoxilyzer 5000 (CMI, Owensboro, KY)
represents another widely used computerized instru-
ment. This instrument (Figure 5) also quantifies the
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Figure 4 The Intoximeter EC/IR breath-testing instrument. Re-
produced with permission from Intoximeters, Inc., St. Louis, MO.

Figure 5 The Intoxilyzer 5000 breath-testing instrument.
Reproduced with permission of CMI, Inc.
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alcohol by means of infrared absorption. Multiple
filters can be employed (depending on customer re-
quest) to distinguish between ethanol and several
other potential interfering substances. The instru-
ment also has a keyboard allowing data collection
and printout capabilities. Self-diagnostics are also
performed. Breath-sampling parameters generally
include: (1) minimum flow rate of 0.151s™%; (2) mini-
mum exhalation time of 2s; (3) minimum volume
of 1.11; and (4) a maximum slope of 7% for the
expirogram (Figure 2).

The Intoxilyzer 8000 represents one of the newest
computerized evidential instruments offered by CMI.
This instrument is smaller than the Intoxilyzer 5000
and, with 12V power capability, can be employed
in either a stationary or mobile environment. The
instrument employs infrared absorption technology
with frequencies at both 3.5 and 9 um, thereby im-
proving the specificity for ethanol. The sample cham-
ber volume is 30 ml with an infrared path length of
25cm (10in.). A unique feature offered with this
instrument is the attachment of either a magnetic
strip or bar code reader for the acquisition of driver’s
license information. Software is encoded within flash
read-only memory (ROM) devices with the capability
of being remotely revised or updated. The instrument
also contains an ethernet port for those requesting
that capability. The capability of data collection,
printouts, and the attachment of external standards
is also included.

A newer evidential instrument is the Drager 7110
(National Drager, Durango, CO). This instrument
(Figure 6) employs dual technology (infrared and
fuel-cell) to quantify the alcohol and thereby improve
specificity. The typical agreement required between
the two analytical methods is 0.008g per 2101
or within 10% of the infrared result, whichever is
greater. Differences exceeding these limits are as-
sumed to be the result of an interfering substance.

Figure 6 The Drager 7110 breath-testing instrument. Repro-
duced with permission from Intoximeters, Inc., St. Louis, MO.
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Figure 7 TheAlco-Sensor lllhandheld breath-testing instrument.
Reproduced with permission from Intoximeters, Inc., St. Louis, MO.

Moreover, the infrared frequency is near 9 um, there-
by avoiding the many organic compounds with
the carbon-hydrogen stretch near 3 um. The instru-
ment is also computerized, offering data collection,
printout of results, and system diagnostics.

Several handheld instruments designed for portable
screening tests at the roadside are also available. Many
of these models also appear on the NHTSA conform-
ing products list. One such instrument (Figure 7) is
the Alco-Sensor III (Intoximeters, St. Louis, MO).
Like most handheld models, this instrument employs
electrochemical (fuel-cell) technology.

Some handheld units also offer an attachable
printer, data collection, error detection features, and
breath-sampling parameters. These handheld devices
are largely employed for prearrest purposes to estab-
lish probable cause. Indeed, these handheld devices
also find wide application in the workplace, schools,
hospitals, alcohol treatment facilities, and jails be-
cause of their simple and inexpensive operation,
immediate results, portability, and robustness.

Measurement Protocols and Quality
Control

The serious consequences of a DUI conviction
require both adequate instrumentation and sound
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measurement protocols. Indeed, professional forensic
practice should pursue the most reliable and confident
analytical results possible. Results that are fit-for-
purpose require a total program approach, including:
(1) appropriate instrumentation; (2) sound testing
protocol; (3) trained personnel; (4) initial and periodic
evaluation of equipment; (5) sound administra-
tive rules; (6) careful record-keeping; and (7) full
disclosure.

Fitness-for-purpose is the assurance that appropri-
ate confidence can be attached to measurement
results sufficient for their intended application.
All measurements possess error, resulting in uncer-
tainty. A sound protocol will minimize both system-
atic and random errors to acceptable levels and
identify cases where they are exceeded. Moreover,
standards for acceptable results should be sufficiently
strict so that not every subject tested will comply.
An acceptable level of test rejection (i.e., 5%) will
ensure that sufficiently rigorous forensic standards
are being employed. There will not be admissible
forensic breath alcohol evidence in those cases failing
to comply with the predetermined criteria and other
evidence (i.e., driving, field sobriety tests, etc.) must
be relied upon.

The evidentiary weight assigned to breath test
evidence is largely determined by the quality of the
program/protocol producing them. At a minimum,
the following should be considered in the program/
protocol design: (1) specific language of the DUI
statute; (2) critical concentrations prohibited by stat-
ute; (3) instruments employed and their capability;
(4) training required; (5) printout results (information
and format); (6) accuracy and precision requirements;
(7) interpretability of results; (8) data collection
capabilities; (9) unique legal challenges; and (10) pro-
gram funding and control. Moreover, key individuals
should be consulted regarding program/protocol
development, including: (1) prosecutors; (2) law en-
forcement agencies; (3) judges; (4) traffic safety orga-
nizations; (§) forensic scientists; and (6) legislators.
All of these have relevant interests and contributions
regarding forensic breath alcohol measurement.

Quality control is largely determined by the careful
integration of instrumentation and measurement pro-
tocol. Important considerations will include: (1) using
preapproved instrumentation; (2) operation by quali-
fied personnel; (3) preexhalation observation period
(i.e., 15min); (4) internal standard verification;
(5) duplicate breath samples; (6) external control
standard; (7) purging between all analyses; (8) error
detection capability; and (9) printout of results. Pre-
exhalation observation ensures that a recently con-
sumed alcoholic beverage will not bias the result due
to “mouth alcohol.” The external standard is

preferred over simply an internal standard check
because it measures the analyte of interest. The inter-
nal standard is simply an optical or electronic signal
generator that is useful but limited. The external
standard may consist of a wet-bath simulator device
heating an alcohol/water solution to 34 °C to provide
a headspace vapor alcohol sample of known concen-
tration. Although any constant simulator tempera-
ture could be employed, 34 °C has been selected by
most manufacturers because of its proximity to end-
expiratory human breath temperature. The external
standard may also consist of a compressed gas stan-
dard of known alcohol concentration. Gas standards,
however, need to account for atmospheric pressure
and the absence of water vapor. Although the mea-
surement correspondence required for external stan-
dards varies between jurisdictions, typical values are
from 5% to 10%. Duplicate breath samples agreeing
within predetermined standards (i.e., within 0.02g
per 2101 or £10% of their mean) are important to
ensure precision and account for the largest source of
total variance (the biological/sampling component).
Purging between all sample analyses to predeter-
mined levels (i.e., <0.003 g per 2101) is also impor-
tant to preclude a carryover effect. Although the third
decimal place is informative for measuring precision,
many jurisdictions prefer to report results truncated to
the second decimal place as further forensic precau-
tion. A carefully designed printout document showing
all critical results and analytical units will further
enhance interpretation. Finally, although not forensi-
cally necessary, data collection by a host computer
can enhance program and instrument evaluation.

Legal Foundation and Challenges

There exists a long history of legal construction and
case law regarding breath alcohol testing in both
North America and Europe. The statutory frame-
work generally consists of: (1) statutes prohibiting
specified BrAC; (2) implied-consent statutes; and
(3) statutes authorizing specified equipment, proce-
dures, and personnel. Most jurisdictions possess per
se legislation that prohibits motor vehicle operation
while having specified BrACs. There will generally be
coexisting legislation prohibiting the operation of a
motor vehicle while “under the influence” of alcohol
— accommodating the absence of a breath test. While
simplifying the case by linking the offense to a
measured result, per se statutes have also generated
increasingly technical defense challenges regarding
the analytical procedure. Challenges are particularly
acute when results are near the prohibited limits.
Nevertheless, jurisdictions continue to enact per se
legislation while appellate courts continue to uphold
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their constitutionality. Implied-consent legislation
continues to provide the foundational leverage for
obtaining breath alcohol evidence.

The statutory foundation for program implementa-
tion is also necessary. Program details are generally
found within administrative rules authorizing all
aspects of the program, including instrumentation,
protocols, and personnel. Careful consideration
must be given to the drafting of these rules. They
should not be overly detailed, thereby interfering
with legal interpretation and admissibility. Program
details are best left to policy manuals that are easily
amended and available to responsible personnel.
There also exists a great deal of appellate case law
proceeding from US v. Frye (1925) and Daubert v.
Merrill Dow Pharmaceuticals (1993) supporting the
analytical methodology.

Recent incentives from the US federal government
have encouraged states to adopt legislation prohibit-
ing alcohol concentrations of 0.08 g per 2101 or more
while driving. Many political, economic, and public
health and safety interests have motivated these
efforts. Many jurisdictions have also increased the
penalties associated with DUI conviction, including:
jail time, license revocation, increased financial penal-
ties, eliminating deferred prosecutions, and enhanced
penalties at higher concentrations. Statutes also
emphasize different groups, including: (1) 0.02 g per
2101 limit for minors (i.e., zero-tolerance); (2) 0.04 g
per 2101 for commercial vehicle operators; (3) 0.08 g
per 2101 for drivers in general; and (4) enhanced
penalties for 0.15g per 2101 or more. Moreover,
some jurisdictions prohibit specified concentrations
depending on the number of previous convictions.
These efforts to link the offense or penalties to specific
concentrations have important implications for
breath alcohol analysis. Low concentration statutes,
for example, must consider the limit-of-detection
(LOD) capabilities. Similarly, estimating the uncer-
tainty must consider the concentration, of which the
variance is a function. Indeed, all of these analytica-
lly dependent issues fuel the continuing debate in DUI
litigation.

Many legal challenges are raised by the defense
regarding the admissibility of breath alcohol evidence
in DUI litigation. Several of these are general and
occur in most jurisdictions. Others are specific to a
particular jurisdiction due to unique statutory lan-
guage, nature of the offense, and its consequences,
specific administrative rules, unique analytical/proto-
col features, previous case law, and unique rules of
evidence. In many jurisdictions the defense effort is
directed towards having the evidence suppressed in
pretrial hearings, realizing the persuasive nature
before a jury. Where suppression is not possible, the

attempt is to minimize the weight of the evidence.
Several common defense challenges and possible
prosecution responses include:

1. Uncertainty in measurement results: this is often
an issue for results near critical per se levels.
The forensic scientist must be prepared to com-
pute and discuss the quantitative uncertainty
employing appropriate variance estimates.

2. Breath alcohol is not determined at time of
driving: this often leads to performing some ret-
rograde extrapolation, which is fraught with un-
certainties. Many jurisdictions have enacted laws
prohibiting specified BrACs within a specified
time (i.e., 2 h) of driving.

3. Technical details regarding administrative rules:
all technical aspects of the administrative rules
become elements for challenge. If, for example,
the temperature of simulator thermometers is
specified, their accuracy, certifying records, and
traceability all become an issue. These technical
details are best left to policy manuals.

4. Instrument repair history: sound breath-test pro-
grams will maintain careful records documenting
the certification and maintenance history on all
instruments. The reliability of an instrument with
a large set of maintenance records is often ques-
tioned by the defense. Prosecutors should focus
on the protocol and safeguards under which
the defendant’s test was performed. A proper
and complete record for the defendant’s results
in which all criteria were satisfied should be
interpreted as independent of prior instrument
problems. Moreover, modern instruments are
designed to abort a test if any of the critical
analytical criteria fail to be met.

5. The potential for interfering substances: histori-
cally, acetone has been considered the only or-
ganic compound remotely possible of interfering
with forensic breath-testing. In recent years,
other volatile organic compounds, primarily
from occupational exposure, have also been sug-
gested as potential biases. Instrument manufac-
turers have addressed these concerns through: (1)
employing additional filters in the infrared re-
gion; (2) use of fuel-cell technology; (3) employ-
ing other less susceptible frequencies in the
infrared region (i.e., 9 um); or (4) use of dual
technology. Significant literature exists docu-
menting the minimal risk of interference in a
properly performed forensic breath alcohol test.

6. Use of database records to discredit test results:
instruments with a large number of “error”
records may also be challenged. The prosecut-
ion should argue that the defendant’s test is
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independent of previous results. In addition,
administrative rules can be framed so the loss
of database records does not preclude the admis-
sibility of test results.

7. Linearity cannot be inferred outside concentra-
tions tested: for results greater than the limits
tested by the instrument, the defense might argue
that the same accuracy and precision cannot be
inferred. Although technically correct, prosecu-
tors should argue that the offense is exceeding
a specific concentration, not that the measured
result has a specified accuracy or precision.

8. Challenges based on biological considerations:
the defense might argue that the longer the person
exhales, the higher will be the result. Figure 2,
however, reveals the small increase in BrAC over
exhalation time. This issue is addressed by care-
fully defining in the administrative rules the sam-
ple and measurement objective. For example, the
sampling objective might be defined as obtaining
an end-expiratory breath sample following a full
single exhalation.

9. Software reliability: the defense will often argue
the instrument software is either inadequate or not
properly evaluated. Fitness-for-purpose should
be emphasized by the prosecution. Agencies
purchasing instruments should ensure the manu-
facturer has appropriately tested and documented
the software for the forensic context of breath
alcohol testing.

10. Traceability of measurement results: traceabil-
ity of breath alcohol results to some national
authority (e.g., National Institute of Standards
and Technology, International Organization
for Standardization (ISO), OIML (International
Organization for Legal Metrology)) may be chal-
lenged by the defense. Documentation showing
traceability through control standards (simulator
or gas) to the national authority should be
maintained and provided.

Obviously, these reflect only a small number of the
many challenges proffered by the defense regarding
breath test evidence. Each jurisdiction will face many
challenges unique to its programs. Forensic scientists
must work closely with local prosecutors and
law enforcement agencies to ensure a cooperative
effort in order to address the many defense challenges
they will face. Oftentimes, changes are necessary in
analytical or procedural elements to achieve legal
admissibility and confidence in court.

The Future

Breath alcohol analysis has become firmly establish-
ed within the analytical, legal, and traffic safety

communities as an important tool facilitating the ap-
prehension and prosecution of the alcohol-impaired
driver. Nevertheless, improvements can be made in
many areas. Indeed, there remain many areas to be
explored, amenable to creative research.

Improving quality control remains a priority as
the seriousness of drunk driving convictions con-
tinues to escalate in most jurisdictions. Breath alcohol
evidence, employed in over 90% of DUI cases in
North America, must be obtained and presented in a
manner that maximizes its informative and evidentia-
ry value. Measurement protocols should include at
a minimum those elements discussed earlier. In
addition, measurement results should ideally be pre-
sented along with an assessment of their uncertainty.
Many European jurisdictions accommodate this by
including correction factors. Further work is also
needed regarding the performance of wet-bath simu-
lator versus dry-gas standards. Finally, the computer-
ized features of instruments should be enhanced
to allow monitoring of instrument performance
over time.

Further research is needed regarding the potential
risk of interfering substances. Unanswered ques-
tions remain regarding which volatile organic com-
pounds and what exposure, biological or analytical
conditions pose a measurable risk for undetected
interference. Moreover, the optimal combination of
analytical and procedural features to address the
interference problem has yet to be defined.

“Intelligent measurement” and expert systems need
further investigation to identify relevant applications
for forensic breath alcohol measurement. Techniques
may be available to make simulator devices more
reflective of the dynamics and variability of human
breath exhalation. Many “intelligent” features exist
for enhancing system performance and measurement
confidence.

Improving the communication and interpretation
of analytical results for the court also presents an
important challenge. Optimal analytical results are
of no value if the court is left confused regarding the
information. Improving this communication process
may include some combination of: (1) clear and pro-
fessional oral presentation; (2) use of visual aids;
(3) printout document appearance and informative
value; (4) use of analogies to explain technical detail;
(5) providing estimates of uncertainty; and (6) full
disclosure. Disclosure of material to the legal commu-
nity, for example, can be enhanced through internet
accessibility. Many areas capable of improving
the communication and informative value of breath
alcohol measurement have yet to be explored.

Many areas of program administration deserve fur-
ther research. Such areas include: (1) records to be



ALCOHOL/Blood and Body Fluid Analysis 29

retained; (2) optimal instrument certification sche-
dules; (3) levels of personnel responsibility; (4) level
of technical training for personnel; (5) instrument
evaluation and approval process; (6) criteria used
for field assignment of instruments; (7) advantages
of employing a single instrument type; (8) internet
provision of documentation; (9) computerized train-
ing of personnel; and (10) data collection and/or
remote monitoring of instruments. Indeed, successful
programs will involve thoughtful design, contribu-
tions from many different people, and the appro-
priate integration of instrumentation, protocols, and
personnel.

Conclusions

Forensic breath alcohol measurement remains a
prominent tool for confronting the problem of the
alcohol-impaired driver. The biological understand-
ing and analytical methodology are well established.
The legal foundation is firm. Many challenges and
opportunities, however, still remain. Quality control
can still be improved while data collection and analy-
sis need further application. The primary forensic
objective remains, however, to provide the court
with relevant and material evidence of the highest
possible integrity.
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Introduction

Ethyl alcohol (EA), the psychoactive ingredient in
alcoholic beverages, is universally available. Indis-
criminate consumption is commonly associated with
violence and disease. The most frequently detected
drug by both clinical and forensic toxicology labora-
tories, EA is the leading cause of or contributor to
drug-associated death, and constitutes the major cat-
alyst in nonfatal trauma. For these reasons it has come
to be regarded as unique, both historically and in
current practice, and therefore is commonly discussed
separately from other licit or illicit drugs of abuse.

In these contexts the task of the forensic patholo-
gist or other forensic expert, as interpretive toxicolo-
gist, is to decide whether EA affected the subject’s
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antemortem psychological, behavioral, and physio-
logical function (Table 1). In official medicolegal
death investigation additional issues arise regarding
the role of EA in the demise of the individual (Table 2).

Assessment of the effects of EA necessarily relies on
properly collected, stored, transported, analyzed, and
reported specimens from the subject. In order to reach
scientifically sound conclusions on the range of
effects and mode of action of EA, the medicolegal
official must be familiar with the fate and disposition
of consumed EA in the body. This intellectual, correl-
ative process in turn rests upon a thorough under-
standing of the interplay between quantitated results
from blood or other fluid matrices. Significantly cou-
pled with the breadth of analytical results is a sound
understanding of individual tolerance to EA. When
these interconnected factors are mastered, the expert
is judicially qualified to offer evidence-based opinions
in medicolegal settings (Table 3).

Table 1 Primary role of medicolegal expert assessing effects
of ethyl alcohol on the living

Determination of impact on physiological function
Evaluation of effect on behavior in multitask activities
Operation of motor vehicle (DUl or DWI)
Skill at control of machinery
Workplace-related activity
Assessment of influence on social behaviors

DUI, driving under the influence; DWI, driving while intoxicated.

Table 2 Questions by expert adjudging role of ethyl alcohol
(EA) in medicolegal death investigation

Was EA solely causative in death?

Did EA act as a synergist to other toxins, causing death when no
toxin alone is responsible for the fatality?

How did the BAC, quantitated postmortem, affect behavior shortly
before death?

What was the BAC at the time of injury in cases of delayed death?

BAC, blood alcohol concentration.

Table 3 Responsibilities of the expert evaluating ethyl alcohol
in blood and body fluids

Function as interpretive toxicologist

Master the state-of-the-art science on the fate and disposition of
alcohol in the body

Understand the physiological, behavioral, and psychological
effects of alcohol on humans

Oversee appropriate collection and analysis of fluid specimens

Maintain or confirm chain of custody for transport of specimens

Recognize the interrelationships between alcohol concentrations
in blood and body fluids

Correlate laboratory findings with autopsy and the background of
either death or event

Provide scientifically sound expert opinions on the effects of
quantitated alcohol

Analytical toxicologists have reliably identified
and quantified EA in virtually all body tissues, fluids,
and secretions (Table 4). In the clinical setting the
desired sample is venous blood appropriately col-
lected via venepuncture, from which serum is typi-
cally segregated and analyzed enzymatically. Breath,
saliva, and, with qualification, urine, serve as substi-
tutes or complements when phlebotomy is legally or
practically contraindicated.

The gold standard in testing postmortem fluid EA
levels for medicolegal purposes is whole blood by
headspace gas chromatography (HS-GC). In regard
to the short postmortem interval prior to the onset of
decomposition, countless studies have established the
comparative ratio of postmortem whole-blood EA
concentration (blood alcohol concentration or BAC)
to other matrices (Table 5). Postmortem decomposi-
tion spuriously increases BAC due to endogenous pro-
duction by overgrowth of normal, fermentative flora
in the gut, with substantial (>0.20%) artifactual ele-
vations reported in some cases. Vitreous humor is a
reliable comparison medium to differentiate antemor-
tem consumption from postmortem production.
Intravascular fluids from embalmed bodies may be
utilized selectively to estimate the antemortem
BAC by comparison with constitutive volatiles in
embalming fluid.

EA is the most frequently analyzed drug by the
toxicologist in consultation with coroners, medical
examiners, physicians in emergency departments,
directors of poison control centers, and police. Opti-
mal specimens are required for accurate analysis by
the laboratory technician as practitioner of analytical
toxicology, as well as for evaluation of the analytical
results by the expert as interpretive toxicologist.

The BAC, which distinctively rests upon collection
and analysis of the specimen obtained at a discrete
time, is dependent above all on the individual’s

Table 4 Body fluids suitable for analysis of ethyl alcohol in
medicolegal investigation

Blood (whole blood,
plasma, serum)?

Urine?

Vitreous humor

Cerebrospinal fluid?

Gastric and proximal small-bowel
contents

Bone marrow

““Decompositional’’ fluid

Fluid from embalmed bodies

Saliva?® Sequestered intracranial hematomas
Bile Sweat?

Synovial fluid Amniotic fluid?®

Pericardial fluid Maternal breast milk?

Dialysis fluid® Lavage fluid?

“‘Cavity blood” Aspirated vomitus?®

Tears? Pleural fluid

4Samples not limited to autopsy; they may be collected during life
from hospitals or clinics.
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Table 5 Summarized ratios: body fluid to whole blood alcohol
concentration

Specimen Average ratio or range
Serum or plasma 1.0-1.15

Vitreous humor 1.05-1.34

Urine 1.17-1.5

Bile 1.03-1.10
Cerebrospinal fluid 1.1

Saliva 1.08-1.12
Pericardial fluid Variable

Synovial fluid 1.01-1.32

Tear fluid 1.08-1.20
Amniotic fluid 0.5

Bone marrow 0.34-0.53

Gastric contents Variable

Pleural fluid Variable

Solid organs not addressed in discussion

Brain 0.65-0.96 (site-dependent)
Liver 0.6

Kidney 0.7

Skeletal muscle 0.89-0.91

Spleen Variable

Testicle “*High correlation”

unique tolerance to and absorption, distribution, and
metabolism of the drug. Correlation of the BAC to the
level detected in a particular body fluid from one or
more other body compartments is particu-
larly important in death investigations for several rea-
sons: (1) support of reliability of the blood level in
evaluating the degree of intoxication; (2) resort to
other body fluids when a satisfactory blood sample is
unavailable or contaminated; and (3) quality assurance
and proficiency of testing. Such correlative analysis
requires the establishment of relative distribution ratios
and standard deviations from the mean. Ideally, each
investigatory agency should establish its own experi-
ence-based parameters. Experts may also refer to many
studies establishing comparative ratios (with standard
deviations and ranges) between whole-blood EA levels
and other biologic fluids and tissues (Table 5).

Analytical Methodology

Specific analytical methods are necessary for the anal-
ysis of EA because of potential interference by a vari-
ety of volatile substances in postmortem specimens.
Laboratory methods for the analysis of EA in biologi-
cal specimens are classified as chemical, biochemical,
and instrumental. Wet chemical analyses include
distillation or microdiffusion utilizing the inherent
volatility characteristics of alcohol, which allows
for separation, oxidation, and subsequent detection.
A well-known example of this chemical methodol-
ogy is the Breathalyzer developed by Borkenstein

in 1954. Biochemical methods utilize the enzyme
alcohol dehydrogenase (ADH). Physiochemical
methods include gas chromatography (GC), high-
performance liquid chromatography (HPLC), and
gas chromatography—mass spectrometry (GC-MS).

Gas Chromatography

GC is the most common methodology for the
measurement of EA in postmortem biological speci-
mens, owing to its specificity, sensitivity, and repro-
ducibility. EA has been measured by several GC
methods, including solvent-based extraction, protein
precipitation, and distillation techniques, direct injec-
tion, or headspace analyses. Headspace analysis and
direct injection techniques are current applications of
choice. Direct injection techniques generally require
injection of a liquid sample into the gas chromato-
graph equipped with a flame ionization detector
(FID). The specimen may be an undiluted sample, a
protein precipitated sample, or a diluted sample of
the specimen with an aqueous solution of an internal
standard (commonly, 1-propanol and #-butanol).
Dual-column HS-GC is nearly completely specific
for EA. It is a proven test method acceptable in most
courts of law affording admissibility of analytical
results on which to base expert testimony. HS-GC
with FID precisely detects EA at concentrations as
low as 0.01gdl™. It also distinguishes EA from
other alcohols, aldehydes, ketones, and other analytes
in the mixture. Headspace analysis techniques physi-
cally rely on Henry’s law wherein the ratio of a
dissolved substance in solution is dependent on tem-
perature, pressure, and concentration of the fluid
medium. The measurable amount of volatile in the
headspace above the liquid medium is proportional to
the volatile liquid concentration in solution. The
headspace procedure employs diluted blood samples
of aqueous solution with internal standards, which
are placed in small, capped bottles. After incubation
produces the vaporized mixture, which includes an
inert carrier gas, the headspace (gas phase) is injected
into a closed system via the single injection port. The
injection splits into two attached capillary columns
(stationary phase(s)), variably coated to interact pre-
dictably with analytes of interest. EA is initially sepa-
rated, based on the appropriately calibrated GC
parameters and columns, and subsequently quanti-
fied using computer-aided techniques. Separation of
the volatile compounds, as the vapor phase is carried
through the column, depends on the relative differen-
tial affinity of each analyte for the stationary phase.
A detector at the end of the column, which is designed
for FID, creates over time electrical signals that are
converted to quantitative results. In addition to
temperature, optimal analysis also depends on the
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condition at which the vapor is at equilibrium with
the liquid specimen, flow rate of the carrier gas, ma-
terial packing the column, column length, and the
kind of detector. In sum, the discrete, absolute, or
relative retention times (min) depicted on the gas
chromatogram provide qualitative analysis, while
the peak height or area for each analyte affords quan-
titative analysis (Figure 1). Although GC-MS techni-
ques are the most definitive assay for EA analysis,
these tests are not widely employed in forensic labora-
tories because they require considerable expertise and
are more expensive.

Biochemical Methods - Immunoassays

Hospital and clinical laboratories commonly apply
enzymatic methods, utilizing ADH, to determine EA
in blood and urine because gas chromatographs are
often unavailable. The instrument-based biochemical
reaction is similar to in vivo enzymatic reactions
controlling EA metabolism. The coenzyme, nicotin-
amide adenine dinucleotide (NAD), is reduced as a
byproduct of the oxidation reaction of EA to acetal-
dehyde. Various trapping reagents, e.g., hydrazine
or semicarbazide, trap acetaldehyde and drive the
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Figure 1 Gas chromatogram (dual-column headspace gas chromatography with flame ionization detector (HS-GC-FID)) with both
columns depicting retention times and levels of methanol, ethanol, isopropanol, and acetone with internal standards, n-propanol and
isobutanol.
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oxidative metabolism of EA to the right. The reaction
produces the reduced form of NAD, NADH, which
can be measured spectrophotometrically at 340 nm.
Radiative energy attenuation is a modified enzymatic
method utilizing the NADH produced by an ADH-
catalyzed ethanol/NAD reaction. The NADH prod-
uct combines with a thiazole blue dye to form a
chromogen. Measured fluorescence quantifies the
EA in the liquid specimen.

The automated enzymatic method is a quick and
easy way to detect EA. However, it lacks the specifi-
city of HS-GC because the presence of other alcohols
such as isopropanol may interfere chemically and
yield an inconclusive, false-positive result. Unlike
HS-GC, antigen-antibody reactions are subject to
cross-reaction with other substances within the
blood and for that reason are not regarded as a reli-
able method for testing BAC in a medicolegal or
juridical context.

Specimen Selection and Collection in
Living Subjects

Currently accepted venepuncture consists of cutane-
ous application of a nonalcoholic antiseptic (e.g.,
povidone iodine) and withdrawal of a sufficient ali-
quot of cubital venous or fingertip capillary whole
blood by a sterile needle to a sealed sterile vial.
Anticoagulants and microorganism-inhibiting chemi-
cals are typically added. Importantly, venous blood
does not precisely reflect the cerebral BAC, which
ultimately defines the biochemical effects of EA, un-
less absorption and distribution of EA are complete
at collection (Table 6).

Table 6 Accepted collection, transport, and storage of blood
from living persons

Cutaneous application of nonvolatile antiseptic
Percutaneous venepuncture of cubital vein or fingertip capillary
Withdrawal of sample by sterile needle to sterile container
Vacuum glass collection tubes are acceptable legally
Filling container sufficiently to avoid evaporation
Use of clean container without anticoagulant allowing blood to
clot (for serum)
Use of preservatives/anticoagulants (for whole blood and
plasma):
1-2% sodium fluoride
EDTA or potassium oxalate
Proper labeling, laboratory request form, and chain of custody on
or with container
Refrigeration (4 °C) or prompt delivery to analytical laboratory
Recording receipt and disposition of specimen by receiving
analyst
Analysis or storage (refrigeration or frozen: —20°C) of specimen

EDTA, ethylenediaminetetraacetic acid.

Randomly collected, first-voided urine is generally
valuable only in confirming the presence of EA, be-
cause the urine alcohol concentration (UAC) is sub-
ject to multiple uncontrolled variables. Since the
1990s saliva, or oral fluid, has gained acceptance as
a satisfactory matrix for on-the-spot testing for EA,
both qualitative and semiquantitative, applicable to
workplace or clinical settings such as emergency
departments.

Specimen Selection and Collection -
Postmortem

If possible, recovery of available antemortem or
perimortem blood, blood components, or other
body fluids (Table 4) from the victim, collected by
investigators or medical personnel, is a recommended
practice after declaration of death. The earliest col-
lected sample frequently provides more accurate
information about the question of antemortem intox-
ication by EA than do samples from autopsy, particu-
larly when treatment over variable periods of time
includes fluid resuscitation. This applies particularly
in cases of traumatic exsanguination, urgent op-
erative procedures, and prolonged hospitalization
before death. For both living and deceased subjects,
it is necessary to consider potential antemortem dilu-
tion from therapeutic administration of blood and
other fluids.

In most postmortem cases, there is undoubtedly
greater opportunity — in contrast to limitations within
the clinical arena — to collect a variety of biologic
specimens for laboratory analysis (Table 7). Under
optimal circumstances, utilizing multiple specimens
at autopsy from various compartments and subcom-
partments of the body helps to support the accuracy
of a given quantitative result and thereby facilitates
optimal interpretation.

The most critical, vigorously debated issue with
regard to blood sample collection before putrefaction
in contemporary postmortem medicolegal practice is
the phenomenon of site-to-site differences in BAC,
both within-case and between-case. Traditionally,
“heart blood” or “central blood” (blood aspirated
from either the intact cardiac chambers, the intra-
pericardial great vessels arising from and exiting the
heart, or a mixture from these sites) has been routine-
ly collected for EA analysis. This practice has been
justified in view of various studies finding no statisti-
cal significance between heart blood and femoral
blood (“peripheral blood”) EA content. More recent
controlled experiments addressing this issue were
designed to collect fluid from multiple sites (pericar-
dial fluid, left pulmonary vein, aorta, left heart,
pulmonary artery, superior vena cava, inferior vena
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Table 7 Accepted collection of routine samples for ethyl alcohol analysis after death

Intravascular blood (central and peripheral), as available:

>50ml, as available, from each site via clean wide-bore needle and syringe

Commercially available gray-top Vacutainer or
30 ml glass container with 250 mg NaF (= 1-2% NaF) or
Polypropylene test tubes with Teflon-lined screw caps

Aspirate from heart chambers, supravalvular aorta, pulmonary artery, vena cava
Percutaneous or direct phlebotomy from femoral (or subclavian) vein
Refrigerate/freeze (4—20°C) promptly before delivery to analytical laboratory

Intravesical urine
>250ml, as available

Aspirate with needle to syringe through dome of distended urinary bladder
Aspirate directly after superior cystotomy of collapsed urinary bladder

Preserve in clean container, preferably with NaF
Refrigerate/freeze till timely analysis

Ocular vitreous humor
>4-6ml, as available, from both globes
Ophthalmocentesis with clean needle and 5 or 10-ml syringe
Avoid forceful aspiration to prevent retinal detachment
Preserve in clean container with NaF
Refrigerate/freeze till timely analysis

Cerebrospinal fluid
>2-6ml, as available

Preferred: aspiration via clean needle/syringe directly from cerebral cisterns or proximal cervical canal after opening skull
Avoid “‘blind” percutaneous suboccipital or lumbar puncture owing to potential contamination to analyte and paraspinal soft tissue

Preserve in clean container, NaF optional

Refrigerate/freeze till timely analysis
Synovial fluid

>2-4ml, as available

Percutaneous arthrocentesis (knee joint) via clean needle/syringe

Preserve in clean container with NaF
Refrigerate/freeze till timely analysis
Gastric/small-bowel contents

Following removal of block of esophagus, stomach, duodenum, pancreas:

Place all contents into clean volumetric container

via compression of stomach, forcing contents out of esophageal segment or

through gastrotomy in relatively avascular region

Quantitate and characterize contents (food, liquid, slurry, foreign bodies)

Preserve 50 ml uniform sample in clean container

Preserve 100 ml nonuniform sample (liquid/solid/semisolid) in clean container

Refrigerate/freeze till analysis
Bile
Collect and quantitate all liquid contents (<0.5-65 ml)

Choledochocystocentesis via clean needle/syringe before hepatic evisceration

Preserve contents in clean container
Refrigerate/freeze till analysis
Sequestered intracranial (epidural, subdural) hematomas

Quantitate and remove maximal amount of fluid and clot on opening skull

Preserve in clean container
Refrigerate/freeze till analysis

NaF, sodium fluoride.

cava, right heart, right pulmonary vein, femoral
vein, and stomach), either simultaneously or at de-
fined intervals, and at different environmental tem-
peratures. Such experiments have demonstrated the
chaotic, site-dependent unpredictability of BAC at
autopsy in some cases, an artifact attributed to simple
diffusion of EA from the stomach or esophagus to
adjacent regions and to the circulation.

Blood and its Constituents

In postmortem sampling, available “whole blood”
remains the most desirable specimen for analysis. In
light of contemporary evidence, some recommend
autopsy collection of at least two samples of blood,
one peripheral and one complementary central sam-
ple, if case specifics permit. In order to avoid artifacts
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and difficulties with postmortem redistribution, it is
strongly recommended that the medicolegal investi-
gator collect peripheral blood as the optimal sample,
drawn by a wide-bore, clean needle with new syringe
preferentially from the femoral vein and, when such a
sample is not collectable, secondarily from external
iliac vein or subclavian vein. It is necessary to avoid
“milking” the vein to prevent admixing the blood
with tissue fluid.

Specifically designed clean containers are utilized
for specimen collection. Depending on the design
and specimen type, these rubber-stoppered, glass
collection tubes may contain sodium fluoride, hepa-
rin, potassium oxalate, EDTA, or no additives at all.
The anticoagulant and bacteriostatic actions of sodi-
um fluoride are optimal for preserving and storing
whole blood drawn at autopsy. If blood is analyzed
by GC, plastic containers are the most optimal re-
ceptacles. For analysis of volatiles, some sample
should be retained in a Teflon-lined screw top to
prevent diffusion.

In addition to potential postmortem artifactual
site-to-site alterations, the BAC from various regions
of the intact circulation and EA concentration
in other body compartments vary during the absorp-
tion phase of EA metabolism. Therefore, it is neces-
sary to specify unequivocally the source of the sample
or the site of collection of whole blood. Arterial
BAC may be at least 40% higher than venous BAC
in the absorptive phase. It is equally important
that the blood specimen should not be mixed from
various sources, such as intermingled central and
peripheral blood.

Pooled blood from the pericardial sac and bloody
fluid recovered from extravascular body cavities
(which are not blood!), especially in trauma, are less
reliable toxicological specimens to quantitate EA, but
may be used if these are the only blood-related source.
The pooled or bloody fluid may have either a higher
or lower level of EA than that in intravascular blood
per se (central or peripheral), and accordingly may
make meaningful interpretation of the reported
“BAC” virtually impossible. If such samples are the
only ones obtainable, antemortem BAC is merely an
estimate. Bloody fluid from body surfaces or from the
relevant scene are unreliable, inappropriate sources
for toxicology evaluation.

In collecting blood samples at autopsy there are
factors influencing the concentration of EA that
are not pertinent to antemortem techniques. Diffusion
of significant amounts of EA from the esophagus or
stomach into the adjacent pericardial cavity and heart
is likely to occur, and becomes increasingly significant
as the postmortem interval increases. Yet, if there is a
short period of time, measured in hours, between the

last drink and death, diffusion of EA from the gut to
the “heart blood” will not be substantial. Under
circumstances where the autopsy is performed within
48 h of death, diffusion of alcohol from the gut to the
heart is relatively insignificant. As noted, femoral or
subclavian venous (peripheral) blood sites are
preferable to central blood. These samples may be
difficult to obtain secondary to insufficient volume
and in cases of traumatic hypovolemia (“empty-heart
sign”). As EA distributes to total body water, it is
important prior to the onset of putrefaction to
consider the water content of the blood sample in
interpreting BAC. For example, the sample with a
low hematocrit (volume of red cells to total blood
volume) yields a higher level of EA due to the greater
water volume. In cases of significant hypovolemia,
sampling other compartments is necessary. When
the remains are incinerated, the vascular com-
partment may contain only uniformly coagulated or
anhydrous, “baked” clot. Such a sample should be
collected even though the EA level has little meaning
without correlating EA concentration in other
available matrices.

Withdrawing a “blind” postmortem sample via
precordial percutaneous pericardiocentesis to collect
blood is indisputably flawed and to be avoided.
Central blood specimens contain blood that is
drawn by direct observation from the heart or the
great vessels. In summary, external “blind” chest
puncture is not considered an acceptable procedure
for the collection of a blood sample for subsequent
EA analysis. False elevations of EA in bloody fluid
collected by external chest puncture can be confirm-
ed by analysis of postmortem vitreous humor or
urine. Without autopsy, it is recommended to collect
peripheral blood.

In contrast to the practices of clinical laboratories,
most forensic toxicology laboratories analyzing
postmortem samples report BAC from whole blood
preserved in sodium fluoride. Yet, as most forensic
experts are frequently called upon either to interpret
results from or analyze antemortem serum or plasma
samples, it is incumbent on the expert to appreciate
different results from various specimens. Researchers
conclude that using serum, plasma, or whole blood
for EA analysis produces essentially equivalent
results for clinical and forensic purposes, as long as
the final report clearly specifies the specimen (serum,
plasma, whole blood). Under most physiological
conditions, serum or plasma contains about
10-20% more water than an equal volume of whole
blood. EA levels are correspondingly, but only slight-
ly, higher in these samples. The average EA ratio of
whole blood to serum or plasma is approximately
1:1.15.
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Vitreous Humor

As a quality control measure, concomitant compara-
tive quantitation of EA in the postmortem vitreous
humor (VAC; vitreous alcohol concentration) is an
excellent means of interpreting the reported BAC,
whether central or peripheral. Because the intact, rel-
atively avascular intraorbital globe is anatomically
isolated from other tissues or fluid, it serves as an
excellent compartment to obtain unadulterated, typi-
cally sterile vitreous humor for quantitation. Charac-
teristically, VAC lags approximately 1-2h behind
BAC at metabolic equilibrium. Therefore, BAC in
the absorptive phase is higher than VAC. At the pla-
teau or equilibrium phase, the reported average ratio
of BAC:VAC is 1:1.05-1.34 by virtue of the differen-
tial water content of these matrices. In the postabsorp-
tive or elimination phase, VAC is higher than the BAC.
Such comparative analysis is helpful in establishing
whether the deceased was in the absorptive or elimi-
nation phase at death. Given the well-documented
BAC:VAC ratios, reference to the VAC is also very
useful in inferring the probable BAC at death when
intravascular blood or other body fluids are not
readily available.

As in all extrapolations based upon EA levels in
extravascular matrices, a conservative approach is
always prudent in estimating the BAC from the VAC
at autopsy. The EA distribution ratio (VAC:BAC)
(femoral blood) may exhibit wide variation in light
of recent research. Investigators recommend a conser-
vative approach by dividing the postmortem VAC
by 2.0 to arrive at an estimate of the equivalent (fem-
oral) BAC, which, although lower than the “true
value,” may then be offered with a higher degree of
confidence in the medicolegal arena.

Other Body Fluids

When blood or vitreous humor is not available, such
as in decomposition, trauma, or contamination, other
aqueous body tissues may be used to quantitate EA,
which is readily miscible in water. Ideally, because the
level of alcohol in the central nervous system directly
affects behavior and activity, the best sample for
measurement of EA concentration is brain. Obvious-
ly, this is not feasible for living individuals. Although
brain is usually readily available at autopsy, it is not
the specimen of choice for several reasons:

1. Blood from the vascular compartment is usually
easier to obtain and process.

2. The appropriately determined BAC adequately
reflects the effect of EA on the brain.

3. Simultaneous sampling of various brain regions
yields significant differences in the EA concentra-
tion.

4. It is more practical, technically efficient, and eco-
nomically sound to analyze blood regularly when
such high-caseload volumes are involved.

Other tissues and samples used for blood alterna-
tives are urine, gastric contents, bone marrow, bile,
intracerebral and paradural hematomas, synovial
fluid, cerebrospinal fluid (CSF), and others catalo-
gued in Table 4 (in addition to solid organs, e.g.,
liver, kidney, brain, spleen and lung, cardiac, smooth
or skeletal muscle, a topic not relevant to this discus-
sion). Many researchers have reported an established
range and ratio of EA in these various body fluids to
BAC (Table 5). Limited research suggests that synovi-
al fluid from intact joints serves as a readily obtain-
able, adequate substitute for vitreous humor in
estimating perimortem BAC. These tabulations are
valuable and afford reasonable inferences with
respect to BAC when intravascular blood is unavail-
able. BAC estimations must be expressed conserva-
tively within a wide range when they are derived from
extravascular biological fluids (or tissues). If
biological fluids other than peripheral blood speci-
mens are collected, the EA concentration derived
from stomach or gastric contents (gastric alcohol
content: GAC) may be referenced to improve the
accuracy of the estimated BAC. One study of 60
autopsy cases suggested that a GAC >0.5gdl™ at
death likely indicated “recent” ingestion and that
the subject was in the preabsorptive phase; and, fur-
ther, that a subject with a GAC <0.5g dI™' may be
considered in the postabsorptive state. With the
realization that the removal of EA from the stomach,
especially in real-life drinking circumstances, is sub-
ject to multiple variables regarding end of drinking
and time to peak BAC, this comparison may improve
— in the absence of a reliable history — the estimation
of the pharmacokinetic state of the individual at the
time of death.

CSF can be used for EA analysis; however, use of
CSF EA levels is of limited value in light of studies
indicating that EA does not reach the CSF in maxi-
mum concentration until 3 h after the end of drinking
and also exhibits delay in distribution equilibrium. If
the posttraumatic survival of an individual is pro-
longed, the postmortem analysis of EA from seques-
tered intracerebral or paradural hematomas may be
of value in estimating retrospectively the BAC at the
time of injury.

Urine

With qualification, urine is potentially an acceptable
medium to estimate BAC and to determine the phar-
macokinetic phase of the subject at the time of collec-
tion. The preferred sample is ureteral urine. Excreted
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EA from the renal circulation as a glomerular filtrate
prior to mixing with water in the tubules is virtually
identical to that in the water content of blood in
that vascular compartment. Clinically or at autopsy,
collection of ureteral urine is not practical. The uri-
nary bladder is a storage container for eliminated
urine until voiding. In the absence of pathological or
drug-related conditions affecting urine production,
urine continuously enters and collects in the blad-
der. It contains variable time-and-volume-dependent
concentrations of EA.

Confounding factors in collection are inherent in
the measurement of UAC. In living subjects, the
stored urine must be voided and a subsequent
urine specimen collected over time (30-60min)
with no EA consumption or postvoiding alteration.
If, for example, after arrest for presumptive driving
under the influence (DUI), a first void is followed
promptly (<30min) by withdrawal of a venous
blood sample and then a second void (60 min (range
30-130)), reference limits for UAC/BAC have
been established to estimate the subject’s venous
BAC. Once-voided urine should only be used as a
qualitative test for EA. Toxicological urinalysis,
though often based on one void in practice, is
generally of little or no value per se to estimate an
individual’s BAC at a given time.

At autopsy, UAC represents the cumulative or
integrated sum of different BACs intra vitam over
time, encompassing various phases of EA metabolism.
Pooled urine merely estimates an average urine
concentration over the collection time. The quanti-
tated UAC may be used for rough estimates of
BAC in that timeframe. The reported average UAC:
BAC ratio is 1:1.33, but the experimentally deter-
mined range is great, reportedly from 1:0.21 to
1:2.17-2.44. UAC:BAC comparisons may also be
used to delineate the stage of metabolism the indi-
vidual is in at the time of specimen collection: absorp-
tive phase UAC:BAC <1.0; postabsorptive phase
UAC:BAC >1.3.

Decomposed or Embalmed Specimens

Thorough intravascular embalming renders blood a
medium unavailable for determining preembalming
BAC. Vitreous humor may serve as a suitable substi-
tute. In such cases the toxicologist must analyze a
sample of the embalming fluid to compare with the
VAC. In general, many embalming fluids, usually
composed of formaldehyde, either do not contain
EA or have relatively low levels compared to other
volatiles. In commercially manufactured embalming
fluid, other volatiles may include acetone, methanol,
isopropanol, and occasionally EA. Typical formulas

distinguishing the volatiles in embalming products
are readily available. Another technical difficulty in
analysis of EA in cases of exhumation-embalming
arises when dehydration of tissue or postmortem syn-
thesis of alcohol is present after prolonged burial. EA
may be elevated in bodies that have not been
embalmed in a timely manner. The BAC is therefore
likely due to postmortem production of EA.

Postmortem decomposition, even at an early stage,
falsely elevates BAC and complicates the task of the
interpretative toxicologist. Fermentative flora, prima-
rily bacteria, fungi, and yeast, enter the vascular com-
partment postmortem, metabolize glucose or protein,
and produce endogenous EA chemically identical to
that in alcoholic beverages. Because of relative isola-
tion from the putrefactive processes, urine from the
bladder and vitreous humor, which reside in relatively
sterile compartments, are sometimes spared of this
phenomenon.

Investigators report postmortem BAC as high as
0.22% attributable to endogenous production. In
moderate-to-severe decomposition, simultaneous
analysis of either vitreous humor or urine devoid of
EA supports the conclusion that the postmortem BAC
is due to endogenous fermentation by microorgan-
isms. Bodies that have been stored in cold environ-
ments generally will have minimal endogenous
alcohol production. Endogenous fermentation also
applies to victims of drowning, who frequently un-
dergo severe decompositional change even in temper-
ate climates. Moreover, dilutional factors may occur,
especially in fresh-water drowning. Therefore, the
BAC quantified from postmortem samples may actu-
ally be lower than the true level. Specific variations
are not known at this time due to the lack of research
in this area.

The endogenous generation of EA by microorgan-
isms is not unique to the postmortem period. Such
considerations are also relevant to the living, particu-
larly exemplified by subjects with metabolic compli-
cations of diabetes mellitus with urinary tract
infections, or sepsis. In diabetics, discrepancies be-
tween BAC and UAC, where the latter demonstrates
abnormally elevated amounts of EA, may be attribut-
able to urinary retention and incontinence. As a result
of this phenomenon, postmortem UAC in diabetics
is unreliable.

Summary

In evaluation of the behavioral or lethal effects of
EA, appropriately collected and handled specimens
are required for both the analytical and the inter-
pretative toxicologist. Currently there is near uni-
versal consensus that the preferred antemortem and
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postmortem specimen is peripheral whole blood.
A confounding factor affecting interpretation of
the BAC in the early postmortem period is the occa-
sional site-to-site difference in EA levels. For optimal
evaluation and if resources permit, simultaneous
collection of peripheral whole blood and a comple-
mentary, backup central sample is desirable. Other
extravascular fluids or analytes with comparative
ratios of EA to whole blood may be utilized as a
gauge of its effects on the brain. Vitreous humor is a
satisfactory complement to peripheral BAC and
should be collected routinely for EA analysis. Several
critical factors influence the distribution ratio and
must be considered. Foremost among these is the
stage of alcohol distribution at collection. The opti-
mal specimen is collected at maximum BAC plateau
or during the elimination phase. In spite of detailed
historical investigation and thorough postmortem
sampling, the medicolegal investigator may not be
able at autopsy to pinpoint the pharmacokinetic
phase of the individual at the time of death. If, for
example, the specimen is collected during the absorp-
tion stage, then total body distribution has not
been achieved. Evaluation of the reported BAC from
that sample requires recognition of this limitation.
Cautiously interpreted comparative ratios of whole-
blood BAC to extravascular matrices are of value in
making reasonable estimates of the BAC at death
when a suitable blood sample is unavailable. With
decomposition or embalming, interpretation of
the BAC is fraught with difficulty even when other
matrices are analyzed.

In living subjects plasma or serum is an acceptable
body fluid for interpretation when designated as such.
Properly collected urine samples may be used cautious-
ly to estimate the BAC when blood is unavailable.
Saliva has gained acceptance as a body fluid suitable
for analysis of EA and monitoring intoxication in a
variety of clinical settings.
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Introduction

Mention the word alcohol to a chemist and this con-
jures up a family of organic compounds with broadly
similar chemical properties and with each molecule
containing one or more hydroxyl (-OH) groups. Al-
cohol is a generic name for a large group of organic
chemical substances derived from hydrocarbons by
replacing one or more of the hydrogen atoms with
hydroxyl groups. Examples of alcohols commonly
encountered in forensic medicine and toxicology are
methanol, ethanol, isopropanol, n#-propanol, and eth-
ylene glycol. The basic properties of these primary
alcohols (methanol, ethanol, and n-propanol), sec-
ondary alcohol (isopropanol), and the dihydroxy
alcohol (ethylene glycol) are summarized in Table 1.
The alcohol of prime concern in this review is ethanol
or ethylalcohol, which is the ubiquitous psychoactive
substance in alcoholic beverages (beers, wines, and
distilled spirits).

Alcohol is a legal drug and, although most people
drink in moderation, many progress to become heavy
drinkers and sometimes become alcohol-dependent;
in short they are addicted to alcohol and can be
diagnosed clinically as alcoholics. People drink alco-
hol for different reasons. The first experience of this
social drug often occurs during adolescence when
teenagers and young adults perhaps out of curiosity
or peer pressure make their drinking début. Some will
then stop or curb their drinking owing to the nausea
they experienced, whereas others continue to drink
alcohol throughout adult life. Excessive drinking and
abuse of alcohol lead to problems within the family,
with the police, and at the workplace.

Alcohol has been referred to as the Jekyll and Hyde
of the drug world because moderate drinking has a
number of beneficial effects on a person’s health and
gives feelings of well-being. Drinking small amounts
of alcohol tends to relax people by lowering their
inhibitions and encouraging social interaction. Recent
research has shown that 1-2 drinks per day, especially
in the form of red wine, is an effective prophylactic
treatment for cardiovascular diseases such as stroke.
However, for about 10-15% of the population who
choose to drink alcohol, particularly men, initial mod-
erate consumption escalates into abuse, which wrecks
lives and causes considerable morbidity and mortality.
Alternatively, the production, advertisement, and sale

of alcoholic beverages represent a major source of
government income via taxation, making this legal
drug a double-edged sword.

In most countries alcohol-related injuries consti-
tute a major public health problem with enormous
costs for society both directly owing to the medical
intervention necessary for alcohol-related diseases
and also indirectly through alcohol-related accidents.
Impairment of body function and diminished perfor-
mance after heavy drinking are responsible for
30-40% of traffic fatalities in most countries, these
being caused by drunk drivers. In addition, many
problems in the workplace and in the home, including
domestic violence, are another consequence of heavy
drinking. Besides driving under the influence, over-
consumption of alcohol and drunkenness are under-
lying factors in many criminal offenses including
murder, sexual assaults, and rape as well as the ag-
gressive behavior of drunken hooligans. Autopsy
reports show that people committing suicide as well
as those who die by drowning have high blood alco-
hol concentration (BAC). The analysis of alcohol in
biological specimens therefore represents the most
commonly requested service from forensic science
and toxicology laboratories.

An overview of the forensic science aspects of alco-
hol is presented, particularly acute and chronic effects
on the individual, and issues of importance and con-
cern in relation to postmortem toxicology of alcohol,
including a correct interpretation of the results.

Reporting Blood Alcohol Concentrations

Because of the well-established relationship between
the concentration of alcohol in a person’s blood or
breath and the risk of causing a traffic accident, most
countries have established threshold limits of alcohol
concentration above which it is an offense to drive a
motor vehicle. However, these punishable limits dif-
fer between countries owing to tradition, lifestyle,
and not least various political forces and public opin-
ion. In most European countries a BAC limit of 50 mg
per 100 ml is enforced, whereas Norway and Sweden
have adopted a threshold of 20 mg per 100 g blood
(21 mg per 100 ml). The UK, Ireland, and most US
states as well as the provinces of Canada are more
tolerant to driving after drinking: the legal blood
alcohol limit is 80 mg per 100 ml. In a few remaining
US states the threshold alcohol limit for driving is set
at 100 mg per 100 ml (Table 2).

The concentration units used to report the results
of forensic alcohol analysis depend in part on the kind
of biological fluid analyzed, whether blood, breath,
or urine. Moreover, some countries use mass/mass
units (Germany and the Nordic countries) although
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Table 1 Characteristic features of various alcohols commonly encountered in forensic toxicology and legal medicine

Property Methanol Ethanol n-propanol Isopropanol Ethylene glycol
CAS 65-46-1 64-17-5 71-23-8 67-63-0 107-21-1
number
Molecular 32.04 46.07 60.09 60.09 62.07
weight
Molecular C,yH40 C,yHgO C3HgO C3HgO C5HgOo
formula
Chemical CH30OH CH3CH,OH CH3CH,CH,OH (CH3)>,CHOH (CH,0H),
formula
Structure Primary aliphatic Primary aliphatic Primary aliphatic Secondary Dihydroxy aliphatic
alcohol alcohol alcohol aliphatic alcohol (diol)
alcohol
Structural H H H H H H HaC OH OH
formula H+0H H OH H OH >—OH F H
H H H H H H HiC H H
Common Wood alcohol Beverage or grain Propyl alcohol Rubbing Antifreeze
name alcohol alcohol
Boiling point 64.7°C 78.5°C 82.6°C 82.5°C 197°C
Melting point —95.8°C —114.1°C —126.5°C —88.5°C —13°C
Density 0.791 at 20°C 0.789 at 20°C 0.805 at 20°C 0.785at20°C 1.11at20°C
Water Mixes completely Mixes completely Mixes completely Mixes Mixes
solubility completely completely
Main Formaldehyde and Acetaldehyde and Propionaldehyde and Acetone Glycolic, glyoxylic, and
metabolites formic acid acetic acid propionic acid oxalic acid

CAS, Chemical Abstract Service Registry Number.

Table 2 Threshold concentration limits of alcohol in whole blood and breath for operating a motor vehicle in various countries and the
blood:breath ratios of alcohol used to establish the breath alcohol limits

Breath alcohol concentration Blood:breath ratio of alcohol

Country Blood alcohol concentration
Most European countries 0.50mg ml™"

The Netherlands 0.50mg ml~’

Norway, Sweden? 0.20mg g™’

Finland 0.50mg g’

USA 0.08 or 0.10g per 100 ml
UK and Ireland® 80 mg per 100 ml
Canada 0.08 g per 100 ml

0.25mg I’ 2000:1
220 ug 1™ 2300:1
0.10mg ™" 2100:1
0.21mg !’ 2400:1
0.08 or 0.10g per 210 | 2100:1
35 ug per 100 ml 2300:1
0.08g per 210 | 2100:1

?Because a blood alcohol concentration of 0.20 mg g’1 is equivalent to 0.21 mg ml~", the actual blood:breath ratio operating is 2100:1.
bif urine is the specimen collected and submitted for analysis, the threshold concentration of alcohol is 107 mg per 100 ml.

most use mass/volume units. Because the specific
gravity of whole blood is 1.055 on average, 100 mg
per 100 ml blood is close to 95 mg per 100 g blood
(Table 2). When the analysis of alcohol is done
at hospital or clinical laboratories the specimens
used are plasma or serum and these contain more
water and therefore more alcohol than an equal
volume of whole blood. In addition, the unit of
concentration used to report results is mmol 177,
where 21.7 mmol 1! = 100 mg per 100 ml. The aver-
age plasma-to-whole-blood ratio of alcohol deter-
mined empirically is 1.15:1, which leads to a 15%
higher concentration of alcohol in the plasma after
the red cells are removed by centrifugation.

Most countries now use breath alcohol instruments
in traffic-law enforcement to establish whether a per-
son has consumed too much alcohol for driving. This
has necessitated creating threshold breath alcohol
concentration (BrAC) limits and thus avoiding the
need to translate results into the equivalent BAC
in every case. The critical BrAC limits were derived
from the preexisting BAC limits by assuming a
population average blood:breath ratio of alcohol
(BAC:BrAC). Unfortunately, different countries opted
for different BAC:BrAC ratios when their threshold
BrAC limits were being set. Moreover, the units
of concentration used to report blood and breath
alcohol measurements differ between countries;



ALCOHOL/Acute and Chronic Use, Postmortem Findings 41

Table 3 Interrelationships between the concentration units used to measure and report blood alcohol concentrations for clinical and
legal purposes

UK and Ireland (mg per 100 ml USA and Canada (g per 100 ml Most European countries Nordic countries and Germany (mgg~" or

(mg%)) (9%)) @) gkg ')?
50 0.05 0.50 0.47
80 0.08 0.80 0.76
100 0.10 1.00 0.95
150 0.15 1.50 1.42
200 0.20 2.00 1.89

2The specific gravity of whole blood is taken as 1.055, whence density is 1.055g mI™".

examples of the current BAC and BrAC limits and the
blood:breath ratios used in different countries are
shown in (Table 3).

In connection with alcohol use in the workplace,
especially by those engaged in safety-sensitive work, a
BAC of 40 mg per 100 ml is enforced throughout the
USA. Furthermore, for people below 21 years a zero-
tolerance policy has been instituted for driving, which
in practice means a legal blood alcohol limit of 20 mg
per 100 ml. This is motivated by the fact that young
people are overrepresented in alcohol-related road
traffic crashes, which emphasizes the need for stricter
control of their drinking habits. The legal drinking
age in the USA is 21 years, although teenage drinking
is a fact of life and is virtually impossible to control.
Nevertheless, establishing a minimum legal drinking
age (21 years) and a low BAC (<20 mg per 100 ml)
for driving has resulted in a decline in alcohol-related
highway deaths among young people.

Alcoholic Beverages

The concentration of alcohol in alcoholic beverages is
expressed as percent by volume (% v/v), namely ml
alcohol per 100 ml beverage. When required to calcu-
late the amount of alcohol ingested from a given
number of drinks these v/v percentages need to be
converted to weight percent (% w/v) or g per 100 ml,
which is done by multiplying v/v with the specific
gravity of alcohol (0.79), leading to the equivalent
w/v concentrations shown below.

® Beers 2.5-6.0% v/v — 2.0-4.7% wi/v (g per 100 ml)

® Table wines 8-12% v/v — 6.3-9.5% w/v (g per
100 ml)

® Sherry/port 16-20% v/v — 12.6-15.8% w/v (g per
100 ml)

® Spirits 35-50% v/iv - 27.6-39.4% wlv (g per
100 ml)

Besides the problem posed by different alcohol
concentrations in similar drinks, the situation is
further complicated because different volumes are
dispensed as a standard measure depending on

country and establishment where the alcoholic
beverages are served. In the USA, the alcohol equiva-
lent of a standard drink corresponds to a 120z
(approximately 360ml) bottle or can of beer, a
5oz (approximately 150 ml) glass of wine, or a 11
oz (approximately 45 ml) serving of distilled spirits.
Assuming that beer is Svol%, wine 12vol%, and
spirits 40vol%, a standard drink thus corresponds
to 14 g pure ethanol or an amount that requires 2 h
to become eliminated from the body by metabolism in
the liver. Obviously, the exact quantity of ethanol
depends on the alcoholic strength of the beverage,
which can vary widely for beers (2-10% v/v).

In the UK, a standard drink is referred to as a unit
of alcohol and this corresponds to 8 g ethanol, and is
considered broadly equivalent to half a pint of beer, a
small glass of table wine, or a single measure of
distilled spirits. The current recommendation for sen-
sible drinking without risk of damaging health is 1-2
units per day. For men, risky drinking implies con-
sumption of 8 units of alcohol daily (64 g) over a long
period of time, which will eventually lead to alcohol-
related health problems. For women, the amount of
alcohol considered harmful is 6 units of alcohol or
48 g per day. The smaller size and lower body weight
in women mean less body water to dilute the alcohol
and therefore a higher BAC for the same dose
ingested compared with men. In addition, hormonal
differences might make the female gender more vul-
nerable to the untoward effects of alcohol and its
metabolites.

Methods of Measuring Alcohol in
Body Fluids

The methods used to measure alcohol in body fluids
are the same regardless of whether the specimens
are taken from the living or dead. However, dif-
ferences exist depending on whether alcohol is
measured in breath as opposed to liquid specimens
like blood, urine, or saliva. Over the years, the meth-
ods for measuring alcohol in body fluids have under-
gone radical changes. Between 1900 and 1950
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nonspecific wet-chemical oxidation methods domi-
nated. In the early 1950s more selective enzymatic
procedures appeared using the enzyme alcohol
dehydrogenase (ADH) extracted from horse liver
and/or yeast. Today highly selective physicochemical
methods are used for analysis of alcohol in body
fluids such as gas-liquid chromatography and mass
spectrometry.

The first methods of breath alcohol analysis used
the principles of chemical oxidation with dichromate
and photometric detection of the endpoint as with the
famous Borkenstein Breathalyzer® instrument, which
was widely used by police forces in the USA, Canada,
and Australia. More modern instruments for breath
alcohol analysis rely on infrared (IR) spectrometry for
quantitative analysis of ethanol or electrochemical
(EC) oxidation, which is the basis of the so-called
fuel-cell instruments. Some breath alcohol instru-
ments make use of both analytical principles (IR and
EC), thus furnishing an enhanced selectivity for the
analysis and identification of ethanol. Breath alcohol
testing is noninvasive and therefore ideal for conduct-
ing on-the-spot tests in drivers. Several kinds of hand-
held devices are available for testing motorists at the
roadside. Such breath alcohol screening tests are also
being used in accident and emergency departments to
test for alcohol intoxication in casualty patients.

Point-of-care testing is currently in vogue and mini-
mally invasive procedures such as the analysis of
exhaled air have many advantages over blood sam-
pling. Another noninvasive approach uses saliva (oral
fluid) as a biological specimen for analysis of alcohol
and a number of enzymatic test kits are available for
this purpose.

The principles and basic features of the various
methods used to analyze ethanol in blood and breath
are summarized in Table 4. The current method of
choice in forensic science and toxicology laboratories
is headspace gas-liquid chromatography (HS-GC),
which first appeared in the early 1970s. Besides
the determination of ethanol, the same HS-GC
technique can be applied to analyze a wide range of
low-molecular-weight volatile substances that might
be present in the biological specimens, such as
methanol, acetone, isopropanol, and toluene. In
brief, the HS-GC method entails sampling the air or
vapor phase, called the headspace, above the liquid
specimen (e.g., blood or urine) contained in an airtight
glass vial kept at a constant temperature of 50 or
60°C. After air-liquid equilibrium is established, an
aliquot of the vapor phase is removed either using
a gas-tight syringe or with some automated system
and transferred into the HS-GC column for gas
chromatographic analysis.

Table 4 Summary of the analytical methods used to determine ethanol in body fluids

Method of analysis

Basic principle of the analytical method

Chemical oxidation

The ethanol is first separated from the biological matrix by distillation, diffusion, aeration, or

protein precipitation. The resulting aqueous ethanol is then oxidized, usually with a mixture of
potassium dichromate and sulfuric acid, and the reaction endpoint is determined by volumetric
titration or by spectrophotometry

Enzymatic oxidation

Ethanol is first separated from the biological matrix as above; the pH of the aqueous distillate is

adjusted to between 8 and 9 with semicarbizide buffer, and the coenzyme (NAD™) is added.
Oxidation of ethanol is achieved by adding the enzyme alcohol dehydrogenase derived from
yeast and the reaction is monitored by formation of the reduced coenzyme (NADH) at 340 nm by

ultraviolet spectrometry
Gas chromatography using liquid
injection

An aliquot of blood or other body fluid is diluted 1:5 or 1:10 with an aqueous solution of internal
standard (either n-propanol or t-butanol). About 1-5 ul of the diluted specimen is injected into

the gas chromatograph fitted with a polar stationary phase (e.g., polyethylene glycol) and a
flame ionization detector is used for quantitation

Gas chromatography using
headspace analysis

An aliquot of blood or other body fluid is diluted 1:5 or 1:10 with an aqueous internal standard as
above. The diluted specimen is allowed to equilibrate in an airtight glass vial for 20 min before

an aliquot of the vapor phase (called the headspace) is removed with a gastight syringe or other
means (instruments fitted with automated injectors are common) and transferred into a gas

chromatograph for analysis
Ethanol in the vapor phase (e.g., breath) is quantitatively determined by infrared spectrometry

Infrared spectrometry

according to the Lambert-Beer law. Ethanol absorbs infrared radiation at wavelengths of
3.4 um corresponding to the C-H stretch and at 9.5 um corresponding to the C-O stretch

Electrochemical oxidation

Ethanol in the vapor phase (e.g., breath) is quantitatively determined by electrochemical

oxidation with a platinum black catalyst and an acid electrolyte mounted with electrical
connections to form a fuel cell. The ethanol molecules enter one side of the cell and are
oxidized via acetaldehyde to acetic acid; the current produced is proportional to the
concentration of ethanol in the sample
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A recommended practice in forensic science is to
make all determinations of BAC in duplicate. To
enhance the selectivity of the assay the chro-
matographic conditions should differ for each aliquot
of the duplicate and this requires the use of two
different stationary phases that give unique retention
times (RTs) for ethanol. The RT is defined as the time
in minutes measured from the point of injection to the
appearance of the apex of the peak on the chromato-
gram. RT is characteristic of the substance analyzed
and is used for qualitative analysis or identification by
comparison with pure known compounds. In practice
it is rare that different substances have the same RT
under the same chromatographic conditions and even
rarer if two different GC systems are used for the
analysis. Quantitative analysis is achieved by measur-
ing the height or area under the GC peak response
and for many volatile compounds a flame ionization
detector (FID) is the universally accepted method.
The detector response from the FID is remarkably
linear over a wide range of concentrations encoun-
tered in forensic toxicology from 0 to 600 mg per
100 ml and higher.

Alcohol in the Body

Alcohol is a small polar molecule (molecular weight
46.07) and mixes with water in all proportions. Alco-
hol is easily absorbed from the stomach and small
intestine by passive diffusion according to the con-
centration gradient existing. Drinking alcohol in the
form of whisky (40% v/v), wine (10% v/v), or beer
(5% v/v) will be expected to show different rates of

absorption. The alcohol from the stronger drink is
likely to become absorbed faster and give higher
peak BACs for the same dose. Some basic character-
istics of ethanol in the body and body fluids are
summarized in Table 5.

Trace amounts of alcohol are produced naturally in
the body mainly through the action of microorgan-
isms and yeasts in the jejunum and colon that utilize
dietary carbohydrates as substrates for biosynthesis
of alcohol. However, the concentration of endoge-
nous ethanol reaching the peripheral venous blood
remains very low (<0.1 mg per 100 ml) as determined
by highly sensitive and specific methods. Indeed, if
any alcohol is produced in the gut it first has to enter
the portal venous blood and pass through the liver
before reaching the peripheral circulation. The alco-
hol-metabolizing enzymes located in the liver can
effectively metabolize low concentrations of endoge-
nously produced alcohol and only trace amounts are
detectable in the peripheral circulation. Endogenous
ethanol production therefore lacks any clinical or
forensic significance.

Absorption of Alcohol

After drinking beer, wine, or spirits, the alcohol (eth-
anol) present in these beverages mixes with the total
body water without binding to plasma proteins and
the solubility of ethanol in fat and bone is negligible.
How fast alcohol enters the blood stream depends on
many variable factors, particularly the amount
ingested, the rate of drinking, and especially the
speed of gastric emptying. Alcohol can be absorbed

Table 5 Characteristic features of ethanol and its distribution in body fluids

Property Value
Molecular weight 46.07

Density 0.79gml™"
Critical diameter 4.4 A
Dielectric constant 26

Energy value ~7.1kcal g~

Spirits 40 vol %

Wine 12 vol%

Beer 5vol%

Sl units 21.7 mmol I’

Standard drink contains
Plasma:whole blood distribution ratio
Urine:whole blood distribution ratio
Distribution volume

Proportion metabolized and excreted
Elimination rate from blood (range)
Elimination rate from body (range)

31.6g per 100 ml

9.5g per 100 ml

4.0g per 100 ml

100 mg per 100 ml

8-10g ethanol

1.15:1 (wide range)?

1.30:1 (wide range)®
0.61kg™" (women) 0.7 1kg™" (men)
95% and 5%

10-25mg per 100 ml per h°
6-18 g ethanol per h®

?The values in any individual case depend on the water content of the specimen, which in turn depends on blood hematocrit.
®The urine:blood alcohol concentration ratio is lower on the ascending limb compared with the descending limb of the blood alcohol

curve and increases as blood alcohol concentration decreases.
°Values apply to the vast majority of people.
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through the stomach and also from the small intestine
(duodenum and jejunum) where the rate of absorp-
tion is faster owing to the larger internal surface area
provided by the villi. The alcohol contained in beer
and wine tends to be absorbed more slowly than
alcohol from whisky and vodka, not only because of
the lower concentrations present but also because
malt beverages and wines contain sugars as well as
other constituents that tend to delay gastric emptying
owing to an altered gastric pH caused by the buffer
capacity of the drink.

Eating a meal during or before drinking alcohol
diminishes the rate of alcohol absorption into the
blood because the food tends to delay stomach emp-
tying. The resulting peak BAC is lowered after food
and the time that alcohol remains in the body is
shorter under these conditions compared with taking
the same amount on an empty stomach. This is illu-
strated in Figure 1, which shows mean concentra-
tion—time profiles of ethanol derived from analysis
of whole blood from 10 subjects who drank 0.3 g
ethanol per kg either after an overnight fast (empty
stomach) or after eating a standardized breakfast
(after food).

Another factor influencing the absorption rate of
alcohol is a person’s blood sugar level. It seems that
hyperglycemia slows and hypoglycemia accelerates
gastric emptying, which means that the time of day
when drinks are consumed and other determinants of
blood sugar, e.g., eating low-carbohydrate diets, preg-
nancy, and diabetes, are important to consider. Hor-
monal changes depending on age, menstrual cycle,
and menopause in women might account for gender
differences in gastric motility and rate of alcohol
absorption. Some commonly used medications
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Figure 1 Comparison of the concentration—time profiles of eth-
anol in blood after drinking a moderate dose of alcohol
(0.3gkg™") on an empty stomach (10-h fast) or after eating a meal.

(aspirin, cimetidine, ranitidine) can alter gastrointes-
tinal motility and this is reflected in drug-induced
changes in ethanol absorption rate. Smoking cigar-
ettes is known to delay the opening of the pyloric
sphincter, thereby slowing the absorption of alcohol
into the portal venous blood. It seems that a host of
environmental and possibly gender-related differ-
ences exist that modulate gastric emptying and alter
the peak BAC and the acute impairment effects seen
after a given dose of alcohol.

Distribution of Alcohol

A person’s BAC depends not only on the dose and the
rate of absorption of alcohol from the gut but also on
the body weight and particularly the amount of mus-
cle and fatty tissues in the body. Having a high pro-
portion of fat instead of lean tissue means a higher
BAC for a given dose of alcohol because leaner indi-
viduals have more body water into which the alcohol
ingested becomes diluted. Since women tend to be
smaller than men and also have more fatty tissue per
kg body weight and therefore less body water, a given
amount of alcohol in a female drinker is expected to
produce a higher BAC and therefore a greater intox-
icating effect. This makes women more susceptible to
the health hazards of prolonged heavy drinking.

All body fluids and tissues take up alcohol in pro-
portion to their water content and the ratio of blood
flow to tissue mass determines the speed of equilibra-
tion into the various body compartments. Most of the
body water resides in the skeletal muscles so only a
part of the ingested alcohol is circulating in the blood
stream. The ratio of blood flow to tissue mass is high
for organs such as the lung, the brain, and the kidney,
which rapidly equilibrate with the absorbed alcohol.
However, for the resting skeletal muscles in the arms
and legs the ratio of blood flow to tissue mass is
considerably less and a longer time is necessary to
attain equilibrium with the concentration of alcohol
in the arterial blood. This leads to arterial-venous
difference in ethanol concentration, which are partic-
ularly marked during the absorption and distribution
stages of ethanol metabolism. By 60-120 min postin-
gestion, the arterial-venous differences are abolished
and for the remainder of the time alcohol is present in
the body, providing no further drinks are taken, the
concentration in the venous blood is slightly higher
than in the arterial blood.

The relationship between a person’s BAC and
the amount of alcohol absorbed and distributed in
all body fluids and tissues is given by the following
simple equation:

A = BAC x Vy x body weight 1]
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Table 6 Relationship between blood alcohol concentration (mg per 100 ml) and the amount of alcohol (g) absorbed and distributed in
all body fluids at time of sampling. Values are shown for the average nonobese healthy adult person with body weights (kg) ranging from

50 to 90 kg
Blood alcohol (mg per 100 ml) Subject® 50kg® 60kg 70kg 80kg 90kg
20 Male 7.0 8.4 9.8 11.2 12.6
Female 6.0 7.2 8.4 9.6 10.8
50 Male 17.5 21.0 24.5 28.0 31.5
Female 15.0 18.0 21.0 24.0 27.0
80 Male 28.0 33.6 39.2 44.8 50.4
Female 24.0 28.8 33.6 39.4 43.2
100 Male 35.0 42.0 49.0 56.0 63.0
Female 30.0 36.0 42.0 48.0 54.0
150 Male 52.5 63.0 73.5 84.0 94.5
Female 45.0 54.0 63.0 72.0 81.0
200 Male 70.0 84.0 98.0 112.0 126.0
Female 60.0 72.0 84.0 96.0 107.9

2The volumes of distribution of ethanol were assumed to be 0.7 1kg ™" for men and 0.6 1kg~" for women.

bConversion factor: 1kg=2.21b and therefore 50kg is 110 Ib.

where A is the amount of alcohol in grams absorbed
and distributed in all body fluids at the time of
sampling blood, BAC is the person’s BAC in units
of g 1! (not mg per 100ml), body weight in kilo-
grams, and Vg is the volume of distribution of
alcohol expressed as liters per kilogram (lkg™")
body weight. The average V4 parameter for healthy
nonobese males is 0.71kg™"' and for healthy nono-
bese females 0.61kg~'. By rearranging the above
equation it becomes obvious that V4 corresponds
to the ratio of the concentration of alcohol in the
whole body (dose = A/kg) to the concentration of
alcohol in the blood (BAC). Since alcohol only dis-
tributes into the total body water, the ratio of alcohol
in the body to alcohol in the blood is the same as the
ratio of percent water in the body to percent water in
the blood.

Assuming a total body water of 60% for men
and 53% for women and a blood water of 82% w/v
for men and 86% w/v for women (because of
their lower hematocrit) predicts a V4 of 0.73 kg™
for men and 0.62kg™" for women. Obviously there
are appreciable inter- and intraindividual variations
in the actual values depending on the person’s
age, gender, and the amount of adipose tissue in the
body, as indicated by studies of body composition and
body mass index (BMI). The magnitude of variation
in Vy4is about & 20% within the same gender. Table 6
was constructed using the above equation to give
the amounts of alcohol in grams absorbed and
distributed in all body fluids for healthy men
and women with body weights ranging from 50 to
90kg. The calculations were based on measured
blood ethanol concentrations from 20 to 200 mg
per 100 ml.

Metabolism and Elimination of Alcohol

Once absorbed from the gut, the alcohol molecules
are transported to the liver by the portal venous blood
where hepatic enzymes begin to clear the drug from
the blood stream. The principal alcohol-metabolizing
enzyme is ADH, which converts ethanol into its
primary toxic metabolite acetaldehyde (Figure 2)
which fortunately is swiftly transformed into
acetate by another hepatic enzyme called aldehyde
dehydrogenase (ALDH).

The same enzymes are also involved in the metabo-
lism of methanol, as illustrated in Figure 2. Indeed,
the classic treatment for patients poisoned with meth-
anol is to administer ethanol intravenously to achieve
an initial BAC of 100-150 mg per 100 ml and keep
this constant by administering more ethanol at a con-
stant rate of 7-10gh~'. This treatment prevents the
oxidation of methanol into its toxic metabolites
formaldehyde and formic acid, and any unmetabo-
lized methanol can be removed from the blood stream
by dialysis. Bicarbonate is also given to the patient to
counteract acidosis caused by excess formic acid in
the blood. Another more modern antidote for metha-
nol poisoning is the drug fomepizole (4-methylpyra-
zole), which is a competitive inhibitor of ADH.

The catalytic activities of both ADH and ALDH
display racial and genetic variations including
polymorphism and isoenzymes exist with different
characteristics including specificity for substrates
and k;, and V., values (Figure 2). Many people of
Asian descent (40-50%) have an inherent low toler-
ance to alcohol and experience nausea even after a
couple of drinks because they inherit a defective form
of the ALDH enzyme. The enzyme is less capable of
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Figure 2 Scheme showing the enzymatic oxidation of ethanol and methanol via alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH) and the various isozymes involved and examples of drugs that inhibit ADH (fomepizole or 4-methylpyrazole)

and ALDH (disulfiram).

effectively metabolizing the acetaldehyde produced
during the oxidation of ethanol and abnormally
high concentration of acetaldehyde appear in periph-
eral blood. The high blood acetaldehyde triggers a
range of unpleasant effects including facial flushing,
nausea, tachycardia, and breathing difficulties, and
this deters people from continuing to drink. These
individuals are afforded a protection from becoming
heavy drinkers and alcoholics owing to their inability
to metabolize acetaldehyde effectively. The same ef-
fect can be achieved by giving Antabuse® (disulfi-
ram), a drug treatment known as aversion therapy
for alcoholics (Figure 2). This medication works by
blocking the action of ALDH so if a treated person
drinks alcohol he/she suffers the consequences caused
by the high concentration of blood acetaldehyde.

Oxidative Metabolism

The bulk of the dose of alcohol ingested (93-95%)
undergoes oxidative metabolism. This process occurs
primarily in the liver, whereby ethanol is converted
enzymatically first to acetaldehyde and then to ace-
tate by the action of ADH and ALDH, respectively.
These enzymes are located in the cytosol fraction of
the liver (ADH) and mitochondria (ALDH) (Figure 2).
Only small amounts of ethanol (5-7%) are excreted
unchanged in breath, sweat, and urine, which means
that drinking water to increase production of urine or
hyperventilating the lungs or exercising to increase
the formation of sweat are not effective ways of low-
ering the BAC to sober up quicker. There is an abun-
dance of ADH in the liver so even people with serious
liver dysfunction, such as hepatocellular carcinoma

or cirrhosis, are capable of metabolizing ethanol,
albeit at a slightly slower rate.

Another enzyme system engaged in the metabolism
of ethanol is known as cytochrome P4502E1
(CYP2E1), which is located in a subcellular compo-
nent of the hepatocyte know as smooth endoplasmic
reticulum, particularly the microsomal fraction. The
CYP2E1 as well as many other microsomal enzymes
(e.g., CYP2D6, CYP2C9, CYP2C19) are important
for the metabolism of endogenous substances as well
as drugs and xenobiotics taken into the body. The
CYP2E1 enzyme has a higher k., for oxidation of
ethanol (40-60 mg per 100 ml) and therefore comes
into play when BAC reaches higher concentrations,
as in heavy drinkers and alcoholics. Moreover, the
CYP2E1 enzyme is inducible after a period of
binge drinking so that alcoholics and others with
very high BAC can clear ethanol more effectively
from the blood stream. This accounts for the faster
rates of disappearance of ethanol from blood
reported during detoxification of alcoholics
(30-35mg per 100 ml per h). Many adverse drug—
alcohol interactions are caused by the CYP2E1 en-
zyme, which is also involved in metabolism of the
over-the-counter medication acetaminophen (para-
cetamol). Hyperactive CYP2E1, caused by heavy
drinking, can result in liver damage and cell death
owing to a toxic metabolite of acetaminophen. Fur-
thermore, many dangerous environmental chemicals
(e.g., chlorcarbons and hydrocarbons) are substrates
for CYP2E1 and these can also be converted into
toxic metabolites. The fate of ethanol in the body
and the proportions metabolized and excreted are
illustrated in Figure 3.
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Figure 3 Scheme showing the fate of ethanol in the body, the
relative amounts oxidized via alcohol dehydrogenase (ADH) and
cytochrome P450 (CYP2E1), and conjugation and excretion in
breath, sweat, and urine.

Gastric Metabolism of Ethanol

Although ethanol is primarily metabolized in the liver
where most of the enzymes are located, studies have
shown that ADH also occurs in the lung, kidney, and
gastric mucosa. Great interest was aroused some
years ago when investigators claimed that a consider-
able fraction of the dose of ethanol consumed was
already eliminated in the stomach by class IV iso-
zymes of ADH in the gastric mucosa. Interestingly,
the activity of gastric ADH was found to be lower in
women than in men and also less in alcoholics com-
pared with moderate drinkers. It was argued that
women and problem drinkers were more vulnerable
to the ill-effects of ethanol and reached higher BAC
for the same pattern of drinking because they lacked
the capacity for ethanol metabolism in the stomach.
This would mean an enhanced systemic availability of
ethanol and a greater risk of organ and tissue damage
as well as more pronounced acute effects on the per-
son’s performance and behavior. The magnitude of
gastric first-pass metabolism was found to be greater
during repetitive drinking, which is more in keeping
with daily life, as compared with ingesting a bolus dose.

In another series of publications, it was shown that
gastric ADH was rendered less effective when certain
medication, such as aspirin, Tagamet®, and Zantac®,
had been taken before drinking. This was explained
by drug-induced inhibition of the gastric ADH
enzyme so people who combined alcohol with this
medication were more liable to reach a higher BAC
because less was metabolized presystemically in the
stomach. However, the significance of gastric ADH as
a protective barrier against alcohol’s effects is still a
matter of conjecture and debate. It was found that the
difference in BAC curves with and without the drug
was highly dependent on the dose of alcohol ingested
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Figure 4 Comparison of the metabolites of ethanol produced
by oxidative and nonoxidative metabolic pathways.
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and the fed/fasted state of the individual. Whether the
liver or the gut is the primary site for first-pass oxida-
tion of ethanol is therefore still unresolved.

Nonoxidative Metabolism

It has been known for many years that a very small
fraction (<1%) of the dose of ethanol consumed
undergoes a phase II conjugation reaction with glu-
curonic acid to produce ethyl glucuronide (EtG),
which is then excreted in the urine. Recent studies
have shown that EtG has a much longer elimination
half-life than ethanol itself and can therefore be
detected in blood and urine long after ethanol is
no longer measurable. This means that analysis of
EtG in blood or urine could serve as a marker
to detect recent consumption of alcohol. This would
be useful when monitoring outpatient alcoholics and
others in rehabilitation programs who are required to
refrain from drinking.

Other examples of nonoxidative pathways of etha-
nol metabolism are the synthesis of fatty acid ethyl-
esters (FAEE) and phosphatidylethanol (PEth)
products formed during enzymatic reactions between
ethanol and various free fatty acids (esterification)
and phospholipid adducts, respectively. Both FAEE
and PEth are being actively researched as markers of
excessive drinking and also as possible explanations
for ethanol toxicity to body organs and tissues. The
oxidative and nonoxidative metabolites of ethanol
are compared in Figure 4.

Rate of Alcohol Disappearance from Blood

The speed at which alcohol disappears from the blood
stream is often discussed in forensic and legal medi-
cine because this information is needed when retro-
grade estimations of a person’s BAC are required,
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such as in drink driving cases. It sometimes happens
that the BAC at the time of driving or involvement in
a traffic accident needs to be estimated from the BAC
measured several hours later at a time when the blood
was drawn. In properly conducted experiments the
rate of ethanol disappearance from the blood, which
is commonly referred to as the f-slope or burn-off
rate, usually ranges from 10 to 25 mg per 100ml h™*
in the vast majority of people. These rates were
obtained from controlled drinking experiments and
tracing the concentration—time profiles of ethanol.
Only those blood samples on the postabsorptive elim-
ination phase of the BAC profile can be used to calcu-
late the disappearance rate of ethanol from blood
(Figure 5). This rate is given by the slope of the line
(B-slope) or the ratio C,/min, in units of mg per
100 ml h™'. The volume of distribution of alcohol is
derived from the ratio dose (g kg~ ')/C, and takes the
units 1 kg ™.

In healthy people with moderate drinking habits a
disappearance rate of 15 mg per 100 ml h™' is consid-
ered a good average value, although in heavy drin-
kers, including many apprehended drunk drivers,
higher mean rates are found, such as 19mg per
100mlh~'. Alcohol starts to become metabolized
from the moment it enters the body and this process
continues at a constant rate per unit time (zero-
order kinetics). When a measured BAC needs to be
converted into the amount of alcohol a person has
consumed, the amount lost through metabolism since
beginning to drink must be considered. This can be
done by using eqn 2, where (8 x t) is the amount of
alcohol eliminated since the start of drinking, that is
0.15 mg per 100 mlh~' multiplied by the number of
hours elapsed.

A = [BAC + 8 x #] x V4 x body weight 2]

To obtain an estimate of the rate of elimination of
alcohol from the whole body one needs to consider the
volume of distribution of alcohol, which depends on,
among other things, the size of the individual and the
total body water. The amount of alcohol eliminated
from the body is given by the product of f and V4 and
has units of g kg~ 'h™'. As a rule of thumb, a human
being can eliminate 0.1 g 100% ethanol per kilogram
body weight per hour regardless of gender, so a man
or woman of 80 kg body weight eliminates 8 g etha-
nol per hour or approximately one unit of alcohol.

Table 7 shows likely rates of alcohol elimination
from the blood stream (f-slope) and the body as a
whole and also the conditions under which these
values might be observed in practice.

Distribution of Alcohol into Body Fluids

Many different body fluids and tissues have been used
for the determination of ethanol in clinical and foren-
sic medicine and the choice depends on whether sam-
ples are taken from living or dead bodies. The
specimens most commonly obtained are listed in
Table 8, although it should be noted that the concen-
tration of alcohol is not the same in the various
fluids or tissues listed. The main reason for this is
the different amounts of water and the time after
end of drinking when the samples are obtained or
how long after drinking death occurred in the cause
of forensic autopsy work.

Urine

Much has been written about the relationship
between alcohol in blood and urine in both living
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Figure 5 Concentration-time profile of ethanol after drinking 0.7 g kg~' (160 ml whisky) on an empty stomach and the method of
calculating disappearance rate from blood (fS-slope) and the volume of distribution (Vy).
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Table 7 Expected elimination rate of alcohol from blood and the whole body under different treatments or conditions

Elimination rate from
whole body (gh~')?

Elimination rate from blood
(mg per 100 ml per h)

Conditions/treatment necessary

People with liver dysfunction (e.g., owing to cirrhosis or carcinoma) or those

who are malnourished or eat low-protein diets. Treatment with the drug
fomepizole (4-methylpyrazole) will also slow elimination of ethanol

Healthy individuals who drink moderate amounts of alcohol after an overnight

After ingestion of a moderate dose of ethanol under nonfasting conditions
Healthy individuals who reach appreciably high blood alcohol concentration

(>120 mg per 100 ml) such as drunk drivers

8-10 4-5
10-12 5-6
(10-h) fast
12-16 6-8
16-25 8-12
25-35 12-17

Alcoholics or very heavy drinkers immediately after a drinking spree (e.g.,

during detoxification). Even heavy drinking for several days might show
enhanced rates. Treatment with protein-rich diets or conditions that cause
hypermetabolic conditions (e.g., burn trauma, hyperthyroidism)

2The above values apply to a healthy nonobese individual with a body weight of 70 kg and an ethanol volume of distribution of 0.7 1 kg™".

Table 8 Examples of biological specimens used for determination of alcohol in forensic casework when dealing with living and dead

subjects

Living subjects

Deceased subjects (postmortem)

Whole blood
Cubital vein?®
Radial artery
Capillary or fingertip sample
Plasma or serum?
Freshly voided urine?
Tears
Cerebrospinal fluid
Saliva
Sweat
Breath
Free-expired
End-expired?
Rebreathed

Whole blood
Cubital or jugular vein
Femoral vein?
Cardiac (heart) blood
Stomach contents
Bladder urine?
Vitreous humor?
Cerebrospinal fluid
Bile
Bone marrow or synovial fluid
Various tissues
Brain
Muscle
Liver

4Recommended specimens if available.

subjects and also in cadavers. Indeed, in postmortem
toxicology urine is an important biological specimen
for the analysis of alcohol and comparing the concen-
tration in urine and blood can help to resolve whether
postmortem synthesis might have occurred. Except in
conditions like diabetes or other disturbances in car-
bohydrate metabolism, bladder urine does not nor-
mally contain sugar, which is the usual substrate for
microbial synthesis of ethanol. This means that the
risk of postmortem synthesis of ethanol is seemingly
less in bladder urine compared with blood specimens.

In healthy people, urine is produced in the kidneys
and enters the bladder at a rate of about 1 ml min~!
or 60ml h™', although this production might increase
10-fold during a period of alcohol-induced diuresis
close to the peak BAC. Drinking water will not dilute
the concentration of ethanol in the urine because this
depends on the concentration of ethanol in renal

artery plasma, which cannot be lowered by drinking
liquids. Urine is therefore an excellent body fluid to
verify that a person has used a particular drug, in-
cluding alcohol, and urine drug testing is a large
commercial enterprise in most countries. However,
interpreting the concentrations of ethanol determined
in urine and blood taken at autopsy is not always easy
because urine tends to pool in the bladder, during
which time the blood ethanol concentrations might
have changed considerably, especially during the ab-
sorption phase. Urine is secreted in batches so the
ethanol concentration in a voided sample will not
reflect the concentration of ethanol in renal artery
blood at the time of voiding. Much depends on the
particular stage of alcohol pharmacokinetics and how
long the person might have survived after drinking
alcohol before death occurred. But also in living
subjects the relationship between urine and blood
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Figure 6 Concentration—time profiles of ethanol in blood and
urine after drinking a moderate amount of alcohol (0.68 gkg™") in
20min on an empty stomach. Alcohol was in the form of neat
whisky and the bladder was emptied before the start of drinking.

alcohol can differ widely depending on the position of
the blood alcohol curve and the storage time in the
bladder before voiding (Figure 6).

The magnitude of variation in urine vs blood alco-
hol concentration ratios is an important consider-
ation whenever attempts are made to estimate BAC
indirectly from the concentration determination in
urine. Although the average urine:blood ratio of eth-
anol in the postabsorptive phase is about 1.3:1, the
values vary widely in any individual case depending
on many factors. A conservative estimate of BAC
from UAC can be obtained by using a considerably
higher UAC:BAC ratio such as 1.5:1 or higher,
depending on legal requirements, such as beyond a
reasonable doubt or more likely than not. Figure 6
shows the relationship between alcohol in blood and
bladder urine in one subject who consumed 0.68 g
ethanol per kg body weight on an empty stomach in
20 min. Note that the bladder was emptied before
drinking started and then every hour for up to 7 h.

Saliva

Saliva is a watery fluid produced by the parotid, the
submaxillary, and the sublingual glands, although the
mixed oral fluid collected for determination of drugs
also contains mucous secretions from the mouth. The
use of saliva as a body fluid for analysis of alcohol
and other drugs has expanded greatly over the past
decade. A number of methods have been developed
for sampling saliva such as by chewing on cotton
wool or parafilm to stimulate production of an ap-
propriate specimen. For drugs like ethanol, which
enter the saliva by simple diffusion from the arterial
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Figure 7 Concentration—time profiles of ethanol in blood and

saliva after drinking a moderate amount of alcohol (0.68 gkg ™) in

20min on an empty stomach. Alcohol was in the form of neat
whisky.

blood supply to the salivary glands, the time lag be-
tween alcohol entering the blood stream and appear-
ing in the saliva is very short. Only the nonprotein-
bound fraction of a drug enters the saliva, which
makes alcohol an ideal candidate for oral fluid analy-
sis because of its negligible binding to albumin and
other plasma proteins. Accordingly, the concentra-
tion of alcohol in saliva should be the same as that
in the water fraction of the blood. Studies have found
that the mean saliva:blood alcohol ratio is about
1.08:1 and this was remarkably constant during
absorption, distribution, and elimination of alcohol
in the body. The main disadvantage of saliva as a
biofluid for drug analysis is the small volume avail-
able and the fact that some people, owing to a dry
mouth, will not be able to produce the required sam-
ple on demand.

Figure 7 shows an example of the pharmacokinetic
profiles of ethanol in saliva and blood in one subject
who drank 0.68 g ethanol per kg body weight on an
empty stomach in 20 min. Note that the saliva profile
is closer to the blood alcohol profile than the urine
alcohol profile (Figure 6) owing to a shorter time lag
for alcohol to enter the oral fluids compared with the
urine in the bladder, which is stored until voided.

Breath

A small fraction (1-2%) of all the alcohol ingested is
exhaled in the breath. Alcohol diffuses from the pul-
monary capillary blood across the alveolar—capillary
membrane into the alveolar spaces and into the respi-
ratory passages. The amount of ethanol leaving the
body via the lungs depends primarily on the blood/air
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partition coefficient for alcohol, which is about
2000:1 at body temperature (37 °C). With a BAC of
100 mg per 100 ml the concentration of ethanol in
alveolar air is only 0.05mg per 100ml (100/
0.05 =2000). If ventilation of the lungs is 41min~"
or 2401h™"', only 120 mg of ethanol (0.12g) leaves
the body with the exhaled air every hour. This
amount is negligible compared with the amount lost
by hepatic metabolism, which corresponds to 6-8 g of
ethanol per hour.

The analysis of alcohol in breath has found many
applications in both clinical and forensic medicine as
a rapid noninvasive test for alcohol consumption and
if necessary as a way to estimate the amount of alco-
hol in the body. A wide variety of breath alcohol
analyzers have been developed and used for both
roadside screening of drivers and also for evidential
purposes, as discussed elsewhere in this encyclopedia.

Figure 8 compares venous blood ethanol and
breath ethanol concentrations in one subject tested
with an infrared breath alcohol analyzer (Intoxilyzer
5000). Note the slightly higher breath readings at the
first sampling point just 15 min after drinking ended
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Figure 8 Concentration—time profiles of ethanol in blood and
breath after drinking a moderate amount of alcohol (0.68 gkg™")
in 20 min on an empty stomach. Alcohol was in the form of neat
whisky and the breath alcohol analyzer was Intoxilyzer 5000
based on infrared analysis.

and the lower results at all later times, which can be
explained by arterial-venous differences in blood eth-
anol concentration. The alveolar and end-exhaled
concentration of alcohol is closer to arterial BAC
and not venous BAC.

Vitreous Humor

The vitreous humor (VH) of the eye is a clear fluid
widely used in postmortem toxicology not only for
determination of ethanol but also for measuring
glucose, potassium, chloride, and lactate as well as
certain drugs of abuse. VH is particularly useful when
bodies are badly damaged or when putrefaction has
occurred. VH specimens are easy to obtain using
syringe and needle and this procedure can be done
even before a complete autopsy is performed. The
remoteness of the eye from the gut where bacteria
start to spread makes VH less prone to artifacts
caused by contamination with microbes and postmor-
tem diffusion of alcohol from the stomach and chest
cavity. Indeed, VH can sometimes be used as a speci-
men for alcohol analysis in embalmed bodies. The
concentration of alcohol in VH helps to verify the
BAC at autopsy and if necessary BAC can be estimated
from VH concentration, albeit with large uncertainty.

Table 9 shows ethanol distribution ratios of VH/
blood and urine/blood from a large autopsy material.

Effects of Alcohol on the Body

The effects of alcohol on human performance have
been investigated extensively and the cardinal signs
and symptoms of drunkenness are common knowl-
edge — lack of judgment and restraint, slurred speech,
unsteady gait. The effects of alcohol depend not only
on the amounts consumed (the dose) but also on the
speed of drinking: larger doses and faster drinking
times lead to a more pronounced effect on the
person’s performance and behavior. An unusually
rapid absorption of alcohol such that BAC passes
120-150 mg per 100 ml within 30 min after the end
of drinking often results in nausea and vomiting
caused by an action of alcohol triggering a vomit
reflex in the brain.

Table 9 Mean distribution ratios of ethanol for urine/blood and vitreous humor/blood in specimens taken at autopsy. The vitreous data
represent all causes of death but the urine data were alcohol-related deaths only (alcoholism or acute alcohol poisoning)

Mean blood alcohol Mean vitreous humor concentration Mean ratio® 95%
Body fluids n concentration (median) or urine alcohol concentration (median) (median) range
Vitreous humor/blood 505 170 (150) 199 (180) 1.17 (1.18) 0.63-1.45
Urine/blood 1118 309 (320) 372 (380) 1.25 (1.21) 0.85-2.0

4Calculated for cases with blood alcohol concentration exceeding 50 mg per 100 ml because ratios increase sharply as blood alcohol
concentration decreases.
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Table 10 Typical signs and symptoms of acute alcohol influence as a function of a person’s blood alcohol concentration when
observations were made close to the maximum value after a single oral dose

Blood-alcohol (mg per

100 ml) Signs and symptoms of alcohol influence®

<20 No untoward effects or outward signs

30-50 Mild euphoria and impairment of certain skilled tasks that require divided attention

50-100 Reduced inhibitions, increased talkativeness, sensory and motor disturbances, slower reaction time,
especially in choice situations

100-150 Lack of coordination, unsteady gait, slurred speech, prolonged reaction to sights and sounds

150-200 Obvious drunkenness, significantly slower reaction time even for simple tasks, nausea and vomiting in some
people, ataxia, aggressiveness

200-300 Inability to stand upright and walk without support, incoherent speech, motor areas of the brain severely
depressed with distorted perception and judgment

300-400 Confusion, stupor, or coma with shallow breathing and risk of death

>400 Heightened risk of death through respiratory paralysis and cardiopulmonary arrest

4 arge intersubject variations exist within each blood-alcohol concentration range owing to different drinking patterns and the
development of tolerance to alcohol, and individuals may exhibit very different effects.

Table 10 lists some of the typical signs and symp-
toms of alcohol influence at various BAC intervals,
although it is important to note that wide variations
exist both between and within individuals from occa-
sion to occasion. Much depends on the person’s age
and experience with drinking alcohol and particularly
the speed of intake, beverage type and whether food
was eaten, and not least the development of acute
and chronic tolerance. Impairment is more pro-
nounced on the rising part of the blood-alcohol
curve compared with the declining phase several
hours after end of drinking, and this is known as the
Mellanby effect.

Acute Intoxication

Drinking alcohol interferes with many bodily func-
tions including reaction time and the ability to per-
form skilled tasks, especially those that require
divided attention. Cognitive functions are initially
influenced (e.g., impairment of thinking, learning,
memory) followed by motor skills and vision, all of
which increases the likelihood of an accident, espe-
cially when skilled tasks like driving are performed.
Alcohol reaches the brain almost immediately after
drinking starts and the initial effects are felt after just
one drink. There is a strong dose—effect relationship
between the BAC and degree of inebriation, especially
when the BAC curve is in the ascending phase, that is,
during absorption of alcohol into the blood stream as
it crosses the blood-brain barrier to influence brain
functions. After the peak BAC or BrAC is reached in
the descending phase of the curve, a marked recovery
in both objective and subjective feelings of intoxica-
tion is evident. Seemingly the brain adapts to the
alcohol environment and several hours after the

maximum BAC is reached, highly sensitive tests
are needed to detect any residual alcohol impairment.

Alcohol exerts its effects on the brain by interfering
with the normal functioning of nerve cells and
chemical messengers (neurotransmitters). The wide
spectrum of ethanol’s effects, progressing from eu-
phoria and excitement to muscle relaxation and atax-
ia, sedation, and stupor, and ending in coma and
respiratory failure (Table 10), suggest the involve-
ment of several different receptor systems includ-
ing dopamine, gamma-aminobutyric acid (GABA,),
glutamate (N-methyl-D-aspartate receptor), and
serotonin as well as others.

Tolerance

People react to drugs in different ways and according-
ly they display wide intersubject variation in how
much alcohol is required to elicit a certain effect or
cause a change in behavior. Some people tolerate al-
cohol better than others, especially after a long period
of continual drinking. Intake of the same dose of
alcohol to reach the same BAC causes less effect in a
tolerant person as evidenced by both performance
tasks and objective ratings. Alternatively, an increas-
ing amount of drug is necessary to produce the same
effect and this as illustrated in Figure 9, is demon-
strated by a shift in the concentration—effect curve to
the right.

There are several different kinds of tolerance to
alcohol:

o Acute tolerance can be defined as an adaptation to
the effects of alcohol within a single drinking ses-
sion in a person hitherto alcohol-free. Measures of
alcohol-induced motor impairment at a given BAC
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on the rising limb of the curve are more pro-
nounced than at the same BAC on the descending
limb after the absorption and distribution termi-
nates. Acute tolerance is particularly marked for
subjective feelings of intoxication recorded at vari-
ous times after drinking. The development and
recording of acute tolerance in humans and dogs
were first noted about 100 years ago by the British
pharmacologist Sir Edward Mellanby.

Metabolic or dispositional tolerance develops after
a period of continuous heavy drinking and this is
reflected in a more rapid rate of elimination of
alcohol from the blood compared with after drink-
ing a single dose. The mechanism of metabolic
tolerance has been traced to a specific group of
enzymes located in the microsomal fraction of the
liver cell denoted CYP2E1. These enzymes are
activated during chronic drinking and “learn” to
dispose of alcohol more effectively. This form
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of enzyme induction is associated with an increased
rate of alcohol degradation with less time being
needed to clear alcohol from the body, thereby
reducing the duration of alcohol’s effects on
performance and behavior.

Chronic tolerance is represented by a progressive
change brought about by continuous heavy drink-
ing and this tends to develop over months or years
of alcohol exposure. A given BAC produces less of
an effect on the individual for measurements made
at the same time after end of drinking, thus elim-
inating the confounding influence of acute toler-
ance. The effect—concentration relationship is
shifted to the right in an alcohol-tolerant subject
(Figure 9). One consequence of chronic tolerance
after prolonged heavy drinking is the emergence of
physical dependence. This means that when drink-
ing stops abruptly the tolerant person experiences
abstinence, which is associated with a range of
unpleasant and often life-threatening effects in-
cluding anxiety, restlessness, convulsions, delirium
tremens, and hallucinations, and many have died
after abrupt withdrawal of alcohol.

Depressant drugs wused to treat abstinence
symptoms include barbiturates and, more recently,
benzodiazepines such as diazepam and lorazepam,
all of which are agonists for the GABA-receptor
complex. Despite long interest in the phenomenon
of acute and chronic alcohol tolerance and
dependence, the exact cellular mechanisms involved
are obscure, although several neurochemical synapses
and receptors are probably involved (mainly GABA 5
and glutamate).

The phenomenon of acute alcohol tolerance is well
illustrated in Figure 10, where it can be seen that
after drinking neat spirits on an empty stomach, the
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Figure 10 Relationship between blood-alcohol concentration and the well-known

signs and symptoms of alcohol intoxication at

various times after drinking alcohol as a bolus dose (1.36g kg*1) as neat spirits in 15min and on an empty stomach.
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symptoms of alcohol influence were no longer mea-
surable by 6 h postdrinking, although the mean BAC
was still relatively high, being close to 110 mg per
100 ml.

The temporal variations in signs and symptoms of
alcohol influence, depending on the rising or falling
phase of the BAC curve, are shown by the data in
Table 11, which come from a Finnish study by Alha.
The data show that symptoms of intoxication are
more prevalent at lower BACs on the absorption
phase compared with the postpeak period several
hours postdosing. In most subjects the signs and
symptoms of being under the influence of alcohol
were no longer evident by 2-2%h postpeak. This
provides experimental verification of what has
become known as the Mellanby effect or acute
tolerance to alcohol.

Metabolic Effects of Alcohol

Ethanol is unique among drugs of abuse in that it
exerts two completely different actions: one of these
is nutritional, providing energy (7.1kcalg~!) and an-
other is impairment of the central nervous system and
disruption of intermediary metabolism. During the
hepatic oxidation of ethanol (Figures 2 and 3) there
is a marked change in the redox state of the liver and
the coenzyme NAD™" is reduced to NADH, which
offsets other NAD-dependent metabolic reactions.
Among other things, pyruvate is reduced to lactate,
causing varying degrees of lactic acidosis, which in
turn inhibits the renal excretion of uric acid, which
accumulates in joints and precipitates attacks of gout.
The ethanol-induced increase in NADH/NAD™ ratio
also explains the characteristic fatty liver seen in
heavy drinkers and alcoholics.

In some individuals who drink excessively over
many years, fatty liver progresses to hepatitis and
eventually liver cirrhosis and death. The change in

redox state in the hepatocyte leads to inhibition of
fatty acid oxidation, which in turn increases the syn-
thesis of triglycerides. The excess NADH also ham-
pers hepatic gluconeogenesis so if glycogen stores are
deleted, as often happens in heavy drinkers who ne-
glect to eat properly, this leads to an alcohol-induced
hypoglycemia.

Acetaldehyde, the toxic metabolite of ethanol by all
known oxidative pathways (Figure 3), has been incri-
minated in many of the untoward effects of heavy
drinking, including hepatotoxicity, cancer, and cell
death and also addiction and dependence.

Identifying Problem Drinkers

Judging whether a person drinks too much alcohol is
not always easy because some alcoholics furiously
deny their actual pattern of consumption. Obtaining
an accurate drinking history by self-reports, clinical
interviews, and questionnaires is notoriously diffi-
cult. Accordingly, more objective ways to identify
heavy drinkers are needed for use in preventive medi-
cine and clinical practice to validate self-reported
alcohol consumption. Biochemical markers such as
altered urinary metabolites or the activity of certain
serum enzymes or an abnormal blood chemistry after
a period of continuous heavy drinking have attracted
much attention. Laboratory testing for hazardous
drinking has become an important area of addiction
medicine and in rehabilitation programs, such as in
drunk drivers who reapply for a driving permit.
Well-controlled population surveys have shown
that only about half of the known total consumption
of alcohol in a country can be accounted for by results
from questionnaire surveys. Accordingly, various
laboratory tests have been developed to aid in the
diagnosis of hazardous or harmful drinking. Among
others, carbohydrate-deficient transferrin (CDT)
and y-glutamyltransferase (GGT) are well-known

Table 11 Percentage of individuals (healthy men) diagnosed as being under the influence at various times after they drank neat
spirits on an empty stomach. Comparisons were made on the rising (absorption) phase and declining phase of the blood-alcohol curves

1-1% and 2—2%h postpeak

Blood alcohol concentration
(mg per 100g)

Percentage under the influence on
rising (absorption) phase

Percentage under influence
1-1% h postpeak

Percentage under influence
2-214 h postpeak

12-50 50% (40/80)?
51-80 57% (47/83)
81-100 66% (33/49)
101-120 77% (40/52)
121-140 69% (29/42)
141-160 91% (30/33)

# 0% (0/4)
5% (1/18) 0% (0/28)
4% (1/23) 4% (1/24)

36% (8/22) 21% (4/19)
38% (8/21) 15% (3/20)
# #

@Proportion of individuals under the influence of alcohol.
#, None with these blood-alcohol ranges.
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Table 12 Biochemical markers or indicators of acute and chronic intake of alcohol

Specimen for

Biochemical marker analysis Comments

Ethanol (EtOH) Blood, breath,
saliva, urine

Ethyl glucuronide (EtG) Blood or urine

Highly specific and useful to prove acute alcohol intake; sensitivity depends on
amount of alcohol consumed
More sensitive than analysis of ethanol, this metabolite is a useful marker for recent

drinking up to 24 h after a drinking spree

The predominant urinary metabolite of serotonin is 5-hydroxyindoleacetic acid
(5-HIAA), although this shifts towards 5-HTOL during catabolism of alcohol. This

leads to an increased ratio of 5-HTOL:5-HIAA, which remains elevated for 10-20 h

This serum marker is elevated after chronic drinking and although fairly sensitive it
lacks specificity because other factors can elevate the readings and cause positive

results (e.g., various drugs, other liver diseases)

5-hydroxytryptophol Urine
(5-HTOL)
after end of drinking
y-glutamyl transferase Serum
(GGT)
Carbohydrate-deficient Serum

transferrin (CDT)
Mean corpuscular

volume (MCV)
Transaminases (AST, Serum

ALT) abuse

Red blood cells

A widely used marker with good specificity for detecting long-standing heavy drinking
Routine clinical laboratory test

Routine clinical laboratory tests, although not very sensitive or specific for alcohol

examples of biochemical tests that can signify pro-
longed heavy drinking and early damage to organs
and tissue. Some markers (EtOH, EtG, and SHTOL/
SHIAA: see Table 12 for abbreviations) are useful to
detect relapse to drinking in connection with rehabil-
itation of alcoholics or drug abusers. This places high
demands on the sensitivity of the test, which is
reflected in a high percentage of true-positive results.
If tests are used for medico-legal purposes the results
should have high specificity, that is, a small likelihood
of obtaining a false-positive result.

The ideal marker should exhibit 100% sensitivity
and 100% specificity, but this is never achieved in
practice because reference ranges for normal and ab-
normal values tend to overlap. Nevertheless, the use
of biochemical tests for monitoring a person’s drink-
ing habits is increasing and is now used in connection
with granting life insurance policies and sometimes in
connection with job applications.

The main features of some widely used alcohol
markers are summarized in Table 12.

Toxicity of Alcohol

The toxicity of alcohol is low compared with many
other drugs and toxins when one considers that tens
of grams (25g and more) are necessary to bring
about a pharmacological effect compared with milli-
gram amounts of other drugs (e.g., S-10 mg diaze-
pam, 10 mg morphine, 100 mg codeine) in first-time
users. However, the ratio of effective dose to lethal
dose for ethanol is fairly narrow, being only about
8:1, considering that a BAC of 50mg per 100 ml
causes euphoria whereas 400 mg per 100 ml causes

Table 13 Postmortem blood-alcohol concentration in men and
women when death was attributed to acute alcohol poisoning and
when alcohol was the only drug present

Age + SD Blood alcohol concentration
Gender n (years) (mean + SD) (mg per 100 ml)
Men 529 54 + 11 355 + 87
Women 164 53 + 12 373 + 83
Both 693 54 + 11 360 + 86

death. Alcohol can kill in various ways besides sud-
den deaths associated with acute alcohol poisoning
and chronic alcoholism. In deaths on the roads and in
the workplace as well as in suicides and other kinds of
trauma, alcohol intoxication and drunkenness are
overrepresented.

Deaths ascribed to acute alcohol intoxication are
often the result of asphyxia caused by a depression of
the respiratory center in the lower brainstem (medulla
oblongata). This usually occurs when BAC is between
300 and 500 mg per 100 ml depending on tolerance.
Another mechanism of death is suffocation by inhala-
tion of vomit because a deeply comatose person might
lack a gag reflex or die through positional asphyxia
when lying face-down or in some other compromis-
ing position. Deaths resulting from inhalation of
vomit need to be verified by histological examination
of the lungs.

The BACs measured in femoral venous blood at
autopsy when death was ascribed to acute alcohol
intoxication are given in Table 13 for a large case
series of postmortem examinations. The age of the
men and women was about the same; being in their
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mid-50s, but the women had a somewhat higher
mean BAC of 373 versus 355 mg per 100 ml com-
pared with the men. However, the BAC at autopsy is
probably an underestimation of the highest BAC
reached, owing to the metabolism (breakdown) of
alcohol that takes place up to the time of death.

If nothing remarkable is found at autopsy apart
from a fatty liver, then death may have resulted
from severe metabolic disturbances after binge drink-
ing combined with food deprivation or malnutrition.
A metabolic acidosis may be caused by an accumula-
tion of ketone bodies in the blood (ketoacidosis) as
well as excess lactic acid, both of which are common
in alcoholics since normal metabolic processes are
disrupted during ethanol metabolism.

Postmortem Aspects

The quantitative and qualitative analysis of ethanol in
postmortem specimens is a relatively simple task and
the methods available are no different from those
applied to specimens from living subjects. However,
interpreting the results of alcohol analysis in postmor-
tem specimens requires care owing to numerous ana-
lytical and physiological artifacts. The recommended
blood-sampling site for toxicological specimens is a
femoral vein after cross-clamping the femoral artery
and transection of the vein before draining the femo-
ral venous blood. Taking blood from the heart or
pleural cavity is not recommended because of the
risk of contamination with alcohol possibly remain-
ing in the stomach if there was drinking just before
death. How the body was handled and transported
from the place of death to the postmortem examina-
tion and whether some agonal event might have
caused stomach contents to enter the lungs heightens
the risk of a postmortem artifact occurring.

In bodies without signs of putrefaction and when
the specimens are preserved in a refrigerator at +4°C
there is little risk of alcohol being produced or
destroyed through the action of bacteria and yeasts.
Moreover, if the sampling and analysis of ethanol are
done the same day as the autopsy then chemical pre-
servatives are not necessary. For longer delays such as
when specimens are transported or sent by mail to
another laboratory it is imperative to include sodium
or potassium fluoride as a preservative to give a final
concentration of 1-2%. The fluoride ion functions as
an enzyme inhibitor and prevents the production of
ethanol by microbial and fermentation processes.

Results of postmortem blood alcohol analysis
are strengthened if additional body fluids are sub-
mitted for toxicological analysis, particularly blad-
der urine, VH, and cerebrospinal fluid (CSF). These
liquids, which are almost 100% water, are obtained

from the urinary bladder, the eye, and the base of
the neck (cisternal fluid), and are expected to con-
tain more ethanol than an equal volume of blood,
which is only 80% w/w water. Besides different
water content, however, there are also temporal var-
iations in the concentrations reaching body fluids and
cavities. The urine:blood, VH:blood, and CSF:blood
ratios of alcohol change as a function of time after
drinking.

During drinking and on the ascending limb of the
BAC profile when the alcohol is being absorbed into
the blood stream, the concentrations of ethanol in
urine, VH, and CSF are lower than or about the
same as in venous blood. On the descending limb of
the BAC profile, corresponding to the postabsorptive
phase, the concentration of ethanol in urine, VH, and
CSF are always higher than in the blood. Indeed,
alcohol might still be measurable in these alternative
specimens even though BAC is reported as negative. In
autopsy work a blood ethanol concentration below
10 mg per 100 ml is usually reported as being negative.

Many alcohol-related fatalities involve traumatic
events, resulting in open wounds and massive blood
loss, which increase the risk of bacteria entering the
body and postmortem synthesis of ethanol occurring.
These risks are heightened at elevated environmental
temperatures (summer months) and when a long time
is needed to recover the bodies, e.g., after air disasters
or drowning. Although a fluoride preservative is rou-
tinely added to blood specimens taken at autopsy it
should not be overlooked that some alcohol might
have been synthesized in body cavities between the
time of death and autopsy.

Obtaining blood for alcohol analysis from a sub-
dural hematoma or clot in the brain can sometimes
furnish useful information because of the reduced or
nonexistent blood circulation to the clot. The person’s
BAC at the time of sustaining the injury and forma-
tion of the clot decreases owing to hepatic metabo-
lism but the poor circulation in the clot means that
alcohol concentrations remain elevated. The concen-
tration of ethanol in the sequestered hematoma gives
an indication of the person’s BAC several hours earli-
er, e.g., at a time when the trauma occurred. For
example, if a drunken person suffers a blow to the
head but survives, albeit being unconscious for sever-
al hours prior to death, the subdural or epidural
hematoma might contain an appreciable concentra-
tion of alcohol. With a survival period of say 10 h and
a rate of alcohol elimination corresponding to 15 mg
per 100ml h™", a person’s BAC decreases by 150 mg
per 100 ml from the time of the trauma until the time
of death. At autopsy, the concentration of ethanol in
the blood clot is expected to be considerably higher
than in a femoral venous blood sample. In practice,
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the rate of formation of the clot and other factors
need to be considered.

Conclusion

Knowledge about the disposition and fate of alcohol
in the body, including the relative amounts metabo-
lized and excreted and the rates of distribution into
various body fluids and tissues, has not changed
much since the 1950s. However, much has been learnt
about the biochemistry of alcohol and the effects on
various metabolic pathways, particularly those
related to liver pathology after chronic drinking.
The mechanism of action of alcohol in the brain and
effects on other body organs (e.g., pancreas) has also
advanced considerably since the 1950s.

Ethanol can now be determined in body fluids and
tissues with a high degree of precision, accuracy, and
specificity and on-the-spot methods using the analysis
of saliva and breath are currently available. The lim-
ited selectivity of older wet-chemical methods of anal-
ysis had always posed a problem in postmortem
toxicology because of the risk of cross-reaction with
other organic volatiles possibly present in body fluids,
such as the products of putrefaction. Although car-
bon monoxide poisoning was once the major cause of
death, especially in suicides, it seems that acute alco-
hol intoxication, alcohol-related disease, road traffic
fatalities, and drowning now dominate among out-
of-hospital deaths. Because alcohol is a legal drug its
negative impact fails to receive the same publicity and
media attention as illicit drugs like heroin, cocaine,
and cannabis.

Gender and genetic differences in the metabolism of
alcohol continue to be a popular research field and
subtle differences have been noted, especially between
different racial groups. A smaller volume of distribu-
tion for ethanol in women, a faster and more variable
absorption from the gut, a lower activity of gastric
ADH enzyme, a swifter hepatic clearance, and a
higher concentration of acetaldehyde are physiologi-
cal factors that make females more sensitive to alco-
hol than males. Although a person’s drinking habits
depend on a complex interaction between social, cul-
tural, and genetic factors, there is a host of nutritional,
biochemical, and hormonal influences that seem to
make some people more vulnerable than others to the
untoward effects of alcohol consumption.

Alcohol intoxication not only figures in a large
proportion of unnatural and suspicious deaths but
also in natural deaths, and some feel that blood
alcohol analysis is needed in all out-of-hospital
deaths. The concentration of ethanol in a speci-
men taken from a single sampling site is virtually

impossible to interpret without additional informa-
tion such as reliable case history and circumstances
surrounding the death as well as measuring alcohol
concentration in other biofluids (urine, VH, CSF).
Great care is needed when interpreting the results
of analyzed postmortem blood specimens and when
a statement is made for legal purposes about the
person’s state of inebriation at the time of death.

Alcohol has always been and probably will remain
the number-one drug of abuse in modern society and
requests to measure alcohol in body fluids and to
interpret the results for legal purposes will remain
the most commonly requested service from forensic
science and toxicology laboratories.
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Introduction

The term allergy was first used in 1906 by an Austrian
child specialist, Clemens von Pirquet (1874-1929)
to denote exaggerated sensitivity of certain persons
to innocuous exogenous particles such as animal dan-
der, pollen, milk, jewelry, or washing powder. About
20% of all people, on coming into contact with such
particles, exhibit symptoms like severe breathing
difficulties, rashes, urticaria, or stomach upsets. von
Pirquet coined this word from the Greek allo, mean-
ing different, and ergon, meaning work. Literally,
therefore, an allergy is something that “works dif-
ferently” from the normal. Substances such as pollen
or chemicals in washing powder, which elicit such
abnormal responses, are called allergens. Allergens
can enter the body in four principal ways: (1) inges-
tion (milk, peanuts); (2) inhalation (pollen, hay);
(3) injection (bee stings, venoms); and (4) contact
(washing powder, cosmetics). Allergic reactions
would usually give rise to symptoms related to the
exposed organ system. Thus ingested allergens may
cause nausea, vomiting, and abdominal distress; in-
haled allergens, bronchial asthma and respiratory
distress; injected allergens, local redness and swelling;
and contact allergens, dermatitis. All allergens can
cause generalized life-threatening symptomatology,
such as hypotension and shock.

A secondary allergen is an agent that induces all-
ergic symptoms because of cross-reactivity with an
allergen to which the individual is sensitive.

Allergoids are formaldehyde-modified allergens in
order to favor the induction of immunoglobulin G
(IgG: blocking antibodies) rather than IgE (antibodies
causing most allergic reactions). These are analogous
to toxoids prepared from bacterial exotoxins.

Allergen Nomenclature

In the initial days of allergy research, allergens were
being discovered so rapidly that their nomenclature
had become confusing, haphazard, and parochial.
To bring a uniformity to its nomenclature, the Sub-
committee for Allergen Nomenclature of the Inter-
national Union of Immunological Societies (IUIS)
recommended that all biologically derived allergens
be designated by the first three letters of the genus
(italicized), followed by a space; the first letter of
the species name (again italicized), followed by a
space; and a Roman numeral indicating the order of
discovery of that antigen in that species. Thus, the
allergen Amb a 1l indicates that it is the second anti-
gen isolated from the ragweed Ambrosia artemisiifo-
lia. Other common allergens are Lol p 1 to Lol p TV
from perennial ryegrass pollen Lolium perenne, Fel d
I from the domestic cat Felis domesticus, Rat n 1 from
the rat Rattus norvegicus, Equ c 1to Equ ¢ 11l from the
horse Equus caballus, Der p 1 and Der f 1 from two
house dust mites Dermatophagoides pteronyssinus
and D. farinae respectively, Al a 1 from the fungus
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Alternaria alternata, and Gad c 1 from the codfish
Gadus callarias.

Classification of Allergies

The term allergy is quite commonly used inter-
changeably with hypersensitivity. A number of hyper-
sensitive or immune disorders are known to
clinicians. These can be classified in four principal
ways. One of the simplest is to classify the reactions
by source of antigen (Table 1). Levine in 1966 pro-
posed a classification based on the time of onset of
allergic symptoms (Table 2).

A third classification is according to their predomi-
nant clinical manifestations (Table 3).

Gell and Coombs in 1975 classified allergic reac-
tions according to the immune mechanism involved
(Table 4). This classification is most widely used by
clinicians today.

Type I reactions are mediated by IgE, type IT and III
by IgG, and type IV by antigen-specific effector T cells.
IgG are by far the most abundant immunoglobulins
in the serum, and IgE the least. The levels of vari-
ousimmunoglobulins in human serum are: IgG
600-1400 mgdl ', IgA 60-380 mgdl~", IgM 40-345
mgdl™!, IgD 3mgdl™!, and IgE 5x10 > mgdl ™.

Each of the above classifications helps us to under-
stand and gain useful insights into the nature and
diversity of allergic reactions.

It is important to appreciate that the term allergy
has been used by various authorities in a variety of
ways. Different authors mean different things when
they use the term allergy. It has been noted above that
the term allergy is used as a synonym of hypersensi-
tivity by several authorities. This implies an adverse
and idiosyncratic reaction to a substance — mostly
foreign, but in some cases the body’s own constituent
too. Most pathologists however use the term allergy
to describe only the IgE-mediated mast cell degranu-
lation and corresponding clinical disorders. In this
usage allergy is synonymous with immediate hyper-
sensitivity.

In a medicolegal context, however, allergy should
be used in the former sense, i.e., any adverse and
idiosyncratic reactions to a substance, since all four
categories (mentioned in Table 4) can have medicole-
gal implications. Examples include anaphylactic
shock following drug injections such as penicillin
(type I), mismatched blood transfusions and drug-
induced lesions (type II), serum sickness (type III),
and transplant rejection (type IV). It is in this sense
that the term allergy will be used in this article. In
addition, we would also include anaphylactoid reac-
tions, which include non-IgE-mediated mast cell de-
granulation, such as those caused by neuromuscular

Table 1 Allergic reactions classified by the source of antigen

Source of
antigen Typical examples
Exogenous Reactions to plant pollens, milk, animal dander

Homologous Reactions to isoantigens such as transfusion
reactions
Autoimmune disorders such as systemic lupus

erythematosus, rheumatoid arthritis, etc.

Autologous

Table 2 Allergic reactions based on their time of onset

Reaction Time of

type onset Clinical presentation (allergic symptoms)

Immediate 0-1h Anaphylaxis, laryngeal edema, fall in
blood pressure, urticaria/
angioedema, wheezing

Accelerated 1-72h Urticaria/angioedema, laryngeal
edema, wheezing

Late >72h Hemolytic anemia, serum sickness,

drug fever, exfoliative dermatitis,
Stevens—Johnson syndrome,
interstitial nephritis

Table 3 Allergic reactions classified according to their
predominant clinical manifestations

Allergic reaction Predominant clinical manifestation

Anaphylaxis Bronchospasm, laryngeal edema,
hypotension
Cutaneous Vasculitis, pruritus, maculopapular rash
reactions (also known as morbilliform rash),

photosensitivity reactions, exfoliative
dermatitis

Destruction of blood Hemolytic anemia, neutropenia,

elements thrombocytopenia
Pulmonary Interstitial/alveolar pneumonitis, fibrosis
reactions

Renal reactions Nephrotic syndrome,

glomerulonephritis, interstitial

nephritis

Hepatic reactions Hepatocellular damage, cholestatic
reaction

Serum sickness

Drug fever

Lymphadenopathy

Systemic vasculitis

blocking agents, opiates, radiocontrast media, dex-
trans, and a myriad of other low-molecular-weight
chemicals, since these are also important from a med-
icolegal point of view. These agents do not cause a
true IgE-mediated anaphylactic reaction. Instead,
they act directly on the mast cells and basophils,
causing degranulation, and all associated signs and
symptoms.
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Table 4 Allergic reactions classified by mechanism involved

Immune mechanism

Type Typical example involved
Type | Anaphylaxis, atopy Immunoglobulin
Anaphylactic such as allergic E-mediated
type conjunctivitis, disorder.
rhinitis, some Release of
forms of asthma, vasoactive
urticaria, amines from
angioedema mast cells

Type Il Cytotoxic Transfusion 1gG and/or IgM bind

type reactions, to cell surface,
erythroblastosis causing lysis or
fetalis, phagocytosis
myasthenia
gravis, drug-

induced lesions
such as anemia
caused by alpha-
methyldopa and
sedormid
purpura

Serum sickness,
Arthus reaction,
rheumatoid
arthritis

Type Il Immune
complex type

Antigen—antigen
complexes bind
to tissues and
activate
complement
system. Tissue
destruction
occurs

Type IV Cell- Tuberculosis, T lymphocytes are
mediated transplant sensitized on a
(delayed) rejection previous
hypersensitivity exposure and

release
lymphokines,
causing tissue
destruction

Tests for Allergy

A number of tests are available for allergy. They
are broadly classified as in vivo and in vitro tests.
Common forms of in vivo tests include immediate
skin tests, delayed skin tests, patch skin tests, con-
junctival challenge, oral challenge, and bronchial
challenge. Among the in wvitro tests, one of the
most common and frequently performed tests is the
radioallergosorbent test (RAST).

RAST

First introduced in 1967, RAST measures circulating
allergen-specific IgE antibody. The term allergosor-
bent means that the allergen of interest (say, penicillin,
insulin, or latex) is bound to a solid support, forming
an allergosorbent. This solid support could be a
carbohydrate particle, paper disk, a cotton thread,
plastic ball, synthetic membranes, or even the wall of
polystyrene testtubes or plastic microtiter wells.

If the allergist wants to diagnose a patient’s allergy
to, say, penicillin, he/she would use an allergosorbent
containing the antigen of interest — in this case, peni-
cillin. The allergosorbent is then exposed to the
patient’s serum. If the serum contains antibodies (IgE)
against penicillin, they would bind to the allergosor-
bent. Excess serum is washed away. The allergosor-
bent is then reacted with a radiolabeled, highly
specific antihuman IgE antibody. The amount of
anti-IgE binding to the allergosorbent is proportional
to the amount of IgE bound to the allergosorbent.
Thus, by measuring the radioactivity levels, true
levels of IgE against penicillin can be found. Current-
ly RAST is available for a number of allergens, among
them penicillin, insulin, chymopapain, muscle relax-
ants, thiopental, protamine, trimethoprim, and latex
(Figure 1).

The radio label (in the radiolabeled, antihuman IgE
antibody) is usually '*’I. More recently, enzymatic
labels have become increasingly popular, producing
enzyme-linked immunosorbent assay (ELISA). If an
enzyme is used to label the anti-IgE, one more step is
used, in which a proper substrate, which changes
color in the presence of enzyme, is added. The inten-
sity of color would then indicate the levels of IgE
present in the blood.

Improper Use of RAST and its Attendant
Medicolegal Implications

Increasing allergy litigations against doctors have
seen increased use of RAST in recent times. It has
led to commercialization and subsequent abuse of
RAST. Companies have been selling RAST kits for
drugs and chemicals which do cause anaphylactoid
reactions, but have not been demonstrated to cause
true IgE-mediated anaphylactic reactions (such as
radiocontrast media). Performance of RAST in such
cases is not only superfluous, but misleading. Increas-
ing reliance of doctors on RAST in such cases would
not prevent anaphylactoid reactions, and can invite
unnecessary litigation.

Medicolegal Considerations in Allergy

Allergic disorders have a wide variety of inherent
medicolegal implications, which are of relevance to
forensic and legal personnel. Examples illustrating
the different phenomena are given below.

Allergic Asthma

One of the most common conditions seen by doctors
is allergic asthma. Generally, physicians rely on their
clinical judgment to gauge the severity of their symp-
toms and the effectiveness of medications. In 1991,
however, the US National Institute of Health
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Figure 1 Principle of radioallergosorbent test (RAST).

published Guidelines for the Diagnosis and Man-
agement of Asthma and mailed it to 150000
pediatricians, internists, pulmonologists, family prac-
titioners, and allergists. These guidelines prescribed
a set of recommendations which seem to set a stan-
dard of care for doctors. For instance, it is re-
commended that office spirometry be conducted in
the initial assessment of all patients, and periodically
thereafter, as appropriate. It was also recommended
that clinicians consider using peak expiratory flow
rate (PEFR) as measured by peak flow meters at
home to monitor patients over 5 years old with
moderate to severe asthma. The recommendations
also said that peak flow measurements provided a
simple, quantitative, reproducible measure of air-
way obstruction that can be obtained using inex-
pensive, portable peak flow meters. They correlate
well with forced expiratory volume in 1s (FEV;)
and provide an objective measurement. These mea-
surements were considered akin to measuring glu-
cose levels in a diabetic, or blood pressures in a
hypertensive patient.

It was noted that neither patients’ reporting of se-
verity of symptoms nor physicians’ clinical judgment
were the true indicator of the severity of disease. The
only objective criteria were the pulmonary function
tests as noted above. Patients’ responses to medication
were also to be assessed by these tests.

A case is on record where a young asthmatic woman
in her 20s died of an exceptionally severe attack. It
was later discovered that her physician and the emer-
gency medicine doctors had failed to conduct the
objective pulmonary function tests outlined above in
the report. Had they done the tests, they may have
probably discovered that the patient was not respond-
ing well to treatment, and may have considered hos-
pitalization, which could have saved her life. The
woman’s relatives sued the doctors, and the case was
settled for a substantial sum.

Occupational Allergies and Compensation

Most countries now have laws regarding general
aspects of health and safety at work. Employers are
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required by law to look after the health of their
employees. In the event of an employee becoming ill
in the workplace, the employer will be responsible
and liable for compensation, especially if negligence
on the employer’s part is proved. Some important acts
catering to workers’ safety are Health and Safety at
Work Act 1974 and Control of Substances Hazardous
to Health Regulations 1988 in the UK, Health and
Safety at Work Act 1977 in Sweden, Worker Health
and Environment Act 1977 in Norway, and The
Workmen’s Compensation Act 1923, and The Fac-
tories Act 1948 in India.

Allergic manifestations occurring in work en-
vironments may attract various medicolegal provi-
sions of the above acts, relating to compensation,
relocation, or premature retirement. Examples are
given below.

Hypersensitivity pneumonitis Hypersensitivity pneu-
monitis is a lung inflammation induced by antibodies
specific for substances that have been inhaled. If these
inhaled substances are related to work, and/or are
present in the work environment, they would attract
relevant legal provisions relating to compensation.

Bagassosis  The fungi Thermoactinomyces saccharic
and T. vulgaris thrive in pressings from saccharis.
Subjects working in sugarcane mills may inhale dust
from molding hot sugarcane bagasse and develop type
[T (Arthus reaction) hypersensitivity. The condition
is expressed as a hypersensitivity pneumonitis.

Farmer’s lung This is another instance of hyper-
sensitivity pneumonitis. Farmer’s lung is caused
by Actinomycetes (or other organic dusts), which
thrive in moldy hay. Subjects working in such envir-
onments may develop antibodies to the mold spores.
Subsequent inhalation of dust containing spores may
induce hypersensitivity pneumonitis characterized by
nausea, chills, fever, coughing, tachycardia, dyspnea,
and cyanosis. Treatment would include standard anti-
allergic regimens such as those consisting of cromolyn
sodium and corticosteroids.

Humidifier lung This condition, also known as
air-conditioner lung, is common among workers
involved with refrigeration and air-conditioning
equipment. The hypersensitivity is due to the various
species of the fungi Micropolyspora and Thermo-
actinomyces. Symptoms of the acute form consist of
chills, cough, fever, dyspnea, anorexia, nausea,
and vomiting. The chronic form of the disease is
characterized by fatigue, chronic cough, dyspnea on
exercise, and weight loss.

Bird fancier’s lung Known variously as bird bree-
der’s lung, pigeon breeder’s lung, or hen worker’s
lung, this form of hypersensitivity pneumonitis is
due to antigens in bird droppings.

Tables 5 and 6 list these and some other cases of
hypersensitivity pneumonitis, along with the antigen
involved. In all these cases, the subject experiences
flu-like symptoms, with productive cough and weight
loss. Specific precipitating antibodies can be demon-
strated in some cases. Pulmonary function tests show
a restrictive defect in early disease and a restrictive,
obstructive, or mixed defect in late disease. Chest
X-rays would show signs of pneumonitis. If the dis-
ease is recognized early, the employee may be re-
located in service or considered for premature
retirement. If the disease is not recognized, it may
progress to interstitial fibrosis, which could invite
heavy compensation.

Employers in these professions must conduct a reg-
ular check-up of all their prospective employees, in-
cluding chest X-rays, complete blood profile, and
pulmonary function tests before inducting them in
work. Once an employee is inducted, the same tests
must be conducted at regular intervals, perhaps every
6 months. As seen above, if pulmonary function tests
are not conducted regularly, and occupational hyper-
sensitivity pneumonitis develops, it may be difficult to
convince the jury that the employer was not negligent
with regard to employees’ health.

Finally, it may be added that certain forms of hy-
persensitivity pneumonitis may not necessarily be
associated with a particular profession. The most
recent example is the so-called “hot tub lung” caused
by Mycobacterium avium complex (MAC), which
thrives in hot tubs. Hot tubs provide an excellent
growth environment for MAC; the warm tempera-
ture promotes growth. The steam and bubbles gen-
erated efficiently vaporize the organism, facilitating
easy inhalation.

It has recently been recommended that physicians
maintain a high index of suspicion for hot tub lung
and include questions about hot tub use in their rou-
tine review of symptoms in patients with respiratory
problems. Not doing so may invite charges of medical
negligence.

Allergy to laboratory animals (ALA) ALA is a well-
known occupational disease in subjects working with
these animals. The most common animals to which
personnel are allergic include mice, rats, guinea pigs,
rabbits, hamsters, dogs, cats, and monkeys. About
20% of all workers exposed to animals display
allergies. The most common clinical manifestation is
rhinoconjunctivitis which comprises sneezing, nasal
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Table 5 Some common instances of hypersensitivity pneumonitis (HP) due to biologically derived antigens, which may attract

medicolegal provisions

Disease name Antigens

Exposure

Antigens originating from bacteria and fungi
Bagassosis

Cheese-washer’s lung
Compost lung

Farmer’s lung

Humidifier (air-conditioner) lung

Thermophilic actinomycetes

Fungus (Pencillium casei or P. roqueforti)

Fungus (Aspergillus)

Thermophilic actinomycetes fungus
(Aspergillus spp.)

Bacteria (Bacillus subtilis,

Moldy bagasse
(pressed sugarcane)

Cheese casings

Compost

Moldy hay

Mists from standing water

B. cereus, Klebsiella oxytoca), fungus
(Aureobasidium pullulans), amebae
(Naegleria gruberi, Acanthamoeba
polyhaga, A. castellani)

Japanese summer-type HP
Malt worker’s lung

Maple bark-stripper’s lung
Metal-working fluids HP

Mushroom worker’s lung
Sequoiosis

Suberosis

Wood pulp worker’s lung
Wood trimmer’s disease
Antigens comprising proteins other than from bacteria and fungi
Mollusc shell HP

Bird breeder’s lung Avian proteins

Fungus (Trichosporon cutaneum)
Fungus (Aspergillus clavatus)
Fungus (Cryptostroma corticale)
Mycobacterium chelonae, fungi

Thermophilic actinomycetes

Fungi (Graphium spp., Pullularia spp.)
Fungus (Penicillum frequentans)
Fungus (Alternaria spp.)

Fungus (Rhizopus spp.)

Aquatic animal proteins

Damp wood and mats

Moldy barley

Moldy wood bark

Microbially contaminated,
water-based
metal-working fluids

Mushroom compost

Moldy wood dust

Moldy cork dust

Moldy wood pulp

Moldy wood trimmings

Mollusc shell dust
Bird droppings and feathers

Table 6 Some common instances of hypersensitivity
pneumonitis (HP) due to chemicals acting as antigens, which
may attract medicolegal provisions

Disease

name Antigens (chemical involved) Exposure

Isocyanate e Toluene diisocyanate (TDI):
HP most dangerous

e Hexamethylene
diisocyanate (HDI): less
dangerous than TDI

o Methylene bisphenyl
diisocyanate (MDI): least
dangerous and the
preferred substitute for TDI
and MDI

Trimellitic anhydride (TMA)

Paints, resins,
polyurethane
foams

TMA HP Plastics, resins,

paints

congestion, and itchy, watery eyes. It occurs in up
to 80% of symptomatic workers. Dermatologic
symptoms, including contact urticaria (hives) itchy
maculopapular eruption, occur in up to 40% of
symptomatic workers. About 20-30% of the symp-
tomatic workers suffer from respiratory symptoms,
including asthma, wheezing, cough, and chest

tightness. Asthma is the most serious symptom and
may not be reversible after removal from exposure.

Symptoms usually start within 1 year of the begin-
ning of exposure (in one-third of all cases). Most
who develop allergies will do so within 3 years of
employment (up to 70%).

In the case of allergy to mouse (Mus musculus), the
most common allergen involved is Mus m 1, found
primarily in mouse urine, but also in dander and hair,
and Mus m 11, found mostly in hair and dander. In
the case of guinea pig, the allergens are Cav p I and
Cav p 11, found in hair, dander, and urine; in the case
of rabbit, Ory ¢ I, found in hair, dander, and saliva,
and Ory c II, found in hair, dander, and urine; in the
case of cat, Fel d 1, found in hair, dander, and saliva;
and in the case of dog, Can f 1, found in hair, dander,
and saliva.

It is important to remember that most animal aller-
gens are only a few microns in size (between 1 and
20 um) and, as such, can remain airborne for hours.
Removal of animals from the work environment
therefore may not bring immediate relief.

It is recommended that there should be a pre-
employment medical examination of all prospec-
tive employees. Very few laboratories are currently
doing these examinations. Even those which are
conducting such examinations are found lacking in
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conducting specialized tests for animal allergies. For
instance, in one study it was found that less than
5% of preemployment examinations included skin
testing for hypersensitivity. The tests should be
thorough, including lung function tests, blood pro-
file (for increased IgE levels), and skin tests. In addi-
tion job applicants must be required to furnish
information regarding personal history of allergy,
asthma, and, most importantly, allergy to animals.
A history of allergy to animals must be an immediate
disqualifier.

If an employee develops ALA despite all screening
tests, immediate steps must be taken to limit the ex-
posure. The steps may include limiting the hours
of exposure, withdrawing the individual from those
procedures most likely to put him/her at risk, use of
respiratory protection and other personal equipment,
use of a safety cabinet where possible, increased
periodic monitoring, and monitoring the progress of
disease. If possible, shifting the employee to adminis-
tration may be considered.

It is important to realize that if an employee devel-
ops an allergic disease to a laboratory animal, in
several countries it may be required by law to report
this to the proper authorities. For instance, in the UK
occupational asthma resulting from working with
laboratory animals must be notified to the Health
and Safety Executive under the Reporting of Injuries,
Diseases and Dangerous Occurrences Regulations of
1985. Occupational asthma (such as that developing
from exposure to laboratory animals) is a prescribed
occupational disease in most countries and qualifies
for disability benefit.

Latex allergy Natural latex is the sap of the tropical
rubber tree Hevea brasiliensis. It is a colloidal disper-
sion of rubber particles (cis-1,4-polyisoprene) in
water, and contains a complex mixture of organic
substances including many proteins. Allergy to natu-
ral rubber latex (NRL) proteins (latex allergy) was
first reported to cause glove-related contact urticaria
in 1979. Later there were several reports of fatal
reactions to latex enema tips. The incidence of latex
allergy in recent years seems to have increased due
to increased condom and glove use (both latex pro-
ducts) in the wake of acquired immunodeficiency
syndrome (AIDS) and hepatitis epidemics. In high-
quality, costlier latex gloves, leachable chemicals
and water-soluble proteins are removed with a costly
process. Poorly manufactured gloves may have a
higher protein content, causing more reactions.
Latex allergy can be detrimental to both healthcare
workers (doctors, surgeons, nurses) and their pati-
ents. Patients with spina bifida are 500 times more
prone to latex allergy than the general population.

This could be due to their repeated exposure to
latex. The incidence in the general population is
less than 1%.

The most common symptoms of latex allergy are
localized contact urticaria, pruritus, erythema, and
urticarial wheals. Cornstarch used as glove powder
adsorbs NRL allergens, rendering them airborne, and
this can cause an acute attack of asthma in susceptible
persons. The UK Medical Devices Agency has advised
against its use. It is further recommended that sensi-
tized individuals should use NRL gloves with a low
extractable protein content (<50 ugg™'), or gloves
made from alternative material such as neoprene
(polychloroprene) or elastyrene (styrene butadiene).
However these have financial implications, as they
could be more expensive.

If a doctor finds that a patient is allergic to latex,
he/she should immediately inform the patient about
this. The patient should also be told to wear a Medic-
Alert bracelet stating “allergy to latex.” Hospitals
should make sure that staff are not allergic to latex.
If an employee is found to be allergic, gloves made of
alternative material should be provided.

Recently a nurse from South Wales, UK, success-
fully sued her employers because she was allergic to
latex. Interestingly the hospital had provided her with
vinyl gloves, but contact with colleagues wearing
latex or with latex-contaminated dust was enough
to trigger an allergic reaction in her. The appellate
court held that in such cases the employer held a
strict liability.

Drug Allergy and Anaphylaxis

Allergy to drugs is a very important issue from a
medicolegal standpoint. A number of medical negli-
gence suits have been filed against doctors who failed
to conduct sensitivity tests before injecting, say, peni-
cillin. A number of other drugs can cause allergy, and
the practicing physician would do well to keep them
in mind.

Type I hypersensitivity reactions (anaphylaxis) These
are the most serious and dramatic allergic reactions
to drugs such as penicillin, cephalosporins, allergenic
extracts, and insulin. Anaphylactoid reactions can be
caused by radiocontrast media and aspirin. It is vital
for radiologists to take an informed consent from the
patient before administering radiocontrast media.
Two types of radiocontrast media are currently avail-
able. One is the conventional high-osmolar radio-
contrast media (HORCM). Their osmolality is seven
times that of plasma. Anaphylactoid reactions to
HORCM (urticaria, wheezing, dyspnea, hypoten-
sion, death) occur in 2-3% of individuals receiving
intravenous or intraarterial injections. If there is a
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previous history of reactions to HORCM, the chances
of having a repeat reaction on reexposure are as high
as 33%. Death occurs in about 1:50 000 intravenous
procedures. It is hypothesized that the high osmolal-
ity of HORCM may cause direct degranulation of
mast cells.

It might be prudent for radiologists to use low-
osmolality radiocontrast media (LORCM), which is
a relative new entrant in the field. The osmolality of
these agents is only twice that of plasma. The inci-
dence of a repeat reaction with LORCM is just about
2.7%, even in patients who have shown a previous
reaction to HORCM. However, their cost is 20 times
that of HORCM.

Type I hypersensitivity reactions Certain drugs,
such as penicillin, quinidine, and methyldopa, can
cause type II hypersensitivity reactions causing anti-
body-mediated destruction of red blood cells (hemo-
lytic anemia) or platelets (thrombocytopenia). The
drug binds to the cell surface and serves as a target
for antidrug IgG antibodies, causing destruction of
the cell. Penicillin is known to cause all four types of
hypersensitivity reaction.

Allergy to antisnake venom (type I, type III hypersen-
sitivity) Antisnake venom is prepared by hyperim-
munizing horses against snake venom. The sera from
these horses are then used to manufacture antisnake
venom. Since it contains foreign proteins, it can in-
duce violent anaphylaxis (type I hypersensitivity) or
serum sickness (type III hypersensitivity). Adequate
testing must be done before injecting antisnake
venom. This includes injecting 0.1 ml of the antisnake
venom intradermally. A wheal of 1cm surrounded
by erythema of about the same width developing in
5-20 min would indicate that the subject is allergic.

If the subject is found to be allergic, antisnake
venom must be given with great caution. Medications
for anaphylaxis must be available.

Most snakes are nonpoisonous and giving genera-
lized polyvalent antisnake venom in every instance of
a snakebite may not be very good practice. If the
relatives and friends have killed the snake, and have
brought it with them, it must be identified. A good
emergency physician must know the basic differences
between a poisonous and a nonpoisonous snake
for this reason. Doing so may avoid unnecessary
medicolegal complications.

Herxheimer reaction (type III hypersensitivity) This
is a form of serum sickness (type III form of hyper-
sensitivity), which occurs following the successful
treatment of certain infections such as syphilis,
trypanosomiasis and brucellosis. During infection

antibodies are formed against these organisms.
A successful drug therapy will cause lysis of these
organisms, releasing into the circulation a significant
amount of their antigens. This may cause a violent
antigen—antibody reaction, which may have medico-
legal connotations. Before starting treatment in such
cases, it is always advisable to inform the patient of
the possibility of these reactions. Furthermore, it is
advisable for the physician to obtain a written signed
consent form from these patients.

Allergy to Human Seminal Plasma

This bizarre condition, first described in 1958 by
Specken, has led to successful divorce suits. The female
is allergic to her partner’s seminal plasma. This causes a
stinging, burning, or itching sensation in the vagina
immediately after intercourse, with pain in some
cases. Local redness, swelling, severe vulvovaginitis,
rhinitis, dyspnea, wheezing, and even life-threatening
asthma after intercourse have been reported. Many
women experience the symptoms for the first time
during their honeymoon. These symptoms have also
been reported following intrauterine insemination.

In an interesting case, a concurrent allergy to
human seminal plasma and latex in a woman has
been described. Though the condition is rare, its exis-
tence could lead to successful divorce suits. The con-
dition effectively means that a woman cannot have
sex. She would experience allergic symptoms after
sexual intercourse irrespective of whether the partner
used a condom or not. If a condom was used, latex
allergy would be the culprit, and if not, it would be
the seminal allergy.

Bestiality and Allergy to Animal Sperm

In an extremely unusual case, allergy to dog sperm
has been reported. In October 1971, a 42-year-old
divorced woman, who had four children and who
was pregnant for the fifth time by her boyfriend,
reported dizziness and syncope. Her attending physi-
cian found her to be hypotensive. She admitted to
having had sexual contact with her German Shepherd
dog 20 min before her arrival. A scratch test with
dog sperm was found to be positive.

Peanut Allergy

Peanut allergy is a known phenomenon, and has in-
vited several successful litigations against doctors.
The allergy is due to proteins found in peanuts.
These proteins are not destroyed by cooking, so
fresh, cooked, and roasted peanuts can cause an aller-
gic reaction. About 1% of all people could be allergic
to peanuts.
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It is the doctor’s duty to inform the parents of
children with serious food allergies that their condi-
tion is potentially life-threatening. They should also
be taught how to use epinephrine (adrenaline) in cases
of emergency. On January 24, 2002, a jury ordered
two US Middlesex County physicians to pay $10
million to a 13-year-old boy Ray Varghese, who had
suffered brain damage after eating peanut candy on
Christmas day 1996, because they had failed to in-
form his parents of the severity of his allergy to pea-
nuts. The parents of Ray Varghese successfully
alleged in court that they were not prescribed an
EpiPen (epinephrine) that could have prevented their
son’s brain damage.

Allergy and Sudden Infant Death Syndrome (SIDS)

A M Barrett, a pathologist at the University of Cam-
bridge, UK, was the first to suggest, in 1954, that the
cause of enigmatic SIDS could be hypersensitivity to
milk. Six years later he, together with two of his
colleagues, W E Parish and R R A Coombs (of Gell
and Coombs classification fame), conducted a few
ingenious experiments to show that milk allergy
could indeed be the cause of SIDS. They showed
that instillation of a very small amount of milk — too
little to cause choking (say, about 0.25 ml) — over
the glottis into the larynx of unsensitized conscious
guinea pigs was without clinical effect. However, the
same procedure repeated over guinea pigs sensitized
to milk could result in characteristic anaphylactic
reaction, often leading to death. The postmortem
findings in such animals did not resemble those
found in typical cot-death cases.

If, however, the guinea pigs were lightly anesthe-
tized — an experimental condition used to simulate
the condition of the sleeping child — milk introduced
into the larynx had quite a different effect. In the
unsensitized animal there was no effect, as before.
In the sensitized animal, on the other hand, there
was a complete lack of the anaphylactic reaction
that was seen in the conscious animals. The animal
stopped breathing after some time without any sign of
struggle. Death sometimes occurred immediately,
but the majority died within an hour. The pathologi-
cal findings in these animals resembled those found
in SIDS.

This definitely seemed to indicate that allergy to
milk could be a causative factor in SIDS. Later, in
November 1960, Parish, Barrett, and Coombs along
with two more colleagues, Gunther and Francis E
Camps, published a paper outlining their experiments
to provide more experimental evidence in favor of
their theory. They examined sera from actual cases

of cot deaths for their level of milk antibodies. Instead
of using milk, they used recovered stomach contents
from actual cases of SIDS and used it for instillation
in guinea pigs. They conducted experiments to see
if individual milk proteins casein, a-lactalbumin,
and p-lactoglobulin could produce a lethal effect.
And finally, they compared the pathological findings
in guinea pigs killed in this way with those found in
human cot death.

They found that anesthetized guinea pigs sensitized
to cow’s milk died rapidly and without struggling
when a small quantity (about 0.25ml) of either
cow’s milk or stomach contents recovered from
cases of SIDS was instilled over their larynx. A 1%
solution of casein or a 1% solution of f-lactoglobulin
introduced in the same way also produced death. The
histopathological changes in the lungs of experimen-
tal animals resembled those found in cases of cot
deaths. This seemed to prove quite conclusively that
milk allergy was indeed the cause of SIDS.

Many workers in later years seemed to corroborate
the allergy theory, but suggested different causative
allergens. Some workers found increased levels of
serum IgE antibodies to dust mite and Aspergillus,
suggesting that these could be the possible offending
allergens. Elevated serum tryptase levels were also
found in many cases of SIDS, which seemed to indi-
cate mast cell degranulation just before death, which
in turn seemed to corroborate the allergy theory.

But several other workers produced evidence that
allergy may not be the causative mechanism in SIDS
at all. Elevated serum tryptase levels were explained
by stating that it could be caused by a hypoxic stimu-
lus due to the prone position of the child, or it could
be due to terminal respiratory failure which would
occur in all cases of death. It was suggested that
elevated tryptase levels could also be due to passive
diffusion from the lung after death, and could just be
a postmortem artifact.

The allergy and SIDS controversy is still ongoing,
and unresolved, with workers producing evidence for
and against the allergy theory at regular intervals.

Exercise and Allergy

Allergy to exercise is a known condition, and may
invite medicolegal considerations, especially in army
personnel, sports coaches, and trainers, and other
persons involved in strenous work. Exercise in sus-
ceptible people causes massive release of histamine in
the body. Sometimes only exercise is needed, while
at other times the person has to eat something
before exercise. Occasionally the person has to eat a
particular food before exercise to trigger the allergy.
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Allergy to exercise can take very bizarre forms.
A German group has recently reported a man who
got this allergy every Friday while gardening, but
not while gardening on other days. This was because
he treated himself to a slice of poppyseed cake every
Friday before his garden work. Allergy to poppy
seeds was proved with tests, but it needed the
extra trigger of exercise to accentuate the allergic
manifestations.

Postmortem Examination in
Allergic Deaths

Quite frequently, a forensic pathologist is faced with
an anaphylactic death. Undoubtedly this is one of the
most difficult situations to handle; an inexperienced
pathologist can easily ruin the autopsy if he/she does
not take some basic precautions.

Precautions

It is important to remember in such cases that the
autopsy should be conducted as soon as possible
after death, because the findings, especially those
in the larynx, may recede rapidly after death. Medi-
colegal formalities may tend to take time, but the
earlier they are completed, the better it is for
the pathologist. If the body has to be embalmed, the
neck organs should be removed before. A detailed
history is very helpful, since it would determine proper
sampling procedures. Most common allergic deaths
encountered are deaths due to drug anaphylaxis (e.g.,
penicillin), anaphylactoid reactions (e.g., radiocon-
trast media), exposure to certain plants, and stings
due to bees, wasps, and fire ants.

It is useful to take a chest X-ray before starting an
autopsy. In fact, the clinician would do well to take
it immediately after pronouncing death in such
cases; a delay can often cause remission of findings.
Pulmonary edema and congestion in chest X-rays
may indicate a possible anaphylactic reaction.

External Examination

On external examination, one must search for injec-
tion sites or sting marks. Time spent on this simple
procedure is well worth it, and may save a lot of
embarrassment to the pathologist later. Concentrate
on areas like the cubital fossa, front of forearms, back
of the hand, both gluteal regions, and areas which are
swollen. These are the areas where an injection is
likely to be given. Stings are more likely to be on the
face and neck, although they can be on any exposed
part. Such lesions on covered areas generally rule out
insect stings, and indicate injections. If such lesions

are found, they must be photographed and excised
with a minimum 5cm margin. The excised tissue
should immediately be frozen at —70 °C, and submit-
ted for antigen—antibody reactions. Observe for foam
around the mouth and nostrils.

Internal Examination

Neck organs must be removed and a photograph of
the rima of glottis taken from above, together with
the epiglottis. This photographic record may prove
very valuable in a court of law. This would also be
useful in cases where a second autopsy may be or-
dered, which is not entirely unusual, given the raised
suspicion levels of distressed relatives regarding med-
ical negligence in such cases. Finally these photo-
graphs may be useful given the fact that laryngeal
edema may subside very rapidly. By the time the
pathologist has returned to the neck organs after dis-
secting the rest of the organs, he/she may find that
laryngeal edema has subsided considerably. For his-
tologic study, larynx and epiglottis must be fixed in
Zenker’s or Bouin’s solution.

A detailed examination of the tracheobronchial tree
and lungs may prove very rewarding. It is not unusual
to find foamy edema in the trachea and bronchi. Lungs
may show pulmonary edema and congestion. There
may be diffuse or focal pulmonary distension alternat-
ing with collapse. A microscopic examination may
reveal eosinophilic leukocytes. Just as in the case of
trachea and larynx, it is useful to take photographs of
the lungs for similar reasons. Weights of lungs must
also be recorded; grossly overweight lungs point to
pulmonary edema. Lungs should not be perfused with
fixative as it may cause artificial distension.

A microscopic examination of the spleen may show
eosinophilic leukocytes in red pulp.

Special Investigations

A sample of blood must be submitted for drug levels
(or sting antigens) alleged to have been injected. Sam-
ples must also be frozen and submitted for IgE against
the suspected drug/antigen.

See Also

Autopsy: Procedures and Standards; Autopsy, Find-
ings: Sudden Infant Death Syndrome; Drug-Induced In-
jury, Accidental and latrogenic; Drugs, Prescribed:
Product Liability; Testamentary Capacity; Sudden Infant
Death Syndrome, Etiology and Epidemiology
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Introduction

Since the evolution of humans, there has been inter-
action between human beings and animals for a
whole host of different reasons, either through
human control and mastery of animals, such as the
keeping of food animals and agriculture and compan-
ion animals, or more simply, with human beings as
part of the food chain as an example of prey for
an animal.

As a result of the diversity of animals within dif-
ferent continents and countries, detailed local

knowledge of the fauna may assist in the interpreta-
tion of injuries that are perceived to have been caused
by animals. However, as the world grows smaller and
nonindigenous animals are kept, this geographical
specificity ever diminishes. This also applies to
increasing tourism.

As in all ecosystems, there exist complex relation-
ships between all animals, including humans, al-
though to some extent we have removed ourselves
from some of these natural interactions.

When an individual dies without immediate inter-
vention from authorities, such as in an isolated dwell-
ing or a remote region, he/she simply becomes part of
the ecological cycles relevant to that region. In this
context companion animals dependent upon their
keeper for care and food may simply view the body
now as a source of nutrition, leading to postmortem
depredation. Such depredation may present a series
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of bizarre changes to law authorities that may be per-
ceived as suspicious or even thought of as homicide.

Knowledge of the local ecology, of which the fauna
is but one part, may assist in the interpretation of a
crime scene. Hence the natural processes of decom-
position with the well-documented entomological
successions that visit a corpse may be of great value
in estimation of the time of death. Similarly, the
finding of a specific animal species, or marks left by
such a species, may aid in consideration of the locus
of a crime or of sites of body storage.

Injuries caused by animals may be virtually patho-
gnomic of that animal or nonspecific, and it is here that
local knowledge of the fauna may be of value. A limited
survey of some of the injuries will now be undertaken,
passing through various orders of animals.

Mammals

Mammals include some of the largest carnivores on
the planet, including the felids (cats) and canids
(dogs), together with bears. Such animals are well
equipped to prey on a range of animals, including
human beings, with powerful jaws and claws and
shearing teeth. The sheer size and speed of many of
these animals are relevant to the rapid overpowering
of an individual. The victim of such an attack will
have invariably suffered multiple and severe injuries
as a result, and it may be that identification of the
deceased presents a problem owing to the extent of
the injuries and the secondary depredation that may
occur. Indeed, the level of secondary scavenging may
make the task of identifying original injuries difficult,
if not impossible, in areas that are well populated by
such animals. Injuries observed will represent a mix-
ture of laceration from claws, and the parallel nature
of such injuries may give an assessment of the size of
animal involved, together with bite marks. Such
marks, if in isolation, may present a clean appearance
suitable for appropriate photography and odontolo-
gical interpretation. Distances between certain teeth
may assist in the assessment of animal size. Defense
injuries may be seen upon the body, but overpowering
by large animals may preclude identification of such
changes. Certain animals such as bears may show a
predilection for the face. Underlying tissues and
organs will be crushed and lacerated, and possibly
absent either from direct ingestion by the animal or
secondary scavenging.

It is of course not only the carnivores from higher
animal orders that present a danger to humans. The
large herbivores present a risk, either from accidental
injuries as a result of size, or from defense of territory
or their young. Within agriculture, many of the beasts
of burden present such a size that if an individual

becomes interposed between the animal and another
firm surface, crushing may become a distinct possibil-
ity. Death may then result from traumatic asphyxia,
or from multiple crushing injuries to the chest, abdo-
men, and head. Usually the history and setting should
readily explain the situation. Aggressive behavior
from bovines may result in goring by the horns, with
major internal injury and hemorrhage. Similarly,
trampling from stampede may cause multiple blunt
injuries, with occasional recognizable patterns. Spe-
cifically, horseshoes may leave a patterned mark upon
the body, following kicks or stampedes from equids.
In more tropical climes, animals such as the hippo-
potamus, rhinoceros, and elephant are well known
for the danger that they present to human life, causing
more fatalities than more expected animals such as
predatory carnivores.

Odontological assessment may assist in defining
the species of animal. Furthermore, recovery of hairs
from the body may allow comparison with animal
hair collections.

Most fatal animal attacks are caused by large ani-
mals where the size and power of that animal simply
overpower the individual. However, as in many
aspects of forensic medicine, the young, old, or infirm
may be particularly at risk from attacks from smaller
animals that in other circumstances would be rela-
tively innocuous. In addition, lack of experience in
handling an animal may result in provocation of that
animal and resultant aggressive and dangerous be-
havior. The author has seen an example of a baby
killed by three ferrets that had escaped their cage:
death occurred through shock and blood loss as
a result of multiple bites.

Dog attacks may be encountered now that owner-
ship is so widespread. Studies have shown that the
majority of attacks occur on the owner’s property,
with a quarter caused by dogs on the loose. There are
many complex factors that relate to dog attack; partic-
ularly relevant is their pack animal hierarchy, with
animals sometimes testing the victims of attack in
terms of dominance. Individual animals may be
responding to cruel treatment or as a response to
pain. They may be unfamiliar with a victim and see
him/her as a threat. Children are most at risk from dog
attack, with those aged between 1 and 4 years sustain-
ing the most serious injuries. Dog breed is relevant,
with Pit Bull Terriers, German Shepherds, and Rottwei-
lers most commonly associated with attacks, both fatal
and nonfatal. These are inherently aggressive and pow-
erful dogs so perhaps these findings are not surprising.
Such attacks may result in multiple and severe bites,
with powerful jaws capable of severely lacerating
tissues and injuring underlying muscle and even bone.
Peripheries may be at risk, as when an individual
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attempts to defend him/herself. The author has recently
seen a case where a dog attacked an individual who was
suffering a seizure. In this attack the larynx was severe-
ly crushed, with compromise of the airways.

Attacks from packs may result in considerable
mutilation of the body. In the peri- and postmortem
period, a dog may cause injuries. Dogs may paw at
their owners if in a collapsed state, leaving parallel
abrasions and lacerations. Once dead, depredation
may occur, especially if the animal is locked within
the dwelling. This is a simple reaction for the search
for food. It has been recorded that animals have
absorbed drugs from the bodies of their owners fol-
lowing such depredation. The extent of such depre-
dation may be extensive, with exposed parts of the
body reduced to skeleton in a short time. Injuries may
be difficult to distinguish from true marks of violence,
and in this case examination of the dog for tissue
around the mouth or even the stomach contents may
be of value. A further case is quoted whereby two
individuals were noted to be engaged in a severe
altercation: one of the pair was found dead a short
time later. The ears were missing and parallel lacera-
tions were found, causing obvious concern to
the police. The deceased had died of a coronary
thrombosis, and collapsed. In the perimortem period
his five dogs had become excited and frightened,
leading to this perimortem attack.

In the living, bite marks may be examined and
considered by a dental specialist to consider the size
of the dog that caused the injury. The prominent
canid canine teeth produce characteristic bite marks.
Extensive surgery may be required following an
attack and the chance of infection, both local and
systemic, from the bacterial flora of the dog’s
mouth, should not be overlooked.

Birds

The majority of birds will not present a risk to
humans. Their usual interaction will be through
depredation of the dead (or nearly dead) body. One
possible exception is the large flightless birds, such as
the emu, rhea, ostrich, and cassowary. As a result of
their flightless condition they have powerful muscular
legs, equipping them for rapid transit over the
ground. Attacks have been recorded where severe
penetrating lacerations have been sustained by indi-
viduals when the bird was approached, leading
to torrential hemorrhage and disemboweling.

Reptiles and Amphibians

One of the first animals to come to mind will be the
crocodilians. Noted for their hunting skills, the larger

species such as the Nile crocodile, Crocodylus niloti-
cus, give rise to fatalities. Their habit of sudden ex-
plosive ejection from the water to grasp the prey,
followed by rolling underwater, is a devastatingly
successful method of attack. Few animals are so read-
ily able to disarticulate a limb, demonstrating the
animal’s power. Death is usually due to drowning.
The teeth marks may give a clue as to the nature of
the attacking animal, as the arcade of puncture
wounds may be highlighted by the position of the
fourth premaxillary tooth, that may be seen in
the animal with the jaws opposed. Frequently bodies
may be decomposed and significantly scavenged as a
result of the crocodilian habit of storing corpses
underwater to allow softening and easier removal
of tissues.

The Komodo dragon may give rise to fatalities. Its
mouth flora is populated by pathogenic bacteria that
give rise to septicemia. In its small natural environ-
ment, such a mechanism guarantees food in spite of
the animal’s relative lack of agility. If threatened, the
Gila monster may inject venom that is capable of
causing death through severe cardiac compromise.

Of course, snakes are a group that gives rise to
many injuries or deaths. Venomous snakes may
cause death following envenomation either by neuro-
toxic or hematotoxic methods. The former may rap-
idly cause death as a result of respiratory paralysis.
Hematotoxins cause progressive hemorrhage and
disseminated intravascular coagulation and run a
more protracted course. Neurotoxic snakes often
leave inconspicuous bites whereas hematotoxic
snakes leave bites that swell and bleed. Identification
is paramount and local casualty departments often
have an identification guide to facilitate administra-
tion of the correct antivenom. Laboratory tests may
also be employed.

Constricting snakes may cause death from crush
asphyxia. Frail and small individuals are more at
risk, especially babies and small children. Fatal
snake attacks are now encountered more frequently
in nonindigenous areas due to the keeping of exotic
species.

The highly colored arrow frogs from the Amazon
are well known for their secretion of toxins upon the
skin. Although used by native Indians on their arrows
to kill small monkeys, fatalities do not usually occur
in humans.

Fish

Death may occur as a result of interaction with fish
and other marine life. The most obvious example is
the shark: a large number of species are capable of
attacking and causing significant injuries to human
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beings. Limbs may be grasped first, leaving curved
bite marks representing the dental arcade of the ani-
mal. The power of the animal is reflected in the
incision through different layers of tissues, includ-
ing bone, in a similar way to crocodilians. Victims
may be considerably disrupted following feeding of
the sharks. Brushing of the rough shark skin against
the individual may give rise to multiple dermal
abrasions.

The piranha is always considered to be capable of
stripping a body of flesh within minutes, although
this has never been substantiated. Nonetheless, these
fish have extremely powerful jaws and can produce
multiple bites of about 3 cm diameter.

Some fish are capable of producing an electric
shock, such as the electric eel, the electric catfish,
and the electric ray. The charge is rarely of sufficient
strength to kill.

A variety of fish are capable of envenomation by
means of defensive spine, but these rarely cause death;
rather there is more pain at the site of the sting.

Lower Marine Creatures

Many smaller creatures are capable of inflicting sig-
nificant stings that on rare occasions cause death. The
jellyfish can cause widespread stings, particularly the
larger species with long tentacles, such as the Portu-
guese man o’ war. They give rise to acutely painful
erythematous and edematous lesions in the shape of
the touching tentacle.

Cone shells use a very sharp poisonous barb to
hunt, and may cause injury if accidentally stepped
on, leaving a single penetrating injury at the site
of injury.

Arthropods

This vast and diverse group includes insects, spiders,
and scorpions, and centipedes, all of which have
members dangerous to humans. In terms of injuries,
often a small and inconspicuous sting injury is pres-
ent, accompanied by varying degrees of edema and
erythema.

Wasp and bee stings are common. They may prove
fatal when large numbers of stings are sustained, such
as in swarm situations. Individual stings may prove
fatal when the subject is allergic, and develops fatal
anaphylaxis.

Flies, particularly blowflies, may be of value in
entomological consideration of a body or scene.
Some researchers have investigated the uptake of
drugs from a dead body upon which they are feeding
for a qualitative assessment — this is called forensic
entomotoxicology.

Ants, particularly in tropical climes, may sting
causing painful but local reactions. They may be a
common visitor to the corpse, and can produce curi-
ous serpiginous lesions that may be mistaken for
marks of violence. Marks at the limits of clothing,
e.g., at the collar, may cause artifact such as apparent
ligature marks.

Spiders and scorpions are generally less dangerous
than is popularly believed. Nevertheless, several pow-
erful toxins are produced by species such as Latro-
dectus, the black widow, to name but one. With
spiders a paired set of puncture wounds may be
seen, corresponding to the fangs.

Summary

This has been a brief summary of the injuries, fatal,
and nonfatal, that may be encountered following
human interaction with animals. As in all aspects of
forensic medicine, the history and setting are of vital
importance, but as stated, with a smaller world
and increased travel, pathologists may see exotic
lesions not encountered before. It is worth noting
the interaction of animals with the dead body, and
the artifacts that can be produced.
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Introduction

Lethal injuries sustained from animal attacks are
uncommon in most medicolegal practices; their fre-
quency and nature vary among geographical regions
of the world. Antemortem animal injuries can be the
direct or indirect cause of death, especially in cases
where the victim is very young or incapacitated
by disease.



72 ANIMAL ATTACKS AND INJURIES/Predation

Taphonomic changes induced by animal activity
are however very common; most forensic prac-
titioners have encountered them in their daily
practice. Bodies that have been left undisturbed for
various lengths of time usually present some degree of
animal disturbance; the assessment of the ante- and
perimortem injuries in these cases can pose some
difficulty.

Combination of perimortem and postmortem inju-
ries is frequently encountered, especially where the
fauna is abundant, i.e., rural areas. Moreover, as
animals are driven out of their natural habitats more
attacks are observed. Still, numerous attacks occur in
known animal-human settings like zoos, circuses,
and the private domain (house, garden, etc.).

The circumstances surrounding the incident are a
necessary tool for treatment planning and future
prevention of similar cases. When only “dry bones”
survive, the identification of the manner and cause
of death can only be achieved by taphonomical
methods. Under such conditions the circumstances
of death might be obliterated by postmortem pro-
cesses; animal activity on cadavers plays a major
destructive role due to animals’ tendency to dis-
member the body as well as damage the tissues.
Moreover, natural conditions such as water, vegeta-
tion, and sun exposure influence the final condition of
the body.

A further phenomenon to be considered when
conducting forensic examinations is the prevalence
of zoonotic diseases that are transferred through
contact between humans and animals. The prevalence
of infectious diseases has increased considerably in
the wake of animal domestication; increasing popu-
lation morbidity is associated with sedentism and
population density concomitant with agriculture
and urban life.

Zooarcheologists, forensic pathologists, and an-
thropologists have developed differential diagnos-
tic criteria to identify diverse predators and their
remarkable patterned injuries on bones.

The pathognomonic and taphonomic findings
associated with animal attacks can be described
according to the taxonomic classification of the
injuring agent.

Insects and Arachnids

Ticks are blood-feeding external parasites of mam-
mals, birds, and reptiles throughout the world. Ticks
can cause paralyses, toxicoses, and allergic reactions
and are vectors of a broad range of viral, rickettsial,
bacterial, and protozoan pathogens. There are hard
ticks — Ixodidae — and soft ticks — Argasidae.

Approximately 12 argasid species (Argas and
Ornithodos) are frequently found attached to humans
who enter tick-infested caves and burrows. Hard
ticks have three distinct life stages: larva, nymph,
and adult; the completion time of the entire life
cycle may vary from less than a year in tropical
regions to over 3 years in cold climates, where certain
stages may enter diapause of several years until hosts
are again available.

Death caused by insects’ stings is seldom due to
envenomation but rather to some form of anaphylac-
tic shock. Bees and wasps are the most commonly
involved insects in these types of death. Most stings
are evinced as a small red lesion surrounded by a pale
rim and a pink flare. Occasionally, multiple and very
closely grouped stings are the result of an attack of
swarms of wasps or bees accidentally or intentionally
disturbed.

During postmortem examination, insects may be
observed within the clothing of the victim and the
bee sting may be found embedded in the injury itself.
Postmortem findings may include pathognomonic
signs of hepatic and renal failure and rhabdomyolysis.

There are very few taphonomic changes associated
with these insects although, since they are parasitic on
the maggots of other insect species that colonize bod-
ies and in a few instances on the decomposing body
itself, they tend to affect the entomologic assessment
of the postmortem interval.

Scorpions and spiders are responsible for very few
deaths, although they are invariably poisonous. The
general rule is that the danger of any given venom is
inversely proportional to the weight of the victim;
thus it follows that lethality is most commonly asso-
ciated with children. The examination of the body
discloses a relatively unremarkable local lesion,
sometimes a closely spaced double injury, erythema,
local pallor, and ulceration, depending on the species
involved and on the survival period. Autopsy findings
are nonspecific and include pulmonary and brain
edema, local necrosis, disseminated intravascular
coagulopathy, and myocardial damage.

Anthropophagic activity of various insects — such
as ants, cockroaches, and beetles — can sometimes
simulate antemortem traumaj; these are mostly super-
ficial skin defects, arranged in linear or circular
formations (Figure 1).

In all cases of suspected insect and arthropod at-
tack an enzyme-linked immunosorbent assay (ELISA)
test should be used for the identification of the speci-
fic immunoglobulin E, complemented by serum assay
for tryptase. Recent investigation on the postmortem
detection of anaphylaxis suggests that the assay of
serum tryptase by itself should not be relied upon,
especially in the latter postmortem stages.
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Figure 1 Anthropophagic activity of insects causing superficial
skin defects, arranged in linear or circular formations.

Marine Animals

Death by marine animals is mostly associated with
attacks of large fish — such as sharks, barracudas, and
moray eels — and with poisoning by venomous fish
and to a lesser extent by soft-bodied animals like
hydroids. While attacks of marine fauna can cause
intense pain from envenomation, death is unlikely to
occur from the sting itself unless the victim is allergic
to the venom; however, the intense symptoms caused
by the envenomation may lead to drowning due to
collapse.

Death due to direct trauma from schools of small
fish such as the South American piranha fall mostly
in the realm of folklore; similarly, some species of
eel that produce an electric jolt of up to 500V are
unlikely to cause death. Nevertheless, these types of
attack can render the victim at risk of death by
drowning.

The postmortem changes associated with the an-
thropophagous behavior of small fish are notorious;
these creatures feed on easily accessible soft tissue
such as eyes, lips, and digits (Figure 2) and have
been known to gnaw on bone. The telltale marks of
their teeth can be seen on the margins of the wound as
a row of connected small semicircles, the size of the
fish’s teeth. Similarly, small crustaceans that adhere to
most surfaces slowly destroy the cortical surface of
the bone.

Figure 2 Postmortem changes associated with small fish that feed on soft tissue like eyes, lips, and fingers and gnaw the bone.
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Figure 3 Telltale marks of shark teeth on a human os coxa. Note the distance between the scratches on the bone that fit the shape of

the shark teeth.

The majority of marine fauna lethal attacks are
associated with sharks: there are about 50 reported
attacks annually, of which approximately 7% are
lethal. Sharks attack in both shallow and deeper
water. The types of injury are related to the type of
attack and to the size and species of the shark. While
feeding, their serrated sharp teeth that are set in
consecutive rows leave pathognomonic signs, i.e.,
gouges, deep cuts, and avulsion of soft tissue. Being
unable to chew their prey they strip it, thus they
tend to attack the extremities from the thigh down
(Figure 3). When bumped into at a high speed, shark’s
skin causes long deep regular abrasions in the victim’s
skin and its underlying tissue.

Rodents

Deadly attacks by rodents are extremely rare; they are
usually associated with small children of low socio-
economic background or debilitated persons. In these
cases death, commonly caused by large species of rats,
is due to blood loss resulting from multiple rat bites;
subcutaneous bleeding around the wounds is the
main indication that the injuries were inflicted while
the victim was still alive. Autopsy findings often
reveal signs of hypovolemic shock.

Postmortem scavenging is common among wild
and domestic rodents; they are well known to alter
or destroy the indicators of the cause of death and
preclude the visual identification of the victim.
Rodents tend to gnaw on bone, to wear down on
their incisors, leaving telltale sets of parallel striations
on the osseous cortex. Postmortem rodent-caused
injuries are usually wedged, paired, clean, small inci-
sions without subcutaneous bleeding (Figure 4).

Porcupines are known to collect and modify both
dry and meaty bones. They leave a typical pattern of
gnawed trails, thinning the bones in a fan-shaped
pattern and creating “windows” in the shaft pro-
duced by heavy gnawing and scooping out material
(Figure 5).

Birds

Serious injuries from birds resulting in death are
very rare. The forensic literature mostly records
postmortem stablike or puncture wounds caused by
the hard bills of crows, owls, buzzards, or seagulls.
Scavenging is a common feeding behavior of various
species of birds, and remains are often completely
defleshed in a matter of hours by these efficient
foragers. Damage to bone occurs from the stripping
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Figure 4

and tearing action of the beaks and talons and
small punctures and scratches on bone cortical
surfaces are left.

Finally, there have been instances where small birds
have utilized the thoracic cavity of a skeletonized
individual for nesting.

Small Carnivores

“Man’s best friend” — the domestic dog — accounts for
the majority of deaths caused by animal attacks.
Attacks occur most often in the household domain,

(A, B) Postmortem injuries made by rodents — paired incisions without subcutaneous bleeding.

frequently against children and old adults. The
majority of the lesions occur on the head, neck, and
face, although they can be seen on the upper and
lower extremities as well. The wounds are character-
ized by pairing of injuries resulting from the canine
teeth, along linear parallel abrasions. Dogs can some-
times inflict blunt-force trauma by lifting their heads
rapidly when excited, striking the victim in the throat
area. Pets can sometimes paw their dead owners
in an attempt to rouse them, inflicting groups of
parallel abrasions that can be confused with injuries
associated with assault.
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Figure 5 Bones with typical fan-shaped gnaw pattern consistent with porcupine behavior.

Canids leave typical postmortem damage pat-
terns over the bones, characterized by rounded punc-
tures, peglike penetrating injuries, and shallow
scratches. Severe damage caused by gnawing of the
softer bony parts (proximal epiphyses) is frequently
detected.

Pack attacks by feral or wild dogs and wolves pose
a greater danger of fatal injuries, similar to those
produced by single animal attacks but often covering
a larger area of the body. Not many reports have
been related to deadly attacks of wolves on human;
they are more often associated with attacks on flock
animals. Overpopulation of foxes near or even in
settled areas must be considered as dangerous. The
scavenging behavior of packs of foxes can produce
postmortem artifacts that can be easily misinterpreted
as perimortem injuries.

Large Carnivores

Wild game attacks on humans occur mainly in
rural areas, natural parks, zoos, and circuses. Large
cats such as lions and tigers have been known to
assault humans, although humans do not constitute
their natural prey. The primary injuries sustained
from these attacks are a series of parallel abrasions,
multiple deep bite injuries, and lacerations with
an abraded rim, consistent with the tapered claws of
the animal. Punctured wounds similar in shape to
those inflicted by smaller carnivores are often ob-
served in the neck area of the victim. Shaking the
victim by the neck is not uncommon, resulting in
hypertension injuries. Furthermore, feeding on car-
casses results in eventration, loss of tissue, and exten-
sive bone injury.

Figure 6 Human modified bones from a Chalcolithic mortuary
site at Kissufim Road, Israel. Carnivore modification on a right
femur diaphysis, medial view. Reproduced from Le Mort F, Rabi-
novich R (2002) The taphonomic and mortuary practices. In:
Goren Y, Fabian P (eds.) Kissufim Road: A Chalcolithic Mortuary
Site Antiquities Authority, pp. 66—81. IAA reports monograph series
no. 4. Jerusalem, Israel.

Attacks by hyena are uncommon, though they have
been reported from Ethiopian villagers. Hyenas are
known to plunder graves, dispersing the remains and



ANIMAL ATTACKS AND INJURIES/Predation 77

leaving a puzzling scene for the unsuspecting investi-
gator (Figure 6). Many carnivores crack bones with
their teeth — the propensity of hyenids to feed on large
diameter bones is legendary. Both species, spotted
hyena (Crocuta crocuta) and striped hyena (Hyaena
hyaena), tend to take chunks of their prey to their
den, breaking and damaging the bones. Unique
morphological features of hyena teeth and skull are
associated with bone cracking. In addition to the
morphological adaptations to lifting and carrying
large and heavy loads, their ability to remove and
destroy carcasses is noteworthy; scratches, furrows,
puncture marks, and gnawed areas are typical of bone

damage by hyena (Figures 7 and §).

Figure 7 Hyena gnawing marks on a camel mandible
amount of severe gnawing and of missing bone.

. Note the

Figure 8 Typical gnaw marks on a donkey right humerus produced by hyenas. Notice (A) the missing epiphyses and (B) the typical pit

and scratch marks.



78 ANIMAL ATTACKS AND INJURIES/Predation

Figure 9 Taphonomic changes on cadaveric remains produced by wild pig feeding.

Human-bear conflict resulting in attacks has be-
come less rare as bear populations have increased.
Bears tend to bite, puncture soft tissues (i.e., abdo-
men), scratch the neck, thighs, and hips, and leave
tracks at the crime scene. Cases of injuries or lethal
attacks are known to be caused by the grizzly bear
(Ursus arctos horribilus), black bear (U. americanus),
and brown bear (U. arctos).

Large Herbivores

Farm animals such as cows, bulls, and horses tend
to produce blunt-force and crushing injuries. The
majority are nonspecific injuries produced by the
weight of the animal pressing the victim against a
wall or a fence. Notwithstanding, specific injuries
often produced by kicking and trampling are consis-
tent with the shape of the hoofs, while bull-goring
wounds vary between clean lacerations produced by
the tip of the horns to large irregular penetrating
injuries.

Crushing and trampling are common features
caused by the largest herbivores, i.e., elephants,
rhinoceros, and hippopotamus. Their attacks are a
known cause of death in rural Africa as well as of
handlers in zoos. The injuries encountered at autopsy
may include piercing by tusks and crushing injuries as

the result of being trapped in a confined space by the
bulk of the animal.

There are no reports of postmortem injuries pro-
duced by farm herbivores, although omnivores like
domestic pigs have been known to feed on cadavers
(Figure 9).

Reptiles

Snake attacks are not very common; most bites are
what experts call “dry bites,” in which no venom is
released. A majority of those bitten are snake hand-
lers or individuals who have snakes as pets. Though
snake bites are rarely fatal, when left untreated they
can result in severe tissue damage or loss of fingers,
toes, or limbs. Typically, poisonous snake bites cause
intense pain and swelling at the site of the injury.
Tingling around the lips and tongue, abnormal bleed-
ing, and muscle weakness may also occur. Traumatic
asphyxia due to the tendency of some species of snake
to squeeze the victim has been known to occur. Teeth
marks can be seen on the victim in the form of small
puncture marks.

Crocodiles and alligators are widespread all over
the world. Most attacks are known from Australia,
Tanzania, and Florida. People tend to be attacked near
water, or while swimming, and quite often the victim
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is pulled into the water. The powerful jaws of these
reptiles are known to cause severe injuries, tearing and
dismembering body parts. Injuries may vary from
minor lacerations and puncture wounds to major ab-
dominal chest and limb trauma. Fatal victims are
often found dismembered and decapitated.

Summary

At first glance, animal attacks would appear to be
easily identified and the classification of the wound-
ing agent a straightforward endeavor. In fact, a varie-
ty of animals can leave similar patterns of damage,
and when other taphonomical processes are engaged,
such as exposure to sun or water, the medicolegal
investigation is further obscured.

The careful documentation of scat, hair, footprints,
and claw marks can serve as auxiliary proxies for the
exact identification of the animal responsible for the
attack. The magnitude of the damage changes along
the animal’s guild, mainly by feeding behavior and
size (i.e., carnivores versus herbivores, small or large),
thus lion and fox are unlikely to leave similar damage
patterns.

In theory the size of a wound serves as an indicative
measure of the wounding animal, but it is not accu-
rate enough to separate between animals of similar
body and dental size. Thus, we can differentiate rela-
tively easily the damage caused by a mouse and a
wolf, but less so that caused by a tiger and a hyena.
If severe damage to bones is involved, including
cracked long bones, then we can safely assume that
we are dealing with hyena postmortem activity.

The location of the damage along the body, its
description, and the probability of a certain animal
to be the cause of death should be taken into consid-
eration while examining any case. Familiarity of
the forensic practitioner with the local fauna and
with the various aspects related to taphonomic
changes of the cadaver is of paramount importance
in the correct assessment of animal perimortem and
postmortem attacks.
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Introduction

Anthropology (anthropos — human, logos — science) is
the study of the biological and cultural aspects of
humans. The field encompasses a wide scope of
specialized knowledge from social behavior, lan-
guage, kinship, and religion to body build, ancestry,
and evolution. There are two main divisions within
the science of anthropology: cultural and physical
anthropology.

Cultural anthropology is the subdivision of the
field that deals with behavior and beliefs organized
into an integrated system that is learned and shared
by specific human groups. Traditionally, cultural
anthropologists have studied the cultures of existing,
nonliterate, less technologically complex societies,
although the research techniques developed in study-
ing these groups have been transferred to the study
of all societies. Similarly, ethnologists study both
the culture of living people and cultures no longer in
existence but for which there are written records,
while social anthropology is usually restricted to
the analysis of social organization of modern socie-
ties. There is a great overlap in the various cultural
and sociological aspects studied by anthropology;
interdisciplinary investigations encompassing eth-
nological, sociological, economical, psychological,
and religious aspects of society are very common,
effectively blurring the limits between these fields.

Linguistics, the scientific study of languages, is
another subdiscipline of cultural anthropology. Lan-
guages — being the main tool by which humans com-
municate, organize themselves, and transmit their
culture from one generation to the next — are an essen-
tial key to the understanding of culture in its integrity.

Archeologists are concerned with the reconstruc-
tion of cultural history and daily life of ancient cul-
tures. In a sense, archeology is the sociocultural
anthropology of extinct civilizations. By means of
highly developed technologies of excavation and ob-
servation of remains, the archeologist is able to re-
construct past cultures and to study their changes,
movement, contacts, and influences on each other.

Physical anthropology is the branch of anthropology
concerned with the study of the biological aspects of
humans; the field encompasses two basic areas: human
evolution and human variation. Further subdivision
within physical anthropology includes: paleoanthro-
pology, the study of human fossils; osteology, the
study of bones; primatology, the study of nonhuman
primates; paleopathology, the study of ancient disease;
and forensic anthropology, the application of physical
anthropology techniques in questions of law.

The understanding of the morphology of the skele-
ton and the techniques implemented to reconstruct
life histories of humans has led to the development
of forensic anthropology, i.e., the identification of
human remains within the medicolegal domain.

The origins of forensic anthropology can be traced
to the end of the nineteenth century when the French
criminologist Alphonse Bertillon devised the first
classification and identification system to identify
criminals based on anthropometry. During the twen-
tieth century the discipline became well established,
with forensic anthropologists all over the world
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collaborating in almost all stages of forensic investi-
gations associated to, but not solely with, personal
identification of human remains.

Given the fact that bones and teeth survive much
longer than soft tissue, many physical anthropolo-
gists specialize in the detailed study of skeletal and
dental functional anatomy, physiology, and pathol-
ogy, their expertise being of substantial value
in forensic casework. In addition to providing clues
as to the personal identity of a deceased, anthro-
pologists assist in sorting human from nonhuman
remains, diagnose skeletal trauma, and estimate the
mechanism that produced the injuries. Comparing
antemortem and postmortem radiographs, examin-
ing photographs of living individuals to determine
the identity of the persons depicted and establish-
ing the biological age of living individuals are some
of the tasks of the anthropologist. Finally, this disci-
pline has been essential in the investigation of mass
graves and identification of victims of mass disasters.

Scope of the Field

The first query addressed by anthropologists when
law enforcement agencies or members of the medico-
legal community request their services is related to the
nature of the remains. Many an embarrassment could
have been avoided if the anthropologist was involved
from the early stages of the investigation: for example
the remains submitted for examination as human are
nothing but polymer-resin models of bone, the refuse
of a picnic, or just a hoax (Figure 1).

Once the remains have been established as
human, it is important to determine their provenance.
Usually skeletal material is considered of medicolegal

significance if the time of death can be estimated to be
within the last 50-70 years, although this judgment
is not always easy.

The state of preservation of the remains is one of
the main aspects that distinguish the contemporary
from the noncontemporary remains. Taphonomy, the
study of postmortem processes which affect the con-
dition of dead organisms, such as the effects of scav-
enging, natural dispersion, and the physicochemical
influence of the environment on bones, has been
extensively studied by forensic anthropologists.
Examples of these would include interference by car-
nivores, both large and small, the effect of insect
infestation, weather conditions, and other postmor-
tem events, which alter the remains. Although highly
dependent on environmental conditions, the principal
indications of the state of preservation of osseous
remains include the presence of soft tissue on them,
their color, texture, amount of hydration, fragility,
and mass.

The presence of body modifications is another im-
portant clue in the determination of the postmortem
interval, certain common forms of modifications typ-
ical of ancient people, i.e., cradle-boarding, and
alterations in the shape of the teeth that, when ob-
served, easily exclude the remains from being of fo-
rensic interest. Conversely, the presence of remnants
of medical interventions like dental restorations, pros-
thetic devices, and surgical reduction of fractures or
discolorations related to antibiotic treatment is a clear
indication of a modern provenance of the remains.

Personal belongings associated with the skeletal
remains and the conditions of interment also pro-
vide excellent clues to their source. Bodies recovered
from coffins, embalmed, or in association with grave

Figure 1
infanticide.

A rubber ‘“‘fetus” found in a stairwell and submitted for anthropological examination as a suspected stillbirth or a case of
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goods, are usually of no forensic concern, while those
found in shallow graves, covered by a blanket or
within a plastic bag are unlikely to be archeological.
Furthermore, the presence of hinges, small springs,
and perforations in articulations indicate that the
bones are an anatomical specimen (Figure 2).
Determining the minimal number of individuals
present within the remains is of great importance
not only in mass disaster situations, but also in com-
mon graves and criminal investigations, as well as in
civil claims. The possibility of commingling should be
considered whenever parts of a skeleton are collected
from scattered areas, or when cremated remains are
being studied. Anatomical examination and the dis-
covery of duplicated parts can achieve separation of
commingled remains into discrete individuals. These
can be sorted according to age, sex, stature, general
morphologic characteristics, ancestry, and the
probability of articulation of the various segments.
Forensic anthropologists are often called upon to
assist in the exhumation of human remains, either
from clandestine shallow graves or from cemeteries.
The exhumation process, which is carried out
with techniques similar to those of an archeological

Figure 2 Human skull found in the cupboard of a recently
deceased dental surgeon. The presence of springs, screws, and
pins in the skull indicate that this is an anatomical specimen of no
forensic interest.

excavation, is usually carried out in collaboration
with forensic archeologists. The presence of the an-
thropologist at the excavation site is instrumental in
determining the minimal number of individuals as
well as distinguishing natural taphonomic processes
such as fauna damage to the bones, discarding non-
human remains, and recording all human elements
present in the grave. Although most of the anthropo-
logical analysis of exhumed remains is carried out in
the laboratory, proficiency in field techniques is vital
to ensure meticulous removal of small and fragile
items such as teeth, bullets, and personal effects, that
are often critical in the identification of the deceased
and determination of cause and manner of death.
The investigation of attempted genocide often
includes locating and opening mass graves. This task
is invariably undertaken by multidisciplinary teams
including forensic pathologists, archeologists, and
anthropologists who work in close collaboration
to obtain accurate and unbiased information regard-
ing the fate of the victims thus interred. Frequently,
the permission to investigate mass graves is granted
after a protracted period of time and the cadavers
are partially or completely skeletonized. In these
cases the skills of the forensic anthropologist, espe-
cially in osteology, are helpful in sorting through the
commingled remains in a systematic manner, thus
maximizing the preservation of evidence.

Anthropological Profile

Perhaps the most important step in the identifica-
tion of unknown human remains is the creation of a
biological profile of the individual studied. De-
scribing the remains in such a way as to permit law
enforcement and other investigating agencies to nar-
row the range of possible identities is crucial; it is
here that the knowledge of human variation and the
application of physical anthropology techniques play
a key role in individualizing the deceased.

Developing an anthropological profile entails esti-
mating the age, sex, ancestry, and stature of the
particular individual through the interpretation of
skeletal shape and size of the remains. Furthermore,
unique characteristics such as congenital or acquired
malformations of the individual that could have been
known to the relatives or friends of the missing per-
son are recorded. Positive identification based on an
anthropological profile can be achieved only if spe-
cific individualizing features like signs of medical
intervention previously recorded or unique anatomic
characteristics are found. Nevertheless, exclusion of
identity can be easily accomplished if the antemor-
tem information is contradicted by the profile of
the remains.
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Age Estimation

The estimation of age at death of an individual is
based on biological changes that take place through-
out life. There is a high statistical correlation between
the chronological age of a person and the biological
stage of growth and development; the assessment of
biological age is usually most accurate in the early
phases of development and decreases as the individual
gets older.

The life history of an individual can be subdivided
into four phases based on the developmental and
degenerative changes that characterize them: prena-
tal, childhood, juvenile, and adulthood. The estima-
tion of age at death in each of these phases relies on
the inspection of the various sets of events that take
place during the specific phase.

The pace of growth and development differs be-
tween the sexes and between various biological
groups and the onset of the diverse age indicators is
affected by genetic and environmental factors. Thus
they should be taken into consideration whenever the
sex or the ancestry of the individual is known either
by the presence of remnants of internal or external
sex organs, or because there is a presumed identity.

Skeletal maturation proceeds from the formation
of cartilage models through the ossification of bony
centers to the complete formation of the bone itself.
Ossification begins by the sixth fetal month and
proceeds at a bone-specific, regular rate. Age estima-
tion during the fetal period relies on length-for-age
standards of the long bones, the progressive ossifica-
tion of the cranium, and the size and closure of the
fontanelles.

During the fetal and neonatal periods, age estima-
tion is based mainly on the degree of calcification

of the deciduous teeth, which can be evaluated by
radiographic means. The ossification standards are
sometimes difficult to apply in a forensic setting,
depending on the conditions of the remains. Not all
bones may be present, and their absence can be mis-
interpreted as lack of development instead of the
result of taphonomic processes (Figure 3).

In childhood, the successive development of the
temporal, occipital, and sphenoid bones, the closure
of the fontanelles, the rate of dental development, and
the sequence of appearance of the secondary centers
of ossification are useful age indicators.

The most accurate source of information for age
estimation during the juvenile phase is the sequence of
fusion of epiphyses and the unification of the three
bones of the os coxa. The standard deviation of the
estimate in this stage is greater than the assessment
based on the appearance of the centers of ossification
during childhood and oscillates between 2 and 4 years
depending on the sex and ancestry of the individual.

The onset of puberty differs between popula-
tions; thus, extreme caution should be exercised
when establishing age during the juvenile period. Fo-
rensic anthropologists generally implement dental
standards when analyzing subadult remains. Howev-
er, it is important to evaluate all the skeletal age
indicators rather than depending on one to avoid
exclusion of possible matches.

Once the individual has reached the final stages of
growth and development, the estimation of age at
death becomes less accurate since it depends chiefly
on subtle and highly variable degenerative changes in
the skeletal tissue. Postmaturity age changes involve
mainly the remodeling of bony and cartilaginous
structures, which are very sensitive to internal and

AEVA

Figure 3 Long bone shaft of a newborn skeleton exhumed circa 50 years after death. The absence of epiphyses is the result of

taphonomic processes.
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Figure 4 Radiograph of the thoracic and lumbar spine of a
73-year-old man, found in an advanced stage of decomposition.
Note the collapsed vertebral bodies, lipping and osteophytes
concomitant with age-related degenerative changes.

external factors, including the health status, lifestyle,
and genetic makeup of the individual.

Adult age estimation is based on degenerative
skeletal changes best observed in the various
articulations. Pubic symphysis morphology is consid-
ered one of the most reliable indicators of adult age.
This method is especially useful in the estimation of
the age of individuals from late teens until the fifth
decade of life. The mineralization of the costal carti-
lage of the ribs is also a valuable age indicator in
adults. The gradual closure of the cranial sutures
during adulthood is an unreliable procedure when
used in itself but helpful when considered together
with other age indicators (Figure 4).

Microscopic changes in the cortical bone and den-
tal structure can be correlated with biological age,
although these histological techniques require the sac-
rifice of the specimens, which later on can be detri-
mental for comparison with antemortem records. In
addition, biochemical aging techniques and age
estimation from radiographic assessment of the tra-
becular bone are also used when studying skeletal
remains; their accuracy is somewhat contestable in
the forensic realm.

A variety of aging techniques are recommended
in the literature, and the choice should be based on

the preservation of the skeletal remains and on the
accuracy of the method. Most authors recommend
that, when possible, a battery of aging techniques
should be applied to enhance the accuracy of the
estimation.

Sexual Dimorphism

The attribution of biological sex of the remains inves-
tigated is a critical stage, as it excludes 50% of indi-
viduals within the population to be considered.
Furthermore, the estimation of biological age and
stature depends on the correct determination of sex,
since the standards for doing so are gender-specific.

The correct determination of sex is limited to
adolescent and adult individuals. Although sex dif-
ferences have been quantified in fetal and child
skeletons, they are subtle and highly variable until
the secondary sex characteristics develop during the
juvenile period. Attempts at establishing sex in pre-
pubescent bones utilizing measurements of growth-
based differences between males and females are far
from definitive. Nevertheless, some traits, such as the
morphological differences in the ventral aspects of
the pubic bone which can be detected in individuals
as young as 14 years old, have been reported in the
literature.

As a rule, male skeletons are larger and have more
rugged areas for muscle attachment, while females
tend to be more gracile and maintain a child-like
morphology. Nevertheless, most methods of sex de-
termination are limited by some degree of morpho-
logical overlap and individual deviation from the
central tendencies. Moreover, since certain popula-
tions differ in skeletal size and robustness, the re-
searcher must be able to identify the population
from which the remains come when determining
the sex.

In the adult, the rate of accuracy of sex attribution
in most populations is about 90%. Sexual dimor-
phism is most reliably diagnosed in the pelvic girdle
and the skull, although most areas of the skeleton
display some form of dimorphism.

In general the articulated female pelvis presents a
wide outlet compared to that of the male and the
subpubic angle appears noticeably wider in the fe-
male. These and other morphological differences are
the result of the evolutionary adaptation that enables
the relatively large-brained human infant to pass
through the birth canal (Figures 5 and 6).

Aside from the pelvic girdle, the skull contains
most of the morphologic characteristics that enable
the anthropologist to determine biological sex. The
female skull retains a “child-like” (pedomorphic)
shape throughout life, while the typical male skull
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Figure 5 Dorsal aspect of a female pubic bone showing scars of parturition.

Figure 6 Dorsal aspect of a male pubic bone showing rim erosion, not to be confused with scars of parturition.

tends to be larger and more robust. This is best
reflected in areas of muscle attachment and bio-
mechanical stress, such as brow ridges and mandible.

Quantification of sexual dimorphism is especially
effective in the postcranial skeleton. The size of joint
surfaces, particularly in the humeral and femoral
head areas, the body-to-manubrium rate, and the
diameter of long bones are some of the sex-related
metric traits available to the investigator. There is,
however, some overlap in the cut-off points of sexual-
ly dimorphic traits across biological groups. The ma-
jority of the discriminant function formulae devised
to determine biological sex are highly population-
specific, thus they should be applied with prudence.

The best approach to ascertain sex with the
highest degree of accuracy is to assess the entire

skeletal pattern of the remains. Sex adjudication of
very fragmented or charred skeletal remains should
be cautiously undertaken; this can be better accom-
plished by genetic analysis to avoid misclassification
of the remains, precluding the possibility of a later
positive identification.

Ancestry

There is an ongoing debate among physical anthro-
pologists concerning the subdivision of humans
into distinct racial groups. The basis for this contro-
versy stems from the natural repugnance of
enlightened scientists to the atrocities perpetrated
throughout history in the name of racial cleansing.
Notwithstanding, physical differences in populations
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are an important contribution to the process of
records screening and personal identification in fo-
rensic anthropology.

The division of the populations of any species into
biological races tends to be arbitrary to some degree,
but when it comes to human races, the attribution of
an individual to a certain population is often impos-
sible due to the complexity of human mating and
migration patterns. Racial attribution to a set of
human remains may be hindered by the very wide
range of variation within each racial group and the
considerable overlap between members of different
races; moreover many individuals bear the genes of
two or more racial groups. Finally, the attribution of
population membership is often socially constructed
and rather arbitrary; oftentimes it reflects social
group membership, which can be a matter of personal
choice or happenstance.

The races of the world have been divided in differ-
ent ways; most but not all anthropologists identify
five basic biological groups based on morphological
characteristics: (1) Mongoloids (Japanese, Chinese,
and Amerindians); (2) Negroids (African and Ameri-
can Blacks); (3) Caucasoids (Europeans, West Asians,
Asian Indians, and some American people); (4) Aus-
traloids (Australian and Melanesian Aborigines); and
(5) Polynesians.

The designation of an individual to a particular
biological ancestry group should always be based on
the entire complex of traits associated with race. The
level of experience of the forensic anthropologist with
the populations that inhabit the area where the
remains are found is critical.

The craniofacial skeleton holds the majority of
morphometric traits useful in race determination.
In Negroid individuals the lower face projects for-
ward (facial prognathism), the skull is long and
narrow, the nasal aperture is wide, and the nasal sill
is guttered. Mongoloid individuals show in the malar
and midnasal area an anterior projection, giving
the appearance of a somewhat flatter facial skeleton
than that of the Caucasoids. The white-caucasian
skull tends to be high, rounder, and with an almost
completely straight lower face (orthognathism);
the nasal aperture is narrow and the nasal sill very
sharp-edged. In Polynesians the facial and alveolar
prognathism is moderate.

Other facial features helpful in race assignation
include the palate, the zygomaticomaxillary suture,
the visibility of the oval window through the exter-
nal auditory meatus, and the morphology of the man-
dible. Dental morphological traits differ in their
frequency among various biological groups, and
their presence can be used as an indicator of race in
conjunction with other skeletal traits.

In the postcranial skeleton there are few reliable
criteria for race determination. Intermembral indices,
such as the ratio of tibia-to-femur length and the
radius-to-humerus length along with the anterior cur-
vature of the femoral shaft and the intercondylar
angle, have been suggested as good indicators for
racial affinity.

Stature Estimation

Establishing the living height of an individual from
skeletal remains is a routine and straightforward
practice in forensic anthropology. Nevertheless, the
assessed value may be deficient in the identification
process, not only because of the normal changes in an
individual’s stature during the day and throughout
life, but also because of the lack of accuracy in most
antemortem records regarding reported stature. As a
rule, there is a difference in the way individuals per-
ceive their own stature from actual height; men tend
to report in their driver’s license that they are as much
as 5 cm taller than they really are.

Stature estimation from skeletal remains can be
obtained by either anatomical or mathematical meth-
ods. The anatomical technique requires the measure-
ment of the height of the cranium and of each
vertebra from C2 to S1, the physiological lengths of
the femur and tibia, and the articulated height of the
talus and calcaneum.

The mathematical method for stature estimation is
based on the correlation between discrete bones and
body parts and stature. Regression formulae based on
measurements of single bones and combination of
various bones specific for sex and population are
implemented.

The best bones from which to reconstruct living
stature are the long bones of the lower limb, since
they are the most important components of height.
Likewise, vertebral segments have been found to be
useful in stature estimation, especially in mutilated
human remains. When the preferred skeletal element
is not present within the remains, stature may be
estimated from other bones, but the accuracy of the
estimate will be dramatically low.

When the skeletal remains are incomplete, stature
reconstruction can be achieved from various segments
of long bones. The application of these formulae
requires some experience in osteology to be able to
identify the correct landmarks in long bone fragments.

Finally, although the body build or robustness of
an individual can be reconstructed from the promi-
nence of the muscle attachments and the diameter
of the long bones relative to their total length, the
weight of an individual cannot be ascertained from
the skeleton.
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Habitus

Some occupations and activities, which involve heavy
labor or repetitive actions, may leave an imprint on
the bones. Enlarged areas of muscle attachments in
certain bones (hypertrophy) can be indicators of spe-
cific activities, i.e., the presence of sharp tubercles in
the mandibular condyles is often associated with
playing woodwind instruments. Similarly, spurs or
ridges of bone, facets, and grooves in areas that
are normally smooth, and bone deformations can
be the result of a specific occupation or habit. Since
these types of markers can have a genetic as well as an
age component, the investigator should be extremely
cautious when stating a specific occupation as part of
the anthropological profile.

Assessing the handedness of unidentified indivi-
duals would be highly desirable as approximately
95% of humans are right-side-dominant, thus deter-
mining that the remains are those of a left-handed
person would significantly narrow down the search
for possible identification. Unfortunately, there
are several problems in the assessment of handed-
ness and an error could impede reaching the correct
antemortem records.

Individualizing Characteristics

Personal identification of human remains is accom-
plished when specific features of the skeleton can be
equated to data recorded in medical and radiological
records during the life of the individual.

Congenital and acquired pathologies, the presence
of healed fractures, and specific degenerative changes
are excellent markers for positive identification of
human remains. Furthermore old surgical and pros-
thetic devices that might be evident within the remains
are invaluable to the investigator, once the anthropo-
logical profile has limited the search to a few records.
Likewise, anatomic variation of osseous features —
such as the spinous processes, the outline of the frontal
sinuses, the unique pattern of the trabecular bone, and
various abnormalities in bone fusion — can be utilized
to achieve positive identification (Figure 7).

Imaging techniques, such as skull-photo-superim-
position and facial reconstruction, have been used
to achieve personal identification when no other tech-
niques are accessible; the scientific value of these
methods is a constant subject of debate among
forensic scientists, although their value for ruling
out possible identifications is universally agreed.

Skeletal Trauma

Analyzing signs of trauma on bone, i.e., patterned
wounds, gunshot wounds, sharp wounds, and the

Figure 7 Lateral view of a male cranium found in the woods.
Observe the circular healed defect on the right parietal compati-
ble with a surgical procedure. The identification of the victim was
possible after the anthropological profile narrowed the search to
a missing individual suffering from Parkinson’s disease who had
undergone a craniotomy 15 years earlier.

presence of healed and unhealed fractures, falls with-
in the realm of forensic anthropology. Understanding
both normal anatomy and possible pathologic or
anomalous variations can greatly increase the accu-
racy of the diagnosis of trauma by ruling out natural
phenomena (Figure 8).

Usually, the remains analyzed have an extended
postmortem interval and are either decomposed or
skeletonized. Taphonomic processes, such as carni-
vore activity or geological processes, should be
distinguished from perimortem trauma; however, it
is not always possible to determine the age of a
bone injury since detectable vital reaction takes
several days.

The Role of Forensic Anthropology in
Mass Casualty

The accumulated knowledge and experience of foren-
sic investigators over the years has led to the develop-
ment of standard procedures for processing and
identifying victims of mass disasters and multiple
death scenes. Forensic anthropologists, pathologists,
biologists, and odontologists play key roles that com-
plement each other in the medicolegal investigation of
these events.

During the search and recovery phases on the site
of the incident, anthropologists not only devise search
criteria based on the scope and nature of the event,
but organize grid systems for retrieval of human
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Figure 8 Osseous callus on a pubic bone, detected after thermochemical preparation of the specimen. This finding, the result of a
motor vehicular accident, was paramount in narrowing down the search within the missing persons files.

remains and associated personal effects similar to the
techniques implemented in archeological digs.

At the time of initial processing of the cadavers in
the designated work area, forensic anthropolo-
gists are instrumental in identifying and reassociating
fragmentary bodies. On the ensuing stages of the
investigation, their lore is applied to creating anthro-
pological profiles of the victims and collaborating in
the positive identification endeavor.

The prominent role of the anthropologists in the
efficient resolution of incidents that require a vast
number of identifications is recognized worldwide.
In fact, most emergency forensic organizations and
international teams investigating mass graves from
war crimes include forensic anthropologists in their
organic makeup.

Summary

Forensic anthropology has been defined as the appli-
cation of the science of physical anthropology to the
legal process. The anthropologist’s skills in osteology
are instrumental, not only in generating anthropolog-
ical profiles and establishing the positive identity of
unidentified human remains, but also in contributing
data on skeletal trauma and pathology.

The academic training of forensic anthropolo-
gists worldwide includes a vast knowledge not only
of osteology but also of anatomy, growth, and de-
velopment, and genetics as well. Most forensic
anthropologists from North and South America un-
dergo thorough studies in all fields of anthropology

including archeology, thus are well versed in field
techniques. In the rest of the world, physical anthro-
pology is mostly taught in medical and odontology
faculties, being better versed in radiography, odontol-
ogy, and pathology. Nevertheless, all practicing foren-
sic anthropologists acquire the required skills as they
work in close collaboration with other experts.

The techniques implemented to achieve positive
identification of human remains are common to
odontologists, radiologists, and pathologists. Howev-
er, by virtue of the broadness of the field of physical
anthropology, i.e., skeletal biology, dental anthro-
pology, paleopathology, and human evolution, the
competence of the anthropologists often provides a
more comprehensive analysis of unidentified human
remains.

See Also

Anthropology: Archeology, Excavation and Retrieval of
Remains; Stature Estimation from the Skeleton; Bone
Pathology and Antemortem Trauma; Pediatric and Juve-
nile; Sex Determination; Determination of Racial Affinity;
Handedness; Role of DNA; War Crimes: Pathological
Investigation

Further Reading

Byers ST (2001) Introduction to Forensic Anthropology.
A Textbook. Boston, MA: Allyn and Bacon.

Cox M, Mays S (eds.) (2000) Human Osteology in
Archaeology and Forensic Science. London: Greenwich
Medical Media.



ANTHROPOLOGY/Archeology, Excavation and Retrieval of Remains 89

Haglund WD, Sorg MH (eds.) (1997) Forensic Taphonomy
— The Postmortem Fate of Human Remains. Boca Raton,
FL: CRC Press.

Kahana T, Hiss J (1997) Identification of human remains:
forensic radiology. Journal of Clinical Forensic Medicine
4. 7-15.

Scheuer L (2002) Application of osteology in forensic
medicine. Clinical Anatomy 15: 297-312.

Reichs KJ (ed.) (1998) Forensic Osteology, 2nd edn.
Springfield, IL: Charles C Thomas.

Archeology, Excavation and
Retrieval of Remains

W D Haglund, International Forensic Program,
Physicians for Human Rights, Shoreline, WA, USA
T Simmons, University of Central Lancashire,
Preston, UK

© 2005, Elsevier Ltd. All Rights Reserved.

Introduction

The basic role of the forensic anthropologist is to
determine the identity of human remains. This is
traditionally accomplished by first estimating the
biological profile (age, race, sex, and stature) of an
individual and then assessing any unique identifying
biological characteristics, such as antemortem pa-
thology or trauma. The forensic anthropologist is
also trained to interpret both peri- and postmortem
trauma, i.e., those injuries sustained around the time
of death (with the understanding that they may have
contributed to the cause of death) and any damage
sustained to the skeleton after death that may aid in
understanding the history of the remains before they
were deposited in the position in which they were
located and from which they were retrieved.

The forensic archeologist interprets both the artifacts
found and the context in which they were found in order
to reconstruct the history of the scene. When combined,
the evidence of forensic archeologists and forensic
anthropologists can provide a very precise picture of
the events leading to the death and the subsequent
disposal of the individuals found at the crime scene.

Contributions of Anthropologists and
Archeologists to the Excavation and
Recovery of Human Remains

The fundamental challenge to forensic death investi-
gators is to maximize the recovery of human remains
and evidence. Human remains, any portion of a
human body in any condition, especially those that

are skeletonized, burned, buried, or disarticulated
and scattered, may render them difficult to recognize
and complicated to recover. Common outdoor scene
issues are to: (1) locate remains; (2) maximize as
complete a recovery as possible; (3) differentiate
ante-, peri-, and postmortem trauma or other modifi-
cation of remains; and (4) resolve taphonomic issues
from the scene and its context that shed light on the
relationships among the events of death and
subsequent fate of the remains (Table 1).

In the forensic context, taphonomy includes the
decomposition of remains, their skeletonization, dis-
persal, modification, or destruction. Overcoming
these challenges necessitates successful search strate-
gies, use of special techniques to maximize recovery
and documentation of remains and evidence, and
utilizing taphonomic data to unravel postmortem
events that may involve movement, modification, or
destruction of human remains. Such information,
based upon the scene context, can be utilized to
make supportable inferences regarding the postmor-
tem fate of human remains. The participation of
forensic archeologists and anthropologists in the
excavation and retrieval of remains can provide a
basis for improving the quality of the analysis of the
case in later stages of an investigation.

Locating Human Remains and Graves

Contributions of forensic anthropologists and arche-
ologists to the retrieval of human remains are sum-
marized in Table 1. The following discussion will
elaborate on search strategies for locating human
remains both on the surface of the ground and buried.

Surface Remains

In the domestic context, the initial discovery of sur-
face remains is often by chance, e.g., a dog brings
home a human bone from the woods nearby; a hiker
or hunter stumbles across human remains in a remote
area, or a driver stops the car on the shoulder of the

Table 1 Major contributions of forensic archeologists and
anthropologists in the field

Rapid field assessment

Distinguish human from nonhuman bones

Determine search strategy for surface remains and graves

Recovery of surface remains

Excavation of graves

Exposure, documentation, and recovery of remains

Provide skeletal inventories

Determine presence of multiple remains

Minimize commingling when multiple individuals are involved

Resolve taphonomic issues such as types of bone modification
and periods in which they may have occurred




90 ANTHROPOLOGY/Archeology, Excavation and Retrieval of Remains

highway to relieve himself and in the process dis-
covers human bones. In international investigations
(e.g., former Yugoslavia), witnesses, even individuals
who actually escaped death, may lead investigators to
sites of ambushes or extrajudicial killings.

Upon discovery of human remains, the first ques-
tion to be addressed is: are the remains human or
nonhuman? The second question is: are they of fo-
rensic significance? It is generally considered that
deaths that occurred over 50-75 years prior to when
the remains are located are unlikely to generate a
prosecution.

When surface human remains, especially those
partially or fully skeletonized, are discovered, often
only a portion of the skeleton is initially found be-
cause body parts or bones have often been overlain
by seasonal debris, dispersed, or even destroyed,
commonly by animals. To complicate matters, ini-
tial responding investigators, who are inadequately
trained in the recognition of human skeletal remains,
may attempt to recover these remains without ex-
pert advice or assistance. When this happens, often
subsequent scene visits are necessary to address
questions that arise with regard to: (1) incomplete
recovery of remains; (2) detailed searches not being
conducted in trajectory paths between scattered
clusters of remains; or (3) documentation and/or
mapping at the scene not being sufficient to respond
to questions that arise about the scene.

As with all crime scenes, organized search strate-
gies must be carried out. The strategy employed
depends on the size of the area to be searched as
well as the terrain. Participants in searches must be
trained in the recognition of isolated skeletal elements
and have qualified forensic anthropologists available
to confirm their findings.

Standard grid searches may be warranted once
the remains have been discovered and confined to a
relatively small area. In locating scattered skeletal
remains, line searches are most useful for large
areas and often used with care in wooded areas as
well. In conducting a line search, the spacing between
participants must be adjusted to allow a complete
view of the surface space between them. If any
evidence is encountered along this path, it should
not be moved until fully evaluated by the appropriate
investigators, and a marker, such as easily visible
flags, is used to mark the position. The flags are left
in place until the search is concluded. This allows
for the large-scale (or even aerial) photography of
the area in order to document the distribution of
evidence locations within the scene. Once this is
completed, additional grid searches can be employ-
ed, encompassing the area where the remains are
concentrated.

Under certain circumstances a radial search pattern
is also useful. This is primarily when the remains
are located at a focal point, such as under a tree on
the top of a hill, and/or when there are a limited
number of search participants. In a radial search,
one investigator begins at the focal point (the tree)
and slowly walks an expanding spiral out from this
point. The radial search works best if supplemented
by secondary searches conducted on straight lines, or
spokes radiating from the focal point; these intersect
the spiral at several points and may be useful in
locating additional remains. As in the line search,
evidence should be flagged, but not collected, when
initially encountered.

Several questions need to be addressed when pro-
cessing scenes involving scattered skeletal remains.
From what location(s) were the remains scattered?
Often movement will occur from the original location
where the individual died or where the body was
originally deposited. This is usually the primary site
of decomposition, except in cases of subadults (chil-
dren) or major portions of adults, which can be
moved by canids. Larger carnivores are capable of
moving adult bodies. Movement of incompletely
decomposed body components to another area results
in secondary sites of decomposition. The signifi-
cance of sites of decomposition is that these are the
most likely areas where not only parts of remains but
artifacts (portable objects such as cartridges, bullets,
ligatures, blindfolds, medical appliances such as joint
prostheses, clothing, and/or personal effects) may be
shed. Decomposition sites may be marked by odor-
ous, discolored staining caused by decomposition
fluids soaking into the ground. The presence of insect
puparium or yellowish discoloration of low over-
hanging deciduous foliage may also provide visual
clues to where a body decomposed. Knowledge
of the process of soft-tissue deterioration and the
relative sequence in which bones or body parts be-
come separated aids in distinguishing primary versus
secondary decomposition sites.

What is the composition of the primary and sec-
ondary clus