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Publisher’s Note

This entirely new and comprehensive refer-
ence work, Forensic Science, addresses the rap-
idly growing academic and public interest in the
application of the sciences to criminal investiga-
tions. The extent of this interest can be mea-
sured by the expansion of academic courses on
forensics and criminal justice in schools and col-
leges and by the proliferation of popular televi-
sion programs, both dramatic and documen-
tary, on crime scene investigations. Articles in
Forensic Science’s three volumes cover many
topics that figure prominently in the media;
however, the set’s basic approach to forensic sci-
ence is factual, and it lays great stress on offer-
ing up-to-date material on hard topics in this
rapidly advancing field.

Often called simply “forensics” within the le-
gal world, forensic science is essentially the
application of the natural sciences to the ana-
lyzing and interpreting of legal evidence, partic-
ularly in criminal cases. Since the beginning of
the twenty-first century—and especially since
the terrorist attacks on the United States of
September 11, 2001—there has been an explo-
sion of both public and academic interest in the
use of forensic techniques to investigate crimi-
nal acts. American television audiences have
developed a seemingly insatiable appetite for
shows such as CSI: Crime Scene Investigation
and Bones that go into the minutiae of forensic
techniques. During the spring of 2008, as many
as five such shows ranked among the fifteen
top-rated television programs during any given
week. However, while these shows tend to em-
phasize crimes of violence, particularly murder,
the real-world applications of forensic science
are far broader.

It is clear that the forensic sciences play a
major role in investigations of murder and other
violent crimes. However, they also play equally
important roles in investigations into many
other types of criminal and civil cases, ranging
from arson fires and contract disputes to forg-
ery, paternity suits, and war crimes. Forensic
techniques are also often central to efforts to
identify victims of major accidents and natural

disasters. All these subjects are covered in de-
tail within these volumes.

Scope of This Set

Forensic Science contains 460 articles ar-
ranged in alphabetical order that range in
length from 500 to 3,000 words. The set ap-
proaches the forensic sciences from several dif-
ferent perspectives. The primary perspective is
that of investigators in the diverse subspecial-
ties that make up the forensic sciences. The im-
pressive variety of these fields can be seen at a
glance in the titles of articles such as Forensic
accounting, Forensic anthropology, Forensic ar-
chaeology, Forensic botany, Forensic entomol-
ogy, Forensic geoscience, Forensic nursing,
Forensic odontology, Forensic palynology, Fo-
rensic pathology, Forensic photography, Foren-
sic psychiatry, Forensic psychology, Forensic
sculpture, and Forensic toxicology. Those topics
are joined by Ballistics, Computer forensics,
Cryptology and number theory, Living foren-
sics, Parasitology, Physiology, Serology, Struc-
tural analysis, Taphonomy, Thanatology, Viral
biology, and Wildlife forensics.

Attention is also given to the many profes-
sional organizations in forensic science fields,
such as the American Academy of Forensic Sci-
ences, the American Society of Crime Labora-
tory Directors, and the International Associa-
tion of Forensic Toxicologists. In addition to the
core articles on subspecialties and allied fields,
the set has articles on 30 specific types of inves-
tigations, ranging from Alcohol-related of-
fenses, Arson, and Art forgery to Ritual killing,
Sports memorabilia fraud, and Suicide.

More than 100 articles focus on investiga-
tive techniques and procedures. These include
overviews of general subjects such as accident
investigation and reconstruction, crime scene
investigation, and quantitative and qualitative
analysis of chemicals, along with more special-
ized techniques and procedures, such as autop-
sies, chromatography, crime scene photography,
fingerprint analysis, and polygraph analysis.
More than 35 articles examine specialized
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equipment, such as biodetectors and other detec-
tion devices, protective gear, and chemical re-
agents.

A second broad perspective in Forensic Science
might be called the scene of the crime. Particu-
larly important within this category are articles
on types of evidence, such as fire debris, fibers
and filaments, glass, soil, and bloodstains. Other
articles cover both general and specific aspects of
chemical and biological agents, such as biotoxins,
carbon monoxide, illicit drugs, and a variety of
poisons. At the center of crime scenes are the par-
ticipants—the offenders, victims, and witnesses.
More than 40 articles cover diverse diseases,
medical conditions, and injuries, including vari-
ous kinds of wounds.

A third broad perspective in Forensic Science
is the role of the forensic sciences in the American
legal system. The set includes brief articles on
some of the most important federal laws applying
to controlled substances, such as the Harrison
Narcotic Drug Act of 1914, the Controlled Sub-
stances Act of 1970, and the Anabolic Steroid
Control Act 0of 2004, as well as such international
agreements as the Chemical Weapons Conven-
tion of 1993. Articles on selected U.S. Supreme
Court decisions, including Miranda v. Arizona,
and a variety of important legal principles, such
as habeas corpus and mens rea, also help to illu-
minate the legal dimensions of the forensic sci-
ences. Law-enforcement bodies and government
investigative units covered in the set include the
U.S. Drug Enforcement Administration, the Fed-
eral Bureau of Investigation, and the U.S. Secret
Service as well as the Environmental Measure-
ments Laboratory and the National Transporta-
tion Safety Board.

A fourth perspective of Forensic Science—and
one that should have wide appeal to many read-
ers—is its extensive coverage of specific histori-
cal subjects. These range from overviews of an-
cient criminal cases and crime mysteries and
ancient science to examinations of such high-
profile modern criminal cases as the O. J. Simpson
murder trial, the Unabomber case, and criminal
cases involving celebrities. The set also includes
articles on such subjects as the Lindbergh baby
kidnapping case, the exhumations of the remains
of U.S. presidents Zachary Taylor and Abraham
Lincoln, and mysteries surrounding the deaths of

the French emperor Napoleon I and composer
Ludwig van Beethoven. These historical topics
serve as fascinating case studies in the practical
application of forensic science.

Finally, Forensic Science makes a special ef-
fort to address depictions of forensics in the me-
dia. Long overview articles examine misconcep-
tions fostered by the media and the treatment of
forensic science in television, literature, and
journalism. Briefer articles cover such iconic in-
dividual television programs as CSI, Cold Case,
and Forensic Files. A special appendix offers brief
descriptions of many other television programs.

Organization and Format

The set’s alphabetical arrangement—which
includes headnote cross-references of alternative
terms (such as “Lie detectors. See Polygraph
analysis”)—makes topics easy to find. As in Sa-
lem’s other encyclopedic reference works, articles
in Forensic Science contain helpful top matter
that defines the topics and offers compact sum-
maries of their relevance to forensic science.
Every article also contains a “Further Read-
ing” section, followed by a generous list of cross-
references to related topics within the set. The
text of the articles is supplemented by more than
250 photographs and more than 180 maps,
charts, graphs, and illustrative sidebars.

The appendixes in volume 3 include a guide to
Internet resources, a directory of television
shows in which forensic science figures promi-
nently, a biographical directory of key figures in
the history of the field, a time line of major
events, an annotated bibliography of general
works, and a glossary. Additional finding aids in-
clude a general subject index at the end of volume
3, the complete list of the set’s contents at the be-
ginning of each volume, and a list of topics by
category at the end of each volume.
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A

Accelerants

Definition: Any substances, most commonly
ignitable liquids, used intentionally to in-
crease the rate and spread of fires.

Significance: In a fire investigation, the pri-
mary goal is to identify whether the fire
was accidental or intentional. The pres-
ence of an accelerant at a fire scene is often
indicative of an intentional fire, or arson.
Accelerants can be identified from fire de-
bris through conventional forensic anal-
ysis.

Accelerants are commonly used in arson fires
because they provide additional fuel in areas
where the items present may not burn easily.
Arsonists often pour accelerants over the areas
they want to burn to ensure that their fires
spread as much as possible to maximize damage
and destruction. Common accelerants are com-
mercially available ignitable liquids—such as
gasoline, lighter fluid, and kerosene—that are
readily accessible to the arsonist. The identifi-
cation of an accelerant is significant evidence in
a fire investigation because it suggests that the
fire was set intentionally.

Identification at the Fire Scene

The identification of accelerants at fire
scenes is often a challenge for investigators. Ex-
amination of the fire debris by various tech-
niques can be useful in identifying the origin of
a fire and any areas of potential accelerant use.
After the preliminary identification of a poten-
tial accelerant source, samples can be collected
and taken back to the forensics laboratory for
further analysis.

The types of fire debris most likely to contain
sufficient accelerant residue for analysis are po-
rous materials, such as wood and carpet, which
can trap residual liquid. Accelerant residue can
also pool in the cracks in floors, where it is some-
what protected from the fire. Investigators
should collect and store any debris suspected to

contain accelerant residue in airtight contain-
ers, preferably metal paint cans with friction
lids, to eliminate the possibility of the loss of the
volatile components within the samples.

Extraction Techniques

Gas chromatography coupled with mass spec-
trometry is the most common technique used
for the analysis of accelerants from fire debris.
Before fire debris evidence can be analyzed us-
ing the dual instrument known as the gas
chromatograph-mass spectrometer (GC-MS),
however, the accelerant residue must first be
extracted from the debris that was collected.
Several techniques can be used to perform this
extraction, and each has its own advantages
and disadvantages.

In a solvent extraction, the fire debris is
washed with a solvent that will dissolve the
accelerant residue but not the debris, such as
carbon disulfide. The extract can then be in-
jected directly into the GC-MS. A drawback of
solvent extraction is that large amounts of po-
tentially hazardous solvents are required to
perform an efficient extraction; in addition, this
method does not concentrate the accelerant res-
idue effectively. Although solvent extraction
was at one time a popular method, it has gener-
ally been replaced by quicker, more efficient
preconcentration techniques.

In passive headspace extraction, the metal
paint can used to collect the debris is heated
so that any accelerant present is vaporized and
becomes saturated within the area above the
debris in the can, which is known as the
headspace. Asmall hole is made in the top of the
can and a gastight syringe is used to draw up a
sample of the vapor in the headspace, which can
then be injected into the GC-MS. Passive head-
space extraction is biased toward the more vola-
tile components, but it minimizes the capac-
ity for cross-contamination of the evidence
because the accelerant residue is extracted from
the same container in which the debris was col-
lected.
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A forensic scientist who specializes in arson study analyzes data from an arson scene in the Kentucky State Police Crime Lab in Franklin

County. Arrayed on the counter to his left are several substances that are used as accelerants in arson fires. (AP/Wide World Photos)

A variation of the passive headspace extrac-
tion technique is adsorption/elution, in which
the debris is heated in the can with a strip of ac-
tivated charcoal suspended in the headspace.
The accelerant vapor is trapped on the strip,
from which it is dissolved by a solvent for injec-
tion into the GC-MS. Adsorption/elution is af-
fected by the same volatility bias as the passive
headspace method, but because the vapor is con-
centrated onto the charcoal strip, adsorption/
elution greatly decreases the potential loss of
low-volatility compounds.

The solid-phase microextraction (SPME) tech-
nique employs a coated fiber that is housed in a
retractable apparatus. The can containing the
debris is heated, and this fiber is subjected to
the headspace of the can, where the accelerant
vapor adsorbs onto the fiber. One advantage of
SPME is that the fiber apparatus can be placed
directly into the injection port of the GC-MS.
The heat of the injection port causes the ac-
celerant trapped on the fiber to desorb from the
fiber so that it can be carried into the instru-
ment for analysis. Another advantage of SPME
is its potential use for on-site accelerant collec-
tion. An investigator can use the SPME fiber ap-
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paratus to adsorb accelerant vapor at the fire
scene; with the fiber retracted into the appara-
tus, it is protected from the environment and
can be transported directly to the laboratory for
analysis.

Instrumental Analysis

Although many techniques have proven use-
ful in accelerant identification, gas chromatog-
raphy (GC) is by far the most commonly used
technique in the forensics laboratory for fire
debris analysis. GC is a separation technique
that is capable of isolating the numerous indi-
vidual compounds present in typically complex
accelerants. The result of a GC analysis is a
chromatogram, which is essentially a chart in
which all the components are represented as in-
dividual peaks. The pattern of these peaks does
not change for a substance and thus is charac-
teristic of that substance. Therefore, when an
accelerant residue is examined by GC, its peak
pattern can be matched to the peak pattern of a
known sample of the same accelerant analyzed
for comparison.

When GC is coupled with mass spectrometry
(MS), the chemical composition of a sample can
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be identified conclusively. The pairing of GC
and MS allows the identification of individual
peaks within the peak pattern and thus is the
standard convention for accelerant identifica-
tion. It should be noted that accelerant identifi-
cation is considered class evidence because it
cannot be individualized to one source. For ex-
ample, if an accelerant is identified to be gaso-
line, the pump or even the service station from
which it was purchased cannot be determined
because of the inherent variation in the process
of refining crude oil.

The American Society for Testing and Mate-
rials (ASTM), an organization that generates
and maintains standards for procedures and
materials in a wide array of fields, has devel-
oped standard accelerant classes for the identi-
fication of accelerants in court. The ASTM clas-
sification system for ignitable liquids provides a
standardized method of accelerant description
for forensic scientists. In this system, nine
classes of ignitable liquids are subdivided into
three boiling point ranges (light, medium, and
heavy). The nine classes—gasoline, petroleum
distillates, isoparaffinic products, aromatic prod-
ucts, naphthenic-paraffinic products, normal
alkane products, dearomatized distillates, oxy-
genated solvents, and a final miscellaneous
grouping—and their subdivisions provide stan-
dard guidelines for the identification of ignit-
able liquids based on chemical composition.

Difficulties in Identification

Although chromatographic pattern match-
ing is the convention for the identification of
accelerants in a forensics laboratory, some fac-
tors can alter chromatographic patterns and
make it difficult for investigators to identify
conclusively any accelerant that may be pres-
ent. Most common accelerants contain refined
petroleum products, which are mixtures of hy-
drocarbons, and several of these hydrocarbons
are found in everyday household products. For
example, basic carpeting such as that found in
many homes contains compounds similar to
those found in common accelerants. This over-
lap presents a problem for a scientist attempt-
ing to identify an accelerant that soaked into a
carpet before it was burned.

An efficient extraction technique, such as

Accelerants

adsorption/elution or SPME, can separate an
accelerant from the fire debris itself. Investiga-
tors can also use a data-processing technique
called extracted ion chromatography (EIC)—in
which specific characteristic peaks can be iso-
lated from other peaks—to understand the data
more fully. Because of the potential problem of
interference, fire investigators should collect
several debris samples, including samples in
which no accelerant is expected to be found, in
order to understand which chromatographic
peaks correspond to the debris and which peaks
correspond to an actual accelerant.

Lucas J. Marshall

Further Reading

Almirall, José R., and Kenneth G. Furton, eds.
Analysis and Interpretation of Fire Scene Ev-
idence. Boca Raton, Fla.: CRC Press, 2004.
Presents comprehensive information about
fire scene investigation and the chemical
analysis of fire debris.

DeHaan, John D. Kirk’s Fire Investigation. 6th
ed. Upper Saddle River, N.J.: Pearson Pren-
tice Hall, 2007. Detailed volume covers the
physical nature and chemistry of fire and
also discusses the various types of fires.

Nic Daéid, Niamh, ed. Fire Investigation. Boca
Raton, Fla.: CRC Press, 2004. Compilation
provides material on the basics of fire investi-
gation with emphasis on laboratory recon-
struction and analytical techniques.

Redsicker, David R., and John J. O’Connor.
Practical Fire and Arson Investigation. 2d ed.
Boca Raton, Fla.: CRC Press, 1997. Presents
extensive information on the various under-
takings of the fire investigator, from scene in-
vestigation to courtroom testimony.

Saferstein, Richard. Criminalistics: An Intro-
duction to Forensic Science. 9th ed. Upper
Saddle River, N.J.: Pearson Prentice Hall,
2007. Textbook discusses the different foren-
sic science fields, including arson investiga-
tion.

Tilstone, William J., Kathleen A. Savage, and
Leigh A. Clark. Forensic Science: An Encyclo-
pedia of History, Methods, and Techniques.
Santa Barbara, Calif.: ABC-CLIO, 2006. Gen-
eral reference work covers a broad range of
topics in forensic science.
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See also: Arson; Bureau of Alcohol, Tobacco,
Firearms and Explosives; Burn pattern analy-
sis; Column chromatography; Fire debris; Gas
chromatography; Mass spectrometry; National
Church Arson Task Force.

Accident investigation and
reconstruction

Definition: Collection and analysis of evi-
dence at the scenes of transportation acci-
dents to create models explaining what
happened.

Significance: In determining responsibility
for motor vehicle and other kinds of trans-
portation accidents, forensic scientists
attempt to reconstruct what happened
during these events by analyzing the
available evidence. The testimony of acci-
dent investigators often plays a role in
criminal and civil proceedings that stem
from accidents.

In the United States, transportation accident
investigation and reconstruction are usually
carried out by police departments. Some acci-
dent investigations, however, fall under federal
jurisdiction. The National Transportation
Safety Board (NTSB), formed in 1967 as part
of the U.S. Department of Transportation, re-
placed the Civil Aeronautics Board and ex-
panded the role of the federal government in
accident investigation and reconstruction. The
NTSB became an independent agency in 1975;
its duties include the investigation of all civil
aviation accidents in the United States as well
as all major railroad, highway, marine, and
pipeline accidents and any transportation acci-
dents that involve the release of hazardous ma-
terials. Private companies also offer accident
investigation and reconstruction services.

Accident Investigators

When transportation accidents occur, law-
enforcement agencies, insurance companies,
manufacturers of the vehicles involved, and the
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persons involved, including those injured, all
have interests in understanding the causes
of the accidents and in assigning responsibil-
ity. Police officers normally are the first individ-
uals to investigate traffic accidents. Typically,
when a serious accident has taken place, the po-
lice deal first with any injured people and any
hazardous situations created by the accident;
they then record information that will allow
them to assess how the accident occurred. Most
police officers in the United States receive at
least brief training in accident investigation;
some receive additional specialist training. The
accuracy and completeness of the evidence col-
lected by the police at an accident scene affects
the degree of accuracy of the accident recon-
struction.

In accidents that fall under the jurisdiction of
the NTSB, the NTSB becomes the lead investi-
gative agency. In such a case, the role of the lo-
cal police department initially is to handle any
casualties and hazards caused by the accident
and then to preserve the scene to the greatest
degree possible. NTSB specialists are experi-
enced investigators with strong academic back-
grounds in forensic science, physics, structural
engineering, aeronautical engineering, and sim-
ilar fields. NT'SB investigators are qualified to
serve as expert witnesses in court.

Insurance companies often have their own
accident investigators. These investigators, as
well as independent investigators hired by at-
torneys and other interested parties, often en-
ter the accident and reconstruction process af-
ter much of the debris from the accident has
been cleared away. They may have the opportu-
nity to examine the damaged vehicles, but in at-
tempting to reconstruct the accident they usu-
ally must depend on other evidence collected by
the police at the accident scene.

Some disagreement exists among experts
in accident reconstruction concerning the de-
gree of training and education necessary to
qualify an individual as an accident and recon-
struction specialist and as an expert witness.
Since 1991, the Accreditation Commission for
Traffic Accident Reconstruction (ACTAR) has
promoted voluntary standards for traffic acci-
dent investigators in order to encourage accu-
racy, consistency, and professionalism in acci-
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dent investigation and reconstruction. These
standards have not been universally adopted,
however.

At the highest level, accident reconstruction
specialists hold university degrees in engineer-
ing, mathematics, physics, or similar fields and
have years of experience related to crash analy-
sis and reconstruction. In the United States, the
National Academy of Forensic Engineers is em-
powered by the Council of Engineering and Sci-
entific Specialty Boards to certify accident in-
vestigation and reconstruction specialists as
“diplomate forensic engineers.” This is the high-
estlevel of certification, the engineering equiva-
lent of being a board-certified medical special-
ist. The International Institute of Forensic
Engineering Sciences also awards diplomate
status to qualified forensic engineers and foren-
sic science professionals.

At the other end of the spectrum, individuals
who do not even have high school diplomas can

Accident investigation and reconstruction

enroll in vocational training programs that fo-
cus on accident investigation and reconstruc-
tion. These programs call their graduates “certi-
fied accident reconstructionists,” although many
lack the background to do necessary mathemat-
ical analyses of accident scenes. Some courts in
the United States have begun to reject certified
accident reconstructionists as expert witnesses,
requiring those who provide expert testimony
on accidents to have higher levels of education
and expertise.

The Investigation Phase

After immediate needs involving injuries and
hazards have been attended to at the scene of an
accident, the investigation phase begins. In col-
lecting evidence at an accident scene, the inves-
tigators perform some or all of the following
tasks: taking witness statements, photograph-
ing damage to vehicles and property, measuring
and recording tire (skid) marks, recording paint

Crime novelist Patricia Cornwell examines the remains of a small plane dropped from a helicopter during an accident investigation exercise

for crime scene investigator trainees at the University of Tennessee’s National Forensic Academy in 2005. A bestselling author, Cornwell

writes mostly about cases involving a fictional medical examiner, Dr. Kay Scarpetta. (AP/Wide World Photos)
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and gouge marks, recording the postcrash loca-
tions of all vehicles involved, and recording the
positions of all pieces of debris from the accident
with photographs and measurements. Using
this information, the investigators create a grid
map of the crash scene that shows, with mea-
surements, where each skid mark, vehicle, and
piece of collision debris and damaged property
is located in relation to all others.

Primary accident investigators also use a
Haddon matrix to record situational evidence
relative to the accident. This tool, developed
around 1970 by Dr. William Haddon, the first
head of what later became the National High-
way Traffic Safety Administration, is a grid on
which investigators record information about
various conditions before, during, and after the
accident at the accident scene. The most com-
mon Haddon matrix used for traffic accidents
has three rows and three columns, creating nine
cells. The rows represent events occurring be-
fore the crash, during the crash, and after the
crash, respectively, and the columns identify
the following factors that could have affected
the accident in each time period: human factors
(for example, impaired vision, precrash alcohol
consumption, speeding, failure to wear a seat
belt), vehicle and equipment factors (for exam-
ple, failed brakes, nonfunctioning lights, mal-
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functioning air bags, poorly designed fuel tanks
that leaked or exploded), and physical, social,
and economic factors (for example, missing road
signs, nonfunctioning traffic signals, absence of
or poorly designed guardrails, cultural atti-
tudes toward alcohol consumption or speeding,
interference with or delayed emergency ser-
vices response).

The Reconstruction Phase

During the reconstruction phase, accident in-
vestigators apply their knowledge of the laws of
physics to the evidence to determine such ele-
ments as the speeds of the vehicles involved, the
angle of initial impact, the occurrence of second-
ary impacts, mechanical failures that may have
caused the accident, and environmental factors
that may affect responsibility for the accident.
Damage-based reconstruction is one of the old-
est and simplest forms of accident reconstruc-
tion. In this approach, the reconstructionist
looks at the damage done by and to vehicles and
property.

By using information from vehicle manu-
facturers and applying knowledge of the laws of
physics and structural analysis, the recon-
structionist is able to determine the approxi-
mate rates of speed of the vehicles and their
angle of impact. Damage-based reconstruc-
tion requires many assump-
tions and simplifications. For

and Confidence

Electronic Evidence Improves Precision

example, car manufacturers
provide the results of crash
tests for reconstruction en-
gineers, but in using such

Many new automobiles are equipped with event data recorders,
also known as black boxes. These boxes store data about cars’ speed
and handling that can provide crucial evidence in accident cases. In
November, 2004, Danny Hopkins was convicted of second-degree
manslaughter for causing the death of Lindsay Kyle in a car acci-
dent. The event data recorder in Hopkins’s car had shown that the
vehicle was traveling at 106 miles per hour just four seconds before
it crashed into the back of Kyle’s car, which was stopped at a red
light. If Hopkins’s car had not been equipped with an event data re-
corder, a forensic investigation of the physical evidence, such as skid
marks and crash damage, could have been used to estimate the
speed of the car. The recorder’s data evidence, however, provided
better precision, increasing the investigators’ confidence that the
driver’s speed was 106 miles per hour at the time of impact.

Linda Volonino

results, a reconstructionist
must assume that the vehicle
involved in the accident had
the same structural proper-
ties as a new vehicle of the
same model that was used in
the crash tests.

Ideally, damage-based re-
construction should be done
in conjunction with trajec-
tory-based reconstruction,
which is based on the princi-
ple that momentum (speed
multiplied by mass) is con-
served in a crash. Starting
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with where the vehicles and debris ended up af-
ter a crash, reconstructionists work backward to
determine the speed of each vehicle at impact.
This method must also take into account forces
such as friction of tires on the road, which re-
duces momentum, and whether the road was
wet or dry. The mathematics required to per-
form trajectory-based reconstruction can be
complex, and software programs are available
to help with these calculations.

Ultimately, the reconstruction of an acci-
dent is only as good as the original informa-
tion provided by those who measured and re-
corded the accident scene. All reconstructions
involve assumptions, simplifications, and inter-
pretations. Good reconstruction engineers are
able to explain their analyses and provide sci-
entific justifications for their conclusions that
will stand up to expert examination in a court
of law.

Martiscia Davidson

Further Reading

Andrews, Dennis R. “Accident Reconstruction
from the Outside in.” Claims 54 (June, 2006):
18-22. Presents a nontechnical explanation
of the information that can be gained from
traffic accident reconstruction.

Hermance, Richard. Snowmobile and ATV Acci-
dent Investigation and Reconstruction. 2d ed.
Tucson, Ariz.: Lawyers & Judges Publishing,
2006. Focuses on the investigation of acci-
dents involving off-road vehicles.

Palmer, Scott. “Fighting Fraud with Forensic
Intelligence.” Claims 55 (September, 2007):
54-59. Explains how accident reconstruction
can be useful in the investigation of insur-
ance claims.

Rivers, R. W. Evidence in Traffic Crash Investi-
gation and Reconstruction: Identification, In-
terpretation, and Analysis of Evidence, and
the Traffic Crash Investigation and Recon-
struction Process. Springfield, Ill.: Charles C
Thomas, 2006. Comprehensive volume ad-
dresses all aspects of the investigation of
traffic accidents, including preservation of
evidence and accident reconstruction.

Wheat, Arnold G. Accident Investigation Training
Manual. Clifton Park, N.Y.: Thomson/Delmar
Learning, 2005. Provides an extensive intro-

Acid-base indicators

duction to accident investigation, including
reconstruction techniques.

See also: Crime scene measurement; Crime
scene reconstruction and staging; Cross-
contamination of evidence; Direct versus cir-
cumstantial evidence; Flight data recorders;
Hit-and-run vehicle offenses; Valudet Flight
592 crash investigation.

Acid-base indicators

Definition: Substances that show the acidity
or alkalinity of solutions within a narrow
range.

Significance: Among the tools forensic scien-
tists use to identify unknown substances
are acid-base indicators, also known as pH
indicators. Such indicators can also enable
scientists to detect the presence of contam-
inating chemicals in solutions, and their
use in the analysis of human tissues can
provide clues to cause of death.

The acidity or alkalinity of a substance is indi-
cated by its pH, which is a measure of the con-
centration of hydrogen ions (H") in a solution.
The pH scale is logarithmic and ranges from 0 to
14. The lower the pH, the more acidic the solu-
tion, and the higher the pH, the more alkaline,
or basic, the solution; pH 7.0 is neutral and is
the pH of pure water.

Acid-base indicators are organic dyes that
change color depending on the concentration of
hydrogen ions present in a solution. The change
does not become visible at a precise point;
rather, it happens within a fairly narrow pH
range. Many different acid-base indicators are
available, and they change colors within differ-
ent pH ranges. For example, phenolphthalein is
colorless at a pH of 8.2 but turns red at a pH of
10. Methyl orange is red at a pH of 3.2 but turns
yellow at a pH of 4.4.

The most common acid-base indicator is lit-
mus paper. It comes in two forms, red and blue.
When dipped into a solution, blue litmus paper
turns red if the pH of the solution is 4.5 or below,
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indicating the solution is acidic. If the pH
of the solution is 8.2 or above, blue litmus
paper remains its original blue color. Con-
versely, red litmus paper remains red when
dipped into an acidic solution but turns
blue when dipped into a basic solution.
Most often, acid-base indicators are
used with a technique called titration. Ti-
tration allows analytical chemists to make
quantitative determinations of how much
acid or alkaline material is in a solution. In
the titration of an acid solution, a known
quantity of base is added until the correct
acid-base indicator changes color. The
chemist then measures how much base
was used and can calculate how much acid
is in the solution. The procedure is re-

versed with a basic solution.

When investigating an unknown sub-
stance such as a confiscated drug, a foren-
sic technician may dissolve a small amount
of the substance in water and then test its
pH. Conversely, if the substance has been iden-
tified and the pH of that substance in pure form
is known, the technician may dissolve a small
amount of the substance in water to see if the
pH varies from the known pH. If it does, this
suggests that the substance is contaminated
with another chemical.

Acid-base indicators are useful but crude an-
alytical tools. To complete most chemical analy-
ses, forensic scientists usually need to employ
more precise analytical tools.

Martiscia Davidson

Further Reading

Blei, Ira. and George Odian. General, Organic,
and Biochemistry: Connecting Chemistry to
Your Life. 2d ed. New York: W. H. Freeman,
2006.

James, Stuart H., and Jon J. Nordby, eds. Fo-
rensic Science: An Introduction to Scientific
and Investigative Techniques. 2d ed. Boca
Raton, Fla.: CRC Press, 2005.

Oxlade, Chris. Acids and Bases. Chicago: Heine-
mann Library, 2007.

See also: Crime scene screening tests; Quanti-
tative and qualitative analysis of chemicals; Re-

agents.
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Oldfashioned chemist's kit containing a series of litmus papers capable
of measuring different pH ranges. (© iStockphoto.com,/Oliver Bogler)

Actuarial risk assessment

Definition: Formation of judgments and pre-
dictions regarding dangerous behavior
through the application of formulas to par-
ticular variables and statistics in prepara-
tion for the adoption of necessary preven-
tive measures.

Significance: Forensic psychologists use nu-
merous factors to evaluate the likelihood
that particular persons will be involved in
violent and dangerous behavior. Predic-
tions based on actuarial risk assessment
influence many decisions made in the
criminal justice system.

Actuarial risk assessment is one of the many
tools that forensic psychologists use to evaluate
the likelihood of future violent and dangerous
behavior on the part of certain persons. Other
methods include clinical predictions, which are
based on evidence derived from counseling and
experience, and anamnestic predictions, in
which psychologists analyze the behavior of
specific persons in the past in similar situa-
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tions. The scientific community has demanded
greater reliability in predictions than either
clinical or anamnestic methods can provide, and
an outcome of this demand has been the use of
mathematical formulas to make predictions of
risk. Actuarial risk assessment thus employs
many of the tools of statistical analysis.

Uses of Risk Assessment

Many people and organizations rely on foren-
sic psychologists and similar experts to make
predictions of human behavior. For example, of-
ficials in the U.S. criminal justice system rely on
risk assessment in making decisions concerning
sentencing—for example, in deciding whether
to impose probation as a sentence instead of
incarceration or whether to sentence a violent
offender to death rather than life in prison. A
psychologist’s prediction concerning a given
individual’s risk of violent or inappropriate be-
havior could support the issuance of a restrain-
ing order in a domestic dispute or abuse case.
Risk assessment may also be used in child-
custody decision making and in decisions con-
cerning whether child visitation by a parent
should be supervised. Some companies use risk
assessment to evaluate the potential for violent
behavior in the workplace by terminated em-
ployees, and some educational institutions use
risk assessment to predict the likelihood of
school violence.

Experts also use actuarial risk assessment to
predict the potential for recidivism in determin-
ing whether to parole prisoners from correc-
tional facilities and in considering the release of
offenders who have been confined to mental
health facilities. One area of risk assessment
that has seen substantial growth concerns the
prediction of sexual offending. Predictions in
this area may influence whether particular re-
leased prisoners must register as sex offenders
with their local communities.

Forensic psychologists may also be called
upon to predict the likelihood that certain per-
sons will attempt suicide. In addition, psycholo-
gists may have a legal obligation to warn others
of any potential danger of harm from any per-
sons they are treating. In some cases, the goal of
risk assessment is to determine whether to com-
mit persons to mental health facilities involun-

Actuarial risk assessment

tarily because of the likelihood that they may
cause serious harm to themselves or others.
Risk assessment is also used to decide whether
persons who have been involuntarily confined
to mental health facilities have become stable
enough in their behavior that they are no longer
dangerous and can be released.

Risk Assessment Factors

Actuarial risk assessment involves looking at
statistical relationships between variables to
make judgments and predictions about future
behavior. Risk assessment involves a delicate
balance between protecting society from physi-
cal harm and ensuring that the rights and liber-
ties of the persons subjected to risk assessment
are not unduly restricted. Forensic psycholo-
gists look at various behavioral characteristics
and other factors to increase the accuracy of
their scientific approaches to risk assessment.
These factors are derived from research involv-
ing large groups of people who have exhibited
risky or violent behavior in the past and from
data gathered by professional clinicians. Some
of the factors or variables considered in risk as-
sessment are specifically associated with one
behavior, whereas others are predictive across
the entire array of potentially risky or danger-
ous behaviors.

One of the most significant factors consid-
ered in risk assessment is the presence or ab-
sence of a history of violent behavior. Other risk
factors include static predictors such as psycho-
logical and physiological characteristics of the
person and the person’s personal and family
history. Higher risk is associated with relation-
ship and employment instability, education
maladjustment, a history of drug and alcohol
abuse, and being young. Dynamic characteris-
tics—that is, characteristics that change over
time—that are associated with higher risk in-
clude a lack of insight about personal behavior,
the inability to control hostile and impulsive
behavior, negative emotions in response to
treatment, and ongoing psychotic symptoms
such as hallucinations. Finally, in assessing
risk, the person’s potential living environ-
ments and social networks must be considered,
as well as the person’s ability to harm others in
the future.
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Source: U.S. Bureau of Justice Statistics, 2008. Data represent aggregate violent victimization rates for murder,

rape, robbery, and assault.

Research has found that actuarial risk as-
sessment is more accurate than clinical assess-
ment. Jurors, however, tend to believe the testi-
mony of clinicians over that of actuarial experts,
as jurors perceive that clinicians have stronger
relationships with and thus more knowledge of
the persons being assessed. Despite the scien-
tific basis of actuarial risk assessment by foren-
sic scientists, the prediction of human behavior
is very difficult, and significant criticism has
been directed toward actuarial risk assessment.
Research has shown that a person’s behavior
changes over time and that actuarial prediction
has an accuracy rate of little more than 50 per-
cent.

Actuarial risk assessment continues to gain
acceptance among members of the scientific and
legal communities, however, and as risk factors
and formulas are enhanced through research,
the accuracy rates of this technique should also
improve in the future.

Carol A. Rolf
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Further Reading

Freeman, Naomi J. “Predictors of Rearrest for
Rapists and Child Molesters on Probation.”
Criminal Justice and Behavior 34, no. 6
(2007): 752-768. Compares the recidivism
rates of former prisoners who were convicted
of rape with those of former prisoners who
were convicted of child molestation.

Gran, Martin, and Niklas Langstrom. “Actuar-
ial Assessment of Violence Risk: To Weigh or
Not to Weigh?” Criminal Justice and Behav-
tor 34, no. 1 (2007): 22-36. Addresses the va-
lidity of using risk factors in actuarial formu-
las for the purpose of predicting violent
criminal behavior.

Prins, Her. Will They Do it Again? Risk As-
sessment and Management in Criminal Jus-
tice and Psychiatry. New York: Routledge,
1999. Using statistics and discussion of real
cases, compares and contrasts the low risk
of public harm posed by the mentally ill
with society’s perception of a high risk of
harm. Provides recommendations for man-
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aging risky behavior on the part of mentally
ill persons.

Webster, Christopher D., and Stephen J.
Hucker. Violence Risk: Assessment and Man-
agement. Hoboken, N.J.: John Wiley & Sons,
2007. Focuses on violent offenders and pro-
vides suggestions for protecting the rights of
these offenders when they are released from
mental health facilities and prisons while
also protecting the public from harm. In-
cludes a list of variables that should be con-
sidered in the process of risk assessment.

See also: Alcohol-related offenses; Child abduc-
tion and kidnapping; Child abuse; Daubert v.
Merrell Dow Pharmaceuticals; Forensic psy-
chology; Psychological autopsy; Sexual preda-
tion characteristics; Suicide; Tarasoff rule.

Adipocere

Definition: Naturally occurring substance
produced by dead bodies under certain
conditions from the hydrolysis of body fat
and a sufficient amount of water or mois-
ture.

Significance: Also called grave wax, corpse
wax, and mortuary wax, adipocere is com-
monly formed by the bodies of human be-
ings or animals with sufficient body fat
when they lie under wet or moist condi-
tions. The presence of this substance on a
human body may help or hinder forensic
scientists in estimating the postmortem
interval.

The production of adipocere by a body generally
requires an anaerobic surrounding (that is,
one without free oxygen), a sufficient quantity
of body fat (that is, adipose containing connec-
tive tissue with lipids present), and any of a va-
riety of bacteria that take oxygen away from
other compounds and thus assist in the hydro-
lysis of the fats. The material was first recog-
nized and described in the seventeenth century,
when Sir Thomas Browne wrote in Hydrio-
taphia, Urne Buriall (1658) of encountering

Adipocere

the substance while relocating previously bur-
ied individuals from an English cemetery.
The process of adipocere formation is called sa-
ponification, which literally means “soap mak-
ing” (in times past, soap was made with a combi-
nation of animal fat, water, and lye, which
produced a grayish-white material that was
similar to adipocere in appearance and tex-
ture). Because adipose, or body fat, can be either
white or brown, adipocere may appear grayish-
white or tan in color. It was not until the
use of microscopes became widespread during
the seventeenth century that scientists began
to understand the chemical process of saponi-
fication.

Adipocere is an artifact of the decomposition
process, and because its formation requires that
lipids (fats) be present, it is more commonly
seen among animal remains containing com-
paratively high levels of fat. Among humans,
this means that adipocere is found most fre-
quently on the bodies of women, infants, and
obese individuals of either sex. In addition, fat-
ter individuals contain more moisture, and fats
contain fatty acids that have an affinity to at-
tach to sodium or potassium from the environ-
ment. Water assists in this process, and, indeed,
adipocere is most often found among tissues
that have been kept damp or moist, or even sub-
merged.

It has been suggested that the formation of
adipocere on a body may be useful as a guide for
forensic scientists in estimating the length of
time since death (the postmortem interval, or
PMI), much like the appearance of algor, rigor,
and livor mortis. However, because adipocere
results from a chemical process, the speed with
which the substance is formed is temperature-
dependent, and, as is true for all other PMI
indicators, the rate of formation varies. It ap-
pears that the formation of adipocere is speeded
up by warmth, but temperature extremes,
whether too warm or too cold, impede forma-
tion. In addition, because saponification pro-
duces a more durable substance than do other
processes associated with decomposition, the
formation of adipocere can result in a body’s re-
taining facial and other anatomic features well
after death.

Turhon A. Murad
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Taphonomy: The Postmortem Fate of Human
Remains, edited by William D. Haglund and
Marcella H. Sorg. Boca Raton, Fla.: CRC
Press, 1997.
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Medicolegal Investigation of Death: Guide-
lines for the Application of Pathology to
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See also: Algor mortis; Decomposition of bodies;
Forensic entomology; Livor mortis; Mummifica-
tion; Rigor mortis; Taphonomy.

Air and water purity

Definition: Extent to which natural water
and air supplies are free of harmful forms
of contamination.

Significance: Various forms of chemical and
biological contaminants that pollute air
and water supplies are responsible for
death, disease, climate shifts, and the al-
teration of fragile ecosystems around the
world. Techniques used to investigate the
nature and causes of pollution are allied
with forensic toxicology.

Although challenges to air and water purity
have always existed, the assault has taken on
forbidding aspects since the advent of the indus-
trial age. So ubiquitous are the sources of air
and water pollution that they have become wo-
ven into the fabric of everyday modern life.
However, it is important to note that although
much pollution comes from the processes of in-
dustry and commerce, pollution is also a prod-
uct of natural biological and geographic pro-
cesses. It should also be kept in mind that purity
and pollution are relative. For example, al-

12

Forensic Science

though oxygen is necessary to animal life, it is
highly toxic to certain organisms that flourish
in an atmosphere of methane, which would be
lethal to human beings.

Human-made pollutants come from the com-
bustion of fuels that power ships, aircraft, mo-
tor vehicles, factories, and power-generating
plants. Natural pollutants come from the dis-
charges of wildfires and volcanoes. Pollutants
also come from chemical discharges and landfill
outgassing as well as military operations that
generate nuclear fallout, pathogens, and toxic
gases. Pollutants even ride the wind in the form
of dust.

A notorious example of the damage inflicted
when human activities alter the air’s chemistry
comes in the form of chlorofluorocarbons (CFCs),
which find wide applications as refrigerants, in-
sulating foams, and solvents. CFCs eventually
make their way into the stratosphere, where the
ultraviolet (UV) rays of sunlight break the
CFCs’ chemical bonds and release their chlorine
atoms. As one chlorine atom is capable of break-
ing apart 100,000 ozone molecules, damage to
Earth’s ozone layer is great. The ozone layer
protects Earth’s surface from the damaging UV
rays of the sun; without its protection, human
beings are vulnerable to immune disorders,
skin cancer, and cataracts. Additionally, in-
creased UV radiation can reduce crop yields and
cause serious dislocations in the marine food
chain.

Water Quality

The quality of naturally occurring freshwa-
ter may be degraded through natural sources
such as bedrock salts or sediment containing or-
ganic material. Additional degradation of water
quality may be caused by human manipulation,
such as fertilizers and petroleum products.
When water pollution comes from a single
source such as a sewage-outflow pipe, it is called
point-source pollution; when the exact source
of pollution is not as clear, as in agricultural or
urban runoff, it is called non-point-source pollu-
tion.

The principal water polluters are industry
and agriculture. Rain helps to cleanse air of pol-
lutant emissions from motor vehicles, factories,
and heating boilers, but the pollutants ulti-
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mately find their way into
groundwater and streams.
More direct forms of water
pollution come from indus-
trial discharges, construction
detritus, and agricultural
runoff. All these forms of pol-
lution change the chemistry
of water, changing its acid-
ity, conductivity, and temper-
ature. Nitrogen runoff fertil-
izes water, causing it to be
choked with new vegetation.

The consequences to hu-
man society of impure water
are alarming. Intractable
diarrhea is a leading cause
of death around the world
among children under five,
and its main cause is de-
graded drinking water. Chol-
era, a potentially deadly bac-
terial infection that plagues
much of the underdeveloped
world, requires only clean
drinking water and proper
sanitation to be eliminated
as a problem. Contaminated
drinking water is responsible
for up to fourteen thousand
deaths every day in develop-

Air and water purity

Health Effects of Contaminated Drinking Water

The U.S. Environmental Protection Agency (EPA) provides this in-
formation on acute and chronic health effects related to contami-
nants in drinking water.

EPA has set standards for more than 80 contaminants that may oc-
cur in drinking water and pose a risk to human health. EPA sets
these standards to protect the health of everybody, including vul-
nerable groups like children. The contaminants fall into two groups
according to the health effects that they cause. . . .

Acute effects occur within hours or days of the time that a person
consumes a contaminant. People can suffer acute health effects from
almost any contaminant if they are exposed to extraordinarily high
levels (as in the case of a spill). In drinking water, microbes, such as
bacteria and viruses, are the contaminants with the greatest chance
of reaching levels high enough to cause acute health effects. Most
people’s bodies can fight off these microbial contaminants the way
they fight off germs, and these acute contaminants typically don’t
have permanent effects. Nonetheless, when high enough levels oc-
cur, they can make people ill, and can be dangerous or deadly for a
person whose immune system is already weak due to HIV/AIDS,
chemotherapy, steroid use, or another reason.

Chronic effects occur after people consume a contaminant at lev-
els over EPA’s safety standards for many years. The drinking water
contaminants that can have chronic effects are chemicals (such as
disinfection by-products, solvents, and pesticides), radionuclides
(such as radium), and minerals (such as arsenic). Examples of the
chronic effects of drinking water contaminants are cancer, liver or
kidney problems, or reproductive difficulties.

ing countries.

Sources of water pollution include sewage,
industrial discharges, surface runoff from farms
and construction sites, underground storage
tank leakage, and acid rain. It is convenient to
categorize water contaminants into subgroups:
microorganisms, disinfectants, disinfection by-
products, inorganic chemicals, organic chemi-
cals, and radionuclides. The U.S. government’s
Environmental Protection Agency (EPA) lists
eighty-six specific water contaminants, along
with their sources and potential health effects.

Examples of specific pollutants include
alachlor, an herbicide used in row crops that in-
creases human risks of cancer and can also
cause eye, liver, and kidney disease. Cadmium,
which reaches water supplies from corroded
galvanized pipes and discharges from metal re-
fineries, can cause kidney damage. Dioxin is a

chemical discharge from factories that causes
cancer and reproductive disorders. Giardia
lamblia is a protozoan parasite found in human
and animal waste that often causes gastrointes-
tinal disturbances. Toxaphene, an active ingre-
dient in insecticides used in cotton farming and
cattle production, increases cancer risk and can
cause kidney, liver, and thyroid problems. Vinyl
chlorides from plastics manufacturing dis-
charges and leaching from polyvinyl chloride
pipes also increase cancer risks.

Air Quality

Air pollution not only threatens the health of
human beings but also compromises the well-
being of animal and plant life. It degrades bod-
ies of freshwater, thins the atmosphere’s protec-
tive ozone layer, and creates haze that shrouds
the beauty of nature. The EPA attempts to sus-
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WATER QUALITY ADVISORY

FOR YOUR SAFETY
ik

Assign at a Sturgeon Bay, Wisconsin, park warns beachgoers of a
possible Escherichia coli contamination in the water. The local
county government by this inlet of Lake Michigan routinely tests
the water for possible contaminants and posts warnings when
hazards reach certain levels. When health hazards are espe-
cially great, the county closes down the beaches. (AP/Wide
World Photos)

tain reasonable levels of air purity through reg-
ulatory enforcement and voluntary programs,
such as Energy Star and Commuter Choice.
Through the federal Clean Air Act of 1990, the
EPA restricts the amounts of specific pollutants
allowed into the atmosphere to help protect
public health.

Under the surveillance of the EPA are these
broad categories of atmospheric pollutants:
aerosols, asbestos, carbon monoxide, chloro-
fluorocarbons, ground-level ozone, hazardous
air pollutants, hydrochlorofluorocarbon refrig-
erants, lead, mercury, methane gas, nitrogen
oxides, particulate matter, propellants, radon,
refrigerants, sulfur oxides, and volatile organic
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compounds. The EPA is armed with govern-
ment regulations. Through a cooperative effort
that involves private industry and state and lo-
cal governments, the agency calls for the discon-
tinuation of ozone-depleting substances, the
elimination of specified toxic chemicals, and the
treatment of polluted areas.

To assess air quality, the EPA’s Office of Air
Quality Planning and Standards (OAQPS)
monitors specific pollutants that can harm hu-
man health, the environment, and property. All
common throughout the United States, these
pollutants include sulfur dioxide, particulate
matter, nitrogen dioxide, lead, and carbon mon-
oxide. Based on national ambient air quality
standards, geographic areas are designated as
attainment or nonattainment areas. OAQPS
gives the standards more meaning by subdivid-
ing them into primary and secondary stan-
dards. Primary standards are about issues of
health, whereas secondary standards consider
damage to crops, vegetation, or buildings. Fur-
ther, they assess the health effects for their po-
tential long- or short-term damage.

Richard S. Spira

Further Reading

Friedlander, Sheldon K. Smoke, Dust, and
Haze: Fundamentals of Aerosol Dynamics. 2d
ed. New York: Oxford University Press, 2000.
Written by a prominent authority on aero-
sols, this textbook designed for advanced un-
dergraduates and graduate students covers
basic concepts, lab techniques, and many
practical applications.

Godish, Thad. Air Quality. 4th ed. Boca Raton,
Fla.: Lewis, 2004. Up-to-date and compre-
hensive overview, appropriate for both un-
dergraduate and graduate students, covers a
wide variety of issues affecting air quality,
with attention to atmospheric chemistry and
the impact of polluted air on human health
and the environment. Also covers public pol-
icy issues and risk assessment.

Heinsohn, R. J., and R. L. Kabel. Sources and
Control of Air Pollution. Upper Saddle River,
N.J.: Prentice Hall, 1998. Engineering text-
book offers broad coverage of both natural and
human-made sources of air pollution and
methods for preventing or reducing pollution.
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Nathanson, Jerry A. Basic Environmental Tech-
nology: Water Supply, Waste Management,
and Pollution Control. 5th ed. Upper Saddle
River, N.J.: Prentice Hall, 2007. Provides a
clearly written introduction to water supply,
waste management, and pollution control
that is ideal for students with limited back-
ground in the hard sciences and engineering.

Novotny, Vladimir. Water Quality: Diffuse Pol-
lution and Watershed Management. 2d ed.
Hoboken, N.J.: John Wiley & Sons, 2003.
Useful textbook focuses on all types of
water-pollution problems. Especially strong
on regulatory laws and judicial decisions.

Viessman, Warren, and Mark J. Hammer.
Water Supply and Pollution Control. Tth ed.
Upper Saddle River, N.J.: Prentice Hall,
2004. Authoritative standard textbook on
modern water management issues stresses
applications of scientific methods to prob-
lems that include pollution.

See also: Biodetectors; Biological Weapons
Convention of 1972; Biosensors; Chemical
Weapons Convention of 1993; Choking; Decon-
tamination methods; Environmental Measure-
ments Laboratory; Food and Drug Administra-
tion, U.S.; Forensic toxicology; International
Association of Forensic Toxicologists; Lead;
Mercury; Mycotoxins; Pathogen transmission.

Airport security

Definition: All legal measures, law-enforce-
ment activities, regulations, and forensic
science applications needed to maintain
the safety and security of passengers and
operational facilities—including aircraft,
terminals, and transportation facili-
ties—associated with airline commerce.

Significance: As rates of world travel have in-
creased and the threat of international
terrorism has grown, airport security
measures have evolved to keep pace. Fo-
rensic science has contributed a number of
technologies and methodologies to the ef-
fort to keep airports safe.

Airport security

Airport security measures have been operative
since commercial airline traffic began during
the 1920’s. Initial measures included the estab-
lishment of rules for luggage, boarding, and
other aspects of air travel intended to provide
safe passage. As the volume and complexity of
air traffic increased, so did the emphasis on
rules and regulations governing air passengers,
aircraft, and airport security. The most basic of
these took the form of regulations regarding
movement of passengers and their baggage
within airports and their access to airport facili-
ties, the airplanes, and the flight tarmac.

As airports grew larger and volumes of
freight and passenger traffic increased during
and following World War II, the movements of
passengers within airport terminals and their
access to operational infrastructure of air termi-
nals were further restricted. Luggage restric-
tions and weight restrictions became routine, as
did requirements concerning passenger identi-
fication and boarding passes, but these rules
were established to protect passengers from
harm and to ensure airport efficiency rather
than as deterrents to perceived threats.

The first important changes in airport secu-
rity followed several incidents in the 1950’s in
which bombs were planted on aircraft to destroy
them in flight for insurance purposes. These
were followed with additional security mea-
sures taken in the 1960’s in response to a num-
ber of high-profile hijackings, some of which led
to the destruction of aircraft and crews as well
as to passenger injuries and deaths. Airlines,
agencies, and various governments around the
world, including that of the United States, took
the (at that time) extraordinary measure of in-
stituting a program of sky marshals to fly on
board aircraft. Sky marshals were armed and
were charged with identifying and arresting po-
tential menaces as well as with preventing inci-
dents during flight.

Although the sky marshal program was well
conceived and well designed for that time, it
never received adequate funding to place mar-
shals on every airplane. Hijackings continued to
occur, necessitating additional airport security
programs. In response, the U.S. Federal Avia-
tion Administration (FAA) required that all
passengers and their luggage be thoroughly
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screened beginning in January, 1973. The air-
lines contracted this work to private security
companies that supplied equipment and
trained personnel. The airlines maintained op-
erational control over their airport and aircraft
facilities, and the private security companies
controlled the screening of carry-on baggage at
designated checkpoints prior to passenger entry
to the airport waiting rooms, all under the gen-
eral oversight of FAA officials.

The terrorist attacks on the World Trade
Center in New York City and on the Pentagon
on September 11, 2001, precipitated immediate
and drastic changes in airport security matters
that have remained in place. Immediately fol-
lowing the attacks, the federal government
mandated that the highest-priority emphasis
be placed on the safety and security of passen-
gers, airport facilities, and aircraft at all air-
ports in the United States and most around the
world as well. Dramatically increased levels of
security were initially reflected in the presence
of armed security guards, uniformed local police

Forensic Science

officers, and even National Guard and ac-
tive-duty military personnel in some terminals.
The military presence was discontinued after a
few months; although some passengers were
comforted by the open display of weapons, oth-
ers had expressed alarm.

Post-9/11 Airport Security
Long-term airport security measures that re-
main in place since the changes brought about
after 9/11 include dramatically increased scru-
tiny of passengers and their carry-on luggage.
This has led to the implementation of a number
of measures aimed at passenger behavior. First,
people are no longer permitted to leave cars un-
occupied at terminals or to leave luggage unat-
tended. Passengers must wait in long lines in
which they and their luggage are checked with
scanners, metal detectors, and, in some cases,
substance-detection dogs. Each individual must
present some form of personal identification
with a photograph, such as a driver’s license or
passport, and must agree to extensive searching
of luggage. These strictures sometimes

Baggage-Screening Technology

The Transportation Security Administration (TSA),
a component of the U.S. Department of Homeland
Security, is responsible for the security of the nation’s
transportation systems, including highways, rail-
roads, buses, mass-transit systems, ports, and air-
ports. The TSA provides this description of one of the
security measures in place at American airports.

Ever wonder what happens to your bag once you check
it with your airline? We screen every bag—100% of
all bags—placed on an airplane, whether taken as
carry-on or checked with an airline. With nearly 2 mil-
lion people flying each day, it’s a Herculean task.

We are able to meet this requirement by relying on
Explosive Detection System (EDS) machines, which
work like the MRI machines in your doctor’s office.
Through a sophisticated analysis of each checked
bag, the EDS machines can quickly determine if a
bag contains a potential threat or not. If a weapon or
explosive is detected, the machines alert our security
officers so they can manage the bag appropriately. In
some cases, the alarm is quickly resolved and in oth-
ers law enforcement and the bomb squad may be
called in.

lead to long waiting times and travel de-
lays, all of which have been sanctioned by
federal authorities; most such measures
have met with general passenger ap-
proval.

Behind-the-scenes changes in airport
security have been equally dramatic. Each
airport, similar to a small town, now has a
dedicated police force hired specifically to
maintain airport security. Depending on
locality, the airport force may be a private
policing agency or a part of the local police
force with a police station maintained at
the airport. Most airport police forces also
include dogs that have been trained to de-
tect explosives and drugs.

Airports have tested and purchased a
number of technologically advanced and
very expensive apparatuses that permit
rapid scanning of baggage and passengers.
These include X-ray backscatter scanners
that can detect hidden weapons and explo-
sives on passengers as well as automated
explosive detection system (EDS) machines
that are able to scan hundreds of pieces

of luggage per hour. New and improved
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computed axial tomography
(CAT) scanners have been de-
veloped that provide three-
dimensional images, thereby
more effectively detailing
luggage contents; this ad-
vancement promotes rapid
and accurate identification of
hidden weapons, bombs, and
packets of chemicals.

Forensic Applications in

Airport Security

Airlines and airline facili-
ties must be protected from
all forms of terrorism, includ-
ing bombs planted in lug-
gage, airplane hijackers, and
attacks using chemical or
biological weapons. Since
September 11, 2001, the U.S.
government has poured mil-
lions of dollars per year into improving airport
security, but security breaches still occur. For
the most part, these involve identity fraud, drug
trafficking, possession of explosives or weapons,
or possession of international contraband, harm-
ful chemicals, or biotoxins. Forensic science
plays an important role in the prevention and
investigation of such security breaches.

The first line of defense against terrorist
threats to airport security involves a system of
enclosure and screening that prevents access to
aircraft and tarmacs. All airports in the United
States are surrounded by tall fences or walls,
making it nearly impossible for anyone to sneak
in. In addition to constant video surveillance
throughout airports, security personnel watch
every checkpoint, entry, and exit. Upon en-
trance, both persons and luggage pass through
metal detectors. Luggage is also exposed to
X rays and may be searched. Individuals are
also required to agree to noninvasive searches if
asked to do so. Any person who is deemed a
threat is subject to more intensive searches.

Modern airport security measures also in-
volve more clandestine operations, such as pro-
filing and the comparison of passenger names
and identifications against lists of known ter-
rorists. Airport security profiling involves gen-

Airport security

A Transportation Security Administration agent at George Bush Intercontinental Airport in

Houston, Texas, screens checked baggage for dangerous or suspicious contents using an

Xray machine. (AP/Wide World Photos)

eralizations about the personality types and
physical characteristics of persons who may
pose threats to other passengers. Security per-
sonnel are urged to be on the lookout for particu-
lar “types.” Therefore, while random baggage
and clothing checks are conducted, owing to the
nature of many international terrorist attacks,
ethnic profiling may also occur. Passengers on
flights into the United States from overseas are
also subject to profiling and comparison against
terrorist “watch lists.” Ifit is discovered that the
passenger list of an inbound aircraft includes a
known or suspected terrorist, the plane may be
turned back, diverted to land at a designated
high-security airport, or refused landing per-
mission anywhere in the United States.

Anyone found to be carrying a weapon in an
airport is immediately apprehended and the
weapon removed. Forensic scientists then con-
firm and attest in court that the object was
cause for the subject’s arrest. In the case of gun
possession, firearms analyses are performed in
a laboratory to determine the model of the
weapon and to recover the serial numbers if re-
moved.

Hidden explosives may be detected using
modern explosive detectors that use chromatog-
raphy to detect volatile gases given off by explo-

17



Airport security

sive mixtures. Drug-detection and bomb-sniffing
dogs are led by specialized teams at customs
checkpoints and often can be seen roaming com-
mon rooms in airports as well. If a suitcase or
other device is suspected of containing harmful
material, it is often further tested with a me-
chanical “chemical sniffer.” If hazardous mate-
rial is found, be it illegal drugs, explosive mate-
rial, chemicals, or other toxins, the individual is
apprehended and held until forensic scientists
can conduct toxicological and chemical composi-
tion tests to determine the identity of the sub-
stance. If the substance is determined to be an
illicit one, the individual is further detained to
face charges of possession of an illegal substance.

The detection of possible biological weapons
is much more difficult than detection of other
kinds of harmful substances. However, if air-
port security authorities are concerned, they
can seize any suspicious substance and submit
it for forensic analysis to determine what it is.
Unfortunately, no standard procedure yet ex-
ists among airline or FAA officials for dealing
with possible biological weapons.

Avalid driver’s license is sufficient identifica-
tion for a person flying within the United
States; a passport is needed to fly internation-
ally. Both these forms of identification, how-
ever, provide merely photographs and some
additional personal information about the ap-
pearance, age, and residence of the individual.
The future of individual identification in re-
spect to airport security is likely to involve
screening systems based in biometrics—that is,
human recognition based on physical traits,
such as fingerprints. Biometric identification
systems include fingerprint scanning, iris and
retina scanning, and facial recognition technol-
ogies. In some cases, handwriting and voice rec-
ognition are also used to confirm identities.

Among the airport security measures that
have been put in place in the United States
since September 11, 2001, those involving bio-
metric technologies have become particularly
controversial. Some feel comforted by the pros-
pect of being identified by their own finger-
prints or retinal images, whereas others feel
that these methods of identification are inva-
sive and violate personal privacy. Also, many
fear the damage that could be done if hackers or
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identity thieves gain access to the databases in
which biometric data are stored.

Above all other matters related to airport se-
curity, Americans are often frustrated with the
long lines, personal questions, baggage and
clothing searches, and other time-consuming
measures they are subject to when they fly.
Many believe, however, that these inconve-
niences are a small price to pay for increased
passenger safety. With increasing technological
capabilities, the U.S. Department of Homeland
Security and Department of Defense are work-
ing on measures to expedite the security process
while ensuring efficiency, effectiveness, and ac-
curate personal identification. The next deci-
sion that Americans who fly commercially will
probably have to make is whether they would
rather put up with the waiting and frustration
or have their fingerprints and retinal scans
stored in government databases.

Duwight G. Smith

Further Reading

Bullock, Jane, and George Haddow. Introduc-
tion to Homeland Security. 2d ed. Boston:
Butterworth-Heinemann, 2006. Provides a
basic introduction to the operations of the
U.S. Department of Homeland Security. Out-
lines certain types of threats and their pre-
vention, addresses responses to threats, dis-
cusses the uses of communication and other
technologies in security measures, and spec-
ulates on the future evolution of such mea-
sures in the United States. Appendixes in-
clude a number of related legal documents.

Sweet, Kathleen M. Aviation and Airport Secu-
rity: Terrorism and Safety Concerns. Upper
Saddle River, N.J.: Pearson Prentice Hall,
2004. Provides a historical overview of avia-
tion terrorism and discusses the changes in
security measures through the years, partic-
ularly after September 11, 2001.

Thomas, Andrew R. Aviation Insecurity: The
New Challenges of Air Travel. Amherst, N.Y.:
Prometheus Books: 2003. An aviation secu-
rity expert details the shortcomings of air-
port security systems from the days pre-
ceding September 11, 2001, through the
implementation of changes following that
terrorist attack.
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Wilkinson, Paul, and Brian M. Jenkins, eds.
Aviation Terrorism and Security. Portland,
Oreg.: Frank Cass, 1999. Collection of essays
includes a review of past incidents of avia-
tion terrorism and discussion of the trends
seen in security responses. Other chapters
address the politics of aviation terrorism
and security in the United States and the
probable directions of global air security in
the future.

See also: Biological terrorism; Biological
weapon identification; Biometric eye scanners;
Canine substance detection; Closed-circuit tele-
vision surveillance; Facial recognition technol-
ogy; Improvised explosive devices; Metal detec-
tors; Racial profiling; September 11, 2001,
victim identification.

Alcohol-related offenses

Definition: Violations of the law in which con-
sumption of alcohol is a fun-
damental component.

Significance: Alcohol is a le-
gally available drug that has
significant impairing effects
on a number of aspects of hu-
man cognition and perfor-
mance. Given that alcohol is
used pervasively among the
general population, alcohol
consumption is a significant
element in a wide range of
criminal cases. Alcohol may
play a contributory role in a
variety of offenses, even when
the presence of alcohol at con-
centrations associated with
significant intoxication does
not form the basis of the of-

Alcohol-related offenses

Asis true for other CNS depressants, the sever-
ity of alcohol’s effects increases with dose, po-
tentially causing significant impairment of
psychomotor skills (such as those required for
safe driving) and, ultimately, fatal respiratory
depression or circulatory collapse.

Effects of Alcohol

At low blood alcohol concentrations (BACs),
the effects of alcohol consumption include eu-
phoria, talkativeness, and reductions in anxiety
and inhibitions. At progressively greater BACs,
speech may become slurred, and dizziness or a
significant loss of coordination may be ob-
served. Further increases to BAC may be ac-
companied by drowsiness, emotional lability,
confusion, and loss of consciousness. Uncon-
trolled overdose can result in fatal respiratory
depression.

In addition to these relatively obvious symp-
toms, alcohol causes BAC-dependent impair-
ment to a number of faculties related to psy-
chomotor performance, including the ability to
divide attention over multiple tasks, reaction
time, risk or hazard perception, and motor coor-

fenses.

In aninnovative program designed to deter drunk driving by publicly humiliating driv-

ers convicted of driving under the influence of alcohol, Arizona's Maricopa County

Ethanol, commonly referred to as
alcohol, is a drug whose effects in-
clude depression of the function of
the central nervous system (CNS).

created special chain gangs. Convicted offenders are required to do roadwork
while wearing bright pink shirts and black-and-white striped pants. Chain gang mem-
bers are also required to perform burials of people who die of alcohol abuse.

[AP/Wide World Photos)
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Alcohol’s Immediate Effects

o Blood alcohol levels
(milligrams per 100 ml)

700 +

() 7\

" Arrested breathing; death. ()

J

250 -700
Extreme confusion, inability
to respond to questions,
unconsciousness, coma.

S
150 -250

Confusion, unsteadiness,
slurred speech,
exaggerated or

unpredictable emotion.

50 -150

Disturbed thinking,
impulsive talk and
behavior, lack of
self-control.

30 -50
Elation, chattiness,
flushed skin, sociability.

The presence of 30-50 milligrams of alcohol per every 100 milliliters of blood, which repre-
sents the effects of an average drink {a glass of beer or wine or an ounce of hard liquor), has
immediate effects; as the amount increases, the effects progress toward death.
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dination. All these faculties
are essential for the safe op-
eration of a motor vehicle.
Consequently, one of the most
obvious offenses directly re-
lated to alcohol consumption
is impaired driving, or opera-
tion of a motor vehicle with a
BAC in excess of the legal
limit. Despite the fact that
the impairing effects of alco-
hol on the ability to drive
safely have been studied
extensively and publicized
widely through various pub-
lic education programs, the
incidence of impaired driv-
ing offenses remains high in
many jurisdictions.

Driving under the influ-
ence of alcohol is an example
of an offense for which the
consumption of alcohol and
the associated intoxication
form the basis of the offense.
In some jurisdictions, other
legal offenses are also pre-
mised specifically on alcohol
consumption; these include
public intoxication and the
consumption of alcohol by
minors.

The consumption of alco-
hol may also be associated
with an increased probabil-
ity of occurrence of a number
of other kinds of offenses.
One such offense is sexual as-
sault. A significant amount
of research has examined the
incidence of the use of drugs
and alcohol in cases of sexual
assault, especially those in
which surreptitious drug ad-
ministration (so-called drink
spiking) is suspected. Over a
significant number of juris-
dictions worldwide, the most
common finding in such stud-
ies has been the presence of
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significant amounts of alcohol in the complain-
ants. In cases of sexual assault, the consumption
of alcohol by both complainant and assailant
may be important. From the perspective of the
complainant, alcohol suppresses behavioral in-
hibitions, possibly influencing decision-making
skills or risk perception. Furthermore, exces-
sive alcohol consumption often leads to sub-
stantial impairment and perhaps even uncon-
sciousness, which can place an individual under
considerable risk for attack. From the perspec-
tive of the assailant, alcohol’s suppression of
behavioral inhibitions may also be dangerous,
but further complications may take the form of
alcohol’s interference with the perception of
social cues.

Forensic Analysis and Interpretation of

Evidence

Forensic analysis of the role of alcohol in a
particular case typically requires an under-
standing of the extent of intoxication or impair-
ment, which, in turn, is reflected by the BAC at
the time of the incident. In practice, measure-
ment of BAC involves the collection of blood

Alcohol-related offenses

samples or breath measurements, depending on
the type of offense (for example, breath analysis
is typically done in driving-related offenses,
whereas blood sampling is generally done in the
course of the examination of victims of sexual
assault). Breath alcohol analysis uses instru-
mentation specifically designed for that partic-
ular purpose; analysis of blood samples is gen-
erally done by enzymatic methods or gas
chromatography. Once a BAC measurement is
made, a correction is usually applied to account
for the amount of alcohol eliminated from the
blood through metabolism and other processes
between the time of the incident and the time of
sample collection. This provides an estimated
BAC range at the time of the incident from
which the likely extent of intoxication or im-
pairment may be interpreted.

CNS function is enhanced when other de-
pressant drugs are used in combination with al-
cohol, with potentially fatal consequences. Ad-
ditionally, the combination of alcohol with other
drugs not associated with CNS depression (such
as cocaine or cannabis) may lead to significantly
enhanced impairment or unexpected symptoms

Alcohol-Related Traffic Fatalities in the United States, 1982-2005
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that may nonetheless contribute to some kinds
of offenses. Consequently, more comprehensive
forensic toxicological analysis may be war-
ranted in some cases.

James Watterson

Further Reading

Baselt, Randall C. Drug Effects on Psychomotor
Performance. Foster City, Calif.: Biomedical
Publications, 2001. Comprehensive refer-
ence work presents information on the im-
pairing effects of a wide range of therapeutic
and illicit drugs.

Brunton, Laurence L., John S. Lazo, and Keith
L. Parker, eds. Goodman and Gilman’s The
Pharmacological Basis of Therapeutics. 11th
ed. New York: McGraw-Hill, 2006. Authori-
tative advanced textbook explains basic
pharmacological principles and the specific
pharmacological features of therapeutic
agents. Includes some discussion of illicit
agents.

Garriott, James C., ed. Medical-Legal Aspects of
Alcohol. 4th ed. Tucson, Ariz.: Lawyers &
Judges Publishing, 2003. Comprehensive
work covers all aspects of forensic alcohol tox-
icology, including analysis of biological sam-
ples, and alcohol pharmacology, including
the physiological and psychomotor effects of
alcohol consumption and the time course
(pharmacokinetics) of alcohol within the body.

Karch, Steven B., ed. Drug Abuse Handbook. 2d
ed. Boca Raton, Fla.: CRC Press, 2007. De-
scribes the pharmacological, physiological,
and pathological aspects of drug abuse in
general, and individual chapters address
specific compounds, such as alcohol, as well
as specific issues related to drug abuse, such
as workplace drug testing.

Levine, Barry, ed. Principles of Forensic Toxi-
cology. 2d ed., rev. Washington, D.C.: Ameri-
can Association for Clinical Chemistry, 2006.
Introductory textbook describes the analyti-
cal, chemical, and pharmacological aspects of
a variety of drugs of forensic relevance.

See also: Actuarial risk assessment; Analytical
instrumentation; Breathalyzer; Drug and alco-
hol evidence rules; Forensic toxicology; Gas chro-
matography; Halcion; Toxicological analysis.
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Algor mortis

Definition: Cooling of the body after death.

Significance: Because the temperature of the
human body begins to cool at the moment
of death, observation of algor mortis is one
of the ways in which forensic scientists
attempt to estimate the postmortem in-
terval.

Investigators of homicides use various tech-
niques to estimate the length of time since
death, or the postmortem interval (PMI). It is
likely that before the techniques employed by
modern investigators gained wide acceptance,
early hunters and gatherers distinguished the
same stages of decomposition following death.
Such stages include the fresh, bloat, active, and
advanced decay stages versus the stage at which
remains become dry or skeletonized. However,
the indicators that modern forensic investiga-
tors consider classic for suggesting PMI are
those of algor mortis (cooling of the body), rigor
mortis (stiffening of the body), and livor mortis
(discoloration of the body from gravitational
blood seepage).

Because decomposition reflects chemical pro-
cesses and all chemical processes are tempera-
ture-dependent, the acquisition of many of the
conditions noticed after death is affected by
temperature. That is, higher temperatures
generally speed chemical reactions, and lower
temperatures slow them. In algor mortis (the
term derives from the Latin words algor, mean-
ing “coolness,” and mortis, meaning “death”),
the body is expected to cool until its tempera-
ture matches that of the surrounding environ-
ment.

If a body cools at a uniform rate, the measure
of its temperature decrease following death
can assist in the accurate determination of the
elapsed time since death. The formula used
for making such an estimate, known as the
Glaister equation, is based on the notion that a
dead body is expected to lose 1.5 degrees Fahr-
enheit per hour. Because the metabolic pro-
cesses associated with maintaining life among
humans generates a normal body temperature
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of nearly 98.4 degrees Fahrenheit, the Glaister
equation estimates the approximate postmor-
tem interval in hours by subtracting the body
temperature (measured in degrees Fahren-
heit at the rectum or deep within the liver)
from 98.4 degrees and dividing the result by 1.5.
Thus, if a decedent’s temperature is found to be
90.2 degrees Fahrenheit at the time of the
body’s discovery, the decedent would be sug-
gested to have died approximately 5.5 hours
earlier.

After death, a body cools by radiation, con-
duction, and convection, so many physical fac-
tors can influence algor mortis. One of these is
ambient temperature, or, more precisely, the
difference between ambient and body tempera-
tures. If, for example, a body were to be discov-
ered in a warm sauna, it might not have cooled
at all. Furthermore, the body temperature of
the decedent might not have been normal at
the time of death owing to the effects of ex-
ercise, illness, or infection. Additionally, the
amount of subcutaneous fat present, the light-
ness or heaviness of any clothing worn at the
time of death, and any number of insulating
coverings can alter the rate at which a body
might be expected to cool. Any such variables
can alter the effectiveness of employing the
Glaister equation to estimate the postmortem
interval.

Turhon A. Murad

Further Reading

Randall, Brad. Death Investigation: The Basics.
Tucson, Ariz.: Galen Press, 1997.

Saferstein, Richard. Criminalistics: An Intro-
duction to Forensic Science. 9th ed. Upper
Saddle River, N.J.: Pearson Prentice Hall,
2007.

Spitz, Werner U., ed. Spitz and Fisher’s Medi-
colegal Investigation of Death: Guidelines for
the Application of Pathology to Crime Investi-
gation. 4th ed. Springfield, Ill.: Charles C
Thomas, 2006.

See also: Adipocere; Body farms; Decomposi-
tion of bodies; Forensic pathology; Livor mortis;
Rigor mortis; Taphonomy.

ALl standard

ALl standard

Definition: Statement of the insanity defense
that has become widely accepted in federal
and state jurisdictions throughout the
United States.

Significance: The American Law Institute’s
carefully formulated insanity defense stan-
dard was created to overcome the short-
comings of earlier tests of insanity, such as
the M’Naghten rule and the irresistible
impulse rule.

During the 1950’s and early 1960’s, the Ameri-
can Law Institute (ALI) developed the Model
Penal Code, the 1962 draft of which contained a
statement of the insanity defense composed by a
panel of judges, legal scholars, and behavioral
scientists. It stated:

A person is not responsible for criminal conduct
if at the time of such conduct as a result of men-
tal disease or defect he lacks substantial capac-
ity either to appreciate the criminality (wrong-
fulness) of his conduct or to conform his conduct
to the requirements of law. . . . the terms “men-
tal disease or defect” do not include an abnor-
mality manifested only by repeated criminal or
otherwise antisocial conduct.

In the 1972 case of United States v. Brawner,
the U.S. Court of Appeals for the District of Co-
lumbia adopted the ALI rule, and it became the
standard used in almost all federal courts and
in twenty-two U.S. state jurisdictions.

The ALI standard is considered a more pre-
cisely worded amalgam of two earlier insanity
tests, namely, the M’'Naghten rule and the irre-
sistible impulse rule. The M’Naghten rule, de-
veloped in Great Britain in 1843, was the first
formal test of legal insanity. As a test of legal in-
sanity, it focused on whether the defendant’s in-
sanity deprived the defendant of a certain kind
of cognitive ability, that of knowing what he or
she was doing or knowing the difference between
right and wrong. The ALI standard uses the
broader term “appreciate” instead of “know” yet
still retains the key idea of cognitive impairment.

Many jurisdictions had augmented the
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M’Naghten test with the irresistible impulse
rule to allow for cases in which mental disease
or defect impedes a person’s power to choose.
The ALI standard replaces the somewhat nar-
row and misleading phrase “irresistible im-
pulse” with the person’s not being able “to con-
form” his or her “conduct to the requirements of
law,” thus capturing the underlying idea of voli-
tional impairment. In the federal Insanity De-
fense Reform Act of 1984, the volitional impair-
ment part of the ALI standard was eliminated
as part of the definition of the insanity defense.
The ALI rule was also drawn in such a way as
to avoid the looseness of two similar legal insan-
ity tests, the New Hampshire rule and the Dur-
ham rule. Both tests framed the issue of legal in-
sanity in terms of whether the criminal act was
a product of mental disease. They were criti-
cized on the grounds that in practice they re-
sulted in “undue dominance of experts” in the
courtroom, specifically, that the testimony of fo-
rensic psychiatrists carried too much weight
and encroached on the proper role of the jury.
Mario Morelli

Further Reading

Moore, Michael. Law and Psychiatry: Re-
thinking the Relationship. New York: Cam-
bridge University Press, 1984.

Rogers, Richard, and Daniel W. Shuman. Fun-
damentals of Forensic Practice: Mental
Health and Criminal Law. New York:
Springer, 2005.

See also: Forensic psychiatry; Guilty but men-
tally ill plea; Insanity defense; Irresistible im-
pulse rule; Legal competency; Mens rea.

American Academy of
Forensic Sciences

Date: Formed in 1948

Identification: Nonprofit professional orga-
nization created to improve, administer,
and achieve justice through the applica-
tion of science to the legal system.
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Significance: With a membership made up of
forensic scientists from all the field’s ma-
jor specialties, the American Academy of
Forensic Sciences represents forensic sci-
ence and its professionals to the public, of-
fers credibility for their expert court testi-
mony through board certification, and
promotes educational and research oppor-
tunities for members.

In 1948, a small group of pathologists, psychia-
trists, criminalists, and lawyers formed the
American Academy of Forensic Sciences (AAFS)
to apply science to the law. The AAFS has be-
come the primary organization for profes-
sional forensic scientists, representing some
six thousand members from across the United
States, Canada, and more than fifty other
countries. The society represents all the major
forensic science disciplines, with sections in-
cluding Criminalistics, Digital Forensics, Engi-
neering Sciences, General, Odontology, Pathol-
ogy/Biology, Physical Anthropology, Psychiatry
and Behavioral Science, Questioned Docu-
ments, and Toxicology. AAFS members include
physicians, pathologists, dentists, toxicologists,
physicists, engineers, physical anthropologists,
attorneys, and other forensic science special-
ists.

Functions of the society (in association with
the Forensic Sciences Foundation) include the
promotion of forensic science education through
the publication of newsletters, symposia, and
the flagship peer-reviewed journal the Journal
of Forensic Sciences, which was launched in
1956, and through sponsorship of an annual
meeting each February. The AAFS also ad-
ministers board certification exams, continuing
education credit (for physicians, dentists, chem-
ists, nurses, and attorneys), and training sem-
inars for members to advance their scientific
accuracy and credibility. The AAFS offers job
placement, scholarship, and grant opportuni-
ties for its members as well as career informa-
tion for all persons interested in forensic sci-
ence; the academy also supports research in the
forensic science fields and provides ethical over-
sight in the practice of forensic science.

The AAF'S oversees the Forensic Science Ed-
ucation Programs Accreditation Commission,
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known as FEPAC, which is dedicated to enhanc-
ing the quality of college-level academic forensic
science education through a formal evaluation
and recognition process. FEPAC sets quality
standards for undergraduate and graduate fo-
rensic science programs and administers their
accreditation.

Categories of membership in the AAFS are
student affiliate, trainee affiliate, associate
member, member, and fellow. The academy’s
stringent membership requirements include
(for associate member and higher) proof of ac-
tive engagement in and significant contribu-
tions to the field of forensic science as well as a
minimum education of a baccalaureate degree
from an accredited college or university. Each
section within the AAF'S also has its own addi-
tional requirements for membership. Applica-
tions for membership are approved only at the
annual meeting each February.

Donna C. Boyd

Further Reading

Gaensslen, R. E., Howard A. Harris, and Henry
C. Lee. Introduction to Forensic Science and
Criminalistics. New York: McGraw-Hill,
2008.

Houck, Max M., and Jay A. Siegel. Fundamen-
tals of Forensic Science. Burlington, Mass.:
Elsevier Academic Press, 2006.

See also: American Society of Crime Labora-
tory Directors; Ethics; European Network of Fo-
rensic Science Institutes; Expert witnesses;
Federal Bureau of Investigation Forensic Sci-
ence Research and Training Center; Forensic
Science Service; International Association for
Identification; International Association of Fo-
rensic Nurses; International Association of Fo-
rensic Sciences; Training and licensing of foren-
sic professionals.

American Law Institute
standard. See ALl
standard

American Society of Crime Laboratory Directors

American Society of Crime
Laboratory Directors

Date: Founded in 1974

Identification: Organization of forensic labo-
ratory professionals that provides a forum
for the discussion of laboratory manage-
ment issues and promotes improvements
in forensic techniques and services.

Significance: Through their interaction in
the American Society of Crime Laboratory
Directors, forensic laboratory managers
advanced the standards of labs in North
America and internationally and also se-
cured public recognition for the need to re-
quire accredited laboratory analysis of fo-
rensic evidence.

Dr. Briggs Johnston White (1911-1994), a chem-
ist who served as director of the Laboratory Di-
vision of the Federal Bureau of Investigation
(FBI), envisioned forming the American Society
of Crime Laboratory Directors (ASCLD) to en-
courage local, state, and federal managers of
U.S. forensic laboratories and forensic science
programs to share their experiences and sug-
gestions for reinforcing the professionalism of
forensic laboratories. In December, 1973, ap-
proximately thirty crime laboratory directors
participated in a symposium at the FBI Acad-
emy in Quantico, Virginia, to discuss White’s
ideas. In fall, 1974, the laboratory directors re-
turned to Quantico to organize ASCLD, desig-
nating White as chairman.

Officers and a board of directors oversee
ASCLD administration, with committees ad-
dressing specific needs. North American and in-
ternational forensic professionals who oversee
crime laboratories or associated scientific, edu-
cational, or legal work qualify for ASCLD mem-
bership categories. The ASCLD code of ethics
outlines members’ accountability to their pro-
fession and the public, and the organization’s
“Guidelines for Forensic Laboratory Manage-
ment Practices” lists lab managers’ duties, in-
cluding the evaluation of employees and proce-
dures.
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ASCLD hosts meetings every year at which
members and other forensic professionals can
participate in workshops and discussions on
topics relevant to the management of crime lab-
oratories, such as personnel and accreditation.
Also addressed are scientific and technological
advances in forensic tests and techniques used
to evaluate evidence in laboratories. Since 1994,
ASCLD has presented the Briggs White Award
annually to recognize notable forensic science
laboratory leaders.

The association also distributes several pub-
lications, including ASCLD News, Crime Labo-
ratory Digest, and Crime Lab Minute, which is
posted on the ASCLD Web site. ASCLD guides
outline forensic laboratory management prac-
tices for individual topics such as arson, and the
association’s laboratory accreditation manuals
specify current standards. ASCLD established
the National Forensic Science Technology Cen-
ter (NFSTC) to improve laboratories by aiding
crime laboratory directors and personnel to
gain proficiency in forensics work.

In 1981, the association’s Committee on Lab-
oratory Evaluation and Standards became
the ASCLD Committee on Laboratory Accredi-
tation and began evaluating U.S. state police
laboratories. By 1993, the autonomous Ameri-
can Society of Crime Laboratory Directors/Lab-
oratory Accreditation Board (ASCLD/LAB) was
focused on examining North American and for-
eign laboratories because of complaints concern-
ing inferior forensic work. The FBI Laboratory
Division received accreditation from ASCLD/LAB
in September, 1998. Approximately 350 lab-
oratories, including other U.S. federal foren-
sic laboratories, had secured accreditation by
late 2006. Several states have passed legisla-
tion making the accreditation of government fo-
rensic laboratories a requirement for represen-
tatives of those labs to present evidence in
courts.

As members of the Coalition of Forensic Sci-
ence Organizations, ASCLD and ASCLD/LAB
supported the National Forensic Science Im-
provement Act, which was enacted in Decem-
ber, 2000. This federal law provides for the dis-
tribution of federal funds to state and local
crime laboratories.

Elizabeth D. Schafer
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Further Reading

Dao, James. “Lab’s Errors in ‘82 Killing Force
Review of Virginia DNA Cases.” The New
York Times, May 7, 2005, p. Al.

Lueck, Thomas J. “Sloppy Police Lab Work
Leads to Retesting of Drug Evidence.” The
New York Times, December 4, 2007, p. B1.

St. Clair, Jami J. Crime Laboratory Manage-
ment. San Diego, Calif.: Academic Press,
2002.

See also: American Academy of Forensic Sci-
ences; Courts and forensic evidence; Crime lab-
oratories; DNA fingerprinting; Ethics; Euro-
pean Network of Forensic Science Institutes;
Federal Bureau of Investigation Laboratory;
Forensic Science Service; Quality control of evi-
dence; Training and licensing of forensic profes-
sionals.

Amphetamines

Definition: Members of a class of drugs that
contain an amphetamine base. These
drugs are classified as stimulants, mean-
ing they increase energy levels, reduce fa-
tigue, and cause psychological exhilara-
tion.

Significance: Despite intense effort on the
part of both legislative and law-enforcement
personnel, the number of users of amphet-
amines continues to rise. The popularity of
these drugs is an ongoing concern because
chronic use of amphetamines can produce
severe mental and physical problems.
These drugs are of particular interest to
law enforcement because clandestine meth-
amphetamine laboratories pose a threat to
neighborhoods, the environment, and in-
vestigating officials.

In the United States, the use of controlled sub-
stances is governed at the federal level by the
Controlled Substances Act of 1970. The most
strongly controlled substances are listed in
Schedule I of the act, and those under the least
control are listed in Schedule V. Amphetamines,
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Amphetamines

An agent for the North Dakota Bureau of Criminal Investigations holds a bag containing about 50 grams of methamphetamine. Behind the

bag are some common household ingredients used to make methamphetamine. (AP/Wide World Photos)

along with cocaine, morphine, and phencycli-
dine (PCP), are listed in Schedule II. Drugs in
this class have a high potential for abuse and
also have accepted medical uses within the
United States (with severe restrictions). Abuse
of Schedule IT drugs may lead to severe psycho-
logical dependence, physical dependence, or
both.

Amphetamines are easy to produce, cheap to
buy, and cause effects in the body similar to
those of cocaine. Most illicit, or “street,” am-
phetamines are actually methamphetamine,
which is particularly potent and has long-
lasting effects. Street names for amphetamines
and methamphetamine include meth, crank,
krank, crystal, glass, ice, pep pills, speed, up-
pers, peanut brittle, and tweak. These names
often reflect particular ways the drugs appear;
for example, ice is a very pure form, whereas
peanut brittle is less so. The street price for one
gram of methamphetamine ranges from twenty
to three hundred dollars.

Manufacture

The high demand for methamphetamine,
along with significant profit potential, has re-
sulted in the production of the drug in thou-
sands of clandestine laboratories, or “clan labs.”
“Super labs” are clan labs that are capable of
producing seventy-five to one hundred pounds
of methamphetamine in each production cycle.
In comparison, “stove-top labs” typically pro-
duce only one to four ounces per batch. Produc-
tion of one pound of the drug can result in from
five to seven pounds of hazardous waste. Most of
this waste ends up dumped on the ground or
flushed into streams or sewage systems.

The synthetic route by which methamphet-
amine is prepared is widely known, and the re-
quired chemicals are readily available. The
three most common production routes are the
P2P (phenyl-2-propanone) amalgam method,
the hydroiodic acid and red phosphorus reduc-
tion method, and the Birch reduction method.
Ephedrine and pseudoephedrine, which can be
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found in many over-the-counter cold remedies,
are key starting materials in the production of
methamphetamine. Depending on the synthetic
pathway, other important materials include io-
dine, red phosphorus, hydrogen chloride gas,
and anhydrous ammonia. The U.S. government
has regulated the sale and use of some of these
chemicals in an effort to curb production of
methamphetamine.

Routes of Ingestion

Amphetamines may be smoked, snorted, in-
jected, or taken orally in pill form. Methamphet-
amine is often smoked; the drug is placed in a
glass pipe, heat is applied to the bowl, and the
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vapors are inhaled through the stem. Snorting
the drug tends to cause irritation to the nasal
lining. Heavy, long-term users generally prefer
to inject the drug. Like cocaine, amphetamine
can be dissolved in water and cooked to prepare
it for injection.

The route of ingestion determines the onset
of the drug’s effects. Effects from oral ingestion
are felt within thirty to sixty minutes. When
snorted, the drug produces effects within five to
twenty minutes. Injecting and smoking the
drug both result in an intense “rush” within sec-
onds of ingestion. The intensity of the effects,
which can last from six to twelve hours, is re-
lated to both the dose of the drug and its purity.

Scope of Methamphetamine Abuse

A 2006 research report from the National Institute on Drug Abuse
provides this information on methamphetamine use in the United
States.

According to the 2005 National Survey on Drug Use and Health, an
estimated 10.4 million people age twelve or older (4.3 percent of the
population) have tried methamphetamine at some time in their
lives. Approximately 1.3 million reported past-year methamphet-
amine use, and 512,000 reported current (past-month) use. More-
over, the 2005 Monitoring the Future survey of student drug use and
attitudes reported 4.5 percent of high school seniors had used meth-
amphetamine within their lifetimes, while eighth-graders and
tenth-graders reported lifetime use at 3.1 and 4.1 percent, respec-
tively. However, neither of these surveys has documented an overall
increase in the abuse of methamphetamine over the past few years.
In fact, both surveys showed recent declines in methamphetamine
abuse among the nation’s youth.

In contrast, evidence from emergency departments and treat-
ment programs attests to the growing impact of methamphetamine
abuse in the country. The Drug Abuse Warning Network, which col-
lects information on drug-related episodes from hospital emergency
departments (EDs) throughout the nation, reported a greater than
50 percent increase in the number of ED visits related to metham-
phetamine abuse between 1995 and 2002, reaching approximately
73,000 ED visits, or 4 percent of all drug-related visits, in 2004.

Treatment admissions for methamphetamine abuse have also in-
creased substantially. In 1992, there were approximately 21,000
treatment admissions in which methamphetamine/amphetamine
was identified as the primary drug of abuse, representing more than
1 percent of all treatment admissions during the year. By 2004, the
number of methamphetamine treatment admissions increased to
greater than 150,000, representing 8 percent of all admissions.
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Regardless of the route of
ingestion, tolerance to the
drug may develop quickly, so
that the user requires larger
and larger doses of amphet-
amines to produce the de-
sired effect. Whereas medi-
cal doses of amphetamines
rarely exceed 100 milligrams
per day, a super user on a
binge may ingest more than
15,000 milligrams every
twenty-four hours.

Forms

The appearance of am-
phetamine and methamphet-
amine depends on the syn-
thetic process and quality
control used in their pro-
duction. High-quality street
meth is generally a white
crystalline powder. The color
of lower-quality meth may
range from dark yellow to
brown. The drug may be
crystalline, granular, or solid
block, and it may have a
sticky consistency. It may be
packaged in plastic bags, pa-
per bindles, or glass vials.

Ice is a very pure form of
methamphetamine with an
appearance similar to that of
broken glass. It is usually in-
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gested by smoking, and the effects can last up to
fourteen hours. The price of one gram of ice
ranges from two hundred to four hundred dol-
lars.

Effects

As stimulants that act on the central nervous
system, amphetamines reduce fatigue and the
need to sleep, increase confidence and energy
levels, and in general cause psychological and
physical exhilaration. These effects are identi-
cal to those of cocaine, but the effects of cocaine
last from twenty to eighty minutes, whereas
those of amphetamines last for four to twelve
hours. New users can rapidly develop psycho-
logical dependence on amphetamines.

Common effects displayed by people under
the influence of amphetamines include alert-
ness, anxiety, euphoria, reduced appetite, talk-
ativeness, and teeth grinding. Chronic abuse of
the drug can produce severe mental and physi-
cal problems, including delusions, visual and
auditory hallucinations, and violent behavior.
Long-term high-dose users of amphetamines
may experience formication, which is the feel-
ing that bugs are crawling under the skin. Peo-
ple in this state can severely injure themselves
while trying to dig or cut the imagined bugs
from their skin.

Megan N. Bottegal

Further Reading

Gano, Lila. Hazardous Waste. San Diego, Calif.:
Lucent Books, 1991. Provides a good discus-
sion of the health risks of the hazardous
wastes generated by clandestine labs in the
production of methamphetamine.

Hicks, John. Drug Addiction: “No Way I'm an
Addict.” Brookfield, Conn.: Millbrook Press,
1997. Focuses on drug-abuse treatment
strategies, with an emphasis on amphet-
amine addiction.

Laci, Miklos. Illegal Drugs: America’s Anguish.
Detroit: Thomson/Gale, 2004. Comprehen-
sive guide to illegal drugs in the United
States includes discussion of the origins,
uses, and effects of drug abuse. Of particular
interest is the section on drug trafficking.

Menhard, Francha Roffé. Drugs: Facts About
Amphetamines. Tarrytown, N.J.: Marshall

Anabolic Steroid Control Act of 2004

Cavendish, 2006. Provides information on
the characteristics, legal status, history,
abuse, and treatment of addiction to amphet-
amines and methamphetamine.

Pellowski, Michael. Amphetamine Drug Dan-
gers. Berkeley Heights, N.J.: Enslow, 2000.
Discusses stimulant drugs in general and
amphetamines in particular. Topics of inter-
est include the signs and symptoms of am-
phetamine abuse.

See also: Club drugs; Controlled Substances
Act of 1970; Drug abuse and dependence; Drug
classification; Drug confirmation tests; Drug
Enforcement Administration, U.S.; Drug para-
phernalia; Meth labs; Stimulants.

Anabolic Steroid Control
Act of 2004

Date: Enacted on October 22, 2004

The Law: Federal legislation designed to clar-
ify definitions of anabolic steroids, to pro-
vide for research and education activities
relating to steroids and steroid precursors,
and to expand regulatory and enforcement
authority.

Significance: The Anabolic Steroid Control
Act of 2004 represented an attempt by the
U.S. government to address the growing
problem of the use of anabolic steroids,
particularly by young people. The law
strengthened legal penalties for distribu-
tion and possession of these drugs while
also encouraging increased education
about their dangers for children and ado-
lescents.

Anabolic steroids are synthetic chemicals that
mimic the action of the hormone testosterone
in the body. They originally found a valued use
in maintaining tissue integrity in sufferers of
chronic disease. Athletes, however, soon discov-
ered that the muscle-promoting activity of ana-
bolic steroids could enhance performance and
give them decided advantages over other ath-
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letes in competition, and the use of these drugs
became pervasive throughout the sporting
world. When they found a place among Ameri-
can male teenagers craving larger muscles and
better athletic performance, the U.S. Congress
took note.

Congress first criminalized the nonmedical
use of anabolic steroids by passing the Anabolic
Steroid Control Act of 1990, which made it clear
that anyone illegally possessing these drugs
was subject to arrest and prosecution. Under
the 1990 act, a first offense of simple possession
was punishable by up to one year in prison, a
minimum fine of $1,000, or both. The penalties
increased for those with previous convictions re-
lated to narcotics crimes. The act reserved the
most severe penalties for individuals who dis-
tributed or dispensed steroids. These activities
carried a penalty of up to five years in prison, a
fine of $250,000, or both. Penalties were higher
for repeat offenders, and fines could rise to
$1,000,000 for defendants that were other than
individuals.

Although the 1990 act was an improvement
over previous legislation, it did not go far
enough. For example, the 1990 act listed only
twenty-seven controlled substances; the Anabo-
lic Steroid Control Act of 2004 act more than
doubled that number in addition to stiffening
penalties and providing for research and educa-
tion regarding anabolic steroids. The 2004 act
significantly increased the maximum term of
imprisonment, fine, and length of supervised
release for the manufacture or distribution of
anabolic steroids. It also broadened the defini-
tion of an anabolic steroid to encompass any
drug or hormonal substance chemically related
to testosterone. The act specifically excluded es-
trogens, progestins, corticosteroids, and dehy-
droepiandrosterone from that list while desig-
nating fifty-nine specific drugs as anabolic
steroids. Finally, the act encouraged the use of
federal grants to carry out science-based educa-
tion programs in elementary and secondary
schools to highlight the harmful effects of ana-
bolic steroids.

Although a great deal of debate continues re-
garding the negative effects of anabolic steroids,
proponents of the 2004 legislation took their
lead from studies that had found that these
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drugs may damage the liver, kidney, heart, and
sexual organs. In addition, research has indi-
cated that the use of anabolic steroids by chil-
dren could prevent them from reaching their
full height, and use of the drugs has been associ-
ated with outbursts of anger and violence (often
referred to as “roid rage”). In recognition of ana-
bolic steroids’ potential for damage, U.S. presi-
dent George W. Bush called for a “get-tough ap-
proach” to steroid abuse in his 2004 state of the
union address. The Anabolic Steroid Control
Act of 2004 was a step in that direction.
Richard S. Spira

Further Reading

Aretha, David. Steroids and Other Perfor-
mance-Enhancing Drugs. Berkeley Heights,
N.J.: Enslow, 2005.

Gray, James. Why Our Drug Laws Have Failed
and What We Can Do About It: A Judicial In-
dictment of the War on Drugs. Philadelphia:
Temple University Press, 2001.

Monroe, Judy. Steroids, Sports, and Body Im-
age: The Risks of Performance-Enhancing
Drugs. Berkeley Heights, N.J.: Enslow, 2004.

Yesalis, Charles E. Anabolic Steroids in Sport
and Exercise. Champaign, I1l.: Human Kinet-
ics, 2000.

See also: Athlete drug testing; Drug confirma-
tion tests; Drug Enforcement Administration,
U.S.; Forensic toxicology; Performance-enhanc-
ing drugs; Toxicological analysis.

Analytical instrumentation

Definition: Tools used during the chemical
and physical investigation of physical evi-
dence to identify components and their as-
sociated concentrations.

Significance: The scientific evaluation of fo-
rensic samples provides information that
can be useful to law-enforcement investi-
gators. The instruments employed by fo-
rensic scientists are designed to detect and
measure small quantities and fine details,
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thus enabling comparisons of samples
that can link suspects to crime scenes or
eliminate persons from suspicion.

Advances in analytical instrumentation have
significantly changed how forensic investiga-
tions are completed. Forensic scientists use
many different types of analytical instruments,
but all these tools serve the purpose of enabling
the scientists to obtain more information on fo-
rensic samples. Analytical techniques have the
ability to change a sample from one that was
thought to have only class characteristics to one
that has individual characteristics, making it
more valuable in an investigation. This ability
to detect individual characteristics is one rea-
son analytical instrumentation has become an
important part of forensic investigations.
Analytical instruments can be grouped ac-
cording to the types of chemical and physical
properties they measure. The analytical tech-
niques most commonly used by forensic scien-
tists are microscopy, chromatography, electro-
phoresis, spectrometry, and spectroscopy.

Microscopy

Light microscopy, or the use of light micro-
scopes, allows forensic analysts to magnify sam-
ples so the fine details can be viewed and evalu-
ated. Light microscopes have the ability to
magnify up to around 1,500x (that is, 1,500
times normal size). Light microscopy is useful
for comparisons of samples and in the evalua-
tion of specimens for similarities and differ-
ences. Common light microscopes used in foren-
sic science include the compound microscope,
the stereo microscope, and the comparison mi-
croscope. A comparison microscope allows an
analyst to view two samples side by side, so they
can easily be compared; fiber samples and bul-
lets are among the kinds of forensic evidence of-
ten compared in this way.

An electron microscope uses a beam of elec-
trons to probe a sample and allows a forensic
scientist to view a sample at a greater magnifi-
cation than is possible with a light microscope.
A common type of electron microscope used in
forensic applications is the scanning electron
microscope (SEM), which can reach a magnifi-
cation of 100,000x or greater. Another advan-
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tage of the SEM is that it enables the scientist to
probe the elemental composition and elemental
distribution of specimens using the X-ray fluo-
rescence property of the microscope.

Chromatography and Electrophoresis

Forensic scientists use chromatography and
electrophoresis to analyze complex mixtures of
chemicals. The term “chromatography” is used
to refer to a range of techniques that allow the
separation of the individual components of
chemical mixtures through the use of either a
gas or a liquid moving phase. Chromatographic
analysis can be used to determine all the differ-
ent chemical components that make up a sam-
ple and how much of each component is present.

The main types of chromatography used in
forensic investigations are gas chromatogra-
phy (GC) and high-performance liquid chroma-
tography (HPLC). GC separates, detects, and
quantifies volatile species (atoms, molecules, or
ions) or chemical compounds that can be con-
verted to the gas phase by heating. Once in a gas
phase, species move at different rates through a
column, which results in a physical separation
between components. This technique is very
useful for arson investigations, in which fire
accelerants often need to be evaluated. HPLC
involves the analysis of mostly organic samples
(molecules containing carbon) in a liquid state.
The samples are dissolved in a suitable liquid
solvent, such as water or an alcohol. This tech-
nique can be used to identify and determine the
amounts of different drugs in samples collected
at crime scenes.

Capillary electrophoresis is a technique used
by forensic scientists to separate charged chem-
ical species such as proteins and peptides. It
uses an electric potential to cause positive and
negative charged species to migrate and sepa-
rate into components. The main forensic appli-
cation of this technique is in DNA (deoxyribonu-
cleic acid) analysis.

Spectrometry and Spectroscopy

Forensic scientists use molecular spectrome-
try and spectrophotometry to look at the mo-
lecular or organic structure of chemical com-
pounds. Techniques such as Fourier transform
infrared (FTIR) spectrometry, ultraviolet and

31



Analytical instrumentation

visible spectrometry (UV-Vis),
and mass spectrometry (MS) al-
low analysts to classify and
identify chemicals by their mo-
lecular spectra. FTIR spectrom-
etry uses infrared light, and
UV-Vis uses visible and ultravi-
olet light. A forensic scientist
might compare an FTIR spectra
of a forensic sample such as a
white powder found at a crime
scene with a spectral library of
known compounds in order to
identify the powder. FTIR can
also be attached to a microscope
to create a microspectrophotom
eter, which enables examina-
tion of the molecular structure
of a sample. MS is often carried
out in conjunction with gas or
liquid chromatography to pro-
vide more detailed identifica-
tion of components in a forensic
sample.

Elemental spectroscopy is accomplished by
techniques that measure the elemental compo-
sition and concentration in a sample. Atomic
absorption (AA), inductively coupled plasma
(ICP), X-ray fluorescence (XRF), X-ray diffrac-
tion (XRD), and neutron activation analysis
(NAA) are typical instruments used in inor-
ganic analysis. XRF can be used to determine
the presence oflead and barium in gunshot resi-
due. ICP can be used in finding out what ele-
ments are in a metal sample, such as a bullet;
this allows the scientist to determine the alloy
type, which then may be traced to a manufac-
turer.

Duwight Tshudy
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President George W. Bush looks through a comparison microscope in the ballistics

room of the Federal Bureau of Investigation Laboratory in Quantico, Virginia. (AP/Wide
World Photos)
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matography; High-performance liquid chroma-
tography; Homogeneous enzyme immunoassay;
Mass spectrometry; Microspectrophotometry;
Scanning electron microscopy; Spectroscopy.

Anastasia remains
identification

Date: Began in July, 1991

The Event: After Bolshevik revolutionaries
executed the members of the Russian impe-
rial family in 1918, rumors persisted—and
the notion was popularized in books and
films—that two of the czar’s children,
Anastasia and Alexei, survived. Numer-
ous pretenders came forward claiming to
be the missing Princess Anastasia. Begin-
ning in 1991, forensic science was put to
use in attempts to clarify which members
of the family were in fact executed.

Significance: The forensic investigation un-
dertaken to identify the remains of the
Russian royal family, the Romanovs, was
the first to employ both short tandem re-
peats and mitochondrial DNA for the iden-
tification of historical figures, portending
the application of the same techniques in
the identification of the remains of both
well-known and obscure persons in future
investigations.

On July 17, 1918, Czar Nicholas IT of Russia, his
family members (Czarina Alexandra, their four
daughters—Olga, Tatiana, Maria, and Anas-
tasia—and only son, Alexei), the family physi-
cian, and three servants were herded into a
basement and executed by firing squad or by
stab wounds from bayonets. Eyewitness ac-
counts stated that most of the bodies were then
placed in a shallow pit, and sulfuric acid was
added to impede identification; the remains of
Alexei and an unidentified daughter were
burned separately.

In 1991, the Russian government authorized

Anastasia remains identification

an investigation at the burial site. The July,
1991, exhumation of the grave near Yeka-
terinburg revealed that it contained nine
corpses. A Russian forensic team did extensive
work in determining the sexes of the bodies, in
estimating ages, and in employing odontology
and computer-assisted facial reconstruction to
attempt identification, although the latter tests
were limited because the facial areas of the
skulls were destroyed. The scientists deter-
mined that the grave contained the remains of
the czar, the czarina, three of the daughters, the
physician, and the servants. However, a dis-
agreement about the identification of the
daughters developed between the Russian sci-
entists and an American team of forensic an-
thropologists who had been hired by the city of
Yekaterinburg. Relying on the same evidence,
the Russian researchers argued that the miss-
ing daughter was Maria, whereas the Ameri-
cans thought her to be Anastasia. No evidence
of the allegedly burned children’s bodies was
found at the site or nearby.

To bolster the authenticity of the identifica-
tion, a joint team of British and Russian scien-
tists evaluated the remains using three DNA
(deoxyribonucleic acid) tests. The first con-
firmed that the mass grave contained five fe-
male and four male bodies. The second test was
a short tandem repeat (STR) analysis; this type
of test can establish whether individuals are
closely related to one another. The second test
showed that the remains included parents and
three children. The third test was mitochon-
drial DNA (mtDNA) sequencing, which can be
employed for identification even when the re-
lated persons are separated by many genera-
tions; mtDNA is passed directly from mothers to
their children. DNA from the body believed to be
that of the czar was compared with DNA sam-
ples from two of the czar’s maternal grand-
mother’s descendants; DNA from the czarina
and the children was compared with DNA from
Prince Philip, duke of Edinburgh, whose mater-
nal grandmother was the czarina’s sister. In
both instances, matches were positive.

The researchers reported a 98.5 percent
probability that the remains were those of the
imperial family based on the anthropological,
historical, and scientific evidence. They de-
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The children of the last czar of Russia (from left): Tatiana, Maria, Anastasia, Olga, and Alexei. This photograph was taken sometime around

1916, approximately two years before the members of the Romanov family were executed. (Library of Congress)

clined, however, to confirm the individual iden-
tities of the daughters. Both American and Ger-
man authorities tested the DNA of Anna
Anderson, the best known of the Anastasia pre-
tenders, using STR analysis, and the DNA was
not a match to the royal family.

In 2007, Russian archaeologists announced
that they believed they had found the remains
of the two missing children of the imperial fam-
ily near the site where Nicholas, Alexandra, and
the other three daughters were found. In April,
2008, Russian forensic scientists who had per-
formed analyses on DNA extracted from teeth,
bones, and other fragments of those remains an-
nounced their findings: The last two of the
Romanov children, Alexei and Maria, had been
identified. The remains found in the mass
burial site examined beginning in 1991 thus in-
cluded those of Anastasia.

Susan Coleman
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Ancient criminal cases and
mysteries

Significance: Many ancient humans engaged
in illegal behaviors, ranging from theft to
murder, that share elements with crimes
that have been encountered by centuries
of law-enforcement personnel, who in turn
developed effective forensic investigation
techniques. Intrigued by certain unsolved
ancient crimes, some modern investiga-
tors have applied the latest forensic meth-
ods and tools to the evaluation of the avail-
able evidence in those cases, and their
work has sometimes led to improvements
in modern forensic analysis.

In ancient times, legal systems and procedures
were not standardized; they functioned dis-
tinctly in diverse locales and during various pe-
riods. Biblical accounts, particularly in the Old
Testament, depict many crimes, beginning with
Cain’s Kkilling of Abel. Ancient historians, in-
cluding Herodotus (c. 484-425 B.c.E.) and Tacitus
(c. 56-120 c.E.), recorded incidents of crime
based on anecdotes they heard from contempo-
raries. The historical veracity of many of these
accounts is questionable, however. Information
regarding ancient crimes is often inconsistent,
vague, and greatly distanced from eyewit-
nesses. Biased chroniclers often excluded infor-
mation that countered their own beliefs or those
of their patrons or incorporated incorrect de-
tails. In addition, wars and other disasters led
to the loss of records that described crimes.

Ancient Laws

The crimes committed in the ancient world
were similar to the malicious actions humans
have pursued in all eras. Ancient people robbed,
raped, abducted, and murdered much as mod-
ern people do, prompted by greed, revenge, and
other motives. Rulers shaped most early laws
to define crimes and establish punishments.
The first known law code was issued by Ham-
murabi during his reign as king of Babylon,
from approximately 1792 to 1750 B.c.E. The be-
haviors defined as crimes in ancient times were
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those that violated the moral and social beliefs
valued by the leaders who made the laws; these
behaviors were often directed against royalty,
governments, or temples, and they had negative
impacts on communities. People were often con-
sidered criminal for disobeying rules and cus-
toms, especially those related to religious prac-
tices, as ancient theology and politics were often
linked. Many ancient people perceived blas-
phemy to be a criminal activity.

Laws in particular areas changed as the rul-
ing powers changed with invasions and wars,
and the laws that were enforced varied depend-
ing on rulers’ agendas, attitudes, and tolerance
for criminality. Ancient philosophers, including
Aristotle (384-322 B.c.E.) and Plato (c. 427-347
B.C.E.), contemplated the role of crime and pun-
ishment in societies and the need for justice.
The punishments for criminal behavior in an-
cient times included seizure of property, impris-
onment, forced labor, mutilation, exile, and exe-
cution. Individuals usually dealt with personal
crimes, such as embezzlement and extortion, by
seeking compensation.

Just as the laws varied, the courts of the an-
cient world operated differently in different
places and times. Most of the courts of ancient
Rome were conducted by praetors, or magis-
trates, who chose the cases that would be heard.
Juries came to decisions of acquittal, condem-
nation, or not proven after hearing cases in
which alleged criminals were pitted against
their accusers; in these courts, oratorical evi-
dence was offered and witnesses testified. In an-
cient Greek courts, citizen juries, often consist-
ing of several hundred men, ruled on the cases
presented; both prosecutors and defenders in
these cases used oratory rather than evidence to
sway jurors’ decisions.

Murder

Ancient people committed homicide for many
of the same reasons modern people do. Some
murders were intentional, committed out of
jealousy, rage, or vengeance; others were the
unintentional result of other crimes, such as
theft or assault. Assassinations of rulers oc-
curred frequently throughout ancient history.
Although most of the homicides that took place
in ancient times remain anonymous, at least
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one is widely known in the modern world: the
assassination of the Roman ruler Julius Caesar
(100-44 B.C.E.), whose political actions provoked
his rivals to conspire to kill him.

After he attained power in 49 B.c.E., Caesar
instituted reforms that outraged his enemies,
who feared losing the power and prestige that
had been accorded their families for genera-
tions. On March 15, 44 B.c.E., Caesar went to the
Theatre of Pompey, where the Roman senate
was meeting. A group of senators led by Marcus
Junius Brutus swarmed around Caesar and
slashed him with knives. A physician who later
examined Caesar’s corpse noted that he had
twenty-three stab wounds. Roman officials or-
dered that Caesar’s assassins be apprehended
and slain.

Other notorious ancient assassinations tar-
geted Roman and Egyptian leaders. On Septem-
ber 18, 96 c.E., Roman emperor Domitian was
assassinated. Tired of Domitian’s oppression,
his chamberlain had devised a plot against him,
involving Domitian’s guards as accomplices. A
steward named Stephanus fatally stabbed
Domitian, whose supporters avenged his death
by killing the assassins. In ancient Egypt,
women living in the pharaoh’s harem plotted to
remove Ramses III from power in 1153 B.c.E. A
judicial papyrus dating from that time indicates
that numerous people were arrested for actions
related to the crime, of whom twenty-four were
declared guilty and probably executed.

Poisoning

During ancient times, scientific techniques
to detect poisons in bodies were nonexistent.
This inability to trace toxins to fatalities bene-
fited many people who relied on poisoning as the
most effective method of eliminating enemies
and rivals. Ancient poisoners derived toxins
from organic sources, both plants and animal
venoms, to contaminate food and drink or create
deadly lotions. Arsenic, which was used to sea-
son foods and was incorporated in pharmaceuti-
cals, proved lethal when concentrated in bodily
tissues.

Among the notorious poisoners in ancient
Rome (around 74 B.c.E.) was a man named
Oppianicus, whose criminal acts included poi-
soning but failing to kill Cluentius, whose
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stepfather Oppianicus had killed so he could
marry Cluentius’s mother, Sassia. Oppianicus
schemed to acquire Cluentius’s belongings,
which his mother would inherit after his death.
At Oppianicus’s trial for attempting to kill Clu-
entius, his defense tried to discredit Cluen-
tius by claiming that Cluentius had bribed
judges. The tactic did not work, and Oppianicus
was exiled. Sassia and Cluentius’s sister later
sought prosecution of Cluentius for allegedly at-
tempting to poison Oppianicus, and Cluentius
was acquitted. When Oppianicus was subse-
quently murdered, Cluentius, who was accused
of the crime, benefited from the defense oratory
of Roman statesman and philosopher Cicero.
Cicero’s strategy was not to stress Cluentius’s
innocence but to focus on the crimes Oppianicus
had committed to suggest that his death was
justified. Cicero’s persuasive statements re-
sulted in Cluentius’s exoneration.

Another ancient Roman poisoner, Locusta,
was so well-known for her herbal expertise that
prominent Romans sought her out for her poi-
soning services. Her influential clients included
the wife of Emperor Claudius (10 B.c.E.-54 C.E.),
Agrippina the Younger, who schemed for her
son from an earlier marriage, Nero, to succeed
Claudius as emperor rather than Britannicus,
Claudius’s son by a previous wife. Deciding to
kill Claudius first, Agrippina contacted Lo-
custa, who served Claudius a meal containing
poisonous mushrooms. The physician who at-
tended Claudius when he became ill was allied
with Agrippina; he gave the emperor a poison-
ous enema, ensuring his death. Although Lo-
custa was incarcerated for that murder, Nero,
the new emperor, released her so that she could
kill Britannicus with tainted wine.

Theft and Civic Crimes

Theft was a common crime in ancient com-
munities. Thieves picked pockets, stole goods
from markets and homes, and embezzled. Papy-
rus records from ancient Egypt describe such
notable heists as the Great Tomb Robbery.
Royal tombs at Th