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INTRODUCTION

World of Forensic Science portrays the vast
scope and influence of modern forensic science.
From its origins in pre-scientific human fascination
with the causes, manner, and circumstances of death,
to the increasingly vital role of forensic science in
law, security, and global economic and health issues,
World of Forensic Science contains articles dedicated
to providing insight into the science, applications,
and importance of forensics.

To cover a topic of such scope and impact as
forensic science is a daunting task. Interest in foren-
sics spans human history, impacts philosophical and
religious thoughts about death, and now, fueled by
television and movies, is reflected in popular culture.
Human interest in forensics dates to our earliest
recorded histories. Egyptian Pharaohs first appointed
officials to make inquiries into questionable deaths as
early as ca. 3000 B.c., and accounts of ancient Roman
law include references to the use of forensic experts
in legal proceedings. Medieval English Common law,
upon which portions of modern United States law is
based, called for forensic determinations in the hand-
ling of estates.

Forensic science also has played—and in some
cases continues to play—an important part in philoso-
phical and religious thoughts about death. In some
religions, for example, the determination of the man-
ner of death may impact whether a body is fit for
burial in certain grounds. Religious beliefs can also
impact forensics, as there are still areas of the world
and groups that consider autopsies as desecration.

As a formal science, forensics grew lockstep with
advances in many branches of science during the
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nineteenth and twentieth centuries. The interval from
scientific invention to forensic application narrowed
as forensic scientists borrowed from the latest inno-
vations of virtually every field of science to solve
mysteries. However, just as advances in microscopes
and atomic science allowed forensic applications to
aid in the investigation of crimes at the most minute
molecular and cellular level, the breadth of applica-
tions of forensic science underwent exponential
expansion. In modern times, in addition to solving
local crime, the next global pandemic or bioterrorist
attack might well be first detected by a forensic
scientist initially investigating a mysterious death.

World of Forensic Science is a collection of
nearly 600 entries that evidence the wide diversity
of forensic science. Articles on topics such as art
forgery and wine authenticity indicate the far-reach-
ing economic impact of forensic science. Heart-
wrenching applications of forensic science, from
uncovering the mindsets, methods, and motives of
modern terrorists to discovering the far-reaching
extent of natural disasters, are discussed in articles
ranging from the “Identification of Beslan victims in
Russia” to “Identification of tsunami victims”

Articles on a number of topics related to genetics,
DNA fingerprinting, and microbiology show how
recent advances in research quickly find their way into
forensic application. A range of articles related to basic
science reflects the fact that modern forensic investi-
gators must be able to understand and properly apply
tools from virtually every scientific discipline.

Nature is often innately tricky enough to confound
scientists seeking to uncover its mysteries, but
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forensic scientists must also pit their skills against
those deliberately trying to conceal or mislead. The
importance of skill and experience to the forensic
investigator is evidenced in the authoritative writing
of many articles, including Ed Friedlander’s article on
autopsy procedures and Nancy Master’s article on
latent fingerprint analysis. (Friedlander serves as
chairman, Dept. of Pathology, Kansas City University
of Medicine and Biosciences, is board-certified in ana-
tomic and clinical pathology, and has conducted an
estimated 700 autopsies. Masters is the 2004 Dondero
Award winner for identification in forensics.)

While selected topics acknowledge the relation-
ship of forensic science to history and culture, and
others describe the brutal realities of sensational
crimes involving serial murders, ritual killers, or bom-
bers, it was our intent to keep World of Forensic
Science focused on science. The editors hope that
World of Forensic Science serves to inspire a new
generation of forensic scientists and investigators. It
is also our modest wish that this book provide valu-
able information to students and readers regarding
topics often in the news or the subject of civic
debate.

K. Lee Lerner & Brenda Wilmoth Lerner
Editors

Santa Rosa Island, Pensacola, FL, and London, U.K.
April 2005

How to Use This Book

The articles in the book are meant to be under-
standable by anyone with a curiosity about topics in
forensic science. Cross-references to related articles,
definitions, and biographies in this collection are indi-
cated by bold-faced type, and these cross-references
will help explain and expand the individual entries.
World of Forensic Science carries specifically selected

fundamental topics in genetics, anatomy, physiology,
microbiology, and immunology that provide a basis for
understanding forensic science applications.
This first edition of World of Forensic Science
has been designed with ready reference in mind:
e Entries are arranged alphabetically, rather
than by chronology or scientific field.
e Bold-faced terms direct the reader to related
entries.

e "See also" references at the end of entries alert
the reader to related entries not specifically
mentioned in the body of the text.

e A sources consulted section lists the most
worthwhile print material and web sites we
encountered in the compilation of this volume. It
is there for the inspired reader who wants more
information on the people and discoveries
covered in this volume.

e The historical chronology includes many of
the significant events in the advancement of
forensic science.

e A comprehensive general index guides the
reader to topics and persons mentioned in the
book. Bolded page references refer the reader to
the term’s full entry.

Although there is an important and fundamental
link between the composition and shape of biological
molecules and their detection by forensic testing, a
detailed understanding of chemistry is neither
assumed or required for World of Forensic Science.
Accordingly, students and other readers should not
be intimidated or deterred by the complex names of
chemical molecules. Where necessary, sufficient
information regarding chemical structure is provided.
If desired, more information can easily be obtained
from any basic chemistry or biochemistry reference.

WORLD of FORENSIC SCIENCE



Accelerant

An accelerant is a substance that is used to cause
the rapid spread of a fire. An example of a commonly
used accelerant is petroleum distillate, the liquid that
is collected from the vaporization of petroleum-
containing liquids. This fire-starting fluid is sold in
hardware stores and is utilized to rapidly ignite coals
in a barbeque.

The accelerant used in a barbeque is deliberately
applied. So it is with the accelerants that are of
forensic concern. A fire in a building, vehicle, or
other location can be deliberately set. This is known
as arson. In an investigation of a fire whose origin is
suspicious, a forensic investigator will be interested
to find out how the fire started. As part of this inves-
tigation, the investigator will look for evidence of
the presence or use of an accelerant.

During a fire, the fuel available for burning com-
bines with the oxygen in the air in a reaction that is
called combustion. Often, a fire will start in one
location and subsequently spread. However, if an
accelerant has been spread in an area, the pattern
of the fire’s origin can be different. The origin can be
spread out more than is the case naturally. As well,
the fire may start more explosively than would occur
naturally. These differences can yield patterns that
are distinctive to the trained eyes of the forensic
investigator.

Once the origin of a fire has been determined, the
area can be probed for the presence of residual
amounts of the accelerant. This can be done using
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specially trained dogs that literally sniff out the che-
mical. In addition, samples of the scene can be col-
lected and taken to a laboratory for analysis with
specialized instruments.

For liquid samples, an instrument called a gas
chromatograph is typically used. The liquid is heated
to convert it to a mixture of gases. The identity of
each of the gas components can be determined and
this pattern will tell the investigators whether or not
the liquid was an accelerant.

Similar analyses can be done on articles of cloth-
ing and even the skin of a suspect. Detection of traces
of the accelerant on a person or their clothing can be
powerful evidence linking them to the arson site.

SEE ALSO Accident reconstruction; Arson; Canine
substance detection; Childers hostel blaze; Fire
investigation.

Accident investigations at sea

Accidents can occur anywhere that there are
people operating machinery. The world’s oceans are
no exception. Sea-going accidents have been a con-
sequence of maritime tradition ever since boats put
out to sea thousands of years ago.

Even in the early days of seafaring, there was
interest in determining how an accident occurred
and in seeking ways of preventing similar occur-
rences. These investigations eventually became
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official duties of the government, for example, in
Britain formal marine accident inquiries were estab-
lished approximately 150 years ago. Today, the inves-
tigations of sea accidents can reply on the skills of
forensic scientists and the various technologies they
can bring to bear.

When a seagoing accident involves an injury or
fatality, an investigation can be very similar to that
conducted on land. The object is to determine the
cause of injury or death. Photographs of all the areas
of the ship that are relevant in the investigation will
be taken. The accident scene will be carefully scruti-
nized to recover any evidence and witnesses will be
interviewed. All these steps help to piece together
what occurred.

But an accident investigation conducted at sea
presents some unique challenges. If the ship is still at
sea, then the rapid transport of the samples to a
laboratory for analysis may not be possible. In that
case, the samples need to be stored so as to prevent
tampering and deterioration. In the case of biological
samples like tissues and blood, storage on ice at
refrigerator or freezer temperatures can be options.

Other facets of an accident investigation are not
concerned with injuries, but with the damage caused
to the vessel. By analyzing the pattern of a fractured
hull, for example, inspectors can gain an understand-
ing of the cause of the damage. A gashed hull caused
by a collision with an iceberg will be different than
the damage caused by an impact with another vessel.
A skilled forensic naval architect is able to examine a
damaged vessel (a bent propeller shaft, for example)
and determine the cause of the damage.

An accident investigation can involve the recov-
ery of materials that have been dislodged from the
vessel into the surrounding water, or of an entire
sunken vessel. Some material may be floating on
the surface. Then, recovery of the flotsam involves a
surface search, usually by means of a search boat.
Divers or submersible craft may also be used to
locate debris that has sunk to the bottom of the
ocean. In deep water, this process can be a very
complex and dangerous activity.

In the investigation of an accident or crime on
land, the investigative team often consists of more
than one person. But, in the depth of the sea, only a
single diver may be present. The diver must handle an
object to identify it and determine its position on the
sea floor. Once back at the surface, the diver must
report on what was seen. The smallest detail can be
important in guiding further recovery efforts and in
piecing together the course of events. So, an investi-
gative diver must be meticulous and attentive to detail.

2

Subsequent efforts can utilize sonar. This under-
water version of radar sends out pulses of energy and
displays the pattern of returning echoes to obtain
images of underwater objects.

A critical facet of a marine accident investigation
is collecting information on the weather patterns
around the time of the accident. The value of this
approach is exemplified by the investigation of the
November 10, 1975, sinking of the freighter SS
Edmund Fitzgerald in Lake Superior. The tragedy,
which killed 29 mariners, formed the basis of a song
by the Canadian singer/songwriter Gordon Lightfoot.
By analyzing the ship’s course and wind patterns,
investigators determined that a shift of wind during
a fierce mid-winter storm took the ship away from
the protection of nearby land and put the vessel
directly in the path of huge waves.

That investigation also exemplified the value of
collecting and analyzing all communications that
occur between the affected vessel and other vessels,
aircraft, and the shore. In the case of the Edmund
Fitzgerald, it was established that the captain was
not aware of the severity of the threat until the ship
became swamped with water and sank.

Simulations of the accident can be a useful way to
reveal potential causes of an incident. Computer pro-
grams can be used to carry out simulations. As well,
models of the affected vessel can be constructed and
positioned in a specially constructed pool that can
generate waves. The National Centre for Inland Water-
ways, located in Burlington, Ontario, Canada, has a
pool where such testing can be carried out.

Another technology that has been advocated and
is becoming more popular is the voyage data recor-
der. Akin to the flight recorders that are a standard
on aircraft, a voyage data recorder provides informa-
tion on various aspects of the ship during the voyage.
A meeting of the International Marine Organization
held in December 2004 was expected to pass amend-
ments to the 1974 International Convention for the
Safety of Life at Sea (SOLAS) requiring the presence
of voyage data recorders on cargo ships.

SEE ALSO Accident reconstruction; Chemical and
biological detection technologies; Drowning (signs of).

Accident reconstruction

Deaths from vehicle accidents declined in the
years of the late twentieth century, thanks to the
widespread use of seat belts and a decrease in
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persons driving while intoxicated. Cars are now man-
ufactured to higher safety standards, with design fea-
tures such as airbags and crumple zones to help
reduce the impact of a collision. Airplanes and trains
are equipped with numerous safety features and have
established emergency procedures that protect pas-
sengers in case of a mishap. When an accident does
occur, it is important to investigate it thoroughly,
especially if someone has been injured or killed or
if a crime has been committed. Reconstructing an
accident is a key element of such investigations.

The police clear vehicular accidents away as
soon as possible to stop blocking the highway. Inves-
tigators, therefore, may not have the chance to visit
the accident site. Instead, they use evidence to cre-
ate a reconstruction of the accident from which they
can try to work out the cause. Investigators require
access to: photographs of the accident site; the police
accident report, including eyewitness reports; and
the wreckage of the vehicles. These sources provide
information on velocities and positions of the vehi-
cles; skid marks; impact damage to the vehicles; con-
dition of the vehicle, especially the tires; the weather
conditions; and the condition of the drivers.

The investigators first put together a general
reconstruction scenario and then fill in the details
from the facts available. Because the final positions
of the vehicles are usually well established, they
might work backwards from this point. If there is
also hard information on the initial velocities and
conditions, perhaps from a speed camera or a reliable
eyewitness, a beginning and end point of the collision
might be established. Then the task is to work out
what happened between these two points.

The majority of vehicle accidents involve colli-
sions—with another vehicle, a stationary object like a
wall or tree, or a pedestrian. Therefore, the focus of
the investigation is usually to analyze the collision
itself from the reconstruction so the cause of the
accident can be determined. There are two physical
laws that guide this analysis, the law of conservation
of energy and the law of conservation of momentum.
Used together, these can often provide a detailed
analysis of a collision.

The law of conservation of energy states that
energy can neither be created nor destroyed, but it
can be converted into different forms. A moving
object, such as a vehicle, has kinetic energy. When
it comes to a stop, it has zero kinetic energy. Under
normal conditions, this energy is converted into heat
through the friction between the brakes and the road.
In a collision, the kinetic energy is dissipated in two
main ways, via a skid, and in deforming the vehicles
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and their occupants on impact. A skid is an out-
of-control type of braking and the analysis of any
skid marks is a very important part of the accident
reconstruction. Deformation of a metal object like a
car involves work, the energy for which is the kinetic
energy of the moving vehicle. Injuries to individuals
are also brought about by transfer of kinetic energy.

Momentum is the product of the vehicle’s mass
and its velocity. A car traveling at 30 miles an hour
has less momentum than one going at 40 miles an
hour, and a truck generally has higher momentum
than a car at the same velocity. When a collision
occurs, the total momentum of the vehicles remains
the same, but their individual momenta will change.
If a car hits a stationary vehicle in a traffic queue
(line), it will lose momentum, but the other vehicle
will gain it. Overall, there is no alteration in momen-
tum. The investigator can use the conservation of
energy and momentum equations to try to establish
facts such as initial velocity of the vehicles and so
build a detailed picture of the collision.

The point of impact of the collision is an impor-
tant factor and one that may be difficult to deter-
mine exactly. Tire marks, such as skids that
suddenly change direction, however, can act as
important clues. A head on collision might flatten
the front tires, giving rise to a skid mark that sud-
denly terminates.

Examination of the vehicle wreckage, generally
done off road, can also provide valuable informa-
tion. For instance, under-inflated tires blowing out
are an important cause of accidents. The blow point
is often marked by a characteristic discoloration in
the surrounding area. The hardness of the tire can
also be measured using an instrument called a
durometer. Its hardness profile shows if the tire
has been run under-inflated. Metallurgic analysis of
any fractures or dents in the car wreckage can give
information on issues such as faulty welding or
inferior repair work.

Accident reconstruction is particularly important
in the case of large-scale accidents that involve many
people, such as plane crashes, train wrecks, and even
space shuttle disasters. The National Transportation
Safety Board takes the lead in plane crashes and train
collisions or derailings. Recovery of an airplane’s
black box, recording crew voices and instrument
readings, is an important way to recover pertinent
information about a plane crash. Conversations with
air traffic controllers may provide information on
what was happening on the plane at the time of
impact. Witnesses may be asked to verify sounds or
smoke coming from an airplane in trouble. These

3



ADIPOCERE

A view of the floor of the Kennedy Space Center RLV Hangar showing a grid with outline of an orbiter and much of the space shuttle
Columbia debris collected as of March |1, 2003, by the Columbia Reconstruction Project Team. Reconstruction of the orbiter helped to
determine the cause of the Columbia’s destruction. © NASA/CORBIS

investigations can be quite complex, and can take a
year or more to complete, especially in high-profile
cases.

The National Aeronautics and Space Administra-
tion (NASA), and sometimes an independent review
board, investigates space shuttle accidents, such as
the explosions of the Challenger in 1986 and Colum-
bia in 2003. Although space shuttles are not equipped
with black boxes, the crew members are in constant
communication with NASA crews on the ground, and
information from the shuttles’ computers is constantly
fed to ground control and recorded. This information
becomes vital to an accident investigation and recon-
struction process, should it become necessary.

Accident reconstruction is a complex matter. Not
only does information from many sources have to be
integrated, gathering this information is sometimes
difficult, even traumatic. And however well the
reconstruction has been put together, it is still only
a model, and will often be subject to challenge from
experts acting for parties to the accident.

SEE ALSO Airbag residues.
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Adipocere

Also known as “grave wax,” adipocere (from the
Latin, adipo for fat and cera for wax) is a grayish-
white postmortem (after death) matter caused by fat
decomposition, which results from hydrolysis and
hydrogenation of the lipids (fatty cells) that compose
subcutaneous (under the skin) fat tissues.

Although decomposition of fatty tissues starts
almost immediately after death, adipocere formation
time may vary from two weeks to one or two months,
on average, due to several factors, such as tempera-
ture, embalming and burial conditions, and materials
surrounding the corpse. For instance, the subcuta-
neous adipose (fatty) tissue of corpses immersed in
cold water or kept in plastic bags may undergo a
uniform adipocere formation with the superficial
layers of skin slipping off.

Several studies have been conducted in the last
ten years to understand and determine the rate of
adipocere formation under different conditions.
Other studies also investigated the influence of some
bacteria and chemicals, present in grave soils, in

WORLD of FORENSIC SCIENCE



adipocere decomposition. Although this issue
remains a challenging one, the purpose of such stu-
dies is to establish standard parameters for possible
application in forensic analysis, such as the estima-
tion of time elapsed since death when insect activity
is not present. In forensics, adipocere is also impor-
tant because preserved body remains may offer other
clues associated either with the circumstances sur-
rounding or the cause of death. The ability of adi-
pocere to preserve a body has been well illustrated in
exhumed corpses, even after a century.

Adipose cells are rich in glycerol molecules and
are formed by triglycerols (or triglycerides). Bac-
terial activity releases enzymes that break these
triglycerides into a mixture of saturated and unsa-
turated free fatty acids, a process known as hydro-
lysis. In the presence of enough water and
enzymes, triglycerol hydrolysis will proceed until
all molecules are reduced to free fatty acids. Unsa-
turated free fatty acids, such as palmitoleic and
linoleic acids, react with hydrogen to form hydro-
xystearic, hydroxypalmitic acids and other stearic
compounds, a process known as saponification, or
turning into soap.

This final product of fat decomposition, or adi-
pocere, can be stable for long periods of time due to
its considerable resistance to bacterial action. This
resistance allows for slower decomposition of those
areas of a corpse where adipose tissues are present,
such as cheeks, thighs, and buttocks. When a corpse
is exposed to insects, however, adipocere probably
will not be formed, as body decomposition will be
much faster because of the insects’ action. Animal
scavenging of a dead body will also prevent adipo-
cere formation.

SEE ALSO Decomposition; Entomology; Forensic
science.

AFIS see Automated Fingerprint Identification
System (AFIS)

Aflatoxin

A forensic investigation can often involve
determining whether the victim was poisoned.
Many different kinds of poisons exist. While
some are synthetic, others are manufactured by
living organisms. One example of the latter are
aflatoxins.
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Aflatoxins belong to a group of toxins called
mycotoxins, which are derived from fungi. In parti-
cular, aflatoxins are produced by the soil-born molds
Aspergillus flavus and Aspergillus parasiticus that
grow on the seeds and plants. At least 13 aflatoxins
have been identified, including B1, B2, G1, G2, M1,
and M2. The B aflatoxins fluoresce blue and the G
aflatoxins fluoresce green in the presence of ultravio-
let light. The M aflatoxins are present in milk pro-
ducts. Aflatoxin Bl is the most ubiquitous, most
toxic, and most well studied of the aflatoxins.

Afatoxins are so powerful that access to them is
restricted and possession or handling of them by
certain individuals constitutes a crime. The USA
Patriot Act enacted on October 25, 2001 and signed
into law (P.L. 107-56) by President George W. Bush is
in effect as of January 2005 and contains a provision
prohibiting possession or access to, shipment or
receipt of, a “Select Agent” by “Restricted Persons”
punishable by fines or imprisonment. Aflatoxins are
considered select agents.

A restricted person is defined as someone who:
(1) Is under indictment for a crime punishable by
imprisonment for a term exceeding 1 year; or (2)
Has been convicted in any court of a crime punish-
able for a term exceeding 1 year; or (3) Is a fugitive
from justice; or (4) Is an unlawful user of any con-
trolled substance (as defined in section 102 of the
Controlled Substances Act (21 U.S.C. 802); or (5) Is
an alien illegally or unlawfully in the United States; or
(6) Has been adjudicated as a mental defective or has
been committed to any mental institution; or (7) Is an
alien (other than an alien lawfully admitted for per-
manent residence) who is a national of a country as
to which the Secretary of State, has made a determi-
nation (that remains in effect) that such country has
repeatedly provided support for acts of international
terrorism (as of January 2005 these countries
included Cuba, Iran, Iraq, Libya, North Korea, Sudan,
and Syria); or (8) Has been discharged from the
Armed Service of the United States under dishonor-
able conditions.

Aspergillus spp. contamination occurs as a result
of environmental stresses on plants such as heat,
dryness, humidity, or insect infestation. It can also
occur if plants are harvested and stored in hot, humid
environments. As a result, people who live in the
regions of the world most prone to these conditions,
such as sub-Saharan Africa and southeast Asia, are at
highest risk for aflatoxin poisoning.

Aflatoxins were first identified in England in 1960
when more than 10,000 turkeys and ducks died within a
few months. The disease contracted by these animals
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was called Turkey X disease and its cause was traced
to Aspergillus flavus contamination of peanut meal
that had originated in Brazil. The toxin was named for
the shorthand of its causative agent: A. fla.

Aflatoxins are the most toxic naturally occurring
carcinogens known. Aflatoxin Bl is an extremely
hepatocarcinogenic compound, causing cancer of
the liver in humans. Aflatoxin Bl exposure results
in both steatosis (an accumulation of fat) and necro-
sis (cell death) of liver cells. Symptoms of aflatoxi-
cosis are gastrointestinal, including vomiting and
abdominal pain. Other symptoms can include convul-
sions, pulmonary edema, coma, and eventually death.
Aflatoxins also pose a threat to developing fetuses
and they are transferred from mother to infant in
breast milk. Aflatoxins B1, G1, and M1 are carcino-
genic in animals.

Poisoning due to aflatoxin occurs from ingestion
of crops that have been infested with Aspergillus
spp. or from eating animal products from animals
that have ingested these crops. High concentrations
of aflatoxins are most often found in plants with very
nutritive seeds such as maize, nuts, and cereal grains
in Africa and rice in China and Southeast Asia. In the
United States, peanuts are routinely tested for afla-
toxin concentrations, and contamination has also
occurred in corn, rice, and cereal grains.

Most consider aflatoxins extremely dangerous
and suggest that in human food they should have no
detectable concentration. The maximum allowable
concentration of aflatoxins set by the United States
FDA is 20 parts per billion (ppb). Foreign markets
usually reject grains with concentrations of 4 to
15 ppb. Acceptable levels of aflatoxins for animal
consumption are up to 100 ppb. Because of the strict
regulations regarding the permissible concentration
of aflatoxin, exporting countries often reserve con-
taminated grains for consumption within their own
country. Because Aspergillus spp. is usually colorless
and does not break down during cooking, it is diffi-
cult to know whether or not people are consuming
contaminated food.

SEE ALSO Biological weapons, genetic identification;
Poison and antidote actions; Toxicology.

African Lemba tribe

The Lemba are a tribe of about 50,000 people
living in South Africa and Zimbabwe who practice
a religion that is strikingly similar to that of the
Jews during Biblical times. Molecular genetics have
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provided the technology to compare genetic material
of the Lemba people with that of modern Jewish
people. The results show that the Lemba share sev-
eral genetic characteristics with Jews including a
particular marker on the Y-chromosome called the
Cohen Modal Haplotype.

The Hebrew Bible tells the story of Jacob, the
grandson of Abraham, who had 12 sons. Each of
these sons became the leader of a tribe, collectively
known as the twelve tribes of Israel. Historians date
the origin of the twelve tribes to about 2,700 years
ago. Over time, the twelve tribes became divided
politically and geographically. The tribes of Judah
and Benjamin lived in the southern part of Israel,
while the other ten lived in the north. During the
years 722-721 B.CE, the Assyrians conquered Israel
and exiled the ten northern tribes. Historians agree
that the ten tribes were likely scattered and assimi-
lated into local cultures to the east. Many groups
from locations as disparate as Japan, China, India,
and Ethiopia have claimed to be ancestors of the lost
tribes, however the actual fate of these people is
largely a mystery.

The Lemba of South Africa follow religious tra-
ditions that share many similarities with that of the
Jews. They practice circumcision and ritual slaugh-
ter, scorn intermarriage, and have many similar food
taboos, such as not eating meat from pigs. They
follow a lunar calendar and celebrate holidays timed
with the phases of the moon. Though they speak
Bantu, their traditions vary greatly from that of
other Bantu people. In addition, their oral tradition
states that they came from the Middle East: “We
came from the north, from a place called Senna.
We left Senna, we crossed Pusela, we came to Africa
and there we rebuilt Senna.” Although many differ-
ent lines of evidence point to a connection between
the Lemba and the Jews, validating the relationship
was never possible until the development of genetic
testing.

The modern Jews are traditionally divided into
three groups, essentially based on the oral traditions
of their families. The Cohanim are thought to be
descended from Moses’ brother Aaron, who was the
high priest of the Hebrew temple. Because Jewish
tradition follows a paternal line of inheritance, all
modern Cohanim share a paternally inherited priestly
ancestor. The other groups are the Leviim, descended
from the ancient tribe of Levi, and the Israelites, all
non-Cohen and non-Levite Jews. In 1997, genetic
researchers found that there is a specific marker on
the Y-chromosome, which paternally passes through
the genome, called the Cohen Modal Haplotype. This
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set of genetic markers is found in nearly 50% of all
Jewish men who identify themselves as Cohanim. It
is found with nearly the same frequency in both the
Ashkenazic and Sephardic Cohanim, even though
these two major groups of Jews have been geogra-
phically separated for hundreds of years. The Cohen
Modal Haplotype is only found in about 10% of the
Levites and Israelites. It is nearly non-existent in non-
Jewish populations.

In 1999 genetic data on the Lemba was collected
by Tudor Parfitt, director of the Center for Jewish
Studies at the School of Oriental and African Studies
in London. He and his collaborators took genetic
samples from men of six Lemba clans whose geo-
graphic range was from South Africa to Zimbabwe.
Of these six clans, the Buba are notable as being the
priestly clan. The genetic material was analyzed for
the genetic markers that have been found in the Jews.
Similar to the general Jewish population, the Cohen
Modal Haplotype was found in nearly 10% of all
Lemba men. In addition, the Cohen Modal Haplotype
was found in nearly half of the men in the Buba tribe.

Additional research by Parfitt identified a loca-
tion in the Hadramaut region of Yemen as the Senna
of the Lemba’s oral history. In the past, Jewish com-
munities thrived in Yemen. Parfitt found a town
called Sena, which had been a vibrant community
but had been almost completely abandoned nearly
1,000 years ago. The Lemba oral history stated that
Senna was an extremely fertile place and that was
irrigated as the result of a great dam. Parfitt found
the remains of a dam in Sena and documented the
rich history of the town. In addition, a valley called
Wadi-al-Masila leads from Sena to a port city called
Sayhut. Parfitt asserts that the Pusela of the Lemba
oral tradition is the Masila valley near Sena. Under
the right meteorological conditions, the winds could
take a boat from Sayhut to South Africa in just over a
week. Finally, the family names of the Lemba sound
strikingly similar to names from the Hadramaut area.

While the Lemba cannot yet prove that they are one
of the ten lost tribes of Israel, the scientific and ethno-
graphic evidence shows that the Lemba of South Africa
share a common ancestor with the Jewish people, and
more specifically with an ancient priest. This has impor-
tant implications, both historical and legal. Israeli law
upholds the “right of return” that guarantees citizenship
for any Jew. Jewish law, however, establishes Jewish
identity maternally. Given that the Lemba have estab-
lished their genetic heritage paternally, and that they
practice a form of Judaism that is quite different from
that practiced in Israel, there may still be controversy
over the status of the Lemba in Israeli courts.
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The ruins of Great Zimbabwe, discovered in 1867. Some scholars
claim that the modern Zimbabwean Lemba tribe shares key
genetic and cultural characteristics with descendents of an ancient
Jewish people, and could be the creators of ancient Zimbabwe.
© MARTIN HARVEY; GALLO IMAGES/CORBIS.

SEE ALSO DNA fingerprint; DNA sequences, unique;
Genetic code; Y chromosome analysis.

Air and water purity

Humans are susceptible to contaminated air and
water. Breathing in air that is laden with a noxious
substance can cause illness or even death. Similarly,
drinking water that contains an inorganic or organic
poison, or an infectious microorganism can be debil-
itating or lethal.

Both water and air are particularly vulnerable to
contamination by some bacteria and protozoa, and by
their toxic products. While the contamination of air
and water can be inadvertent, the noxious substances
can also be introduced deliberately. Chemicals
can also be dispersed in water and by air. A recent
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example occurred in 1995, when the Japanese cult
Aum Shinrikyo released sarin gas into the Tokyo
subway system. The poisonous gas attack killed 12
people and sickened 5,000.

As another example, in the months following Sep-
tember 11, 2001, there were several deliberate releases
of anthrax spores into the air following the opening
of contaminated letters. As well, the vulnerability of
water supplies to contamination with a variety of
infectious organisms has been recognized.

An amount as small as a glass of water can be
contaminated with a quantity of organic or inor-
ganic poison or microbe sufficient to cause harm.
Even if the water has been chlorinated, disease
causing microorganisms such as Giardia and
Cryptosporidium are resistant to chlorine, as are
bacterial toxins.

Technologies exist to kill the microorganisms
that might be present (disinfection) or to completely
remove the microbes and chemicals from the air or
water (purification). These technologies, however,
are usually designed to remove naturally occurring
or polluting contaminants.

Groundwater or surface water treatment focuses
on providing water that is fit to drink. Typically, the
water is filtered to remove large debris. Some juris-
dictions also pass the water through microfilters that
remove objects as small as viruses from the treated
water. Most drinking water is treated with chlorine or
chlorine-containing compounds to kill any bacteria.
Other treatments that are gaining widespread accep-
tance include the use of ultraviolet light, ozone, and
other chemicals such as bromine. Water can also be
purified by techniques involving reverse osmosis and
steam distillation, although these techniques are not
typically used, as they are expensive and purify rela-
tively small volumes of water at one time.

Treatment and monitoring ensure that the water
emerging from the treatment plant is safe to drink
and that it remains that way all the way to the con-
sumer’s tap. However, these measures are not
intended to thwart a deliberate contamination.

Yet for large surface water supplies, the volume
of water alone makes the possibility of deliberate
contamination remote. For example, it has been esti-
mated that the contamination of the Crystal Springs
Reservoir, which supplies some of the water for San
Francisco, California, with enough hydrogen cyanide
to harm anyone who drinks a glass of water would
require over 400,000 metric tons of the poison. Simi-
larly, huge amounts of bacteria or viruses would be
required.
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Technician taking a water sample. © JOHN ZOINER/CORBIS.

Air is vulnerable to contamination with a variety
of bacteria, viruses, and fungi that are light enough to
become dispersed in air currents. When inhaled, the
microbes can cause infections. Chemicals and toxins
can also float in the air, to be inhaled or settle onto
exposed skin.

Air purification has long been possible using fil-
ters. Bacteria, viruses, and even some inorganic che-
micals can be retained on specialized filters. These
filters are mainly suitable for laboratories or rela-
tively small, specifically designed ventilation sys-
tems. In large indoor environments such as malls or
sizeable office buildings, and in the open air, air
purification is virtually impossible.

Contamination of the open air poses a similar
problem as the contamination of a large volume of
water, namely the amount of poisonous agent that is
required. For example, estimates are that hundreds of
pounds of anthrax spores would be needed to
achieve a massive contamination of the population
of a large city.
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The release of toxic agents into a more limited
area such as an office building or a home is more
plausible.

SEE ALSO Air plume and chemical analysis; Bioterrorism;
Organic compounds; Toxins.

Air and water purity, forensic
tests

Consumption of contaminated water or breathing
in air that contains a noxious compound can be
debilitating or lethal. Thus, forensic testing can
include the testing of water or air to assess purity
or impurity.

Many noxious gases can be transported in the air.
For example, people are cautioned against leaving an
automobile engine running in an enclosed space. This
is because the tasteless, odorless, and colorless car-
bon monoxide (CO) emitted in the exhaust can cause
illness or death, depending upon the concentration of
the gas in the air. For example, at a concentration of
200 parts per million (ppm), CO produces a slight
headache within hours. A concentration of 800 ppm
causes nausea and convulsions (seizures) within 45
minutes of exposure, and can lead to unconscious-
ness, coma, and ultimately, death.

CO replaces oxygen in the bloodstream, by com-
peting with oxygen molecules for the binding site in
the transport compound of the blood called hemo-
globin. As a result, the body becomes starved for
oxygen.

As with gases, particulate material such as soot
and asbestos can also be light enough to drift on
currents of air. Microorganisms such as bacteria,
viruses, and molds (and the spores produced by
some strains) that dislodge from a surface can also
drift on air currents.

The presence of these various agents in the air
can be accidental. For example, the growth of molds
and fungi in a damp wall of a house can lead to the
aerial dissemination of spores. Of particular note, the
fungus designated Stachybotrys chartarum produces
spores that are toxic if inhaled. The fungus was
implicated in the illness of 27 infants, nine of whom
died, in Cleveland, Ohio, in 1993. All the infants lived
in homes that sustained flood damage.

Besides S. chartarum, Aspergillus versicolor
and several species of Penicillium are potentially
toxic, and also thrive in damp environments.
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Noxious agents have also been deliberately intro-
duced into the air. For example, on March 20, 1995,
the Japanese cult Aum Shinrikyo released sarin
nerve gas in the Tokyo subway system, Kkilling 10
people. And, at various times during the 1990s,
the cult attempted to aerially disperse Clostridium
botulinum spores.

Another form of spore is produced by the bacter-
ium called Bacillus anthracis; the cause of anthrax.
In the fall of 2001, a series of incidents occurred in
the United States, in which letters containing a pow-
dery form of anthrax spores were mailed to public
figures including Senators Patrick Leahy and Tom
Daschle and NBC news-anchor Tom Brokaw. Five
people died after inhaling the spores released from
tainted letters.

Water has been described as “the universal sol-
vent.” A huge number of inorganic compounds can
dissolve in water. As well, microorganisms can be
maintained in suspension and can survive for varying
periods of time. The result if the water is used for
drinking, washing food, bathing, and even recreation,
can be illness or worse.

A particularly graphic example of the hazard
posed by impure water occurred in the Canadian
town of Walkerton, Ontario, in the summer of 2000.
Contamination of one of the municipality’s wells by a
disease-causing (pathogenic) bacterium called
Escherichia coli O157:H7 sickened over 2,000 peo-
ple and killed seven. A number of those who recov-
ered have been left with permanent kidney damage.
Contamination of water and food by E. coli O157:H7
causes an estimated 73,000 illnesses and over 60
deaths in the United States each year, according to
the Centers for Disease Control and Prevention.

Other bacteria including species of Salmonella,
Vibrio and Shigella, which, like E. coli, normally
dwell in the intestinal tract, can enter water when
the water is contaminated by feces, as can intestinal
viruses and protozoans. Contamination of drinking
water by a protozoan called Cryptosporidium in
1993 produced a diarrhea-like illness in over 400,000
people in Milwaukee, Wisconsin.

Forensic testing of air and water is accomplished
using the standard analytical procedures employed in
other sectors. With air, for example, a device can be
used that draws a defined amount of air through a
filter. The size of the holes (pores) in the filter is big
enough to allow the air molecules to pass, but
restricts the passage of particulate material. Even
viruses can be retained, if the filter’s pore size is in
the nanometer (10~ meter) range.
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The Simpson Tacoma Kraft Pulp Mill spews air pollution over the
city of Tacoma, Washington, from its site on Commencement Bay
in the shadow of Mount Rainier. ©® JOEL W. ROGERS/CORBIS.

The particles are subsequently recovered from
the filters and analyzed. Analysis techniques include
spectroscopy, electron microscopy, and the exami-
nation of genetic material. The latter can involve the
use of a technique called polymerase chain reac-
tion (PCR), which greatly increases the number of
copies of a selected target region of the deoxyribo-
nucleic acid (DNA). The sequence of nucleotide
building blocks that comprise the DNA can then be
determined.

Water samples can also be filtered to recover
particulates and suspended microorganisms. The
above techniques can then be used to examine a
sample. As well, particularly for bacteria, assays that
rely on the growth of the organisms on an appropri-
ate food source, first developed hundreds of years
ago, are still an important means of identifying the
bacterial cause of an illness.

The types of forensic air and water analyses that
are performed rely on the skill of the forensic exam-
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iner. Knowledge of the circumstances surrounding an
illness or death, appearance of the scene, and the
symptoms or behavior of the victim can provide clues
suggestive of the involvement of a particular noxious
agent.

SEE ALSO Aflatoxin; Air plume and chemical analysis;
Biosensor technologies; DNA typing systems;
Escherichia coli; Nerve gas; Pathogens; Sarin gas;
Toxicological analysis; Water contamination.

Air Force criminal and forensic
Investigations

Forensic investigations are a part of the military
as much as civilian life. Military investigations can
take on added importance, since the use of firearms,
explosives, and other high-risk tools are more pre-
valent than in civilian life. A military forensic inves-
tigation, such as in the U.S. Air Force, can help root
out an anomaly, criminal or otherwise, that would
otherwise threaten other service personnel.

A branch of the U.S. Air Force that is concerned
with forensic science is the Air Force Office of
Special Investigations. The AFOSI is the principal
investigative service of the United States Air Force.
Its ranks, which numbered over 2,500 in 2005, include
active-duty Air Force personnel, reservists, and
civilians.

Established in 1948 by then United States Secre-
tary of the Air Force W. Stuart Symington, AFOSI is
charged with investigating and preventing criminal
activities by United States Air Force personnel, as
well as by individuals outside the Air Force whose
actions threaten the service’s equipment, personnel,
activities, or security.

Symington patterned the new office after the
Federal Bureau of Investigation (FBI), and appointed
Special Agent Joseph Carroll, assistant to FBI direc-
tor J. Edgar Hoover, as the first AFOSI chief.
Symington and Carroll developed an investigative
service designed to provide unbiased information
and operate independent of top air force command.
To this end, the AFOSI included civilian personnel
from the beginning.

Among the crimes addressed by AFOSI investi-
gators are murder, robbery, rape, drug use and traf-
ficking, black-market activities, and other unlawful
acts committed by or against U.S. Air Force person-
nel. Economic crime, or fraud, is an area of investiga-
tion that places particularly large demands on AFOSI
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resources. AFOSI includes personnel with specialized
missions and skills who fulfill functions ranging from
that of polygrapher to computer expert to behavioral
scientist.

SEE ALSO Aircraft accident investigations; Flight data
recorders.

Air plume and chemical analysis

An air plume is a layer of warm air that immedi-
ately surrounds a person’s body. It has also been
referred to as a human thermal plume. An air plume
carries chemical signatures that can be used to detect
the presence of various compounds on a person.

While the security implications of this are imme-
diately evident, for example if residue from explo-
sives is in the air surrounding a person, an air plume
can also be used in an investigation into a person’s
death. If an examination is conducted soon after
death, the presence of a chemical residue may still
be detectable in the air surrounding the body.

The skin’s surface temperature is typically
33° Celsius, which is approximately nine degrees
warmer than the surrounding air at a typical room
temperature. The temperature difference causes heat
to be lost from the entire surface of the skin to the
surrounding air.

Because warm air rises, the plume rises up the
body and flows off the top of the head and shoulders,
instead of radiating outward to the surrounding air
from all parts of the body. As the air moves up and
away from a person, tiny bits of the skin and chemi-
cals that were present on the skin’s surface can also
be carried upward. The presence of clothing has no
effect on the upward movement of the air.

The presence of clothing also does not block the
migration of chemicals from items being carried in
the clothing. Particles of an explosive in a pocket, for
example, will be able to pass through the pores of the
fabric to the immediate vicinity of the skin. There,
they will encounter the air plume and migrate upward
with the airflow.

The chemicals that are carried in the air plume
can be detected using sophisticated detection equip-
ment. The chemical analysis of an air plume can
detect explosives and even the aromas emitted by
microorganisms.

The analysis of an air plume has grown out of
studies that relied on the use of what is termed a
schlieren system. The word schlieren is German for
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streaks, and describes the appearance of air in a
special optical system. Schlieren optics measure air
flow based on the scattering of light due to differ-
ences in density at the interface between moving air
and relatively motionless air.

Scientists interested in imaging the schlieren pat-
terns produced by people modified the small optical
system so that it could be accommodated in a larger
device. The device is similar in appearance to the
walk through x-ray machines that are now common-
place in airport security areas.

When someone walks through the portal, the air
plume is drawn into an analysis chamber positioned
in the portal’'s archway. Any particles present are
collected in a trap. As well, the vapors in the air
plume can be condensed onto the trap. Chemical
analysis is performed using a machine called an ion
trap mobility spectrometer.

The trapping of particles and condensation of the
vaporous air plume concentrates any compounds that
are present. The trapped sample is delivered to a
chamber that converts the sample molecules to ions.
Typically, bombarding the sample atoms with elec-
trons accomplishes this conversion. When an elec-
tron collides with a sample ion, an electron is
dislodged from the sample atom, producing a more
positively charged ion. As voltage is applied along the
length of the chamber, the positively charged sample
ions move toward the negatively charged cathode.
Separation of the ions occurs based upon their dif-
ferent sizes and masses. For example, smaller ions
move down the chamber faster than larger ions. As
ions arrive at the cathode, a current is produced. The
current can be amplified to produce a detectable
signal. The different signals can be plotted to produce
a spectrum. The different peaks in the spectrum can
be related to known ions to determine the ionic com-
position of the sample.

The spectrometer is extremely sensitive and fast.
Chemicals that are present in only a few parts per
billion will be detected in about 10 seconds.

SEE ALSO Analytical instrumentation; Biodetectors; Gas
chromatograph-mass spectrometer.

Alirbag residues

Various residues (small particles) can attach to
a person’s body or clothing. These can be detected
and analyzed to provide clues as to the person’s
involvement in a particular incident. Evidence of
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A researcher examines a crash dummy and deployed airbag after a test crash. A powdery substance helps many air bags deploy
without sticking, and often leaves a residue that can be collected for evidence in a crash. ® TIM WRIGHT/CORBIS.

involvement in a motor vehicle crash can be provided
by the detection of the residue released when an
airbag is deployed.

An airbag is essentially a pillow (albeit a specia-
lized one) that is normally concealed. It is triggered
to expand by the force of a collision.

Airbags first appeared commercially in automo-
biles in the 1980s. At that time, they were located
only on the driver’s side, and were concealed in a
compartment in the middle portion of the steering
wheel. Airbags have been standard equipment on
the front passenger side of cars since the 1998 model
year and on the trucks since the following year. Some
cars now additionally offer side-mounted airbags that
offer protection in the event of a side collision.

The deployment of airbags depends on momen-
tum, which is the product of the mass and velocity of
an object. When a car is moving forward, both the
vehicle and all the objects inside the car, including
the passengers, will tend to keep moving forward.

When the vehicle is rapidly stopped, as occurs in
a collision, the passengers’ momentum will continue
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to carry them forward. Typically, passengers are
restrained by seatbelts. But, in a high-speed accident,
or when a passenger is not buckled in, the forward
movement can be so great that the passenger is pro-
pelled forward at great speed. The result can be
catastrophic injury.

It is this injury that airbags are designed to pre-
vent. The airbag inflates when an accelerometer
detects a force equal to running into a brick wall at
10-15 miles per hour. This force causes a switch in
the accelerometer to close, allowing the flow of elec-
tricity. This current activates the sensor, which in
turn activates the airbag’s inflation system.

It is the inflation system that proves to be of
forensic significance. A gas generator inside the air-
bag contains sodium azide (NaN3), potassium nitrate
(KNO3) and silica (SiOg). Upon the signal from the
sensor, heat is supplied, which is necessary to
decompose NaNs. A series of three chemical reac-
tions occurs. In the first reaction, the breakdown of
NaNj3 produces nitrogen gas (N3) and sodium (Na).
The sodium then reacts with KNOs to generate potas-
sium oxide (K50), sodium oxide (NayO) and yet more
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nitrogen gas. Finally, the potassium and sodium oxi-
des react with SiO, to produce alkaline silicate

(glass).

The latter reaction is a safety measure. Potas-
sium oxide and sodium oxide are very reactive sub-
stances and it is dangerous to have them as the end
products of the airbag inflation.

Prior to inflation, the NaNs; and KNO; are
solids, typically pellets. Their subsequent reactions
produce a large amount of nitrogen gas, which
bursts the nylon or polyamide airbag from its sto-
rage compartment at upwards of 200 miles per hour
to approximately the size of a couch decorative
pillow.

The entire process, from detection of an impact
to the deflation of the airbag, is approximately
170 milliseconds; literally, in the blink of an eye.
The inflation of the airbag coincides with the for-
ward movement of the driver or passenger, so by
the time a person contacts the airbag, deflation has
begun. In this way, the bag acts as a cushion and
dissipates the passenger’s forward momentum.
Without this exquisite timing, a person would con-
tact a rock-hard bag that could cause as much
injury as a high-speed collision with the car’s wind-
shield.

During deflation, the nitrogen gas vents through
very small holes in the bag. It is during this deflation
that other contents of the bag can also be released.
This residue contains alkaline silicate, but most typi-
cally consists of cornstarch or talcum powder. The
latter two compounds are included to keep the airbag
soft and lubricated while stored.

The deflation can produce a fine powdery cloud
of residue that will settle on clothing, vehicle sur-
faces, hair, and exposed skin. The residue is dissi-
pated very quickly from the airbag. Once the bag has
deflated, no more residue is released.

The airbag residue is slightly corrosive and so
can be a mild respiratory and skin irritant. The red
skin that can result from surface contact with the
residue or the mild airway and lung irritation pro-
duced upon breathing in the residue can be other
forensic clues of a person’s involvement in a vehicle
collision.

Because of this irritation, forensic investigators
wear gloves and goggles when near a deployed airbag
and wash with soap and water afterwards.

SEE ALSO Accident reconstruction; Automobile
accidents; Death, cause of; Trace evidence.
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Alircraft accident investigations

Although flying is generally a safe method of
transportation, accidents occasionally happen—
whether through human error, mechanical failure,
or criminal activity. Over the last two decades
(1985-2005), there have been between 30 and 65 fatal
aircraft accidents per year worldwide. These, and
lesser accidents, have to be investigated scientifically
in order to gain important lessons about aircraft per-
formance and safety.

The International Civil Aviation Organization
(ICAO) requires that a civil aircraft accident be inves-
tigated by an independent body belonging to the
country where the accident took place. Each country
has its own organization taking responsibility for this:
in the United States, it is the National Transporta-
tion Safety Board (NTSB); in the United Kingdom,
it is the Air Accidents Investigation Branch (AAIB).
The NTSB investigates around 2,000 accidents and
incidents a year. The purpose of the investigation is
to find out why the accident happened and how
similar events might be avoided in the future, rather
than to apportion blame. The police will be involved
in the investigation if sabotage or some other form of
criminal activity is suspected, and the military gener-
ally looks into accidents involving service aircraft.

The ICAO sets guidelines on how an aircraft
investigation is to be carried out. The first step is to
report the aircraft accident or incident. An accident is
an event involving death or serious injury, or severe
damage to an aircraft. Missing or out-of-contact air-
craft must also be reported. Incidents are not as
serious; they are events best described as “near
misses” involving problems such as forced landings,
near collisions, or fires.

The investigation team consists of a permanent
core group and outside scientific experts who are
called on when needed. They respond immediately to
the accident and go to the accident site. Each member
will carry flashlights, tape recorders, camera and film,
as well as any specialist tools. The investigation of the
accident site and the wreck itself may take from sev-
eral hours to a few days. During this time, the team
works in small groups and gathers a wide range of
data which may be relevant to the inquiry.

The history of the flight and the crewmembers’
duties leading up to the accident are noted. Careful
documentation is made of the wreckage and accident
scene, with calculation of the impact angles so that
the pre-accident flight path can be determined. The
experts will also examine the engines and propellers,
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Forensic experts inspect some of the wreckage on July 26, 2000, after the crash of an Air France Concorde which ditched in a field outside
Paris shortly after takeoff, killing its 109 passengers and crew. © REUTERS/CORBIS.

together with all details of the electrical, hydraulic,
and pneumatic systems of the craft and the flight
control instrumentation. The investigation is
extended beyond the aircraft itself, to the weather
prevailing at the time of the accident and the air
traffic control instructions given to the plane. Crew-
members are interviewed to look at possible human
error factors, such as medical history, fatigue, train-
ing, workload, working environment, and drug and
alcohol abuse. If survivors are involved, the team will
document injuries, offer support, and arrange evacua-
tion and rescue efforts.

A vital part of the aircraft accident investigation
in the case of larger planes is recovery and examina-
tion of the flight recorder, also known as the black
box. Airplanes usually have two types of flight recor-
ders, the flight data recorder (FDR) and cockpit voice
recorder (CVR).

The FDR is a digital recorder which may use
magnetic tape to record, although solid-state devices
are now available which can store data on memory
chips. The flight data recorder records various flight
parameters; the basic ones include: altitude, airspeed,
direction, acceleration, and microphone keying, that
is, the timing of radio transmissions made by the
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crew. Modern jet aircraft can record far more data
than this with the most advanced logging up to a
thousand different parameters, covering every aspect
of the flight. The FDR records on an endless loop
principle and contains data from the last 24 hours
of the flight.

The cockpit voice recorder (CVR) records not
only the voices of the crew in conversation or making
radio transmissions, but any noise within the cockpit
such as alarms, control movements, switch activa-
tions, and engine noise. Data from the CVR is corre-
lated with that from the FDR by the microphone
keying mentioned above. The CVR may be an analo-
gue recorder using magnetic tape, although, as with
FDRs, there are now solid-state devices that store the
audio data in digitized form on memory chips. The
CVR also operates on an endless loop principle and
carries the last 30 minutes of audio information.

Analysis of data from the flight recorders may be
the only way of establishing what happened in some
aircraft accidents, particularly if they occur at night
or where there is little recoverable wreckage. They
are also very useful when a sudden event, such as a
change in wind speed or direction, is the prime cause
of an accident.
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Photographs such as this, showing the Concorde’s left wing
bursting into flame upon takeoff, helped experts determine the
probable cause of the 2000 crash—engine contamination from a
blown tire caused by a small piece of metal on the runway. ® Buzz
PICTURES/CORBIS SYGMA.

Flight recorders are built to protect the data from
both high-speed impact and any fire that may occur
after impact. They are usually located near the aircraft’s
tail, because past experience has shown that this is the
area that generally suffers least damage in an accident.

Recovering the flight recorders after an accident
can, however, be challenging. In the VH-IWJ West-
wind 1124 accident, which occurred on October 10,
1985, an aircraft crashed into the sea off Sydney,
Australia, shortly after takeoff. The pilot and co-pilot,
who were the plane’s only occupants, were Kkilled.
Three months passed before the flight recorders were
discovered on the seabed. Analysis of the CVR at the
Australian Transport Safety Bureau (ATSB) labs
showed that the pilot was testing the co-pilot and
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simulating emergency instrument flight conditions.
The FDR revealed a loss of control at 5,000 feet
which caused the plane to crash.

The flight recorders are analyzed in specialized
audio laboratories. The black box data can be inte-
grated with that from other sources, including
ground-based radar recorders, wreckage analysis,
and eye-witness reports. Advanced computer gra-
phics can be applied to create a graphical reconstruc-
tion or video of the sequence of events leading up to
the accident or incident.

The mission of the investigative team is to pro-
duce an interim report within four to eight weeks that
will be sent to all the interested parties for their
comments. Safety recommendations are always given
priority, so that any changes can be put into place as
soon as possible. A final report will appear some time
after the investigation and will be published on the
website of the investigative organization. This final
report includes all the factual information collected
in the course of the investigation, an analysis of the
information, and a conclusion which gives the cause
of the accident or incident and any safety recommen-
dations arising.

Aircraft accident investigations cover events
from the crash of light aircraft flown by one person
to major disasters such as the terrorist attacks of
September 11, 2001. One example, which illustrates
many of the aspects of accident investigations
described above, is the investigation into the loss of
Pam Am Flight 103 over Lockerbie, Scotland, on
December 21, 1988. None of the 259 crew members
and passengers on board the Boeing 747 survived and
eleven people on the ground were also killed. The US-
based plane was bound for New York, but it was the
United Kingdom’s AAIB which carried out the inves-
tigation—starting on the day of the crash and report-
ing in 1990. The plane was brought down by a bomb
that had been placed in one of the overhead luggage
lockers. The criminal aspects of the event were inves-
tigated separately, as were issues of airport security.

The flight recorders were found just east of Lock-
erbie, about 15 hours after the accident. These
showed nothing unusual, stopping suddenly at the
moment when the bomb exploded. Investigation of
the crew and the aircraft’s technical history ruled out
human error or technical failure. Weather conditions
were unremarkable and the air traffic control records
were consistent with the sudden loss of the plane as
shown by the flight recorders.

The plane disintegrated in mid-air, creating 1,200
significant items of debris requiring investigation.
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Larger items, such as the engines and the aircraft
wings, fell on the town of Lockerbie, producing a
fireball. Lighter debris was scattered for many miles.

Forensic scientists discovered traces of explosive
material in the debris and were able to reconstruct the
explosion and the impact it had on the plane. Post-
mortem examination of the victims revealed they died
of multiple injuries consistent with a mid-air explosion
followed by impact on the ground.

The loss of Pam Am Flight 103 was a tragedy
with far reaching legal and political implications.
But for AAIB, the priority was aircraft safety. The
report recommends developing the facility for a flight
data recorder to record the pressure changes asso-
ciated with explosions. It also suggests that aircraft
should be designed to better withstand the impact of
an explosion.

SEE ALSO Explosives; Flight data recorders.

Alcohol testing SEE Breathalyzer®

Alternate light source analysis

A forensic examination that is conducted only
using the visible light wavelengths that are emitted
from conventional bulbs may not reveal all the evi-
dence present. Depending on the composition of the
evidence or the material it is in contact with, its
presence may be poorly revealed, if at all, by conven-
tional light. The use of what has been termed alter-
nate light sources can reveal otherwise hidden
evidence.

The use of alternate light sources in forensic
investigations was pioneered by the Royal Canadian
Mounted Police in the 1970s. Then, the units were
typically water-cooled argon-ion lasers. These large
and expensive machines could not be transported to
the scene. Rather, samples needed to be brought to a
laboratory equipped with the laser.

Portable lasers capable of delivering a single
wavelength of light were developed in the late
1980s. In the 1990s, the development of a high-
intensity incandescent bulb allowed a wider range
of wavelengths to be generated, from the ultraviolet
range of the light spectrum to the near infrared. Mod-
ern alternate light sources can be less than 20 pounds
and are easy to operate.

In general, an alternate light source consists of
the light itself (such as a laser or incandescent bulb),
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a filter or combination of filters that enable all but the
selected wavelengths of light to be screened out, a
device to deliver the light to the area being examined
and appropriate viewing accessories (such as protec-
tive goggles, if the wavelengths of light being used
are potentially harmful, or goggles equipped with a
filter to further screen the incoming light).

Since alternative light source examinations are
typically done at the scene of the accident or crime,
the light-delivering device needs to be rugged and
portable. Typically the light will be equipped with a
wheel containing a half dozen or so filters, which can
be rotated to bring a different filter into the light path.
Another alternate light source design utilizes a flex-
ible fiber-optic cable, which is advantageous in exam-
ining confined spaces.

The key to the use of alternate light sources is
fluorescence; the absorption of light at one wave-
length and the emission of light at a longer wave-
length. The emitted light can be detected by use of
the screening filters, which block out the other wave-
lengths of light.

Most organic materials can be made to fluoresce.
As an example, a fingerprint can be invisible to the
naked eye. But, when illuminated using an intense
blue-green light from a laser or incandescent source,
the organic materials in the fingerprint will fluoresce
yellow. The fluorescence is visible without the addi-
tion or powders or dyes.

The same principle applies to other organic sam-
ples including semen, saliva, fibers from materials,
and ink. Furthermore, different organic materials will
absorb light and fluoresce at different wavelengths.
This means that evidence such as a fingerprint or a
bite mark can be detected on materials as diverse as
skin, paper, rubber, and cloth fabric.

This sort of differentiation requires a skilled
operator, since the color of the illuminating light is
critical to elicit the maximum fluorescence from the
evidence while minimizing the background fluores-
cence from the supporting material. As well, the
selection of the filter(s) is important, since it will
block all but the desired wavelengths of the illumi-
nating light while not blocking the wavelengths of the
emitted fluorescent light (which is generally much
less intense).

One use for alternate light sources is the exam-
ination of a weapon such as a gun or knife. Finger
and palm prints are nearly invisible on such metal
surfaces when examined under room light. But, when
viewed under a green light and observed through an
orange filter, the prints can easily be seen. Similar
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Testing for fingerprints using a laser lightsource. ® CHARLES
O'REAR/CORBIS.

lighting conditions and special film can be used to
photograph prints.

Body fluids can be detected using alternate light
sources. For example, the use of near-ultraviolet light
can readily reveal the presence of semen stains.
Other body fluids that can be detected include saliva,
blood, urine, and vaginal secretions.

Gunshot residue can also be readily observed
using the appropriate illumination. Small bits of
paint, fiber, hair, glass, crystals, and other “trace
evidence,” which can be physically difficult to find
at a crime or accident scene, can be located using
alternate light. Moreover, the differing chemistries
and shapes of the objects can produce different pat-
terns of fluorescence, allowing different objects to be
coincidentally detected.

As a final example, document forgery can be
detected using alternate forensic light sources, since
differences in ink composition and the differing per-
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iods of time that the ink was in contact with the
paper will produce detectable changes.

SEE ALSO Crime scene investigation; Document
forgery; Fingerprint; Fluorescence; Luminol; Polarized
light microscopy; Trace evidence.

American Academy of Forensic
Sciences

The American Academy of Forensic Sciences
(AAFS) is a non-profit, professional organization
founded in 1948 in an effort to improve the effective-
ness of justice through the application of scientific
expertise to the legal process, evidence gathering,
and crime investigation. AAFS is also dedicated to
educating the law enforcement, legal, and scientific
communities about the many scientific disciplines
that have given rise to modern forensic science,
and the application of scientific forensic techniques.
The term forensic means “pertaining to the forum”
(e.g., to a legal public court of justice). The forensic
sciences, therefore, apply the knowledge of a variety
of scientific disciplines to achieve optimum accuracy
in legal investigations and the establishment of sound
evidence to be used in civil legal disputes or in crim-
inal courts. AAFS has achieved international prestige
and recognition, presently counting more than 5,600
members from 50 different countries worldwide.
These professionals represent different fields of
expertise such as medicine (legal medicine, public
health, autopsy, toxicology, pathology, epidemiol-
ogy, genetics, infectious disease), physical anthro-
pology, jurisprudence, criminology, sociology,
psychiatry and behavioral sciences, molecular biol-
ogy, chemistry, engineering, education, archeology,
geology, and odontology. Additionally, other per-
sons with technical expertise, such as document ana-
lysis and graphology, are important members of the
forensic sciences community.

AAFS is dedicated to the promotion of training
programs for professionals, the exchange of infor-
mation among the scientists of the above disci-
plines, the development of new forensic
techniques, the advancement of forensic sciences,
the support of new research, and the development
of emerging forensic techniques and disciplines.
Among the latter, examples are techniques involving
photography superposition, forensic skull recon-
struction, computer image enhancing, voice and dic-
tion analysis, account auditing, and improved
polygraph examinations. Another AAFS goal is to
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preserve and impart ethical standards of profes-
sional conduct among its members.

AAFS publishes the Journal of Forensic
Sciences, and holds an annual scientific meeting
along with several regional seminars. The Academy
also provides educational information to the general
public and to those considering pursuing a career in
one of the many fields of the forensic sciences. Pro-
grams of continuing education and accreditation in
forensics for professionals and college graduates are
another service under the responsibility of the follow-
ing AAFS sections: criminalistics, engineering
sciences, general, jurisprudence, odontology, pathol-
ogy and biology, physical anthropology, psychiatry
and behavioral science, questioned documents,
and toxicology.

SEE ALSO Civil court, forensic evidence; Evidence;
Expert witnesses; Federal rules of evidence; Forensic
science; Medical examiner; Polygraphs; Professional
publications; Toxicology; Voice analysis.

Ammunition and weapons,

examination and identification
see Ballistics

Ammunition size see Caliber

Amphetamines

Amphetamines are a family of chemical com-
pounds that are indirect stimulants of the central
nervous system (CNS). Amphetamines cause the
increased release into the brain of dopamine and
norepinephrine, two endogenous (produced by the
body) chemical messengers, which in turn stimulate
the nervous system. Many drug abusers seeking a
boost of physical energy and mental stimulation con-
sume amphetamines due to their cocaine-like beha-
vioral effects. Determining the presence or absence
of amphetamines in the blood is included in most
forensic drug screening tests.

Effects of amphetamines that may be experi-
enced include: increased alertness, appetite inhibi-
tion, insomnia, decreased fatigue, and emotional
euphoria. In high doses, amphetamines can induce
delirium, panic attacks, confusion, aggressiveness,
and suicidal tendencies. Chronic users sometimes
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develop a state of amphetamine-induced psychosis
that shares similarities with an acute schizophrenic
crisis. Drug abusers usually inject amphetamines
intravenously or inhale them by smoking.

MDMA (Methylenedioxymethamphetamine), an
amphetamine derivative also known as Ecstasy, is
swallowed in tablets or capsules, in doses ranging
from 60-120 milligrams, usually in association with
alcoholic drinks. Drug abusers in general tend to
consume these stimulants together with alcohol or
marijuana, whose alkaloids further enhance the
effects of amphetamines. The amphetamine-induced
euphoric state lasts an average of 4-6 hours, which is
more than twice the time of cocaine effects.

Like cocaine, some amphetamines also cause
addiction and progressive tolerance within a few
weeks of use, leading its users to increase doses to
achieve the same initial effects. Other physical
effects of amphetamine abuse are cardiac arrhyth-
mias, dangerously high blood pressure, chest pain,
circulatory collapse, chills, excessive perspiration,
and headaches. Nausea, anorexia, diarrhea, vomiting
and abdominal cramps, and coma may also occur. A
national survey by the Drug Abuse Warning Network
under commission of the Substance and Mental
Health Services Administration, reported that
between 1999 and 2001, more than 86% of all life-
threatening cases of intoxication recorded by hospi-
tal emergency services in the U.S. were associated
with the use of MDMA in combination with either
alcohol, marijuana, cocaine, or heroin.

The U.S. Department of Justice, Drug Enforce-
ment Administration (DEA), classifies both illegal
and controlled substances under five levels of Sche-
dules, I to V. Most amphetamines are categorized in
Schedule I, along with other substances such as LSD,
marijuana, peyote, mescaline, heroin, etc. A drug or
substance scheduled at level I is thus classified
because the drug has a high potential for abuse, has
no currently accepted medical use in treatment in the
United States, and there is a lack of accepted safety
for use of the drug. Therefore, amphetamine parent
chemicals scheduled under level I cannot be pre-
scribed by physicians in the United States.

Other amphetamine derivatives such as metham-
phetamine, phenmetrazine, and methylphenidate are
under Schedule II, along with cocaine. Schedule II
drugs are described as drugs with a high potential
for abuse and physical or psychological dependence,
but with currently accepted medical uses in the Uni-
ted States with severe restrictions. Schedule II drugs
are tightly regulated and require a written prescrip-
tion from a licensed physician.
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Schedule III-V amphetamines also require pre-
scription by a physician, but their manufacture and
supply are less controlled and the potential for abuse
is less. Therapeutic drugs such as some appetite sup-
pressants and some drugs prescribed for attention
deficit disorder fall into this category. Some amphe-
tamines are approved by the Food and Drug Admin-
istration either as ingredients of pharmaceutical
drugs or as a one-salt drug, such as methylphenidate,
used in the treatment of narcolepsy, a clinical condi-
tion that induces patients to an uncontrollable state
of sleepiness that leads to suddenly falling asleep
anywhere and at any time.

SEE ALSO FDA (United States Food and Drug
Administration; lllicit drugs; Narcotic; Nervous system
overview; Neurotransmitters.

Analytical instrumentation

Forensic science can involve determinations of
the presence or absence of compounds or materials.
For example, if a victim has died of a stab wound,
then noting that a knife was found near the body can
be an important piece of evidence in trying to deci-
pher the details of the death.

This sort of presence or absence level of detail
produces qualitative information. The data does not
have an amount associated with it or information
concerning the composition of a sample.

In contrast, other useful information can be
gained by quantitative examinations; examinations
that tell how much of a material is contained within
a sample. For example, if the knife noted above has
blood on the blade, a blood sample can be vital to
learning the blood type and the composition of the
DNA carried in the blood, as well as indicating
the presence and amount of any toxins or chemical
poisons.

For quantitative forensic analyses, specialized
instruments are used. A variety of analytical instru-
ments exist, which have their respective advantages
depending on what is being examined and the poten-
tial target molecules that could be contained within it.

Another area of forensic analysis that uses ana-
Iytical instrumentation is gunshot residue analysis.
When a rifle or a handgun is fired, the residue that
propelled the bullet out of the barrel is also propelled
outward. The residue can attach to exposed skin or
the clothing of the person who fired the gun, or on a
nearby person or surface.
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The residue contains spherical particles that are
comprised of lead, antimony, and barium. The parti-
cles’ shapes and elemental compositions mean that
they can be detected using a scanning electron micro-
scope equipped with an energy dispersive x-ray ana-
lyzer. The analyzer operates by trapping electrons
from the scanning microscope that have bounced
off of the sample surface. The surface interaction
causes an energy loss. Depending on the nature of
that surface, the electrons will lose a certain amount
of energy. As well, some of the electrons that were
part of the object’s surface can be dislodged by the
force of the bombardment. By analyzing the pattern
of energy levels of the reflected and dislodged elec-
trons, the instrument can be used to determine the
elements that are present in the sample and even how
much of each element is present. Also, the scanning
electron microscope allows the spherical residue par-
ticles to be directly visualized. Some instruments are
equipped to visually display the elemental pattern on
the sample image.

The elemental pattern that is obtained consists of
various peaks rising above the background signal.
Each peak represents a single element. If the pattern
obtained from a sample recovered from a person
matches the pattern of a sample obtained from a
suspect, then it can be powerful evidence linking
the suspect to the fired weapon.

Another important facet of forensic science is the
use of DNA typing to identify individuals. The subtle
differences in the arrangement of DNA that exist
from person to person are every bit as unique as a
fingerprint, and so have the potential to identify a
DNA sample as belonging to a particular individual.

An especially powerful DNA examination techni-
que is known as the polymerase chain reaction
(PCR). The technique uses an enzyme (polymerase)
to make many copies of a minute amount of target
DNA. The amount of DNA that can be made permits
other analyses to be done on material that otherwise
would have been present in too low a quantity.

PCR allows DNA to be recovered and analyzed
from samples such as cigarette butts, the sealing
flaps of envelopes, or pieces of hair and bone, even
if the samples have been exposed to the environment
or are contaminated with other compounds or micro-
organisms.

Another analytical instrument, the gas
chromatograph-mass spectrometer, is adept at
analyzing fluid samples. Separation of the various
compounds that make up the fluid is accomplished
by the gas chromatograph. The sample is injected

19



ANATOMICAL NOMENCLATURE

into the machine and is immediately vaporized. The
now-vaporized chemicals are carried through the
chromatography column by a non-reactive gas such
as helium. Depending on the chemical properties of
the column, different compounds move at different
rates of speed and so appear at the other end of the
column at different times. This allows the different
compounds to be separated from each other.

The separated compounds are then analyzed by
the mass spectrometer. The sample’s molecules are
hit by a beam of electrons, which causes some of the
sample’s electrons to be dislodged (ionization).
The ionization pattern can be used to identify the
molecules and even to determine the mass of the
compounds.

Databases that contain the mass spectrometric
information on thousands of compounds exist in
various state and federal law enforcement agencies.
This information can be accessed to help identify
the composition of a sample mixture with great
precision.

SEE ALSO Air plume and chemical analysis;
Biodetectors; Chemical and biological detection
technologies; DNA fingerprint; Gas chromatograph-
mass spectrometer; Laser ablation-inductively coupled
plasma mass spectrometry; Micro-fourier transform
infrared spectrometry; Mitochondrial DNA analysis;
PCR (polymerase chain reaction); Visible
microspectrophotometry.

Anatomical nomenclature

Over the centuries, anatomists developed a stan-
dard nomenclature, or method of naming anatomical
structures. Terms such as “up” or “down” obviously
have no meaning unless the orientation of the body is
clear. When a body is lying on its back, the thorax
and abdomen are at the same level. The upright sense
of up and down is lost. Further, because anatomical
studies, and particularly embryological studies, were
often carried out in animals, the development of the
nomenclature relative to comparative anatomy had
an enormous impact on the development of human
anatomical nomenclature. There were obvious diffi-
culties in relating terms from quadrupeds (animals
that walk on four legs), who have abdominal and
thoracic regions at the same level, to human bipeds
in whom an upward and downward orientation might
seem more obvious.

In order to standardize nomenclature, anato-
mical terms relate to the standard anatomical
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position. When the human body is in the standard
anatomical position it is upright, erect on two legs,
facing frontward, with the arms at the sides with
each rotated so that the palms of the hands turn
forward.

In the standard anatomical position, superior
means toward the head or the cranial end of the
body.

The term inferior means toward the feet or the
caudal end of the body.

The frontal surface of the body is the anterior or
ventral surface of the body. Accordingly, the terms
“anteriorly” and “ventrally” specify a position closer
to—or toward—the frontal surface of the body. The
back surface of the body is the posterior or dorsal
surface and the terms “posteriorly” and “dorsally”
specify a position closer to—or toward—the poster-
ior surface of the body.

The terms superficial and deep relate to the dis-
tance from the exterior surface of the body. Cavities
such as the thoracic cavity have internal and external
regions that correspond to deep and superficial rela-
tionships in the midsagittal plane.

The bones of the skull are fused by sutures that
form important anatomical landmarks. Sutures are
joints that run jaggedly along the interface between
the bones. At birth, the sutures are soft, broad, and
cartilaginous. The sutures eventually fuse and
become rigid and ossified near the end of puberty
or early in adulthood.

The sagittal suture unties the parietal bones of
the skull along the midline of the body. The suture
is used as an anatomical landmark in anatomical
nomenclature to establish what are termed sagittal
planes of the body. The primary sagittal plane is
the sagittal plane that runs through the length of
the sagittal suture. Planes that are parallel to the
sagittal plane, but that are offset from the midsa-
gittal plane are termed parasagittal planes. Sagit-
tal planes run anteriorly and posteriorly and are
always at right angles to the coronal planes. The
medial plane or midsagittal plane divides the
body vertically into superficially symmetrical right
and left halves.

The medial plane also establishes a centerline
axis for the body. The terms medial and lateral relate
positions relative to the medial axis. If a structure
is medial to another structure, the medial structure
is closer to the medial or center axis. If a structure is
lateral to another structure, the lateral structure is
farther way from the medial axis. For example, the
lungs are lateral to the heart.
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The coronal suture unites the frontal bone with
the parietal bones. In anatomical nomenclature, the
primary coronal plane designates the plane that runs
through the length of the coronal suture. The primary
coronal plane is also termed the frontal plane
because it divides the body into frontal and back
halves.

Planes that divide the body into superior and
inferior portions, and that are at right angles to both
the sagittal and coronal planes are termed transverse
planes. Anatomical planes that are not parallel to
sagittal, coronal, or transverse planes are termed
oblique planes.

The body is also divided into several regional
areas. The most superior area is the cephalic region
that includes the head. The thoracic region is com-
monly known as the chest region. Although the celiac
region more specifically refers to the center of the
abdominal region, celiac is sometimes used to des-
ignate a wider area of abdominal structures. At the
inferior end of the abdominal region lies the pelvic
region or pelvis. The posterior or dorsal side of the
body has its own special regions, named for the
underlying vertebrae. From superior to inferior along
the midline of the dorsal surface lie the cervical,
thoracic, lumbar and sacral regions. The buttocks
are the most prominent features of the gluteal region.

The term wupper limbs or upper extremities
refers to the arms. The term lower limbs or lower
extremities refers to the legs.

The proximal end of an extremity is at the junc-
tion of the extremity (i.e., arm or leg) with the trunk
of the body. The distal end of an extremity is the
point on the extremity farthest away from the trunk
(e.g., fingers and toes). Accordingly, if a structure is
proximate to another structure it is closer to the
trunk (e.g., the elbow is proximate to the wrist). If a
structure is distal to another, it is farther from the
trunk (e.g., the fingers are distal to the wrist).

Structures may also be described as being
medial or lateral to the midline axis of each extre-
mity. Within the upper limbs, the terms radial and
ulnar may be used synonymously with lateral and
medial. In the lower extremities, the terms fibular
and tibial may be used as synonyms for lateral and
medial.

Rotations of the extremities may be described as
medial rotations (toward the midline) or lateral rota-
tions (away from the midline).

Many structural relationships are described by
combined anatomical terms (e.g. the eyes are ante-
rio-medial to the ears).
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There are also terms of movement that are stan-
dardized by anatomical nomenclature. Starting from
the anatomical position, abduction indicates the
movement of an arm or leg away from the midline
or midsagittal plane. Adduction indicates movement
of an extremity toward the midline.

The opening of the hands into the anatomical
position is supination of the hands. Rotation so the
dorsal side of the hands face forward is termed
pronation.

The term flexion means movement toward the
flexor or anterior surface. In contrast, extension may
be generally regarded as movement toward the exten-
sor or posterior surface. Flexion occurs when the
arm brings the hand from the anatomical position
toward the shoulder (a curl) or when the arm is
raised over the head from the anatomical position.
Extension returns the upper arm and or lower to the
anatomical position. Because of the embryological
rotation of the lower limbs that rotates the primitive
dorsal side to the adult form ventral side, flexion
occurs as the thigh is raised anteriorly and superiorly
toward the anterior portion of the pelvis. Extension
occurs when the thigh is returned to anatomical posi-
tion. Specifically, due to the embryological rotation,
flexion of the lower leg occurs as the foot is raised
toward the back of the thigh and extension of the
lower leg occurs with the kicking motion that returns
the lower leg to anatomical position.

The term palmar surface (palm side) is applied
to the flexion side of the hand. The term plantar
surface is applied to the bottom sole of the foot.
From the anatomical position, extension occurs
when the toes are curled back and the foot arches
upward and flexion occurs as the foot is returned to
anatomical position.

Rolling motions of the foot are described as
inversion (rolling with the big toe initially lifting
upward) and eversion (rolling with the big toe initi-
ally moving downward).

SEE ALSO Anthropometry; Autopsy; Biometrics;
Pathology; Skeletal analysis; Skeletal system overview
(morphology).

Ancient cases and mysteries

Modern forensic science has provided histor-
ians, archeologists, and anthropologists with new
tools to investigate mysteries whose roots extend
back hundreds, even thousands, of years. DNA
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analysis, for example, has shed light on such cases as
that of the Peruvian Ice Maiden, the 500-year-old
mummified body of a young girl sacrificed to the
gods by Incan priests, discovered in 1995. It has also
identified with certainty the skeletal remains of the
Romanovs, the Russian royal family killed by revolu-
tionaries in 1918. In 2005 Spanish researchers hope to
use DNA analysis to settle a dispute over whether the
remains of explorer Christopher Columbus are buried
in Spain or the Dominican Republic.

Forensic scientists have unlocked the secrets of
human remains, such as the mummy of ancient Egyp-
tian king Tutankhamen. The discovery of King Tut
and his tomb in 1922 was the most significant arche-
ological find of its generation. The burial chamber,
which had survived intact for over 3,000 years, was
filled with gold, ivory, and carved wooden treasures,
including a now-famous funerary mask. But some
features of the tomb puzzled archeologists. The bur-
ial chamber’s small size suggested that it was built
for a non-royal. It appeared to be unfinished and to
have been hastily decorated, with paintings marred
by splotches of paint that were never cleaned up. The
tomb’s artifacts were originally marked with other
people’s names, which were rubbed out and replaced
with Tut’s name. These features suggested that King
Tut, who died at the early age of eighteen and who
was the son of a controversial, and by some, hated,
leader, may have died unexpectedly and of unnatural
causes. Further, buckets of unguents dumped over
the mummy raise the question of whether an attempt
was made to cover up a murder.

In 1968 researchers from the University of Liver-
pool x-rayed the King Tut mummy and found a sliver
of bone in the brain cavity and an area at the base of
the skull that may have been a blood clot, clues
suggesting that the king may have died from a lethal
blow to the back of his head. Later, medical experts
examined the x rays and spotted more clues. They
found abnormalities in the bones above the king’s eye
sockets, consistent with injuries that occur when a
head strikes the ground sharply in a backward fall
and the brain snaps forward. Additionally, the verteb-
rae in the king’s neck were fused, evidence of a
condition called Klippel-Fell syndrome that makes a
person highly susceptible to serious injury from a fall
or a push. If Tut was murdered, suspects include
Maya, his royal treasurer; Horemheb, his military
commander; Ankhesenamen, his wife; and Ay, his
prime minister, who assumed the throne after Tut’s
death. Additional forensic evidence was gathered in
2005, when Tut's mummy was removed from his
tomb and scanned in a CT scanner. The resulting
evidence may never solve the crime, but it may

WORLD of FORENSIC SCIENCE

ANCIENT CASES AND MYSTERIES

establish whether or not a crime took place. In March
2005, scientists were also considering the possibility
that Tutankhamen could have died from complica-
tions of a fracture, when the CT results revealed
evidence of a broken left thighbone.

Other forensic scientists focus not only on a
body, but also on the physical environment in which
a historical person died, searching for clues as to the
cause of death. Such is the case with French
emperor Napoleon, who in October 1815, after the
Battle of Waterloo, was exiled by the British to the
island of Saint Helena, where he died on May 5,
1821. The official cause of death was listed as a
perforated stomach ulcer that had turned cancerous.
In 1955 though, the diaries of his valet, Louis Marc-
hand, were published. Marchand’s descriptions of
the emperor and his behavior in the months before
his death created suspicion that he had been poi-
soned to death with arsenic administered over a
long period of time.

In 2001 the Strasbourg Forensic Institute in
France bolstered this suspicion by examining a lock
of the emperor’s hair. Arsenic, usually in the form of
white arsenic, or arsenic oxide, works as a poison by
binding with sulfur atoms in proteins and enzymes,
interfering with their ability to regulate body chemis-
try. The protein keratin, found in hair, contains sulfur
atoms, so evidence of arsenic poisoning will survive
in the hair. What’s more, because hair grows, a histo-
gram of segments of the hair, created by subjecting
the hair sample to x-ray fluorescence spectro-
scopy, can show how arsenic levels changed over
time. The Strasbourg researchers concluded that dur-
ing the time in which the sample of hair grew, Napo-
leon’s body contained arsenic concentrations of
seven to thirty-eight times higher than normal.

The central question is: Was Napoleon deliber-
ately poisoned to death, perhaps by his captors, by a
disgruntled staff member, or by French Bourbons
who wanted to ensure that he never resumed the
throne? Some researchers say no. The head of the
toxicology department for the Paris police noted
that hair samples from 1805 and 1814 show similar
concentrations of arsenic. If arsenic had caused the
emperor’s death, he would have died much earlier.
Further, arsenic was at the time a common ingredient
in some medicines and in hair tonics.

In the nineteenth century, mysterious cases of
arsenic poisoning were turning up in Europe, but it
was not until 1893 that an Italian chemist named
E. Gosio worked out what was happening: that when
wallpaper containing a particular pigment became
damp and moldy, the mold converted a compound in
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View of King Tutankhamun’s tomb and wall paintings near Cairo, Egypt. In early 2005, researchers briefly removed King Tut's mummy for
a CT scan in order to determine Tut's age at the time of his early death, along with the cause of death. @ ROYALTY-FREE/CORBIS

the pigment, copper arsenite, into a vaporized form
of arsenic. Anyone who breathed the vapor would
get a form of arsenic poisoning that came to be
called Gosio’s disease. The pigment in question,
called Scheele’s Green, had been developed around
1770 by a Swedish chemist and was used widely in
fabrics and wallpapers. Historical investigation
showed that the wallpaper in the drawing room of
Napoleon’s house indeed was colored with Scheele’s
Green and that the house had a tendency to be
damp. Further, the island’s governor, Sir Hudson
Lowe, was worried that the emperor would try to
escape, so he posted sentries around the house. In
an effort to avoid their watchful eyes, Napoleon
spent more and more time in the house, especially
the drawing room, where he inhaled the arsenic
vapor as he spent hours looking out the windows
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or through holes that he had bored in the shutters.
Thus, modern investigators conclude that the likely
source of the arsenic in Napoleon’s system was his
wallpaper, not a murderer.

Forensic investigation has also proven useful
in authenticating or disproving claims made about
artifacts. One is the Shroud of Turin, a 14-by-3 1/2-
foot (4.27-by-1-meter) bloodstained burial cloth
that shows faint images of a man who appears to
have been tortured and crucified. The cloth came
to light in 1204, when the Crusaders sacked the
city of Constantinople. The cloth had been
removed from the Middle Eastern city of Edessa
in 944, where it had been discovered in 544. It was
displayed in Lirey, France, in the 1350s but later
moved to Chambery, France, where it was almost
destroyed by fire in 1532. Many scientists assert
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that the Edessa Cloth and what is today called
the Shroud of Turin (in Turin, Italy) are one and
the same. Many people believe that the shroud is
the burial cloth of Jesus Christ and that the images
are his; some believe that the images are the pro-
duct of a miracle.

The Shroud of Turin has intrigued modern foren-
sic scientists, especially chemists, whose central
question is whether the shroud could have been
Christ’s burial shroud—that is, whether it was a
Greco-Roman burial shroud that can be placed in
Jerusalem two thousand years ago. The nature of
the cloth, the presence of travertine aragonite lime-
stone dirt particles on it, and pollen grains, some
from species now extinct, support claims that the
shroud was in the environs of Jerusalem. In 1988
carbon-14 dating apparently proved that the cloth
dated from the medieval period, and was hence a
fake. More recent studies insist that the carbon-14
sample used in those tests was invalid, contaminated
by a later repair patch, and that the cloth dates from
an earlier century. The image shows coins on the
man’s eyes, a common burial practice at the time,
and evidence suggests that the coins were struck
during the first century A.p.

Scientists have also probed the images on the
cloth, subjecting them to a panoply of scientific tests,
including visible and ultraviolet spectrometry, infra-
red spectrometry, x-ray fluorescence spectrometry,
thermography, pyrolysis-mass-spectrometry, lasermi-
croprobe analyses, and microchemical testing. Such
tests reveal that the images were not formed by dyes
or pigments, meaning that they were not somehow
“painted” onto the cloth. Rather, the images are
superficial (200-600 nanometers thick) and fully con-
tained in a layer of starch and saccharides (simple
sugars) coating the outermost layers of the fabric.
Further, a faint image on the reverse side of the cloth
corresponds exactly with the image on the outside.
Analysis shows that this image, too, is superficial,
meaning that nothing soaked through the cloth from
the inside to form the image on the outside. The
color, often described as caramel-like, was likely
the result of a complex chemical reaction, called a
Maillard reaction, between amines, or ammonia deri-
vatives, that are released by decaying bodies, and
saccharides in a carbohydrate residue covering the
fibers of the shroud and likely originating with soap
that was used to clean the cloth. Put simply, the
images appear to have a natural explanation and are
not the result of fakery. Despite these tests, the
debate continues, and the Shroud of Turin remains
a chief exhibit in the debate between faith and
science.
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SEE ALSO Infrared detection devices; Mummies; Paint
analysis; Peruvian Ice Maiden; Skeletal analysis;
Spectroscopy.

Animal evidence

Evidence of animals, especially animal hair, is
often discovered at crime scenes. Pet or other animal
hairs can be found on the clothes of the victim or on
other items of physical evidence collected at the
crime scene. The identification and analysis of
human and animal hairs from a crime scene can
indicate physical contact between the victim and a
suspect, or provide other investigative leads. Trans-
ferring of pet hairs to the victim, to a suspect, or to
the crime scene may happen when the perpetrator is
a pet owner (or when the victim owns a pet), or when
the crime was committed in a place where animals
are kept, such as barns, stables, basements, or trans-
port vehicles.

Through microscopic analysis, hairs can be
identified as belonging to a particular species of
animal. In the case of a known suspect, animal hair
identified on the victim’s clothing can be compared
to hairs found either in the suspect’s home, car, or
clothing in search of a match. If the pet of the victim
or of the suspect is available, further forensic analy-
sis can be made to confirm whether that particular
pet is the source of the hair in question. The pet’s
bed or brush can also provide samples for such
identification.

When human remains are found outdoors, foren-
sic procedures are conducted to establish whether
the cause of death was due to homicide, suicide,
accident, animal attack, or natural illness (i.e., heart
attack, stroke, or other pathological condition). Per-
foration wounds, bullet holes, blunt force injuries,
and other lesions normally point to a criminal act as
the cause of death. However, animal access to
corpses may cause such destruction of the remains
that the real cause of death can be impossible to
determine in certain cases. Animals feeding on a dead
body leave distinct marks on bones and tissues. The
signs of wild carnivores and scavenger birds, for
instance, are recognizable through characteristic
marks left on the bones and soft tissues by claws,
fangs, and beaks. Nevertheless, even bodies found in
urban areas or inside doors can suffer animal
destruction by rodents and domestic animals, such
as dogs and ferrets.

Forensic anthropologists are experts in deter-
mining the gender, race, and age of unrecognizable
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remains (usually by studying the bones) and in
identifying what kind of animal activity was respon-
sible by the destruction of those remains. Bodies of
drowned individuals found on seashores or river-
banks can also display signs of animal activity, such
as from crabs or fish.

Animal evidence in human remains has been
systematically registered and studied since 1943,
including the action of a variety of species, such as
wild dogs, large cats, bears, cows, horses, poiso-
nous snakes, marine animals, constricting snakes,
rodents, birds, and domestic dogs. The types of
injuries and typical feeding behaviors of various
species are also well documented. One of the indi-
cations of animal scavenging on human remains
involves bones or body parts that are scattered,
such as a skull found some distance from the body,
with teeth lost after death. This is common in bodies
left on the surface or buried on shallow graves in
woods or country areas. Missing body parts or
bones are often retrieved from dens of coyotes,
foxes, or skunks along tracks and pathways used
by these animals.

The types of postmortem marks left on human
remains by animals allow the identification of the
species involved because of the known specific ana-
tomical features and feeding behavior of each spe-
cies. Seagulls, crows, owls, and other carrion-eating
birds leave puncture wounds in the flesh, caused by
their hard sharp bills. Vultures damage bones with
their talons and beaks as they remove the flesh.
Coyote, fox, and other wild and domestic canids
puncture, tear, and crush the soft tissues by gnawing
and shaking their heads, splintering bones, and leav-
ing jagged bone edges through the action of their
posterior teeth. Rodents have sharp paralleled inci-
sors that leave parallel furrows in flesh and bones,
with a pattern of layered destruction of tissues. Big
cats leave v-shaped punctures from their canine
teeth, claw slashes, and abrasions, and great amounts
of crushed and splintered bones. Big cats, wolves,
and wild dogs have a preference for eating the inter-
nal organs first, therefore eviscerating the body.
Domestic dogs also can eat human remains when
they are hungry, causing great destruction of the
corpse. Such situations can pose extra challenges to
forensic investigators in determining the circum-
stance, time, and real cause of death.

SEE ALSO Anthropology; Crime scene investigation;
Death, cause of; Evidence; Microscope, comparison;
Skeletal analysis; Taphonomy.
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Animal poaching (forensic
detection) see Widife forensics

Animation

In movies, computer animation has become
astonishingly adept at mimicking reality. The anima-
tion power of computers and computer-aided design
(CAD) software is now being exploited as a forensic
tool.

Forensic animation seeks to produce images that
recreate eyewitness accounts of crime scenes, vehi-
cle accidents, and other events. The animation is
intended primarily for a jury in a courtroom trial.
Instead of relying solely on a verbal account of an
eyewitness, jury members can watch a recreation of
the testimony.

As an example, animation can recreate the
weather conditions visible from the inside of a mov-
ing car on the night of a motor vehicle accident, to
provide the viewer with a much better appreciation
of what a driver faced than what could be realized
from verbal testimony.

In another example, an animated reconstruction
can be made of a crime scene. The simulation can
duplicate the appearance of the scene. In addition,
the view of the crime scene can be shifted from a
ground level to an overhead view. This can provide a
much richer appreciation of the crime scene than
would listening to testimony alone or even looking
at a series of photographs.

In one real-life example, animation was used in a
liability suit in Iowa over a 1993 collision that killed
University of Iowa basketball player Chris Street. In
the accident, Street was struck and killed by an
oncoming snowplow when he pulled out to pass a
truck. The driver of the truck acknowledged that he
was speeding 10 miles per hour over the speed limit
at the time of the crash.

The driver’'s admission was key to the US$14-
million lawsuit filed against him by Street’s parents,
who contended that his negligence resulted in the
death of their son.

The animation formed part of the defense. Using
reports from the police, an accident investigator who
reconstructed the incident, and measurements of the
actual braking distances required for the snowplow at
various speeds, two computer animations were
created. The first displayed the accident when the
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snowplow was traveling at 55 miles per hour in the 45
miles per hour zone. In that animation, as in the real-life
accident, the snowplow struck the center of the car.

In the second animation, the snowplow was tra-
veling at the speed limit. Then, the plow still struck
the car, this time at the rear of the vehicle. The
defense argued that, despite the different impact
points, the crash that likely would have occurred at
the legal speed limit would still have been fatal. In
viewing the animations, the jury decided that the
accident was caused by Street’s failure to properly
assess traffic conditions before pulling out in front of
the truck.

In another example, an animated recreation of
the shooting death of a Scraton, Pennsylvania woman
was a vital piece of evidence that led to the convic-
tion of her husband for murder. The man, a former
police officer with a history of domestic violence, had
claimed that he shot his wife in self defense as she
tried to attack him with a knife.

Based on the photographic information gathered
at the crime scene by forensic investigators, an anima-
tion was created that presented a three-dimensional
view of the room. The detail and multi-perspective
view of the scene was used convincingly by the pro-
secution to argue that the blood pattern on the victim
was not consistent with her husband’s explanation of
the death.

Implicit in the above examples is the accuracy of
the information that forms the database of the anima-
tion file. The intent of forensic animation is to accu-
rately present the testimony of eyewitnesses or
experts to a jury, not to create a situation that is
not based in reality.

Similar concerns have been voiced in the past
about the reliance on expert testimony and the use
of other forensic reconstructions that attempt to indi-
cate what a long-missing person might appear like in
the present day.

The normal sharing of information by prosecu-
tion and defense will hopefully circumvent this recog-
nized risk that animation could be misused to create
a fictitious reality. For example, in the Chris Street
case, the opposing attorneys were able to view the
animations prior to their presentation in court, giving
them time to formulate their response strategy. As
well, an animation can be presented frame-by-frame,
with questioning and expert commentary provided
for each frame.

Another concern surrounding forensic anima-
tion, exemplified by the above example, is the cost
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of producing an animation. The high cost of produ-
cing a high quality animation, in the tens of thou-
sands of dollars, is often beyond the budget of a
defense team.

SEE ALSO Accident reconstruction; Computer forensics;
Crime scene staging.

Antemortem injuries

Antemortem injuries are those injuries a body
has received before death. They may be a contri-
buting factor in the death or even its cause. On the
other hand, they may have occurred many years
ago. During an autopsy, the pathologist assesses
the age of antemortem injuries, as well as distin-
guishing them from postmortem injuries—that is,
injuries occurring after death. Postmortem injury
can come from various sources such as deliberate
mutilation of a body by a murderer following a
homicide, predation by wild animals, or careless
handling in the mortuary. Postmortem injuries can
cause confusion over the manner and cause of
death.

One major difference between an antemortem
and a postmortem injury is the presence of signs
of bleeding. While the person is still alive, the
blood is circulating and any injuries such as cuts
or stabs will bleed. After death, the body usually
does not bleed. However, there are exceptions. For
instance, when a person drowns, their body usually
floats face down and this results in the head
becoming congested with blood. If the cadaver
receives a head injury by being buffeted around
in the water and colliding with boats or propellers,
then there could be some evidence of bleeding.
Scalp wounds sustained after death may also leak
some blood.

It can be especially difficult to distinguish
between injuries inflicted in the very last few minutes
of life and those caused postmortem. If the person
collapses, there may be areas of laceration (cuts or
scrapes) to the head and scalp which may be very
hard to interpret.

After death, the blood stays liquid in the
vessels and no longer clots. Careless handling of
a cadaver may produce some post-mortem bruising
which may need to be distinguished from antemor-
tem bruising. Blood also tends to pool under grav-
ity after death, causing a bruised appearance in
the lower limbs, arms, hands, and feet known as
lividity. Some of the smaller vessels may even
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hemorrhage under the pressure of this pooled
blood. These bruises could be confused with ante-
mortem bruising.

Recent research has focused on improved
techniques for distinguishing between an antemor-
tem and a postmortem injury by analyzing
damaged tissue. Antemortem injuries show signs
of inflammation, while postmortem injuries do
not. Chinese scientists have found that tissue from
antemortem injuries contains a chemical involved
in inflammation leukotriene B4 (LTB4). Postmor-
tem injuries were found to have no LTB4. This
could help the pathologist classify injuries more
accurately.

SEE ALSO Blood; Body marks; Pathology; Wound
assessment.

Anterior SEe  Anatomical nomenclature

Anthrax

Forensic science can involve the investigation
of an outbreak of illness or the death of an individual
that is caused by a microorganism. Some microbes
are especially toxic, and so are of forensic concern. A
good example is anthrax.

While anthrax is an ancient bacterial disease, the
disease again sprang to prominence following the
September 11, 2001, terrorist attacks on the World
Trade Center buildings in New York City and the
Pentagon in Washington, D.C. In the months follow-
ing these attacks, letters containing a powdered form
of Bacillus anthracis, the bacteria that causes
anthrax, were mailed to representatives of the U.S.
government and the media, among others. Five peo-
ple who acquired the disease died.

Bacillus anthracis can enter the body via a
wound in the skin (cutaneous anthrax), via contami-
nated food or liquid (gastrointestinal anthrax), or can
be inhaled (inhalation anthrax). The latter in particu-
lar can cause a very serious, even lethal, infection.

The disease has been present throughout
recorded history. Its use as a weapon stretches back
centuries. Hundreds of years ago, bodies of anthrax
victims were dumped into wells, or were catapulted
into enemy encampments. Development of anthrax-
based weapons was pursued by various governments
in World Wars I and II, including those of the United
States, Canada, and Britain.
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Humans naturally acquire anthrax from exposure
to livestock such as sheep or cattle or wild animals.
The animals are reservoirs of the anthrax bacterium.

While all three types of anthrax infections are
potentially serious, prompt treatment usually cures
the cutaneous form. Even with prompt treatment, the
gastrointestinal form is lethal in 25%-756% of those
who become infected. The inhaled version of anthrax
is almost always lethal.

When Bacillus anthracis is actively growing and
dividing, it exists as a large “vegetative” cell. But,
when the environment is threatening, the bacterium
can form a spore and become dormant. The spore
form can be easily inhaled. Approximately 8,000
spores, hardly enough to cover a snowflake, are
sufficient to cause the inhalation form of anthrax
when the spores resuscitate and begin growth in the
lungs.

The growing Bacillus anthracis cells have sev-
eral characteristics that make them so infectious.
First, the formation of a capsule around the bacter-
ium can mask the surface from recognition by the
body’s immune system. The body can be less likely
to mount an immune response to the invading bac-
teria. Also, the capsule helps fend off antibodies and
immune cells that do respond. This protection can
allow the organism to multiply to large numbers.

The capsule also contains a protein that protects
the bacterium. This protective antigen dissolves
other protein molecules that form part of the outer
coating of host cells. This allows the bacterium to
evade the host’s immune response by burrowing
inside host cells such as the epithelial cells that line
the lung.

A toxic component called lethal factor actively
destroys the host’s immune cells. Finally, another
toxic factor called the edema factor (edema is the
build up of fluid in tissues) disables a host molecule
called calmodulin. Calmodulin regulates many chemi-
cal reactions in the body.

With the various toxic factors, Bacillus anthra-
cts is able to overcome the attempts of the host to
deal with the infection. Bacterial toxins enter the
bloodstream and circulate throughout the body. The
destruction of blood cells and tissues can be lethal.

The early symptoms of anthrax infections
are similar to other, less serious infections, such
as the flu. By the time the diagnosis is made, the
infection can be too advanced to treat. This can make
the recognition of a deliberate anthrax attack
difficult to recognize until large numbers of casual-
ties have resulted. While the bacteria can be killed by
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Envelope in which an anthrax-laced letter was sent to Senate Majority Leader Tom Daschle, in Washington D.C., October 23, 2001.

© REUTERS/CORBIS.

antibiotics, in particular an antibiotic called cipro-
floxacin, the antibiotic needs to be administered

early in an infection.

A vaccine to anthrax does exist, although the
possibility of serious side effects has limited its use
to only those at high risk for infection (i.e., soldiers,
workers in meat processing plants, anthrax research-
ers). Vaccine researchers are exploring the possibility
that the edema factor and the capsule could be
exploited as targets of vaccines. The idea is that
the vaccines would stop the bacteria from getting
into host cells. This would make it easier for the
immune response to kill the invading bacteria.

SEE ALSO Antibiotics; Biological warfare, advanced
diagnostics; Biological weapons, genetic identification;

Bioterrorism; Vaccines.
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Anthrax, investigation of 200

murders

The 2001 anthrax letter attacks brought the first
known deaths ever caused by bioterrorism in the
United States. The fear that subsequently paralyzed
the nation focused attention on the new field of
microbial forensics, which is responsible not only
for tracing outbreaks of microbial diseases but also
on collecting data that must meet legal standards for

evidence.

The anthrax attacks began with the illness of
Robert Stevens, a sixty-three year old British immi-
grant employed as a photo editor at the Sun, a super-
market tabloid newspaper published by American
Media, Inc. in Boca Raton, Florida. Stevens became
ill on September 29 while vacationing with his wife in
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North Carolina. Initially, he felt fatigued and weak.
Later, he became feverish and had trouble breathing.
He then began vomiting and became delirious. Ste-
vens, having driven home, was admitted on October 2
to JFK Medical Center in the West Palm Beach, Flor-
ida suburb of Atlantis. The presumptive diagnosis
was meningitis, an inflammation of the membrane
covering the brain.

In the United States, only eighteen cases of
anthrax from inhaled spores were recorded in the
twentieth century. Despite the rarity of anthrax, Ste-
vens’ physician, Dr. Larry Bush, suspected the bac-
teria. He had a sample of Stevens’ blood sent to Anne
Beall, the lead medical technologist at Integrated
Regional Laboratories in Ft. Lauderdale. To detect
anthrax, Beall conducted a series of tests. She first
determined the motility of the bacteria or whether
they were capable of spontaneous movement. Moti-
lity can be observed through the microscope or, occa-
sionally, through the spread of growth in a culture
medium. Beall then checked the action of the bac-
teria upon red blood cells. When placed in a medium
containing red blood cells, some bacteria destroy the
cells in a process called hemolysis. The tests took
hours to complete because quantities of bacteria had
to first be grown for the procedures. The bacteria
taken from Stevens were nonmotile and nonhemoly-
tic. These are characteristics of anthrax bacteria.

In 1999, the Centers for Disease Control estab-
lished a bioterrorism preparedness and response pro-
gram. The Florida State Laboratory in Jacksonville,
part of the CDC network, received the Stevens’ sam-
ples according to protocol. Dr. Philip Lee, Florida’s
biological defense coordinator, examined the bac-
teria according to CDC procedures for suspected
anthrax.

Lee conducted three tests: capsular staining, a
polysaccharide test of the cell wall, and a gamma
phage test. Capsular staining identifies whether the
bacillus has a capsule, a thick outer coating. The test
by itself is not conclusive for anthrax because some
other bacteria are also encased in capsules. The poly-
saccharide test checks to see whether the cell wall
contains a specific sign, a polysaccharide, which is
specific to anthrax and a few other bacteria. A posi-
tive result is not a confirmation of anthrax. However,
if both the capsular and polysaccharide tests are
positive, the bacteria are almost certainly anthrax.
The gamma phage test is based on the knowledge
that certain viruses, known as phages, can enter and
infect bacteria. A gamma phage can infect anthrax.
The test involves introducing gamma phages to sus-
pected anthrax. If the bacterial cells split open, or
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lyse, they are virtually certain to be anthrax. All three
tests indicated anthrax.

With anthrax confirmed, the CDC needed to
determine how Stevens became exposed to the bac-
teria and to identify other possible cases. Stevens, who
died on October 5, never recovered sufficiently to
assist in the investigation. Investigators initially sus-
pected that he had encountered anthrax, which typi-
cally strikes animals, by drinking from a stream in
North Carolina. CDC-organized teams of federal, state,
and local investigators interviewed people, swabbed
surfaces, and collected samples for testing at the
places where Stevens worked, lived, shopped, fished,
hiked, and visited in Florida and North Carolina.

At this point, American Media employees
recalled that a mailroom clerk had gone home sick
with symptoms similar to those of Stevens. The clerk
had entered a Miami hospital on October 1 and had
received large doses of the antibiotic ciprofloxacin or
Cipro. The clerk survived. Cipro, more than any other
antibiotic, is effective against a large variety of
anthrax strains.

Preliminary testing indicated that Bacillus
anthracis was present in samples taken from the
American Media building where Stevens worked and
the computer keyboard that he used. There was no
reason why anthrax should be present in these areas.
Investigators concluded that Stevens had been delib-
erately exposed. Jean Malecki, director of the Palm
Beach County Health Department, ordered the Amer-
ican Media building closed. It has never reopened.
About 1,000 people who were considered at risk of
developing anthrax by being present in the building
some time since August 1 had their nostrils swabbed
to test for the presence of anthrax, and were given a
ten-day supply of antibiotics.

The ill mailroom clerk indicated the mode of
transmission of anthrax into the American Media
building. Some Sun employees recalled a trifolded
letter containing powder and a small, plastic, gold-
colored Star of David charm. They were uncertain of
the text of the letter. Stevens had taken the letter and
sat down at his keyboard with it on September 19.

On October 15, the Florida Department of Health
announced that anthrax had been found in the Boca
Raton post office. Spores were found in an area
where mail was sorted for pickup by American
Media.

Meanwhile, an NBC employee in New York City
received a diagnosis of cutaneous anthrax (anthrax
lesions of the skin) on October 12. By October 25,
nasal swabs had been taken from 2,580 people in
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New York City and preventive Cipro had been given
to 1,306. All seven confirmed cases were connected
to the media: two at NBC, three at the New York Post,
and one each at ABC and CBS.

Health authorities recovered the letter sent to
NBC. Addressed to anchorman Tom Brokaw, it con-
tained hand-printed capital letters that stated, “This
is next. Take precautions now. Death to America.
Death to Israel. Allah is Great.” Three other anthrax
letters were later found and all were postmarked Tren-
ton, New Jersey, the imprint made at the large postal
sorting and distribution center on Route 130 in Hamil-
ton Township, ten miles from Princeton. Investigators
swabbed 561 mailboxes and delivered the cotton tips
to state laboratories. Only one mailbox, on a street
corner in Princeton, tested positive for anthrax.

On October 15, anthrax was found in letters sent
to prominent U.S. Senators Tom Daschle (D-South
Dakota) and Russell Feingold (D-Wisconsin). Twenty
members of Daschle’s staff were exposed, as were
two Feingold workers and six responders from the
Capitol Hill Police. The Hart Office Building, home to
Daschle and Feingold, was ordered closed on Octo-
ber 16 and would not open again until January 2002,
when decontamination had been completed. The
Capitol and all five remaining Congressional office
buildings were also closed for screening. In subse-
quent weeks, suspicions of anthrax prompted
closings throughout the Washington, D.C. area,
including parts of the Federal Reserve Building, the
U.S. Supreme Court, the Pentagon, and the State
Department.

The mail processing facility that served Congress
is located on Brentwood Road in Washington, D.C.
Four of the Brentwood employees became ill with
inhalation anthrax and two died. In a postal center,
anthrax spores might settle not only in the nasal
passages or skin of workers but also on sorting
machines and other mail. Each newly infected piece
of mail could become a potential anthrax carrier.
Inhalation anthrax, apparently spread through cross-
contaminated mail, killed Kathy Nguyen, a Vietna-
mese immigrant hospital supply worker in Manhattan
on October 31 and Ottilie Lundgren, an elderly rural
Connecticut woman on November 21.

Naming the anthrax investigation “Amerithrax,”
the Federal Bureau of Investigation released a profile
of the suspect on November 9. According to the FBI,
the anthrax mailer was likely an adult male with a
scientific background or a strong interest in science.
He had access to a source of anthrax, knew how to
refine it, and had familiarity with the Trenton, New
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Jersey area. A non-confrontational person and a
loner, the mailer probably tended to hold grudges
for a long time.

Some scientists and journalists publicly speculated
that the anthrax mailer had ties to the government
since anthrax is not easy to obtain. The anthrax that
had been discovered in the New York City and
Washington, D.C. letters belonged to the Ames strain
of anthrax. First acquired by the U.S. army for vaccine
research at Fort Detrick, Maryland, Ames anthrax was
discovered when it infected some cows in Texas in
1981. When samples were later sent to other military
and civilian labs, the strain was named “Ames” after the
return address label of a government lab in Ames, Iowa.
Some samples of the Ames strain were sent to allies
overseas, including one batch that went to the British
biological defense establishment at Porton Down.

The timing of the anthrax attacks, right after the
September 11 terrorist attacks on the Pentagon and
World Trade Center, also raised suspicions that
foreign terrorists were responsible. Two of the
September 11 hijackers had lived in South Florida,
not far from American Media headquarters, and one
was reportedly treated for cutaneous anthrax. The
FBI, preferring the theory of a lone domestic terror-
ist, continues to pursue leads as of 2005.

SEE ALSO Anthrax; Antibiotics; Bacterial biology;
Bacteria, classification; Biological weapons, genetic
identification; Bioterrorism; Criminal profiling; Cross
contamination; FBI (United States Federal Bureau of
Investigation); Mail sanitization; September | I, 2001,
terrorist attacks (forensic investigations of).

Anthropology

Anthropology is the study of the behavior, origin,
and physical and social development of humans. The
term forensic refers to the gathering of scientific
physical evidence for use in a court of law. Thus,
forensic anthropology is the use of anthropology to
gather and examine scientific evidence. Forensic
anthropologists use a blend of sciences, such as biol-
ogy, chemistry, physics, and anatomy to aid in the
investigation of crimes.

One of the primary roles of a forensic anthropol-
ogist at a crime scene is to identify human remains. A
forensic anthropologist uses scientific methods and
technologies to answer key questions about the crime
such as: how many victims are present? Who are
they? When did they die? How did they die? Most of
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A member of the Guatemalan Forensic Anthropology Unit cleans a human skull in 2004 that was exhumed from a mass grave after a
decades-long armed conflict in Guatemala left a toll of 500,000 people killed and 250,000 still missing. © CARLOS LOPEZ-BARILLAS/CORBIS

the answers to these questions come from studying
human skeletal remains.

The skull provides the most information for phy-
sical anthropologists. Craniosacral, or skull measure-
ments (especially between the eye sockets and the
jaw bone,) often help forensic anthropologists deter-
mine the race, age, and sex of a body. Forensic
anthropologists can sometimes recreate the likeness
of a person from skeletal measurements. Teeth can
be compared to dental records as a means of identi-
fication. Holes, fissures, stains, and other abnormal-
ities indicate trauma and may help to determine
cause of death.

Forensic anthropologists also look at the size
and shape of the pelvis, as well as signs of wear in
the hip joint, to help determine the age and sex of
remains. They can tell whether a broken bone hap-
pened before, during, or after death. Evidence of
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bones that were broken during childhood and later
healed may help identify an adult body.

Forensic anthropologists may even be able to
determine what kind of career a victim may have
had by examining skeletal remains. Ridges that form
where muscle tissue attaches to bone indicate that a
person’s job required physical labor. Ridges may
also indicate if a person was right or left handed.
Looking at microscopic lines in bone fragments
yields clues about the overall health of person
before death.

Often, physical anthropologists must work with
badly decomposed, charred, or damaged remains
instead of well-preserved, whole skeletons. When
working with fragments, forensic anthropologists
employ technologies such as CAT scans and x rays.
They may attempt to gather DNA evidence to identify
remains.
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Forensic anthropology is not only used to inves-
tigate present-day crimes, but is also applied to exam-
ine historical events. For example, forensic
anthropologists have played a significant role in iden-
tifying the remains of wartime military personnel,
even decades after the event. This type of forensic
anthropology is sometimes referred to as forensic
archaeology.

SEE ALSO Ancient cases and mysteries; Anthropometry;
Archaeology; Careers in forensic science; DNA
mixtures, forensic interpretation of mass graves;
Identification of war victims in Croatia and Bosnia; War
forensics.

Anthropometry

The measurement of the human body, its compo-
nent parts and relative dimensions, such as body
weight, height, length of limbic bones, pelvic bones,
skull, etc., is known as anthropometry. The word
anthropometry comes from the Greek anthropos,
meaning man, plus the word metron, meaning mea-
sure. Anthropometry is a scientific tool presently
used in several fields including medicine, anthro-
pology, archeology, and forensic science to study
and compare relative body proportions among human
groups and between genders. For instance, by com-
paring relative body and bone proportions between
two groups of children of the same age, under normal
and abnormal conditions, physicians can determine
the impact of malnourishment upon the physical
development during childhood. Anthropologists com-
pare cranial and body proportions to identify sets of
characteristics common to individuals of a given race
and the morphological differences among races.
Paleontologists are able to tell historical periods
using anthropometry—such as whether a set of ske-
letal remains pertains to a Neanderthal (man, woman,
or child) or to a Homo Sapien.

Anthropology is the discipline that has developed
anthropometrical comparison studies into a set of
reliable standardized data and mathematical formu-
lae, which are now useful for both modern forensic
science and archeology. Presently, anthropometry is
a well-established forensic technique, which uses
anthropological databanks to calculate computa-
tional ratios of specific bones and skull features asso-
ciated with differences between genders and with
specific races. For instance, the size and conforma-
tion of pelvic bones and skull structures can indicate
gender; the length of the long bones of limbs allows
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the estimation of height. The metric proportions of
skull features, given by the size, shape, and relative
position of structural bones such as the temporal
bones and the mastoid process, superciliary ridge,
supraorbital foramen, zygomatic bone, nasal bone,
mandible, ocular orbits, etc., may indicate race (Cau-
casian, Asian, African, or Native American), age
(fetus, newborn, child, young adult, etc.), and gender.

When a complete skeleton is available, the level
of reliability in establishing sex, age, and race
through anthropometrics is almost 100%. Pelvic
bones alone offer a 95% reliability, while pelvic bones
plus the skull result in an accurate estimation 98% of
the time. Sex can be determined by studying the size
and shape of some skull bones and by comparing
them with the well-established dimorphisms (differ-
ences in shape) between human male and female
skulls. For instance, the mastoid process, a conic
protuberance forming the posterior part of the right
and left temporal bones, is large enough in males for
the skull to rest on it on the surface of a table. In the
female skull, however, the mastoid process will tilt
backward to rest on the occipital area or other por-
tions of the skull. This happens because the mastoid
process in the female skull is not large enough to
keep it in a balanced position on a flat surface. Gen-
der dimorphisms are also found in many other human
bones.

Forensic anthropometry may also indicate the
nutritional status of an individual, along with existing
degenerative diseases or infections at the time of
death. Such information may be combined with other
kind of circumstantial and forensic data to identify
human remains and to determine the cause of death.

Anthropometry was not always considered a true
science, however, because it initially gave rise to sev-
eral political and social pseudo-scientific assump-
tions, and even to some poorly based medical
theories, especially during the nineteenth and early
twentieth centuries. Cesare Lombroso (1836-1908),
an Italian physician, published a series of essays,
“The Criminal Man” (1875), “Algometrics of the Sane
and the Alienated Man” (1878), “The Delinquent Man”
(1897), and, in 1900, “The Crime, Causes and Reme-
dies,” stating that two types of criminal temperaments
existed, the criminoid and the natural-born criminal.
Lombroso claimed that some specific anthropometri-
cal body proportions were associated with each type
of criminal. According to Lombroso, the natural-born
criminal, whose urge to commit crimes was beyond
his own will due to a hereditary psychological illness
and compulsion, had prominent, long jaws and low
eyebrows. The criminoid type of criminal, such as
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L'anturoroMETRIE. — Mesure de l'oreille (p. 295, col. 1.

Engraving ca.|885-1900 of a man taking measurements of a
criminal’s ear according to an anthropometrical system for
criminal identification developed by Alphonse Bertillon.

© BETTMANN/CORBIS.

pickpockets and petty thieves, had long narrow fin-
gers and scanty beards. Through facial, skull, and
hand anthropometrics, Lombrose developed what
came to be known as these Lombrosian Types.

Paul Broca (1824-1880), a French surgeon inter-
ested in brain morphology, published his anthropo-
metrical studies in his essays “General Instructions
for the Anthropological Investigation” and “Craniolo-
gical and Craniometrical Instructions.” Broca
declared that women should be denied higher educa-
tion because their cranial volume was smaller than a
man’s. According to Broca, the reduced cranial
volume of women indicated that human females were
less intelligent than males.

Another example of pseudo-scientific use of
anthropometrics involved claims by Nazi scientists
during World War II (1939-1945) that they
could establish racial profiles of pure Aryan popula-
tions, along with profiles of non-Aryans that they
considered inferior, on the basis of measurements
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of skull and facial proportions and other body char-
acteristics.

These unfounded misuses of anthropometrics
gave way to more sound scientific approaches
after 1950. Besides forensics, anthropometrics are
now also used in industry for sizing clothing,
machines, and other products to fit the people
who use them.

SEE ALSO Anthropology; Osteology and skeletal
radiology; Pathology; Pseudoscience and forensics;
Sex determination; Sexual dimorphism.

Antibiotics

A variety of infectious diseases are caused by
bacteria. Some bacterial infections can be treated
using compounds that are collectively known as anti-
biotics. Antibiotics act only on bacteria, and are not
effective against viruses.

The presence of antibiotics in blood or tissue
samples obtained after death (post-mortem samples)
can be an important clue to the presence of an infec-
tion in the deceased.

The unique chemical structure of an antibiotic,
relative to the natural tissue, can allow the compound
to be detected. For example, cephalosporin antibio-
tics have been successfully detected in post-mortem
samples using the technique of high-pressure liquid
chromatography, which separates compounds
based on their differing rates of movement through
a porous support material.

Antibiotics can be naturally produced. For exam-
ple, the first antibiotic discovered (penicillin; discov-
ered in 1928 by Sir Alexander Fleming) is produced
by a species of a mold microorganism. There are a
variety of different naturally produced antibiotics,
while many other antibiotics have been chemically
produced.

Prior to the discovery of penicillin there were
few effective treatments to battle or prevent bacterial
infections. Pneumonia, tuberculosis, and typhoid
fever were virtually untreatable. And, in those per-
sons whose immune systems were not functioning
properly, even normally minor bacterial infections
could prove life-threatening.

In nature, antibiotics (or antimicrobials) help
protect a eukaryotic cell (i.e., plant cell) or bacteria
from invading bacteria (in some environments, bac-
teria may be in competition). In the laboratory, this
protective advantage is evident as the inhibition of
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growth of bacteria in the presence of the antibiotic-
producing species. Screening for antimicrobial activ-
ity is done on preparations that are obtained from a
variety of sources (soil, water, plant extracts). This
screening can be automated so that thousands of
samples can be processed each day.

The chemical synthesis of antibiotics is now very
sophisticated. The antibiotic can be tailored to affect a
specific target on the bacterial cell. Three-dimensional
modeling of the bacterial surface and protein mole-
cules is an important aid to antibiotic design.

Penicillin is in a class of antibiotics called beta-
lactam antibiotics. The name refers to the chemical
ring that is part of the molecule. Other classes of
antibiotics include the tetracyclines, aminoglyco-
sides, rifamycins, quinolones, and sulphonamides.
The action of these antibiotics is varied. The targets
of the antibiotics are different. Some antibiotics
disrupt and weaken the cell wall of bacteria (i.e.,
beta-lactam antibiotics), which causes the bacteria
to rupture and die. Other antibiotics disrupt enzymes
that are vital for bacterial survival (aminoglycoside
antibiotics). Still other antibiotics target genetic
material and stop the replication of deoxyribonucleic
acid (DNA) (i.e., quinolone antibiotics).

Antibiotics can also vary in the bacteria they
affect. Some antibiotics kill only a few related types
of bacteria and are referred to as narrow-spectrum
antibiotics. Other antibiotics such as penicillin kill a
variety of different bacteria. These are the broad-
spectrum antibiotics.

Following the discovery of penicillin, many differ-
ent naturally occurring antibiotics were discovered
and still many others were synthesized. They were
extremely successful in reducing many infectious dis-
eases. Indeed, in the 1970s the prevailing view was
that infectious diseases were a thing of the past. How-
ever, beginning in the 1970s and continuing to the
present day, resistance to antibiotics is developing.

As of 2005, the problem of antibiotic resistance is
so severe that many physicians and scientists think
that the twenty-first century will initiate the “post
antibiotic era.” In other words, the use of antibiotics
to control infectious bacterial disease will no longer
be an effective strategy.

Resistance to a specific antibiotic or a class of
antibiotics can develop when an antibiotic is overused
or misused. If an antibiotic is used properly to treat an
infection, then all the infectious bacteria should be
killed directly, or weakened such that the host’s
immune response will kill them. However, if the anti-
biotic concentration is too low, the bacteria may be
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weakened but not killed. The same thing can happen if
antibiotic therapy is stopped too soon. The surviving
bacteria may have acquired resistance, which can be
genetically transferred to subsequent generations of
bacteria. For example, many strains of Mycobacter-
tum tuberculosis, the bacterium that causes tubercu-
losis, are resistant to one or more of the antibiotics
currently used to treat the lung infection. Some strains
of the Staphylococcus aureus bacteria that causes
boils, pneumonia, or bloodstream infections, are resis-
tant to most (and with one strain, all) antibiotics.

SEE ALSO Anthrax; Bioterrorism; L-Gel
decontamination reagent; Pathogens.

Antibody

Among the many techniques used in forensic
science are those that involve the specific immuno-
logical recognition of a protein (the antigen). The
protein molecule that recognizes an antigen is called
an antibody.

An antigen-antibody reaction is exquisitely speci-
fic. This permits the unequivocal detection of a pro-
tein. As well, some antigen-based methods are highly
sensitive, and so permit the quantification of very
small amount of the protein antigen.

Antibodies are also referred to as immunoglobu-
lins (Igs). Specific genes for antibodies direct the con-
struction of antigen specific regions of the antibody
molecule. Such antigen-specific regions are located at
the ends of the arms of the Y-shaped immunglobulin
molecule. The central core of the immunoglobulin is
more constant in construction. Genetic engineering
and the use of various mutational mechanisms allows
the construction of a vast array of antibodies (each
with a unique genetic sequence).

There are five different antibody types (Ig G, A,
M, D, and E), each with a different Y-shaped config-
uration and function.

IgG is the most common type of antibody. It is
the chief Ig against microbes. It acts by coating the
microbe to hasten its removal by other immune sys-
tem cells. It gives lifetime or long-standing immunity
against infectious diseases. It is highly mobile, pas-
sing out of the blood stream and between cells, going
from organs to the skin where it neutralizes surface
bacteria and other invading microorganisms. This
mobility allows the antibody to pass through the
placenta of the mother to her fetus, thus conferring
a temporary defense to the unborn child.

35



ANTIGEN

The antibody responsible for allergic reactions,
IgE, acts by attaching to cells in the skin called mast
cells and basophile cells (mast cells that circulate in
the body). In the presence of environmental antigens
like pollens, foods, chemicals, and drugs, IgE releases
histamines from the mast cells. The histamines cause
the nasal inflammation (swollen tissues, running
nose, sneezing) and the other discomforts of hay
fever or other types of allergic responses, such as
hives, asthma, and in rare cases, anaphylactic shock
(a life-threatening condition brought on by an allergy
to a drug or insect bite). An explanation for the role
of IgE in allergy is that it was an antibody that was
useful to early man to prepare the immune system to
fight parasites. This function is presently overex-
tended in reacting to environmental antigens.

The presence of antibodies can be detected when-
ever antigens such as bacteria or red blood cells are
found to agglutinate (clump together), or where they
precipitate out of solution, or where there has been a
stimulation of the plasma complement system. Antibo-
dies are also used in laboratory tests, including the
analysis of forensic samples, for blood typing and for
the identification of target microorganisms or toxins.

The use of antibodies in forensic investigations is
also called forensic serology. Blood typing is a com-
mon example of forensic serology. Here, antibodies
against the A or B proteins that can be present on the
surface of a blood cell are used to differentiate the four
types of blood (A, B, AB, and O). If blood cells have
only the A antigen present, then in the presence of the
anti-A antibody, the cells can agglutinate. However, in
the presence of anti-B antibody, which does not recog-
nize the antigen, the cells will not agglutinate.

Antibodies are also used to discriminate blood
from someone with a blood-related malady (i.e.,
sickle-cell anemia), based on the presence or one or
more abnormal enzymes in the blood.

Other forensic serology applications include the
detection of drugs, noxious compounds like toxins,
and past exposure to specific microorganisms.

SEE ALSO Analytical instrumentation; Antigen;
Biosensor technologies; Immune system.

Antigen

Antigens, which are usually proteins or polysac-
charides, stimulate the immune system to produce
antibodies. The antibodies inactivate the antigen and
help to remove it from the body.
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This ability of antigens to stimulate antibody
production is very useful in forensic analyses. Detec-
tion of an antibody to a target molecule (botulinum
toxin, for example) provides powerful evidence that
a victim or suspect had been exposed to the particu-
lar antigen. In the case of a death, this evidence can
help determine the course of events.

By definition, anything that makes the immune
system respond to produce antibodies is an antigen.
Antigens are living foreign bodies such as viruses,
bacteria, and fungi that cause disease and infection.
Or they can be dust, chemicals, pollen grains, or food
proteins that cause allergic reactions.

Antigens that cause allergic reactions are called
allergens. A large percentage of any population, in
varying degrees, is allergic to animals, fabrics, drugs,
foods, and products for the home and industry. Not
all antigens are foreign bodies. They may be pro-
duced in the body itself. For example, cancer cells
are antigens that the body produces. In an attempt to
differentiate its “self” from foreign substances, the
immune system will reject an organ transplant that
is trying to maintain the body or a blood transfusion
that is not of the same blood type as itself.

There are some substances such as nylon, plas-
tic, or Teflon that rarely display antigenic properties.
For that reason, nonantigenic substances are used for
artificial blood vessels, component parts in heart
pacemakers, and needles for hypodermic syringes.
These substances seldom trigger an immune system
response, but there are other substances that are
highly antigenic and will almost certainly cause an
immune system reaction. Practically everyone reacts
to certain chemicals, for example, the resin from the
poison ivy plant, the venoms from insect and reptile
bites, solvents, formalin, and asbestos. Viral and bac-
terial infections also generally trigger an antibody
response from the immune system. For most people
penicillin is not antigenic, but for some there can be
an immunological response that ranges from severe
skin rashes to death.

Another type of antigen is found in the tissue
cells of organ transplants. If, for example, a kidney
is transplanted, the surface cells of the kidney con-
tain antigens that the new host body will begin to
reject. These are called human leukocyte antigens
(HLA), and there are four major types of HLA sub-
divided into further groups. In order to avoid organ
rejection, tissue samples are taken to see how well
the new organ tissues match for HLA compatibility
with the recipient’s body. Drugs will also be used to
suppress and control the production of helper/sup-
pressor T-cells and the amount of antibodies.
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Red blood cells with the ABO antigens pose a
problem when the need for blood transfusions arises.
Before a transfusion, the blood is tested for type so
that a compatible type is used. Type A blood has one
kind of antigen and type B another. A person with
type AB blood has both the A and B antigen. Type O
blood has no antigens. A person with type A blood
would require either type A or O for a successful
transfusion. Type B and AB would be rejected. Type
B blood would be compatible with a B donor or an O
donor. Since O has no antigens, it is considered to be
the universal donor. Type AB is the universal recipi-
ent because its antibodies can accept A, B, AB, or O.

SEE ALSO Analytical instrumentation; Antibody;
Anthrax, investigation of 2001 murders; Biosensor
technologies; Immune system.

Archaeology

Forensic archaeologists use archaeological tech-
niques to help solve or study crimes. The term foren-
sic relates to the law, often describing material
appropriate for presentation in court. Archaeology
is the scientific study of the past through the analysis
of materials (artifacts) and remains within their con-
text, or surrounding area. Using a blend of many
sciences, forensic archaeologists examine human
skeletal remains and other materials to gather physi-
cal evidence. Not all sites examined by forensic
archaeologists are linked to a crime or a court case.

A forensic archaeologist who is examining a site
attempts to gather evidence about the events that
took place at that site. They may seek answers to
questions such as: who is buried here? Did the person
die here or somewhere else? How many people were
here? What materials did they leave behind? How old
is this site? Is it related to another historical or crim-
inal event? What other activities happened here?

Investigating both recent and historical events,
the work of forensic archaeologists aids both law
enforcement and historians. When studying historical
sites, forensic archaeologists use many of the same
investigative techniques as they do when examining
present-day crime scenes. Forensic archaeologists
have located sites of mass murder in Rwanda and
the former Yugoslavia. They have investigated histor-
ical sites associated with the Holocaust. Law enforce-
ment employed forensic archaeologists to investigate
the World Trade Center site of the September 11,
2001, terrorist attacks in New York.
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Forensic archaeologists employ in the field many
of the same techniques that forensic anthropologists
use in the lab. Often, forensic archaeologists work to
recover information from the smallest of materials,
such as a single hair, tooth, clothing fiber, or bone
fragment. Modern medical and scientific investigative
technologies aid their research. A forensic archaeol-
ogist may use CAT scans or x rays to examine ancient
remains, such as mummies, without destroying
them. DNA analysis is used to determine if or how
remains found in close proximity are related to each
other. They study human skeletal remains and teeth
for clues about age, sex, health, trauma, and date and
manner of death. For example, a forensic archaeolo-
gist may examine damage to a skull to determine
that the victim died from a trauma to the head. They
may even be able to tell what kind of weapon, from
an ancient projectile point to a modern gun, inflicted
the injury.

Forensic archaeologists also carefully scrutinize
the area that surrounds remains. The relationship
between remains and the environment in which they
are found is known as context. They may use
complex remote sensing technologies to look
below ground and locate burials or other sites.
Alternatively, a forensic archaeologist may use clas-
sical archaeological techniques such as using probes
to feel for loose dirt, observing patterns of discolored
surface soil, or surveying an area for abnormal sur-
face features, like shallow depressions or small
mounds.

SEE ALSO Ancient cases and mysteries; Anthropology;
Careers in forensic science; Crime scene investigation.

Architecture and structural
analysis

Since the collapse of the World Trade Towers in
New York on September 11, 2001, there has been
greatly increased emphasis on studies of structural
analysis and the design of architecture able to with-
stand acts of terrorism. Historically, structural analy-
sis has also been employed in the construction of
biochemical, petrochemical, and industrial plants, in
order that they might withstand accidental chemical
explosions.

Since 9/11, buildings, and the sites upon which
they are constructed, have become increasingly
designed to withstand and minimize the devastating
effects of terrorist weapons and bomb blast loads. In
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addition, emphasis has been placed on retrofitting
existing structures, in order to make them less vul-
nerable to terrorist attack. Much structural analysis
research (also called blast mitigation research) has
been done since 9/11, with the goal of understanding
the mechanisms and factors that cause structural
damage in a blast, minutely characterizing the
sequence of structural responses during a blast, and
quantifying the likely effects on the human inhabi-
tants of the building in the event of a blast. There
are a variety of means of gathering this data: exten-
sive study of the aftereffects of actual terrorist events
(such as the World Trade Towers, the Murrah Build-
ing in Oklahoma City, the Pentagon, and the Khobar
Towers bombing in Saudi Arabia), assessment of
existing architecture, creating controlled explosions
in experimental structures, and the use of computer
modeling sequences.

There has been much forensic, architectural,
and structural analysis of the debris remaining after
the collapse of the World Trade Towers, in part
because there was a general expectation that the
structures should have been able to withstand the
impact of the aircraft. The Towers were built
between the mid-1960s and the early 1970s, and
were intended as a model of modern architecture.
They utilized modular construction, and were com-
prised of very lightweight materials. The World
Trade Towers were squared; the width of each face
measured 64 meters (209.97 feet). They spanned 411
meters (1348.43 feet) above street level, and were
placed on foundations that reached 21 meters (68.90
feet) below the ground. The height to width ratio of
the Towers was 6.8. Each Tower weighed approxi-
mately 500,000 tons (1,000,000,000 pounds), and
was built to stand firm against hurricane wind force
of 225 kilometers per hour (139.81 miles per hour)
and to withstand a wind load of 2 kilopascals (41.77
pounds per square foot) and a lateral wind load of
5,000 tons (10,000,000 pounds). In order to meet
all of the structural integrity requirements, the
architecture comprised a “perimeter tube” design,
containing 244 exterior columns of 36 centimeter
square (1.18 feet) steel box sections on 100 centi-
meter (3.28 feet) centers. Inside each perimeter
tube was a 27-meter (88.58 feet) by 40-meter
(131.23 feet) core, which was designed to support
the weight of the Tower. The elevators, stairwells,
mechanical risers, and the utilities were also
housed within the core. The core was attached to
the perimeter at each floor level by web joists that
were 80 centimeters (2.62 feet) tall; these were
covered with concrete slabs used to create the
floors of the structures.
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This type of building design is often referred to
as an egg crate structure; it is actually about 95% air
and 5% solid material. In comparison, most other
buildings constructed during the same era contained
massive columns seated on 5 meter (16.40 feet) cen-
ters, with enormous amounts of masonry designed to
carry the brunt of the structural load.

The “airiness” of the Towers was the reason that
the rubble and debris left by the buildings’ collapse
only rose a few stories above the ground. The
strength of the structures resulted from their redun-
dancy; that is, the architecture was such that if a few
columns were destroyed, the load would redistribute
among the remaining columns, with no appreciable
loss of structural integrity.

Each Tower contained more than 1,000 times the
mass of the aircraft that crashed into it, and had been
constructed to be able to withstand steady wind loads
of 30 times the weight of each plane. Had the blasts
been confined only to impacts, with no resultant fires,
the Towers could probably have remained standing.
The Towers’ collapse resulted from the fires caused
by the explosion, and resultant ignition, of approxi-
mately 90,000 liquid gallons of jet fuel. Initially, it was
hypothesized that the heat of the fire melted the steel
girders in the structures, causing the Towers to col-
lapse. After forensic investigation and structural ana-
lysis, that was found to be incorrect. The fire caused
by the blast was characterized as “diffuse and fuel-
rich,” meaning that the fuel and air mixed together in
unpredictable and uncontrolled ways after the blast,
and there was more fuel than there was fire. In fuel-
rich fires, the excess fuel is heated, but unburned.
This was apparent in the Trade Tower fires because
of the copious amounts of thick, black smoke given
off; which was a by-product of incompletely burned
fuel. The structural analysts estimated that the tem-
perature during the fire was in range of 750°C-800°C
(1382°F-1472°F), which is generally too low to melt
steel (requiring a minimum of 1,500°C or 2732°F).
Structural steel starts softening at about 425°C
(797°F), and its strength is halved at 650°C (1202°F).
However, even loss of half their structural steel
strength should not have caused the Towers to col-
lapse. The critical issue was the uncontrolled nature
of the fire: it caused differential buckling and struc-
tural distortion in some areas, leading to the buildings’
collapse.

As the structural analysts reconstructed the sce-
nario, using both direct examination of rubble and
structural steel, computer modeling, and simulation
scenarios, the perimeter tubes of the World Trade
Towers were able to withstand the initial impacts of
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Remains of the World Trade Center in New York after the September | I, 2001, terrorist attack. Scientists studied the remaining
structural beams to help determine the mechanism of the buildings’ collapse. © PAUL COLANGELO/CORBIS

the aircrafts, shifting loads from severed or damaged
columns to those left standing. The extraordinary
speed of the fire’s spread generated very high heat,
causing weakening, softening, twisting, and buckling
of structural steel. The Towers’ most vulnerable
points were deemed by the analysts to be the angle
clips connecting the floor joists between the core
structure and the columns on the perimeter walls.
As the joists fell away on the most seriously burned
floors, the outer box columns began to bow outward.
The outward bowing caused the affected floors to
collapse and fall downward; it also caused the floors
above them to implode downward, setting in motion
a domino effect that caused the Towers to collapse
vertically within approximately 10 seconds, hitting
the ground at a velocity of about 200 kilometers
(124.27 miles) per hour.

Overall, the analysts deemed the Towers did not
contain structural defects; they were simply not cre-
ated to withstand the intentional impact of airliners
filled with incendiary jet fuel. Their conclusion: the
buildings were impossible to save; rather than
attempting to build terrorist impervious structures,
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it is more practical to focus on creating better emer-
gency preparedness (communications, emergency
response, and evacuation) systems.

SEE ALSO Aircraft accident investigations; Building
materials; Computer modeling; Endothermic reaction;
Exothermic reactions; Explosives; Fire debris; First
responders; NTSB (National Transportation Safety
Board).

Arson

Arson is typically defined as the malicious burn-
ing of property. It is important to understand that
arson is a legal term, and the definition varies from
one country to another or even between different
states within a country. The Uniform Crime Report
(UCR) of the Federal Bureau of Investigation defines
arson as: “any willful or malicious burning or attempt
to burn, with or without intent to defraud, a dwelling
house, public building, motor vehicle or aircraft, per-
sonal property of another, etc.” When a fire occurs,
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fire investigators, crime scene investigators, or foren-
sic scientists are called to the scene to determine the
origin and cause of the fire and the potential of arson.

The general definition of arson means that some-
body deliberately or intentionally set fire to a prop-
erty in order to destroy it, with a criminal intent. The
person who decides to burn dead leaves in a back-
yard is normally not charged with arson, as it is his/
her own property and there is no criminal intent.
Criminal intent can be very broad. It includes gain
of profit, fraud, persecution, or causing injury. The
crime of arson is a very serious offense, punishable
by several years of imprisonment. Also, there are
some state’s statutes, such as those in Georgia, which
extend the crime of arson to fires that are acciden-
tally created during the execution of a felony. These
recent statutes were created in order to respond to
the accidental fires and explosions that took place in
neighborhood drug laboratories, such as methamphe-
tamine labs. With these new statutes, law enforce-
ment agencies and prosecutors can, for example,
charge a criminal with arson if a house was burned
down due to an accidental fire started during the
manufacturing of methamphetamine. In intentional
burnings, the charge of arson can extend in some
states to the person who ordered the burning and
not only to the person who actually performed the
act of setting the property on fire.

Individuals who commit arson (arsonists) can be
characterized in a variety of ways. About 90% of
arsonists are men and about 50% are younger than
18 years old. Juvenile fire setters are a great concern,
and several programs have been created in the United
States to identify these juveniles and address their
problem behaviors. There are different motives for
committing arson and they are usually classified into
categories, such as profit, spite, excitement, crime
concealment, and vandalism.

Arson for profit includes all arsons committed
with the expectation of obtaining a gain from the
perpetrator (arsonist). It is important to note that
the perpetrator does not necessarily need to obtain
gain, but to show the intent that gain was going to be
obtained. The gain can be direct or indirect. An exam-
ple of direct gain would be the collection of the
insurance money for the replacement of a burned
house. Indirect gain would be an increase of business
by eliminating (burning) the competitor who was
doing business across the street. One of the most
important arsons for profit committed in the United
States is insurance fraud. This kind of criminal act is
relatively widely spread in the United States. Some
arsonists found it easier to burn their homes rather
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than to invest money to repair them. Also, when a
vehicle arrives at the end of a lease and the mileage is
excessive, arsonists have burned the car, simulating
an accidental fire, rather than paying for the extra
mileage.

Arson for spite is also known as arson for revenge.
This type of arsonist wants to take revenge against
a person, a group of persons, an organization or insti-
tution, or against society, in general. Some activist
organizations for peace, or groups who fight violence
against animals, for example, have regularly com-
mitted arson and destroyed laboratories or headquar-
ters of research facilities for the sake of their cause.

Arson for excitement is committed by people
who are bored, in need of attention, or sexually sti-
mulated by the crime of arson. These criminals are
considered dangerous, as they do not have a particu-
lar target, and will burn any place or thing that would
fulfill their need for excitement, attention, or get
them the recognition they think they deserve.
Because of the random nature of excitement moti-
vated arsons, when one arsonist commits several
burning acts, they are often difficult to profile.

Arson for crime concealment is performed when
criminals try to hide another crime. For example,
after murdering an individual, the house is set on fire,
destroying the body and much of the evidence of the
murder activities. In some instances, a vehicle that
was stolen for a joy ride or to commit another crime,
such as a robbery, is set on fire in order to destroy
evidence that would link the authors to the theft.
Criminals are aware that fire is a powerful weapon
to achieve destruction of evidence. Fortunately, there
are many forensic techniques that have been devel-
oped throughout the years to retrieve different
evidence, such as blood patterns or fingerprints,
after a fire.

Arson for vandalism is typically performed by
young criminals or juvenile fire setters for no appar-
ent reason. Schools or educational facilities are often
the target of such crimes.

In the United States, the crime of arson is typically
first investigated by the fire department. The fire
department is the first agency to be on scene to pro-
ceed with extinguishing the fire. The fire chief usually
determines if the fire occurred among suspicious cir-
cumstances and if arson investigator needs to be
called. If the fire is considered as arson, either the fire
department pursues the investigation, or other law
enforcement agencies are contacted for assistance.
Most states have state fire marshal offices that specia-
lize in arson investigation. Also, at the federal level,
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Students at Centenary College (Hackettstown, New Jersey)
observe burning patterns in several staged fires during an
arson investigation course, taught by former Somerset County
arson investigator Professor Norman Cetuk, March 4, 2004.
AP/WIDE WORLD PHOTOS. REPRODUCED BY PERMISSION.

the Bureau of Alcohol, Tobacco, Firearms (ATF), is
also involved in arson investigation and has the great-
est number of arson investigators at the federal level.
The ATF also has several National Response Teams
(NRT), which can travel to assist other law enforce-
ment agencies. While most fires are in the jurisdiction
of local authorities, there is one exception to this rule:
church fires. In 1996, in order to respond to an
increase in the number of deliberate church fires, Pre-
sident Bill Clinton formed the National Church Arson
Task Force (NCATF). The goal of the NCATF was to
allocate federal resources to the investigation of
church fires around the country. The ATF and the
FBI are the main agencies that investigate these fires.
The NCATF coordinated investigations of 945 church
arsons or bombings that occurred between January 1,
1995, and August 15, 2000, which led to the arrest of
431 suspects in connection with 342 incidents. This
represents a clearance rate of about 36%, more than
twice than the national average.
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Arson is a serious problem in many countries and
more particularly in the United States. This is
reflected in local and national statistics. In 2003,
there were 37,500 structure fires reported as arson
in the U.S. These fires resulted in 305 deaths and
692 million dollars in damage. They represented
approximately 3% of all structure fires that occurred
in 2003 in the United States. In addition, there were
about 30,500 vehicle fires reported as arson that
resulted in a dollar loss of approximately 132 million
dollars. Fortunately, these figures are in regression
for the last ten years as there were 90,500 structure
fires in the United States for the year 1995, resulting
in 1.6 billion dollars of direct loss. The UCR reports
approximately the same number of offenses for 2003,
but adds the proportion of cleared offenses, which is
16.7%. It also specifies that arson occurs at the rate of
30.4 offenses per 100,000 inhabitants.

There are several organizations that provide pro-
grams and information or training to fight against
the crime of arson. The National Fire Protection
Association (NFPA) provides training documents
and statistics for fire and arson investigators. The
National Insurance Crime Bureau (NICB) provides
statistics and training. The Insurance Committee for
Arson Control (ICAC) provides publications and
seminars to increase public awareness of the arson
problem and help insurance companies fight the pro-
blem of arson.

SEE ALSO Accelerant; Fire debris; Profiling.

Art forgery

The imitation of works of art, from paintings to
sculpture, has been carried out for hundreds of years.
Students and followers have always made copies of
the works of master artists as part of their instruc-
tion. There are many artists, both amateur and pro-
fessional, who like to paint or draw in the style of
those they admire. There is nothing morally wrong or
illegal with this kind of copying or imitation. Art
forgery, however, is different. It involves passing a
copy of the artist’s work off as created by the original
artist, usually for financial gain. Where fraud or
deception is involved, establishing whether a work
of art is a forgery becomes a forensic investigation.

Art forgery can be extremely difficult to detect
and investigate. There may be many forged works of
art in museums and galleries around the world, and in
private collections. Experts may be unaware if the
forgery is accomplished cleverly, of the existence of a
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Four old frescoes adoming the walls of St. Mary’s Church in
Luebeck, Germany, are considered expertly painted and “aged”
forgeries. A German artist, Lothar Malskat, claimed they were
painted by him in the 1950s. ® BETTMANN/CORBIS

forged artwork, or they may be reluctant to admit
they have been deceived. Sometimes the forger is
more interested in getting the better of a dealer or
collector than they are in their own financial gain. In
such cases, transactions may be covered up and it is
difficult to prove whether a criminal act has actually
taken place.

For instance, the Spanish surrealist painter Salva-
dor Dali (1904-1989) gave away around 20,000 blank
sheets of paper with his signature, triggering a flood of
forged Dali prints. Dealers would pay $2,000 to $20,000
for these fake prints. The art world also abounds with
fake Picasso, Chagall, and Mir6 prints—to the extent
that some experts are now reluctant to authenticate
prints from certain modern artists because of the
sheer volume of work it involves.

Distinguishing an authentic work of art from a
forgery requires a blend of technical expertise and a
profound knowledge of art history and the work of
individual artists. Forgers do, however, often give
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themselves away even before laboratory analysis of
their work begins. They often add an element of their
own natural style, or they may unknowingly include
some contemporary period detail that the historian
will notice immediately. Art experts also comment on
a “lack of freedom” to many forgeries, as the forger
sometimes uses more rigid brush strokes or lines to
capture details of the original work. After all, the
thought processes of a grand master creating a work
of art is quite different from those of someone far less
talented who is merely trying to imitate him or her.
Often this difference will spill out into the work,
although the forger may not be aware of it.

A full analysis of a possible forgery, however,
must rely on more than the expert opinion of an art
historian. A laboratory analysis of the materials used
to create the work is required, using techniques such
as X-radiography and infrared reflectography. Mod-
ern artistic materials, such as paper, inks, and paints
are different in composition today from those used
hundreds of years ago. It is true that old materials
can be re-created and used today, so one could, the-
oretically, fake a Rembrandt in the twenty-first cen-
tury using seventeenth century style materials.
However, the presence of acrylic paints, which first
became available in the 1930s, would readily give
away a Rembrandt fake. Rembrandt remains one of
the most imitated artists of all time. To complicate
matters, his signature is often found on works done
by lesser artists. Works of art also age from the
moment they are created owing to exposure to the
atmosphere, handling, and other factors. The expert
forger may try to artificially age his or her work to
make it look as if it was created long ago.

Although many types of artwork are forged, the
examination of a typical oil painting illustrates many
of the general principles of detecting a forgery. A
painting is composed of four layers: support, ground
layer, paint layer, and varnish. The support is often
made of wood or canvas. The analysis of a wood
support can be very informative because modern
fakes are often painted on older wood panels to make
them look authentic. Dendrochronology, the exam-
ination of growth ring patterns, can sometimes be
used to age the wood itself. X rays will penetrate to
the wood layer and reveal the construction of a panel,
including features like saw marks. Manual saws were
used to make artists’ supports before the introduc-
tion of mechanical saws during the nineteenth cen-
tury Industrial Revolution. Manual saws leave
characteristic uneven marks. If the investigator finds
regular saw marks on a painting claimed to be of
seventeenth century origin, this will be a strong indi-
cation of a fake.
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The investigator might focus on the edge of the
painting, using a special magnifier or infrared light to
detect the nature of the ground layer. Such testing is
non-destructive to the painting. Sometimes an inva-
sive test might be carried out. This is not quite a bad
as it sounds; a tiny pinprick is made in the painting,
perpendicular to its surface and the sample
extracted. If the sample is taken at the edge of a
painting, or at an area that is already damaged, the
harm done to the work is minimal. This cross-
sectional sample can then by studied by x-radiogra-
phy or microscopy to reveal all four layers and their
composition. These can be compared with cross sec-
tions of authenticated work from the artist to see if
there is a resemblance.

A technical examination of the paint layer can
help to confirm a work’s age and authenticity. The
investigator will look at the materials themselves and
how they were handled, which may be characteristic
of the individual artist. The pigments that give paints
their color have evolved over time and this history is
quite well known. Earth colors, derived from miner-
als such as iron oxide came first, followed by greens
(malachite), blues (azurite), and black (charred ani-
mal bone). Animal and vegetable dyes such as indigo
and saffron also have a long history. The nineteenth
century saw the introduction of synthetic dyes such
as the anilines. These were far more chemically and
physically stable. Analysis by visible spectroscopy
can reveal the chemical composition of an organic
pigment and x-ray analysis might be used for
inorganic pigments such as titanium dioxide. If the
pigments prove too modern for its alleged date, then
there are various possibilities. The work may be a
forgery, a genuine painting which has been touched
up, or the dating may be in error.

Examination and photography of the paint
layer with a microscope or magnifying glass, per-
haps using light directed at an angle, is important.
Surface irregularities may be observed, as well as
features such as tiny particles arising from the use
of hand-mixed pigments. Ready-mixed pigments,
which have a smoother appearance, are a more
modern development. Examination of the paint
layer in ultraviolet light can show re-painted areas
as dark spots. A re-paint is not necessarily a sign
of forgery; some artists re-painted as a matter of
course. If a re-paint is found in the work said to
be of an artist who did not alter their work, then
it is cause for suspicion. This may be a sign of a
forger trying to correct a mistake. Similarly, infra-
red reflectography can reveal underdrawings in a
painting. The paint layer is transparent to infrared
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light that passes through, but is absorbed by
drawing lines beneath and reflected by the rest
of the ground layer. This creates an image of the
underdrawings in infrared light that can be photo-
graphed. While some artists would begin their
work with a sketch used as a basis for the paint-
ing, others never did. The investigator would be
alerted if an underdrawing was revealed in work
alleged to come from one of the latter. Conver-
sely, the lack of an underdrawing might be indi-
cative of forgery, if it was said to come from an
artist who never did them.

The aging of paint shows itself by a character-
istic cracking pattern known as craquelure. Exam-
in