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The Sam Sheppard Case: A Trail of Blood


Convicted in 1954 of bludgeoning his wife
to death, Dr. Sam Sheppard achieved celebrity status
when the storyline of TV’s The Fugitive was apparently
modeled on his efforts to seek vindication for the crime he
professed not to have committed. Dr. Sheppard, a
physician, claimed he was dozing on his living room couch
when his pregnant wife, Marilyn, was attacked.
Sheppard’s story was that he quickly ran upstairs to stop
the carnage, but was knocked unconscious briefly by
the intruder. The suspicion that fell on Dr. Sheppard
was fueled by the revelation that he was having an
adulterous affair. At trial, the local coroner testified
that a pool of blood on Marilyn’s pillow contained
the impression of a “surgical instrument.” After
Sheppard had been imprisoned for ten years, the
U.S. Supreme Court set aside his conviction due
to the “massive, pervasive, and prejudicial
publicity” that had attended his trial.


In 1966, the second Sheppard trial
commenced. This time, the same coroner was
forced to back off from his insistence that the


bloody outline of a surgical instrument was present on
Marilyn’s pillow. However, a medical technician from the coroner’s


office now testified that blood on Dr. Sheppard’s watch was from blood spatter,
indicating that Dr. Sheppard was wearing the watch in the presence of the battering of his


wife. The defense countered with the expert testimony of eminent criminalist Dr. Paul Kirk. Dr. Kirk
concluded that blood spatter marks in the bedroom showed the killer to be left-handed. Dr. Sheppard was
right-handed.


Dr. Kirk further testified that Sheppard stained his watch while attempting to obtain a pulse reading.
After less than 12 hours of deliberation, the jury failed to convict Sheppard. But the ordeal had taken its
toll. Four years later Sheppard died, a victim of drug and alcohol abuse.


headline news
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After studying this chapter, you should be able to:
• Define crime-scene reconstruction


• Discuss the information that can be gained from bloodstain
pattern analysis about the events involved in a violent crime


• Explain how surface texture, directionality, and angle of impact
affect the shape of individual bloodstains


• Calculate the angle of impact of a bloodstain using its
dimensions


• Describe the classifications of low-, medium-, and high-velocity
impact spatter and appreciate how these classifications should
be used


• Discuss the methods to determine the area of convergence
and area of origin for impact spatter patterns


• Understand how various blood pattern types are created and
which features of each pattern can be used to aid in
reconstructing events at a crime scene


• Describe the methods for documenting bloodstain patterns at
a crime scene


crime–scene
reconstruction:
bloodstain
pattern analysis angle of impact


area of convergence
area of origin
arterial spray
back spatter
cast-off
crime-scene


reconstruction
drip trail pattern
expirated blood


pattern
flows
forward spatter
high-velocity spatter
impact spatter
low-velocity spatter
medium-velocity


spatter
satellite spatter
skeletonization
transfer pattern
void


KEY TERMS


> > > > > > > > > > > > 
chapter 12
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crime-scene reconstruction
The method used to support a
likely sequence of events at a crime
scene by the observation and
evaluation of physical evidence and
statements made by individuals
involved with the incident


298 CHAPTER 12


Fundamentals of Crime-Scene
Reconstruction
Previous discussions dealing with the processes of identification and comparison have stressed
laboratory work routinely performed by forensic scientists. However, there is another dimension
to the role that forensic scientists play during the course of a criminal investigation: participat-
ing in a team effort to reconstruct events that occurred before, during, and after the commission
of a crime.


Law enforcement personnel must take proper action to enhance all aspects of the crime-
scene search so as to optimize the crime-scene reconstruction. First, and most important, is
securing and protecting the crime scene. Protecting the scene is a continuous endeavor from
the beginning to the end of the search. Evidence that can be invaluable to reconstructing the
crime can be unknowingly altered or destroyed by people trampling through the scene, ren-
dering the evidence useless. The issue of possible contamination of evidence will certainly
be attacked during the litigation process and could make the difference between a guilty and
not-guilty verdict.


Before processing the crime scene for physical evidence, the investigator should make a
preliminary examination of the scene as it was left by the perpetrator. Each crime scene pres-
ents its own set of circumstances. The investigator’s experience and the presence or absence
of physical evidence become critical factors in reconstructing a crime. The investigator cap-
tures the nature of the scene as a whole by performing an initial walk-through of the crime
scene and contemplating the events that took place. Using the physical evidence available to
the naked eye, he or she can hypothesize about what occurred, where it occurred, and when it
occurred. During the walk-through, the investigator’s task is to document observations and
formulate how the scene should ultimately be processed. As the collection of physical evi-
dence begins, any and all observations should be recorded through photographs, sketches, and
notes. By carefully collecting physical evidence and thoroughly documenting the crime scene,
the investigator can begin to unravel the sequence of events that took place during the com-
mission of the crime.


Often reconstruction requires the involvement of law enforcement personnel, a medical ex-
aminer, and/or a criminalist. All of these professionals contribute unique perspectives to develop
the crime-scene reconstruction. Was more than one person involved? How was the victim killed?
Were actions taken to cover up what took place? The positioning of the victim in a crime scene
can often reveal pertinent information for the investigation. Trained medical examiners can ex-
amine the victim at a crime scene and determine whether the body has been moved after death
by evaluating the livor distribution within the body (see pages 72–73). For example, if livor has
developed in areas other than those closest to the ground, the medical examiner can reason that
the victim was probably moved after death. Likewise, the examiner can determine whether the
victim was clothed after death because livor will not develop in areas of the body that are re-
stricted by clothing.


A criminalist or trained crime-scene investigator can also bring special skills to the recon-
struction of events that occurred during the commission of a crime. For example, a criminalist us-
ing a laser beam to plot the approximate bullet path in trajectory analysis can help determine the
probable position of the shooter relative to that of the victim (see Figure 12–1). Other skills that
a criminalist may employ during a crime-scene reconstruction analysis include determining the
direction of impact of projectiles penetrating glass objects (see pages 107–108); locating gunshot
residues deposited on the victim’s clothing for the purpose of estimating the distance of a shooter
from a target (see pages 427–430); searching for primer residues deposited on the hands of a sus-
pect shooter (see pages 431–434); and, as we will see from the discussion that follows, analyzing
blood spatter patterns.


Crime-scene reconstruction is the method used to support a likely sequence of
events at a crime scene by observing and evaluating physical evidence and statements
made by individuals involved with the incident. The evidence may also include informa-
tion obtained from reenactments. Therefore, reconstructions have the best chance of being
accurate when investigators use proper documentation and collection methods for all types
of evidence.
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satellite spatter
Small droplets of blood that are
distributed around the perimeter of
a drop or drops of blood and were
produced as a result of the blood
impacting the target surface
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Bullet entrance
wound


Search path
for evidence
of shooter


Laser


Mannequin


Window


Bullet
hole


FIGURE 12–1
A laser beam is used to determine the search area for the position of a shooter
who has fired a bullet through a window and wounded a victim. The bullet path
is determined by lining up the victim’s bullet wound with the bullet hole present 
in the glass pane.


General Features 
of Bloodstain Formation
Crimes involving violent contact between individuals are frequently accompanied by bleeding
and resultant bloodstain patterns. Crime-scene analysts have come to appreciate that bloodstain
patterns deposited on floors, walls, ceilings, bedding, and other relevant objects can provide valu-
able insights into events that occurred during the commission of a violent crime. The information
one is likely to uncover as a result of bloodstain pattern interpretation includes the following:


• The direction from which blood originated
• The angle at which a blood droplet struck a surface
• The location or position of a victim at the time a bloody wound was inflicted
• The movement of a bleeding individual at the crime scene
• The minimum number of blows that struck a bleeding victim
• The approximate location of an individual delivering blows that produced a bloodstain pattern


The crime-scene investigator must not overlook the fact that the location, distribution, and
appearance of bloodstains and spatters may be useful for interpreting and reconstructing the
events that accompanied the bleeding. A thorough analysis of the significance of the position and
shape of blood patterns with respect to their origin and trajectory is exceedingly complex and re-
quires the services of an examiner who is experienced in such determinations. Most important,
the interpretation of bloodstain patterns necessitates a carefully planned control experiment us-
ing surface materials comparable to those found at the crime scene. This chapter presents the ba-
sic principles and common deductions behind bloodstain pattern analysis to give the reader
general knowledge to use at the crime scene.


Surface Texture
Surface texture is of importance in the interpretation of bloodstain patterns arising from blood
dripping off an object. Comparisons between standards and unknowns are valid only when iden-
tical surfaces are used. In general, harder and nonporous surfaces (such as glass or smooth tile)
result in less spatter. Rough surfaces, such as carpeting or wood, usually result in irregularly
shaped stains with serrated edges, possibly with satellite spatter (see Figure 12–2).


Direction and Angle of Impact
An investigator may discern the direction of travel of blood striking an object by studying the
stain’s shape. As the stain becomes more elliptical in shape, its direction of impact becomes more
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angle of impact
The acute angle formed between
the path of a blood drop and the
surface that it contacts
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(b)(a)


FIGURE 12–2
(a) A bloodstain from a single drop of blood that struck a glass surface after falling
24 inches. (b) A bloodstain from a single drop of blood that struck a cotton muslin
sheet after falling 24 inches.
(a) Courtesy A. Y. Wonder; (b) courtesy, A. Y. Wonder


FIGURE 12–3
A bloodstain pattern produced by drops of blood that were traveling from left to right.
Courtesy A. Y. Wonder


discernible because the pointed end of a bloodstain faces its direction of travel. Also, the distorted
or disrupted edge of an elongated stain indicates the direction of travel of the blood. In Figure 12–3,
the bloodstain pattern was produced by several drops of blood that were traveling from left to right
before striking a flat, level surface.


It is possible to determine the impact angle of blood on a flat surface by measuring the degree
of circular distortion of the stain. A drop deposited at an angle of impact of about 90 degrees
(directly vertical to the surface) will be approximately circular in shape with no tail or buildup of


IS
B


N
 1


-2
5


6
-3


6
5


9
3


-9


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








back spatter
Blood directed back toward the
source of the force that caused
the spatter


forward spatter
Blood that travels away from the
source in the same direction as
the force that caused the spatter


impact spatter
A bloodstain pattern produced
when an object makes forceful
contact with a source of blood,
projecting drops of blood outward
from the source


WEBEXTRA 12.1
See How Bloodstain Spatter Patterns
Are Formed 
www.mycrimekit.com
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blood. However, as the angle of impact deviates from 90 degrees, the stain becomes elongated in
shape. Buildup of blood will show up in the larger angles, whereas longer and longer tails will
appear as the angle of impact becomes smaller (see Figure 12–4).


Impact Bloodstain Spatter Patterns
One of the most common type of bloodstain pattern found at a crime scene is impact spatter.
This pattern occurs when an object impacts a source of blood. The spatter projected outward and
away from the source, such as an exit wound, is called a forward spatter. Back spatter, some-
times called blowback spatter, consists of the blood projected backward from a source, such as
an entrance wound, potentially being deposited on the object or person creating the impact. Im-
pact spatter patterns consist of many drops radiating in direct lines from the origin of blood to the
target (see Figure 12–5).


Investigators have derived a common classification system of impact spatter from the
velocity of a blood droplet. In general, as the force of the impact on the source of blood
increases, so does the velocity of the blood drops emanating from the source. It is also generally
true that as both the force and velocity of impact increase, the diameter of the resulting blood
drops decreases.


Classifying Impact Spatter
LOW-VELOCITY SPATTER An impact pattern consisting of large separate or compounded drops
with diameters of 3 millimeters or more is known as low-velocity spatter. This kind of spatter is


FIGURE 12–4
The higher pattern is of a single drop of human
blood that fell 24 inches and struck hard, smooth
cardboard at 50 degrees. On this drop the irregular
edge shows the direction. The lower pattern is of a
single drop of human blood that fell 24 inches and
struck hard, smooth cardboard at 15 degrees. On
this drop the tail shows the direction.
Courtesy A. Y. Wonder


low-velocity spatter
An impact spatter pattern created
by a force traveling at 5 feet per
second or less and producing
drops with diameters greater than
3 millimeters
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medium-velocity spatter
An impact spatter pattern created
by a force traveling at 5 to 25 feet
per second and producing drops
with diameters between 1 and
3 millimeters
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FIGURE 12–5
Impact spatter produced by
an automatic weapon. The
arrows shows the multiple
directions of travel from
origin of impact as several
different bullet struck the
target.
Courtesy A. Y. Wonder
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Determining the Angle 
of Impact of Bloodstains


The distorted or disrupted edge of an elongated
stain indicates the direction of travel of the blood
drop. One may establish the location or origin of
bloodshed by determining the directionality of the
stain and the angle at which blood came into con-
tact with the landing surface. To determine the an-
gle of impact, calculate the stain’s length-to-width
ratio and apply the formula


width of blood stain
Sin A = ————–——––——


length of blood stain


normally produced by minimal force. Typically, the drops hit the surface at a speed of less than
5 feet per second.


MEDIUM-VELOCITY SPATTER A pattern consisting of small drops with diameters from 1 to
3 millimeters is classified as medium-velocity spatter. This type of impact spatter is normally
associated with blunt-force trauma to an individual. Drops of medium-velocity spatter hit the
surface at 5 to 25 feet per second.


HIGH-VELOCITY SPATTER Very fine drops with diameters of less than 1 millimeter are classi-
fied as high-velocity spatter. Here the drops hit the surface at 100 feet per second or faster.
Gunshot exit wounds or explosions commonly produce this type of spatter. However, because
the drops are very small, they may not travel far; they may fall to the floor or ground where
investigative personnel could overlook them.


where A = the angle of impact.
For example, suppose the width of a stain is


11 mm and the length is 22 mm. 


11 mm
Sin A = -–––––– = 0.5


22mm


A scientific calculator with trigonometric functions
will calculate that a sine of 0.50 corresponds to a
30-degree angle.


Note: There is a 5-degree error factor with this formula. This
means that calculations are good to plus or minus 5 degrees of
the actual value of the angle of impact. The measurements for
length and width should be made with a ruler, micrometer, or
photographic loupe.


high-velocity spatter
An impact spatter pattern created
by a force traveling at 100 feet per
second or faster and producing
drops with diameters less than
1 millimeter
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(a)


FIGURE 12–6
(a) The action associated with producing impact spatter. (b) The action associated with producing cast-off spatter.
(c) The action associated with producing arterial spray spatter.
Courtesy of A. Y. Wonder


(b)


Using droplet size to classify impact patterns by velocity is a useful tool for giving investi-
gators insight into the general nature of a crime. However, the velocity at which blood strikes a
surface by itself cannot illuminate the specific events that produced the spatter pattern. For ex-
ample, beatings can produce high-velocity spatter or patterns that look more like low-velocity
spatter. In general, one should use velocity categories very cautiously and for descriptive pur-
poses only in evaluating impact spatter patterns.


As we will learn, blood spatter patterns can arise from a number of distinctly different
sources. Illustrations of patterns emanating from impact (just discussed), cast-off (on page 306),
and arterial spray (on page 307) are shown in Figure 12–6.


(c)
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Convergence


FIGURE 12–7
An illustration of stain
convergence on a two-
dimensional plane.
Convergence represents
the area from which the
stains emanated.
Courtesy Judith Bunker, J. L. Bunker
& Assoc., Ocoee, Fla.


Origin-of-Impact Patterns
Impact spatter patterns can offer investigators clues that help determine the origin of the blood
source and the position of the victim at the time of the impact.


AREA OF CONVERGENCE The area of convergence is the area on a two-dimensional plane
from which the drops originated. This can be established by drawing straight lines through the
long axis of several individual bloodstains, following the line of their tails. The intersection of
these lines is the area of convergence, and the approximate area of origin will be on a line straight
out from this area. Figure 12–7 illustrates how to draw lines to find an area of convergence.


An object hitting a source of blood numerous times will never produce exactly the same
pattern each time. One may therefore determine the number of impacts by drawing the area of
convergence for groups of stains from separate impacts.


AREA OF ORIGIN It may also be important to determine the area of origin of a bloodstain pat-
tern, the area in a three-dimensional space from which the blood was projected. This will show
the position of the victim or suspect in space when the stain-producing event took place. The dis-
tribution of the drops in an impact pattern gives a general idea of the distance from the blood
source to the bloodstained surface. Impact patterns produced at a distance close to the surface will
appear as clustered stains. As the distance from the surface increases, so do the distribution and
distance between drops.


A common method for determining the area of origin at the crime scene is called the string
method. Figure 12–8 illustrates the steps in the string method:


1. Find the area of convergence for the stain pattern.
2. Place a pole or stand as an axis coming from the area of convergence.
3. Attach one end of a string next to each droplet. Place a protractor next to each droplet and


lift the string until it lines up with the determined angle of impact of the drop. Keeping the
string in line with the angle, attach the other end of the string to the axis pole.


4. View the area of origin of the drops where the strings appear to meet. Secure the strings at
this area.


This method produces an approximation of the area of origin with an error of 2 feet.


area of convergence
The area on a two-dimensional
plane where lines traced through
the long axis of several individual
bloodstains meet; this
approximates the two-dimensional
place from which the bloodstains
were projected


area of origin
The location in three-dimensional
space that blood that produced a
bloodstain originated from; the
location of the area of convergence
and the angle of impact for each
bloodstain is used to approximate
this area
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FIGURE 12–8
An illustration of the string method used at a crime scene to determine the area
of origin of blood spatter.
Source: Bloodstain Pattern Evidence by Anita Y. Wonder, p. 47. Copyright Elsevier, 2007


More Bloodstain Spatter Patterns
Gunshot Spatter
A shooting may leave a distinct gunshot spatter pattern. This may be characterized by both for-
ward spatter from an exit wound and back spatter from an entrance wound. However, the gunshot
produces only back spatter if the bullet does not exit the body. If the victim is close enough to a
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FIGURE 12–9
The high-velocity spatter from the cone-shaped deposit of gunshot spatter.
Courtesy A. Y. Wonder


FIGURE 12–10
Back spatter bloodstains
entering the muzzle of a
weapon discharged in close
proximity to a victim.
Courtesy Ralph R. Ristenbatt III and
Robert Shaler


vertical surface when suffering a gunshot wound, the blood will be expelled both forward and
backward. This will leave a pattern of very fine drops radiating out in a cone-shaped pattern char-
acteristic of high-velocity spatter (see Figure 12–9).


The location of the injury, the size of the wound created, and the distance between the victim
and the muzzle of the weapon all affect the amount of back spatter that occurs. Finding high-
velocity spatter containing the victim’s blood on a suspect can help investigators place the suspect
in the vicinity when the gun was discharged. Back spatter created by a firearm discharge generally
contains fewer and smaller atomized stains than does forward spatter. A muzzle blast striking an
entrance wound will cause the formation of atomized blood.


Depending on the distance from the victim at which the gun was discharged, some back
spatter may strike the gunman and enter the gun muzzle. This is called the drawback effect. Blood
within the muzzle of a gun can place the weapon in the vicinity of the gunshot wound. The pres-
ence of blowback spatter on a weapon’s muzzle is consistent with the weapon being close to the
victim at the time of firing (see Figure 12–10).


Cast-Off Spatter
A cast-off pattern is created when a blood-covered object flings blood in an arc onto a nearby
surface. This kind of pattern commonly occurs when a person pulls a bloody fist or weapon back
between delivering blows to a victim (see Figure 12–6[b]). The bloodstain tails will point in the
direction that the object was moving.


The width of the cast-off pattern created by a bloody object may help suggest the kind of ob-
ject that produced the pattern. The sizes of the drops are directly related to the size of the point from
which they were propelled. Drops propelled from a small or pointed surface will be smaller and the
pattern more linear; drops propelled from a large or blunt surface will be larger and the pattern wider.
The volume of blood deposited on an object from the source also affects the size and number of
drops in the cast-off pattern. The less blood on the object, the smaller the stains produced. The pat-
tern may also suggest whether the blow that caused the pattern was directed from right to left or left
to right. The pattern will point in the direction of the backward thrust, which will be opposite the di-
rection of the blow. This could suggest which hand the assailant used to deliver the blows.


Cast-off patterns may also show the minimum number of blows delivered to a victim. Each
blow should be marked by an upward-and-downward or forward-and-backward arc pattern


cast-off
A bloodstain pattern that is created
when blood is flung from a blood-
bearing object in motion onto a
surface
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(see Figure 12–11). By counting and pairing the patterns, one can estimate the minimum number
of blows. An investigator should take into consideration that the first blow would only cause
blood to pool to the area; it would not produce a cast-off pattern. Also, some blows may not come
into contact with blood and so will not produce a pattern. The medical examiner is in the best
position to estimate the number of blows a victim received.


Arterial Spray Spatter
Arterial spray spatter is created when a victim suffers an injury to a main artery or the heart. The
pressure of the continuing pumping of blood causes blood to spurt out of the injured area
(see Figure 12–6[c]). Commonly, the pattern shows large spurted stains for each time the heart
pumps. Some radial spikes, satellite spatter, or flow patterns may be evident because of the large
volume of blood being expelled with each spurt. Drops may also be seen on the surface in fairly
uniform size and shape and in parallel arrangement (see Figure 12–12).


The lineup of the stains shows the victim’s movement. Any vertical arcs or waves in the line
show fluctuations in blood pressure. The larger arterial stains are at the end of the overall pattern.
The initial breach can produce a mist effect from the initial pressure. Then, as the pressure drops,
larger blood deposits occur because arterial pressure is not causing them to break up. Arterial pat-
terns can also be differentiated because the oxygenated blood spurting from the artery tends to be
a brighter red color than blood expelled from impact wounds.


Expirated Blood Patterns
A pattern created by blood that is expelled from the mouth or nose from an internal injury is called
an expirated blood pattern. If the blood that creates such a pattern is under great pressure, it
produces very fine high-velocity spatter. Expirated blood at very low velocities produces a stain
cluster with irregular edges (see Figure 12–13). The presence of bubbles of oxygen in the drying
drops can differentiate a pattern created by expirated blood from other types of bloodstains.
Expirated blood also may be lighter in color when compared to impact spatter as a result of dilu-
tion by saliva. The presence of expirated blood gives an important clue as to the injuries suffered
and the events that took place at a crime scene.


arterial spray
A characteristic bloodstain pattern
containing spurts that resulted
from blood exiting under pressure
from an arterial injury


FIGURE 12–11
The castoff pattern created from one backward and one forward motion of an
overhand swing. The larger drops are away from the victim because they’re made
when the weapon holds the greatest amount of blood. The smaller spatters are
directed toward the victim.
Source: Bloodstain Pattern Evidence by Anita Y. Wonder, p. 295. Copyright Elsevier, 2007


FIGURE 12–12
Arterial spray spatter found
at a crime scene where a
victim suffered injury to
an artery.
Courtesy Norman H. Reeves,
Bloodstain Pattern Analysis, Tucson,
Ariz., www.bloody1.com


expirated blood pattern
A pattern created by blood that is
expelled out of the nose, mouth, or
respiratory system as a result of air
pressure and/or airflow
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FIGURE 12–13
An example of expirated blood expelled with two wheezes from the mouth.
Courtesy A. Y. Wonder


void
An area within a deposited spatter
pattern that is clear of spatter,
caused by an object or person
blocking the area at the time of the
spatter’s deposition


he was unable to save Dillon, who later died from his
injuries. Police found that Dillon’s untied boot had been
the cause of his shotgun wound. They determined that
he had tripped while running with his loaded gun and
shot himself. The grief-stricken Scher aroused no suspi-
cion, so the shooting was ruled an accident.


Shortly thereafter, Scher moved from the area, di-
vorced his wife, and married Dillon’s widow. This was
too suspicious to be ignored; police reopened the case
and decided to reconstruct the crime scene. The re-
construction provided investigators with several pieces


forensics at work


Stephen Scher banged on the door of a cabin in the
woods outside Montrose, Pennsylvania. According to
Scher, his friend, Marty Dillon, had just shot himself
while chasing after a porcupine. The two had been skeet
shooting at Scher’s cabin, enjoying a friendly sporting
weekend, when Dillon spotted a porcupine and took off
out of sight. Scher heard a single shot and waited to
hear his friend’s voice. After a few moments, he chased
after Dillon and found him lying on the ground near a
tree stump, bleeding from a wound in his chest. Scher
administered CPR after locating his dying friend, but


Void Patterns
A void is created when an object blocks the deposition of blood spatter onto a target surface or
object (see Figure 12–14). The spatter is deposited onto the object or person instead. The blank
space on the surface or object may give a clue as to the size and shape of the missing object or
person. Once the object or person is found, the missing piece of the pattern should fit in, much
like a puzzle piece, with the rest of the pattern. Voids may be applicable for establishing the body
position of the victim or assailant at the time of the incident.
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FIGURE 12–14
A void pattern is found behind the door where the surface of the door blocked the
deposition of spatter on that area. This void, and the presence of spatter on the door,
shows that the door was open when the spatter was deposited.
Courtesy Norman H. Reeves, Bloodstain Pattern Analysis, Tucson, Ariz., www.bloody1.com


transfer pattern
A bloodstain pattern created when
a surface that carries wet blood
comes in contact with a second
surface; recognizable imprints of all
or a portion of the original surface
or the direction of movement may
be observed


of blood evidence that pointed to Scher as Dillon’s
murderer.


Police noticed that Scher’s boots bore the unmis-
takable spray of high-velocity impact blood spatter, ev-
idence that he was standing within an arm’s length of
Dillon when Dillon was shot. This pattern of bloodstains
cannot be created while administering CPR, as Scher
claimed had happened. The spatter pattern also clearly
refuted Scher’s claim that he did not witness the inci-
dent. In addition, the tree stump near Dillon’s body bore
the same type of blood spatter, in a pattern that indi-


forensics at work


cated Dillon was seated on the stump and not running
when he was shot. Finally, Dillon’s ears were free of the
high-velocity blood spatter that covered his face, but
blood was on his hearing protectors found nearby. This
is a clear indication that he was wearing his hearing pro-
tectors when he was shot and they were removed before
investigators arrived. This and other evidence resulted
in Scher’s conviction for the murder of his longtime
friend, Marty Dillon.


Other Bloodstain Patterns
Not all bloodstains at a crime scene appear as spatter patterns. The circumstances of the crime
often create other types of stains that can be useful to investigators.


Contact/Transfer Patterns
When an object with blood on it touches one that does not have blood on it, this produces a contact
or transfer pattern. Examples of transfers with features include fingerprints (see Figure 12–15),
handprints, footprints, footwear prints, tool prints, and fabric prints in blood. These may provide
further leads by offering individual characteristics.
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The size and general shape of a tool may be seen in a simple transfer. This can lead to
narrowing the possible tools by class characteristics. A transfer that shows a very individualistic
feature may help point to the tool that made the pattern.


Simple transfer patterns are produced when the object makes contact with the surface and the
object is removed without any movement. Other transfers known as swipe patterns may be caused
by movement of the bloody object across a surface. Generally, the swipe pattern will lighten and
“feather” as the pattern moves away from the initial contact point (see Figure 12–16). The direc-
tion of separate bloody transfers, such as footwear prints in blood, may show the movement of
the suspect, victim, or others through the crime scene after the blood was present. The first trans-
fer pattern will be dark and heavy with blood, whereas subsequent transfers will be increasingly
lighter in color. As the transfers get lighter, less and less of the transferring object’s surface will
deposit visible traces of blood. Bloody shoe imprints may also suggest whether the wearer was
running or walking. Running typically produces imprints with more space between them and
more satellite or drop patterns between each imprint.


Flows
Patterns made by drops or large amounts of blood flowing by the pull of gravity are called flows.
Flows may be formed by single drops or large volumes of blood coming from an actively bleeding
wound or blood deposited on a surface such as from an arterial spurt. Clotting of the blood’s solid
parts may occur when a flow extends onto an absorbent surface.


The flow direction may show movements of objects or bodies while the flow was still in
progress or after the blood had dried. Figure 12–17 illustrates a situation in which movement of
the surface while the flow was still in progress led to a specific pattern.


FIGURE 12–15
A transfer pattern consisting
of bloody fingerprints with
apparent ridge detail.
Courtesy Lawrence A. Presley, Arcadia
University


FIGURE 12–16
A series of swipe
patterns moving from
right to left.
Courtesy A. Y. Wonder


flow pattern
A bloodstain pattern formed by the
movement of small or large
amounts of blood as a result of
gravity’s pull
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FIGURE 12–17
The flow pattern suggests that the victim was upright and then fell while blood flowed.
The assailant claimed the victim was stabbed while sleeping.
Source: Bloodstain Pattern Evidence by Anita Y. Wonder, p. 98. Copyright Elsevier, 2007


Interruption of a flow pattern may be helpful in assessing the sequence and passage of time
between the flow and its interruption. If a flow found on an object or body does not appear con-
sistent with the direction of gravity, one may surmise that the object or body was moved after the
blood had dried.


Pools
A pool of blood occurs when blood collects in a level (not sloped) and undisturbed place. Blood
that pools on an absorbent surface may be absorbed throughout the surface and diffuse, creating
a pattern larger than the original pool. This often occurs to pools on beds or sofas.


The approximate drying time of a pool of blood is related to the environmental condition of the
scene. By experimentation, an analyst may be able to reasonably estimate the drying times of stains
of different sizes. Small and large pools of blood can aid in reconstruction by providing an estima-
tion of the amount of time that elapsed since the blood was deposited. Considering the drying time
of a blood pool can yield information about the timing of events that accompanied the incident.


The edges of a stain will dry to the surface, producing a phenomenon called skeletonization
(see Figure 12–18). This usually occurs within 50 seconds of deposition of drops, and longer for
larger volumes of blood. If the central area of the pooled bloodstain is altered by wiping, the skele-
tonized perimeter will be left intact. This can be used to interpret whether movement or activity
occurred shortly after the pool was deposited, or whether the perimeter had time to skeletonize be-
fore the movement occurred. This may be important for classifying the source of the original stain.


Drip Trail Patterns
A drip trail pattern is a series of drops that are separate from other patterns, formed by blood
dripping off an object or injury. The stains form a kind of line or path usually made by the sus-
pect after injuring or killing the victim, or they can show the movement of a wounded victim. It
may simply show movement, lead to a discarded weapon, or provide identification of the suspect
by his or her own blood. Investigators often see this type of pattern in stabbings during which the
suspect cuts himself or herself as a result of the force necessary to stab the victim. Figure 12–19
shows a drip trail pattern away from the center of action at a crime scene.


skeletonization
The process by which the edges of
a stain dry to the surface in a
specific period of time (dependent
on environmental and surface
conditions); skeletonization
remains apparent even after the
rest of the bloodstain has been
disturbed from its original position


drip trail pattern
A pattern of bloodstains formed by
the dripping of blood off a moving
surface or person in a recognizable
pathway separate from other
patternsIS
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FIGURE 12–18
Skeletonization is shown in a
bloodstain that was disturbed
after the edges had time to
skeletonize.
Courtesy Norman H. Reeves, Bloodstain
Pattern Analysis, Tucson, Ariz., 
www.bloody1.com


FIGURE 12–19
A drip trail pattern leads away
from the center of the mixed
bloodstain pattern.
Courtesy Norman H. Reeves, Bloodstain
Pattern Analysis, Tucson, Ariz., 
www.bloody1.com
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String grid - Two-foot squares


= Lettered or numbered label in each square


FIGURE 12–20
The grid method may be used for photographing
bloodstain pattern evidence.
Source: R. R. Ogle, Jr., Crime Scene Investigation and Reconstruction, 2nd ed.,
Prentice Hall, Upper Saddle River, N.J., 2007


Measurement rulers


Small metric rulers


Areas with bloodstain patterns


FIGURE 12–21
The perimeter ruler method may be used for
photographing bloodstain pattern evidence.
Source: R. R. Ogle, Jr., Crime Scene Investigation & Reconstruction, 2nd ed.,
Prentice Hall, Upper Saddle River, N.J., 2007


The shape of the stains in a drip trail pattern can help investigators determine the direction
and speed at which a person was moving. The tails of the drops in a trail pattern point in the di-
rection the person was moving. More circular stains are found where the person was moving
slowly enough to not form tails. This information may be helpful in reconstruction.


Documenting Bloodstain Pattern Evidence
Blood spatter patterns of any kind can provide a great deal of information about the events that took
place at a crime scene. For this reason, investigators should note, study, and photograph each pattern
and drop. This must be done to accurately record the location of specific patterns and to distinguish
the stains from which laboratory samples were taken. The photographs and sketches can also point
out specific stains used in determining the direction of force, angle of impact, and area of origin.


Just as in general crime-scene photography, the investigator should create photographs and
sketches of the overall pattern to show the orientation of the pattern to the scene. The medium-
range documentation should include pictures and sketches of the whole pattern and the relation-
ships among individual stains within the pattern. The close-up photographs and sketches should
show the dimensions of each individual stain. Close-up photographs should be taken with a scale
of some kind apparent in the photograph.


Two common methods of documenting bloodstain patterns place attention on the scale of the
patterns. The grid method involves setting up a grid of squares of known dimensions over the en-
tire pattern using string and stakes (see Figure 12–20). All overall, medium-range, and close-up
photographs are taken with and without the grid. The second method, called the perimeter ruler
method, involves setting up a rectangular border of rulers around the pattern and then placing a
small ruler next to each stain. In this method, the large rulers show scale in the overall and
medium-range photos, whereas the small rulers show scale in the close-up photographs (see
Figure 12–21). Some investigation teams use tags in close-up photographs to show evidence num-
bers or other details.


An area-of-origin determination should be calculated whenever possible. All measurements
of stains and calculations of angle of impact and point of origin should be recorded in crime-scene
notes. Especially important stains can be roughly sketched within the notes.


Only some jurisdictions have a specialist on staff to decipher patterns either at the scene or
from photographs at the lab. Therefore, it is important that all personnel be familiar with patterns
to properly record and document them for use in reconstruction.


Virtual Forensics Lab


Blood Spatter Evidence
To perform a virtual lab analysis of
blood spatter evidence, go to
www.pearsoncustom.com/us/vlm/
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from the perpetrator’s fist while inflicting blows. Arrow 2 in
Figure 2 points to three transfer impression patterns di-
rected left to right as the perpetrator’s bloodstained hand
contacted the wall and as the fist blows were being inflicted
on the victim. Arrow 3 in Figure 2 points to blood flow from
the victim’s wounds as he slumped against the wall.


Figure 3 contains a series of laboratory test patterns
created to evaluate the patterns contained within Figure 2.


Figure 4 shows how the origin of individual impact
spatter patterns located on the wall and door and ema-
nating from the bleeding victim can be documented by
the determination of separate areas of convergence.


forensics at work


FIGURE 1
A three-dimensional
diagram illustrating
bloodstain patterns that
were located,
documented, and
reconstructed.
The Institute of Applied Forensic
Technology, Ocoee, Florida


FIGURE 2
Positions of bloodstain patterns
arising from blows that were inflicted
on the victim’s face.
The Institute of Applied Forensic Technology,
Ocoee, Florida
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An elderly male was found lying dead on his living room
floor. He had been beaten about the face and head,
then stabbed in the chest and robbed. The reconstruc-
tion of bloodstains found on the interior front door and
the adjacent wall documented that the victim was
beaten about the face with a fist and struck on the back
of the head with his cane. A three-dimensional diagram
illustrating the evidential bloodstain patterns is shown in
figure 1.


A detail photograph of bloodstains next to the interior
door is shown in Figure 2. Arrow 1 in Figure 2 points to the
cast-off pattern directed left to right as blood was flung
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A suspect was apprehended three days later, and
he was found to have an acute fracture of the right
hand. When he was confronted with the bloodstain
evidence, the suspect admitted striking the victim,


(c) (d)


(a)


FIGURE 3
(a) A laboratory test
pattern showing an
impact spatter. The size
and shape of the stains
demonstrate a forceful
impact
90 degrees to the target.
(b) A laboratory test
pattern illustrating a cast-
off pattern directed left to
right from an overhead
swing. (c) A laboratory
test pattern showing
a repetitive transfer
impression pattern
produced by a
bloodstained hand
moving left to right
across the target. (d) A
laboratory test pattern
illustrating vertical flow
patterns. The left pattern
represents a stationary
source; the right pattern
was produced by left-to-
right motion.
The Institute of Applied Forensic
Technology, Ocoee, Florida


(b)


(c) Patterns G and H(b) Patterns E and F(a) Patterns A, B, C


FIGURE 4
(a) A convergence of
impact spatter patterns
associated with beating
with a fist. (b) The
convergence of impact
spatter associated with
the victim falling to the
floor while bleeding from
the nose. (c) The
convergence of impact
spatter associated with
the victim while face
down at the door, being
struck with a cane.
The Institute of Applied Forensic
Technology, Ocoee, Florida


forensics at work


first with his fist, then with a cane, and finally stabbing
him with a kitchen knife. The suspect pleaded guilty to
three first-degree felonies.
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> > > > > > > > > > >chapter summary
Physical evidence left behind at a crime scene, properly han-
dled and preserved, plays a crucial role in reconstructing the
events that took place surrounding the crime. Crime-scene re-
construction relies on the combined efforts of medical exam-
iners, criminalists, and law enforcement personnel to recover
physical evidence and to sort out the events surrounding the
occurrence of a crime.


The location, distribution, and appearance of bloodstains
and spatters may be useful for interpreting and reconstructing
the events that produced the bleeding. An investigator or blood-
stain pattern analyst can decipher from individual bloodstains
the directionality and angle of impact of the blood when it im-
pacted the surface of deposition. In addition, bloodstain pat-
terns, consisting of many individual bloodstains, may convey
to the analyst the location of victims or suspects, the movement
of bleeding individuals, and the number of blows delivered.


Surface texture and an individual stain’s shape, size, and
location must be considered when determining the direction
and angle of impact of the bloodstain. Surface texture can
greatly affect the shape of a bloodstain. The directionality of
an individual bloodstain may be shown by the stain’s tail or the
accumulation of blood because the tail or accumulation ap-
pears on the side opposite the force. The angle of impact of a
bloodstain can be approximated by the shape of the blood-
stain, or it can be more effectively estimated using the width-
to-length ratio of the stain.


An impact spatter pattern occurs when an object impacts a
source of blood producing forward spatter projected forward
from the source and back spatter projected backward from the
source. Patterns created by impact spatter can be classified as
low-velocity (>3 mm drops), medium-velocity (1–3 mm drops),
or high-velocity (<1 mm drops). These classifications are for
descriptive purposes only and should not be used to determine
the kind of force that produced the pattern. The area of conver-
gence of an impact spatter pattern is the area the individual
stains emanated from on a two-dimensional plane. The area of
origin of a bloodstain pattern in three-dimensional space may


represent the position of the victim or suspect when the stain-
producing event took place.


Gunshot spatter consists of very fine spatter originating
from both forward spatter from an exit wound and back spat-
ter from an entrance wound, or only back spatter if the bullet
did not exit the body. Blood cast off from an object, typically
a weapon or fist between delivering blows to a victim, may
form an arc pattern on a nearby surface. The features of the
pattern can suggest the kind of object that created it and the
minimum number of blows delivered by the object. The char-
acteristic spurts present in an arterial spray spatter are created
by the continuing pumping of blood from an arterial injury.
Expirated blood expelled from the mouth or nose may at first
appear to be fine high-velocity or large low-velocity impact
spatter. It may feature bubbles of oxygen in the drying drops
or possibly be mixed with saliva. A void, where an object (or
person) blocks the deposition of blood spatter onto a target
surface or object, may give a clue as to the size and shape of
the missing object or person.


Transfer patterns, created when an object with blood on it
makes simple contact with a surface, may reveal the shape or
texture characteristics of the object. Because the direction of
flows originating from either a single drop or a large amount
of blood is caused by gravity, the direction of a pattern may
suggest the original position of the surface when the flow was
formed. A drip trail pattern shows a path of drops separate
from other patterns; it is formed by single blood drops drip-
ping off an object or injury. The presence of skeletonization of
the perimeter of a bloodstain suggests that the stain was dis-
turbed after the edges had had sufficient time to skeletonize.


The precise appearance and location of each bloodstain at
a crime scene is important. Therefore, each bloodstain pattern
located at a crime scene must be properly documented in
notes, photographs, and sketches. Medium-range and close-up
photographs should be recorded using either the grid method
or perimeter ruler method to show the orientation and relative
size of the pattern and individual stains.


review questions


1. ___________ is the method used to support a likely se-
quence of events at a crime scene by the observation and
evaluation of physical evidence and statements made by
individuals involved with the incident.


2. Reconstructing the circumstances of a crime scene is a
team effort that may include the help of law enforcement
personnel, medical examiners, and ___________.
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3. Violent contact between individuals at a crime scene
frequently produces bleeding and results in the forma-
tion of ___________.


4. The proper interpretation of bloodstain patterns necessi-
tates carefully planned ___________ using surface ma-
terials comparable to those found at the crime scene.


5. Bloodstain patterns may convey to the analyst the loca-
tion and movements of ___________ or ___________
during the commission of a crime.


6. True or False: Harder and less porous surfaces result in
less spatter, whereas rough surfaces result in stains with
more spatter and serrated edges. ___________


7. Generally, bloodstain diameter (increases, decreases)
with height. ___________


8. The ___________ and ___________ of blood striking an
object may be discerned by the stain’s shape.


9. A drop of blood that strikes a surface at an angle of im-
pact of approximately 90 degrees will be close to (ellip-
tical, circular) in shape. ___________


10. The angle of impact of an individual bloodstain can be
estimated using the ratio of ___________ divided by
___________.


11. ___________ is the most common type of blood spatter
found at a crime scene and is produced when an object
forcefully contacts a source of blood.


12. True or False: Forward spatter consists of the blood
projected backward from the source, and back spatter is
projected outward and away from the source.
___________


13. The classification system of impact spatter is based on
the size of drops resulting from the velocity of the blood
drops produced, and patterns can be classified as
___________, ___________, or ___________ impact
spatter.


14. True or False: The velocity classification system is a
good way to classify impact patterns and to determine
the kind of force that produced them. ___________


15. The ___________ is the point on a two-dimensional
plane from which the drops originated.


16. The ___________ of a bloodstain pattern in a three-
dimensional space illustrates the position of the victim or
suspect when the stain-producing event took place.


17. The ___________ method is used at the crime scene to
determine the area of origin.


18. A(n) ___________ is created by contact between a
bloody object and a surface.


19. Movement of a bloody object across a surface, (lightens,
darkens) as the pattern moves away from the point of
contact.


20. True or False: Footwear transfer patterns created by an
individual who was running typically show imprints
with more space between them compared to those of an
individual who was walking. ___________


21. True or False: The direction of a flow pattern may show
movements of objects or bodies while the flow was still
in progress or after the blood had dried. ___________


22. The approximate drying time of a(n) ___________ of
blood determined by experimentation is related to the
environmental condition of the scene and may suggest
how much time has elapsed since its deposition.


23. The edges of a bloodstain generally ___________
within 50 seconds of deposition and are left intact even
if the central area of a bloodstain is altered by a wiping
motion.


24. A(n) ___________ pattern commonly originates from
repeated strikes from weapons or fists and is character-
ized by an arc pattern of separate drops showing
directionality.


25. True or False: Characteristics of a cast-off pattern arc
cannot give clues as to the kind of object that was used
to produce the pattern. ___________


26. When an injury is suffered to an artery, the pressure of
the continuing pumping of blood projects blood out of
the injured area in spurts creating a pattern known as
___________.


27. If a(n) ___________ pattern is found at a scene, it may
show movement, lead to a discarded weapon, or provide
identification of the suspect by his or her own blood.


28. A bloodstain pattern created by ___________ features
bubbles of oxygen in the drying drops and may be lighter
in color when compared to impact spatter.


29. The shape and size of the blank space, or ___________,
created when an object blocks the deposition of spatter
onto a surface and is then removed may give a clue as to
the size and shape of the missing object or person.


30. True or False: Each bloodstain pattern found at a crime
scene should be noted, studied, and photographed.
___________


31. When documenting bloodstain patterns, the
___________ involves setting up a grid of squares of
known dimensions over the entire pattern and taking
overview, medium-range, and close-up photographs
with and without the grid.


32. The ___________ method of bloodstain documentation
involves setting up a border of rulers around the pattern
and then placing a small ruler next to each stain to show
relative position and size in photographs.


33. True or False: The pointed end of a bloodstain always
faces toward its direction of travel. ___________
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application and critical thinking


1. After looking at the bloodstains in the figure, answer the
following questions:


a. Which three drops struck the surface closest to a 
90-degree angle? Explain your answer.


b. Which three drops struck the surface farthest from a
90-degree angle? Explain your answer.


c. In what direction were drops 2 and 7 traveling when
they struck the surface? Explain your answer.


2. Investigator Priscilla Wright arrives at a murder scene and
finds the body of a victim who suffered a gunshot wound,
but she sees no blood spatter on the wall or floor behind it.
What should she conclude from this observation?


3. Investigator Terry Martin arrives at an assault scene and
finds a cast-off pattern consisting of tiny drops of blood in
a very narrow linear arc pattern on a wall near the victim.
What does this tell him about the weapon used in the crime?


1. 2. 3. 4.


5. 6.


7.


8.


9.
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Jeffrey MacDonald: Fatal Vision


The grisly murder scene that confronted
police on February 17, 1970, is one that cannot
be wiped from memory. Summoned to the Fort Bragg
residence of Captain Jeffrey MacDonald, a physician, police
found the bludgeoned body of MacDonald’s wife. She had
been repeatedly knifed, and her face was smashed to a
pulp. MacDonald’s two children, ages 2 and 5, had been
brutally and repeatedly knifed and battered to death.
Suspicion quickly fell on MacDonald. To the eyes of
investigators, the murder scene had a staged
appearance. MacDonald described a frantic effort to
subdue four intruders who had slashed at him with
an ice pick. However, the confrontation left
MacDonald with minor wounds and no apparent
defense wounds on his arms. MacDonald then
described how he had covered his slashed wife
with his blue pajama top. Interestingly, when the
body was removed blue threads were observed
under the body. In fact, blue threads matching
the pajama top turned up throughout the
house—nineteen in one child’s bedroom,


including one beneath her fingernail, and two in the
other child’s bedroom. Eighty-one blue fibers were recovered from


the master bedroom, and two were located on a bloodstained piece of wood
outside the house. Later forensic examination showed that the 48 ice pick holes in the


pajama top were smooth and cylindrical, a sign that the top was stationary when it was slashed. Also,
folding the pajama top demonstrated that the 48 holes actually could have been made by 21 thrusts of an
ice pick. This coincided with the number of wounds that MacDonald’s wife sustained. As described in the
book Fatal Vision, which chronicled the murder investigation, when MacDonald was confronted with
adulterous conduct, he replied, “You guys are more thorough than I thought.” MacDonald is currently
serving three consecutive life sentences.
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After studying this chapter you should be able to:
• Recognize and understand the cuticle, cortex, and medulla


areas of hair


• List the three phases of hair growth


• Appreciate the distinction between animal and human hairs


• List hair features that are useful for the microscopic
comparison of human hairs


• Explain the proper collection of forensic hair evidence


• Describe and understand the role of DNA typing in hair
comparisons


• Understand the differences between natural and
manufactured fibers


• List the properties of fibers that are most useful for forensic
comparisons


• Describe the proper collection of fiber evidence


• List the most useful examinations for performing a forensic
comparison of paint


• Describe the proper collection and preservation of forensic
paint evidence


hairs, fibers,
and paint


anagen phase
catagen phase
cortex
cuticle
follicular tag
macromolecule
manufactured fibers
medulla
mitochondrial DNA
molecule
monomer
natural fibers
nuclear DNA
polymer
telogen phase


KEY TERMS


> > > > > > > > > > > > 
chapter 13
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medulla
A cellular column running through
the center of the hair


cortex
The main body of the hair shaft


cuticle
The scale structure covering the
exterior of the hair
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The trace evidence transferred between individuals and objects during the commission of a crime,
if recovered, often corroborates other evidence developed during the course of an investigation.
Although in most cases physical evidence cannot by itself positively identify a suspect, labora-
tory examination may narrow the origin of such evidence to a group that includes the suspect.
Using many of the instruments and techniques described in the previous three chapters, the crime
laboratory has developed a variety of procedures for comparing and tracing the origins of physi-
cal evidence. This chapter and those that follow discuss how to apply these techniques to the
analysis of the types of physical evidence most often encountered at crime scenes. We begin with
a discussion of hairs, fibers, and paint.


Morphology of Hair
Hair is encountered as physical evidence in a wide variety of crimes. However, any review of the
forensic aspects of hair examination must start with the observation that it is not yet possible to
individualize a human hair to any single head or body through its morphology. Over the years,
criminalists have tried to isolate the physical and chemical properties of hair that could serve as
individual characteristics of identity. Partial success has finally been achieved by isolating and
characterizing the DNA present in hair. The importance of hair as physical evidence cannot be
underemphasized. Its removal from the body often denotes physical contact between a victim and
perpetrator and hence a crime of a serious or violent nature. When hair is properly collected at the
crime scene and submitted to the laboratory along with enough standard/reference samples, it can
provide strong corroborative evidence for placing an individual at a crime site.


The first step in the forensic examination of hair logically starts with its color and structure,
or morphology, and, if warranted, progresses to the more detailed DNA extraction, isolation, and
characterization.


Hair is an appendage of the skin that grows out of an organ known as the hair follicle. The
length of a hair extends from its root or bulb embedded in the follicle, continues into the shaft, and
terminates at the tip end. The shaft, which is composed of three layers—the cuticle, cortex, and
medulla—is subjected to the most intense examination by the forensic scientist (see Figure 13–1).


Cuticle
Two features that make hair a good subject for establishing individual identity are its resistance
to chemical decomposition and its ability to retain structural features over a long period of time.
Much of this resistance and stability is attributed to the cuticle, the outside covering of the hair.


Cortex
Cuticle


Follicle
Root


FIGURE 13–1
Cross section of skin showing hair growing out of a tubelike structure called the follicle.
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(a)


FIGURE 13–2
Scale patterns of various types of hair. (a) Human head hair (600�), (b) dog (1250�),
(c) deer (120�), (d) rabbit (300�), (e) cat (2000�), and (f) horse (450�).


(b)


The cuticle is formed by overlapping scales that always point toward the tip end of each hair.
The scales form from specialized cells that have hardened (keratinized) and flattened in pro-
gressing from the follicle. The scales of most animal hair can best be described as looking like
shingles on a roof. Although the scale pattern is not a useful characteristic for individualizing
human hair, the variety of patterns formed by animal hair makes it an important feature for
species identification. Figure 13–2 shows the scale patterns of some animal hairs and of a hu-
man hair as viewed by the scanning electron microscope. Another method of studying the scale
pattern of hair is to make a cast of its surface. This is done by embedding the hair in a soft
medium, such as clear nail polish or softened vinyl. When the medium has hardened, the hair is
removed, leaving a clear, distinct impression of the hair’s cuticle, ideal for examination with a
compound microscope.


Cortex
Contained within the protective layer of the cuticle is the cortex. The cortex is made up of spindle-
shaped cortical cells aligned in a regular array, parallel to the length of the hair. The cortex derives
its major forensic importance from the fact that it is embedded with the pigment granules that give
hair its color. The color, shape, and distribution of these granules provide important points of
comparison among the hairs of different individuals.


The structural features of the cortex are examined microscopically after the hair has been
mounted in a liquid medium with a refractive index close to that of the hair. Under these condi-
tions, the amount of light reflected off the hair’s surface is minimized, and the amount of light
penetrating the hair is optimized.


(c)


(d) (e) (f)
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anagen phase
The initial growth phase during
which the hair follicle actively
produces hair
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Medulla
The medulla is a collection of cells that looks like a central canal running through a hair. In many
animals, this canal is a predominant feature, occupying more than half of the hair’s diameter. The
medullary index measures the diameter of the medulla relative to the diameter of the hair shaft
and is normally expressed as a fraction. For humans, the index is generally less than one-third;
for most other animals, the index is one-half or greater.


The presence and appearance of the medulla vary from individual to individual and even
among the hairs of a given individual. Not all hairs have medullae, and when they do exist, the
degree of medullation can vary. In this respect, medullae may be classified as being continuous,
interrupted, fragmented, or absent (see Figure 13–3). Human head hairs generally exhibit no
medullae or have fragmented ones; they rarely show continuous medullation. One noted excep-
tion is the Mongoloid race, whose members usually have head hairs with continuous medullae.
Also, most animals have medullae that are either continuous or interrupted.


Another interesting feature of the medulla is its shape. Humans, as well as many animals,
have medullae that give a nearly cylindrical appearance. Other animals exhibit medullae that have
a patterned shape. For example, the medulla of a cat can best be described as resembling a string
of pearls, whereas members of the deer family show a medullary structure consisting of spheri-
cal cells occupying the entire hair shaft. Figure 13–4 illustrates medullary sizes and forms for a
number of common animal hairs and a human head hair.


A searchable database on CD-ROM of the 35 most common animal hairs encountered in
forensic casework is commercially available.1 This database allows an examiner to rapidly search
for animal hairs based on scale patterns and/or medulla type using a PC. A typical screen presen-
tation arising from such a data search is shown in Figure 13–5.


Root
The root and other surrounding cells within the hair follicle provide the tools necessary to pro-
duce hair and continue its growth. Human head hair grows in three developmental stages, and the
shape and size of the hair root is determined by the growth phase in which the hair happens to be.
The three phases of hair growth are the anagen, catagen, and telogen phases.


In the anagen phase, which may last up to six years, the root is attached to the follicle for con-
tinued growth, giving the root bulb a flame-shaped appearance (Figure 13–6[a]). When pulled
from the root, some hairs in the anagen phase have a follicular tag. With the advent of DNA
analysis, this follicular tag is important for individualizing hair.


Hair continues to grow, but at a decreasing rate, during the catagen phase, which can last
anywhere from two to three weeks. In the catagen phase, roots typically take on an elongated
appearance (Figure 13–6[b]) as the root bulb shrinks and is pushed out of the hair follicle.


Once hair growth ends, the telogen phase begins and the root takes on a club-shaped
appearance (Figure 13–6[c]). Over two to six months, the hair is pushed out of the follicle,
causing the hair to be naturally shed.


Identification and Comparison of Hair
Most often the prime purpose for examining hair evidence in a crime laboratory is to establish
whether the hair is human or animal in origin or to determine whether human hair retrieved at a
crime scene compares with hair from a particular individual. Although animal hair can normally be
distinguished from human hair with little difficulty, human hair comparisons must be undertaken


Continuous Interrupted Fragmented


FIGURE 13–3
Medulla patterns.


1 J. D. Baker and D. L. Exline, Forensic Animal Hair Atlas: A Searchable Database on CD-ROM. RJ Lee Group, Inc.,
350 Hochberg Rd., Monroeville, Pa. 15146.


catagen phase
A transition stage between the
anagen and telogen phases of hair
growth


telogen phase
The final growth phase in which
hair naturally falls out of the skin


follicular tag
A translucent piece of tissue
surrounding the hair’s shaft near
the root; it contains the richest
source of DNA associated with hair
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FIGURE 13–4
Medulla patterns for various types of hair. (a) Human head hair (400�), (b) dog (400�),
(c) deer (500�), (d) rabbit (450�), (e) cat (400�), and (f) mouse (500�).


with extreme caution and with an awareness of hair’s tendency to exhibit variable morphological
characteristics, not only from one person to another but also within a single individual.


Considerations in Hair Examination
A careful microscopic examination of hair reveals morphological features that can distinguish
human hair from animal hair. The hair of various animals also differs enough in structure that the
examiner can often identify the species. Before reaching such a conclusion, however, the exam-
iner must have access to a comprehensive collection of reference standards and the accumulated


(a) (b) (c)


(d) (e) (f)
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FIGURE 13–5
Information on rabbit hair contained within the Forensic Animal Hair Atlas.
Courtesy RJ Lee Group, Inc. Monroeville, Pa.


(a)


(b)


(c)


FIGURE 13–6
Hair roots in the (a) anagen phase, (b) catagen phase, and (c) telogen phase (100�).
Courtesy Charles A. Linch


experience of hundreds of prior hair examinations. Scale structure, medullary index, and
medullary shape are particularly important in hair identification.


The most common request when hair is used as forensic evidence is to determine whether
hair recovered at the crime scene compares to hair removed from a suspect. In most cases, such
a comparison relates to hair obtained from the scalp or pubic area. Ultimately, the evidential value
of the comparison depends on the degree of probability with which the examiner can associate
the hair in question with a particular individual.


IS
B


N
 1


-2
5


6
-3


6
5


9
3


-9


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








HAIRS, FIBERS, AND PAINT 327


HAIR CHARACTERISTICS In making a hair comparison, a comparison microscope is an invalu-
able tool that allows the examiner to view the questioned and known hair together, side by side.
Any variations in the microscopic characteristics will thus be readily observed. Because hair from
any part of the body exhibits a range of characteristics, it is necessary to have an adequate number
of known hairs that are representative of all of its features when making a comparison.


In comparing hair, the criminalist is particularly interested in matching the color, length, and
diameter. Other important features are the presence or absence of a medulla and the distribution,
shape, and color intensity of the pigment granules in the cortex. A microscopic examination may
also distinguish dyed or bleached hair from natural hair. A dyed color is often present in the cuti-
cle as well as throughout the cortex. Bleaching, on the other hand, tends to remove pigment from
the hair and to give it a yellowish tint. If hair has grown since it was last bleached or dyed, the
natural-end portion will be quite distinct in color. An estimate of the time since dyeing or bleach-
ing can be made because hair grows approximately one centimeter per month. Other significant
but less frequent features may be observed in hair. For example, morphological abnormalities
may be present because of certain diseases or deficiencies. Also, the presence of fungal and nit
infections can further link a hair specimen to a particular individual.


POTENTIAL FOR ERROR Although microscopic comparison of hairs has long been accepted as
an appropriate approach for including and excluding questioned hairs against standard/reference
hairs, many forensic scientists have long recognized that this approach is subjective and is highly
dependent on the skills and integrity of the analyst as well as the hair morphology being exam-
ined. However, until the advent of DNA analysis, the forensic science community had no choice
but to rely on the microscope to carry out hair comparisons.


Any lingering doubts about the necessity of augmenting microscopic hair examinations with
DNA analysis evaporated with the publication of an FBI study describing significant error rates
associated with microscopic comparison of hairs.2 Hair evidence submitted to the FBI for DNA
analysis between 1996 and 2000 was examined both microscopically and by DNA analysis.
Approximately 11 percent of the hairs (9 out of 80) in which FBI hair examiners found a positive
microscopic match between questioned and standard/reference hairs were found to be non-
matches when they were later subjected to DNA analysis. The course of events is clear; micro-
scopic hair comparisons must be regarded by police and courts as presumptive in nature, and all
positive microscopic hair comparisons must be confirmed by DNA determinations.


Questions Concerning Hair Examination
A number of questions may be asked to further ascertain the present status of forensic hair
examinations.


CAN THE BODY AREA FROM WHICH A HAIR ORIGINATED BE DETERMINED? Normally, it is
easy to determine the body area from which a hair came. For example, scalp hairs generally show
little diameter variation and have a more uniform distribution of pigment color when compared
to other body hairs. Pubic hairs are short and curly, with wide variations in shaft diameter, and
usually have continuous medullae. Beard hairs are coarse, are normally triangular in cross
section, and have blunt tips acquired from cutting or shaving.


CAN THE RACIAL ORIGIN OF HAIR BE DETERMINED? In many instances, the examiner can
distinguish hair originating from members of different races; this is especially true of Caucasian
and Negroid head hair. Negroid hairs are normally kinky, containing dense, unevenly distributed
pigments. Caucasian hairs are usually straight or wavy, with very fine to coarse pigments that are
more evenly distributed when compared to Negroid hair. Sometimes a cross-sectional examina-
tion of hair may aid in the identification of race.


Cross-sections of hair from Caucasians are oval to round in shape, whereas cross-sections of
Negroid hair are flat to oval in shape. However, all of these observations are general in nature,
with many possible exceptions. The criminalist must approach the determination of race from hair
with caution and a good deal of experience.


2 M. M. Houk and B. Budowle, “Correlation of Microscopic and Mitochondrial DNA Hair Comparisons,” Journal of
Forensic Sciences 47 (2002): 964.
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y The Central Park Jogger
Case Revisited
On April 19, 1989, a young woman left her apartment around
nine p.m. to jog in New York’s Central Park. Nearly five hours
later, she was found comatose lying in a puddle of mud in the
park. She had been raped, her skull was fractured, and she had
lost 75 percent of her blood. When the woman recovered, she
had no memory of what happened to her. The brutality of the
crime sent shock waves through the city and seemed to fuel a
national perception that crime was running rampant and
unchecked through the streets of New York.


Already in custody at the station house of the Central
Park Precinct was a group of 14- and 15-year-old boys who
had been rounded up leaving the park earlier in the night by


police who suspected that they had been involved in a series
of random attacks.


Over the next two days, four of the teenagers gave
videotape statements, which they later recanted, admitting to
participating in the attack. Ultimately, five of the teenagers
were charged with the crime. Interestingly, none of the semen
collected from the victim could be linked to any of the defen-
dants. However, according to the testimony of a forensic ana-
lyst, two head hairs collected from the clothing of one of the
defendants microscopically compared to those of the victim,
and a third hair collected from the same defendant’s T-shirt
microscopically compared to the victim’s pubic hair. Besides
these three hairs, a fourth hair was found microscopically
similar to the victim’s. This hair was recovered from the
clothing of Steven Lopez, who was originally charged with
rape but not prosecuted for the crime. Hairs were the only
pieces of physical evidence offered by the district attorney to
directly link any of the teenagers to the crime. The hairs were
cited by the district attorney as a way for the jury to know that
the videotaped confessions of the teenagers were reliable.
The five defendants were convicted and ultimately served
from 9 to 13 years.


Matias Reyes was arrested in August 1989, more than
three months after the jogger attack. He pleaded guilty to mur-
dering a pregnant woman, raping three others, and committing
a robbery. He was sentenced to 33 years to life. In January
2002, Reyes confessed to the Central Park attack. Follow-up
tests revealed that Reyes’s DNA compared to semen recovered
from the jogger’s body and her sock. Other DNA tests showed
that the hairs offered into evidence at the original trial did not
come from the victim, and so could not be used to link the
teenagers to the crime as the district attorney had argued.


After an 11-month reinvestigation of the original charges,
a New York State Supreme Court judge dismissed all the con-
victions against the five teenage suspects in the Central Park
jogger case.


A courtroom sketch of the trial proceeding in the Central Park
Jogger case.
AP Wide World Photos


CAN THE AGE AND SEX OF AN INDIVIDUAL BE DETERMINED FROM A HAIR SAMPLE? The
age of an individual cannot be learned from a hair examination with any degree of certainty
except with infant hair. Infant hairs are fine, are short in length, have fine pigment, and are
rudimentary in character. Although the presence of dye or bleach on the hair may offer some
clue to sex, present hairstyles make these characteristics less valuable than they were in the
past. The recovery of nuclear DNA either from tissue adhering to hair or from the root struc-
ture of the hair will allow a determination of whether the hair originated from a male or female
(see page 275).


IS IT POSSIBLE TO DETERMINE WHETHER HAIR WAS FORCIBLY REMOVED FROM THE
BODY? A microscopic examination of the hair root may establish whether the hair fell out or was
pulled out of the skin. A hair root with follicular tissue (root sheath cells) adhering to it, as shown
in Figure 13–7, indicates a hair that has been pulled out either by a person or by brushing or comb-
ing. Hair naturally falling off the body has a bulbous-shaped root free of any adhering tissue. How-
ever, the absence of sheath cells cannot always be relied on for correctly judging whether hair has
been forcibly pulled from the body. In some cases the root of a hair is devoid of any adhering tissue
even when it has been pulled from the body. Apparently, an important consideration is how quickly


IS
B


N
 1


-2
5


6
-3


6
5


9
3


-9


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








HAIRS, FIBERS, AND PAINT 329


the hair is pulled out of the head. Hairs pulled quickly from the head are much more likely to have
sheath cells compared to hairs that have been removed slowly from the scalp.3


ARE EFFORTS BEING MADE TO INDIVIDUALIZE HUMAN HAIR? As we learned in Chapter 11,
forensic scientists are routinely isolating and characterizing individual variations in DNA. Forensic
hair examiners can link human hair to a particular individual by characterizing the nuclear DNA in
the hair root or in follicular tissue adhering to the root (see Figure 13–7). Recall that the follicular
tag is the richest source of DNA associated with hair. In the absence of follicular tissue, an exam-
iner must extract DNA from the hair root. The growth phase of hair (see page 324) is a useful pre-
dictor of the likelihood of successfully typing DNA in human hair.4 Examiners have a higher rate of
success in extracting DNA from hair roots in the anagen phase or from anagen-phase hairs entering
the catagen phase of growth. Telogen-phase hairs have an inadequate amount of DNA for success-
ful typing. Because most hairs are naturally shed and are expected to be in the telogen stage, these
observations do not portend well for hairs collected at crime scenes. However, some crime scenes
are populated with forcibly removed hairs that are expected to be rich sources for nuclear DNA.


When a questioned hair does not have adhering tissue or a root structure amenable to the iso-
lation of nuclear DNA, there is an alternative—mitochondrial DNA. Unlike the nuclear DNA
described earlier, which is located in the nuclei of practically every cell in our body, mitochon-
drial DNA is found in cellular material outside the nucleus. Interestingly, unlike nuclear DNA,
which is passed down to us from both parents, mitochondrial DNA is transmitted only from
mother to child. Importantly, many more copies of mitochondrial DNA are located in our cells as
compared to nuclear DNA. For this reason, the success rate of finding and typing mitochondrial
DNA is much greater from samples, such as hair, that have limited quantities of nuclear DNA.
Hairs 1–2 centimeters long can be subjected to mitochondrial analysis with extremely high odds
of success. This subject is discussed in greater detail in Chapter 11.


CAN DNA INDIVIDUALIZE A HUMAN HAIR? In some cases, the answer is yes. As we learned
in Chapter 11, nuclear DNA produces frequency of occurrences as low as one in billions or tril-
lions. On the other hand, mitochondrial DNA cannot individualize human hair, but its diversity
within the human population often permits exclusion of a significant portion of a population as
potential contributors of a hair sample. Ideally, the combination of a positive microscopic
comparison and an association through nuclear or mitochondrial DNA analysis provides a strong
and meaningful link between a questioned hair and standard/reference hairs. However, a word of
caution: mitochondrial DNA cannot distinguish microscopically similar hairs from different
individuals who are maternally related.


Collection and Preservation 
of Hair Evidence
When questioned hairs are submitted to a forensic laboratory for examination, they must always
be accompanied by an adequate number of standard/reference samples from the victim of the crime
and from individuals suspected of having deposited hair at the crime scene. We have learned that


FIGURE 13–7
Forcibly removed head hair,
with follicular tissue attached.


3 L. A. King, R. Wigmore, and J. M. Twibell, “The Morphology and Occurrence of Human Hair Sheath Cells,” Journal
of the Forensic Science Society 22 (1982): 267.


4 C. A. Linch et al., “Evaluation of the Human Hair Root for DNA Typing Subsequent to Microscopic Comparison,”
Journal of Forensic Sciences 43 (1998): 305.


mitochondrial DNA
DNA present in small structures
(mitochondria) outside the nucleus
of a cell; mitochondria supply
energy to the cell; this form of
DNA is inherited maternally (from
the mother)


nuclear DNA
DNA present within the nucleus of
a cell; this form of DNA is inherited
from both parents
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hair from different parts of the body varies significantly in its physical characteristics. Likewise,
hair from any one area of the body can also have a wide range of characteristics. For this reason,
the questioned and standard/reference hairs must come from the same area of the body; one can-
not, for instance, compare head hair to pubic hair. It is also important that the collection of
standard/reference hair be carried out in a way to ensure a representative sampling of hair from any
one area of the body.


Forensic hair comparisons generally involve either head hair or pubic hair. Collecting 50 full-
length hairs from all areas of the scalp normally ensures a representative sampling of head hair.
Likewise, a minimum collection of 24 full-length pubic hairs should cover the range of charac-
teristics present in this type of hair. In rape cases, care must first be taken to comb the pubic area
with a clean comb to remove all loose foreign hair present before the victim is sampled for
standard/reference hair. The comb should then be packaged in a separate envelope.


Because a hair may show variation in color and other morphological features over its entire
length, the entire hair length is collected. This requirement is best accomplished by either pulling
the hair out of the skin or clipping it at the skin line. During an autopsy, hair samples are collected
from a victim of suspicious death as a matter of routine. Because the autopsy may occur early in
an investigation, the need for hair standard/reference samples may not always be apparent. How-
ever, one should never rule out the possible involvement of hair evidence in subsequent inves-
tigative findings. Failure to make this simple collection at an opportune time may result in
complicated legal problems at a later date.


Types of Fibers
Just as hair left at a crime scene can serve as identification, the same logic can reasonably be
extended to the fibers that compose our fabrics and garments. Fibers may become important
evidence in incidents that involve personal contact—such as homicide, assault, or sexual
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The murder of Ennis Cosby, son of entertainer Bill
Cosby, at first appeared unsolvable. It was a ran-
dom act. When his car tire went flat, he pulled off
the road and called a friend on his cellular phone to
ask for assistance. Shortly thereafter, an assailant
demanded money and, when Cosby didn’t re-
spond quickly enough, shot him once in the tem-
ple. Acting on a tip from a friend of the assailant,
police investigators later found a .38 revolver
wrapped in a blue cap miles from the crime scene.
Mikail Markhasev was arrested and charged with
murder. At trial, the district attorney introduced
firearms evidence to show that the recovered gun
had fired the bullet aimed at Cosby. However, a sin-
gle hair also recovered from the hat dramatically
linked Markhasev to the crime. Los Angeles Police
Department forensic analyst Harry Klann identified
six DNA markers from the follicular tissue adhering
to the hair root that matched Markhasev’s DNA.
This particular DNA profile is found in one out of
15,500 members of the general population. Upon
hearing all the evidence, the jury deliberated and
convicted Markhasev of murder.


Bill Cosby and his son Ennis Cosby.
Courtesy Andrea Mohin, The New York Times
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offenses—in which cross-transfers may occur between the clothing of suspect and victim. Simi-
larly, the force of impact between a hit-and-run victim and a vehicle often leaves fibers, threads,
or even whole pieces of clothing adhering to parts of the vehicle. Fibers may also become fixed
in screens or glass broken in the course of a breaking-and-entering attempt.


Regardless of where and under what conditions fibers are recovered, their ultimate value as
forensic evidence depends on the criminalist’s ability to narrow their origin to a limited number
of sources or even to a single source. Unfortunately, mass production of garments and fabrics has
limited the value of fiber evidence in this respect, and only under the most unusual circumstances
does the recovery of fibers at a crime scene provide individual identification with a high degree
of certainty.


For centuries, humans depended on natural sources derived from plants and animals for tex-
tile fibers. Early in the 20th century, the first manufactured fiber—rayon—became a practical
reality, followed in the 1920s by the introduction of cellulose acetate. Since the late 1930s, sci-
entists have produced dozens of new fibers. In fact, the development of fibers, fabrics, finishes,
and other textile-processing techniques has made greater advances since 1900 than in the five
thousand years of recorded history before the 20th century. Today, such varied items as clothing,
carpeting, draperies, wigs, and even artificial turf attest to the predominant role that manufactured
fibers have come to play in our culture and environment.


For the purpose of discussing the forensic examination of fibers, it is convenient to classify
them into two broad groups: natural and manufactured.


Natural Fibers
Natural fibers are wholly derived from animal or plant sources. Animal fibers constitute most of
the natural fibers encountered in crime laboratory examinations. These include hair coverings
from such animals as sheep (wool), goats (mohair, cashmere), camels, llamas, alpacas, and
vicuñas; fur fibers include those obtained from animals such as mink, rabbit, beaver, and muskrat.


Forensic examination of animal fibers uses the same procedures discussed in the previous
section for the forensic examination of animal hairs. Identification and comparison of such fibers
relies solely on a microscopic examination of color and morphological characteristics. Again, a
sufficient number of standard/reference specimens must be examined to establish the range of
fiber characteristics of the suspect fabric.


By far the most prevalent plant fiber is cotton. The wide use of undyed white cotton fibers in
clothing and other fabrics has made its evidential value almost meaningless, although the pres-
ence of dyed cotton in a combination of colors has, in some cases, enhanced its evidential signif-
icance. The microscopic view of cotton fiber shown in Figure 13–8 reveals its most distinguishing
feature—a ribbonlike shape with twists at irregular intervals.


Manufactured Fibers
Beginning with the introduction of rayon in 1911 and the development of nylon in 1939,
manufactured fibers have increasingly replaced natural fibers in garments and fabrics. Today,
such fibers are marketed under hundreds of different trade names. To reduce consumer confusion,
the U.S. Federal Trade Commission has approved “generic” or family names for the grouping of
all manufactured fibers. Many of these generic classes are produced by several manufacturers and
are sold under a confusing variety of trade names. For example, in the United States, polyesters
are marketed under names that include Dacron, Fortrel, and Kodel. In England, polyesters are
called Terylene. Table 13–1 lists major generic fibers, along with common trade names and their
characteristics and applications.


The first machine-made fibers were manufactured from raw materials derived from cotton or
wood pulp. These materials are processed, and pure cellulose is extracted from them. Depending
on the type of fiber desired, the cellulose may be chemically treated and dissolved in an appro-
priate solvent before it is forced through the small holes of a spinning jet or spinneret to produce
the fiber. Fibers manufactured from natural raw materials in this manner are classified as
regenerated fibers and commonly include rayon, acetate, and triacetate, all of which are produced
from regenerated cellulose.


Most of the fibers currently manufactured are produced solely from synthetic chemicals and
are therefore classified as synthetic fibers. These include nylons, polyesters, and acrylics. The


natural fibers
Fibers derived entirely from animal
or plant sources


manufactured fibers
Fibers derived from either natural
or synthetic polymers; the fibers
are typically made by forcing the
polymeric material through the
holes of a spinneret
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macromolecule
A molecule with a high molecular
mass


molecule
Two or more atoms held together
by chemical bonds


polymer
A substance composed of a large
number of atoms; these atoms are
usually arranged in repeating units
or monomers


creation of synthetic fibers became a reality only when scientists developed a method of synthe-
sizing long-chained molecules called polymers.


In 1930, chemists discovered an unusual characteristic of one of the polymers under investi-
gation. When a glass rod in contact with viscous material in a beaker was slowly pulled away, the
substance adhered to the rod and formed a fine filament that hardened as soon as it entered the
cool air. Furthermore, the cold filaments could be stretched several times their extended length to
produce a flexible, strong, and attractive fiber. The first synthetic fiber was improved and then
marketed as nylon. Since then, fiber chemists have successfully synthesized new polymers and
have developed more efficient methods for manufacturing them. These efforts have produced a
multitude of synthetic fibers.


Polymers
The polymer is the basic chemical substance of all synthetic fibers. Indeed, an almost unbeliev-
able array of household, industrial, and recreational products is manufactured from polymers;
these include plastics, paints, adhesives, and synthetic rubber. Polymers exist in countless forms
and varieties and with the proper treatment can be made to assume different chemical and
physical properties.


As we have already observed, chemical substances are composed from basic structural units
called molecules. The molecules of most materials are composed of just a few atoms; for exam-
ple, water, H2O, has 2 atoms of hydrogen and 1 atom of oxygen. The heroin molecule, C21H23O5N,
contains 21 atoms of carbon, 23 atoms of hydrogen, 5 atoms of oxygen, and 1 atom of nitrogen.
Polymers, on the other hand, are formed by linking a large number of molecules, so that it is not
unusual for a polymer to contain thousands or even millions of atoms. This is why polymers are
often referred to as macromolecules, or “big” molecules.


Simply, a polymer can be pictured as resembling a long, repeating chain, with each link
representing the basic structure of the polymer (see Figure 13–9). The repeating molecular units in
the polymer, called monomers, are joined end to end, so that thousands are linked to form a long
chain. What makes polymer chemistry so fascinating is the countless possibilities for linking
different molecules. By simply varying the chemical structure of the basic molecules, or
monomers, and by devising numerous ways to weave them together, chemists have created
polymers that exhibit different properties. This versatility enables polymer chemists to synthesize
glues, plastics, paints, and fibers.


monomer
The basic unit of structure from
which a polymer is constructed


FIGURE 13–8
Photomicrograph of cotton
fiber (450�).
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TABLE 13–1
Major Generic Fibers


Major
Generic Fiber Characteristics Major Domestic and Industrial Uses


Acetate • Luxurious feel and appearance
• Wide range of colors and lusters
• Excellent drapability and softness
• Relatively fast-drying
• Shrink-, moth-, and mildew-resistant


Apparel: Blouses, dresses, foundation garments, lingerie, linings,
shirts, slacks, sportswear
Fabrics: Brocade, crepe, double knits, faille, knitted jerseys, lace,
satin, taffeta, tricot
Home Furnishings: Draperies, upholstery
Other: Cigarette filters, fiberfill for pillows, quilted products


Acrylic • Soft and warm
• Wool-like
• Retains shape
• Resilient
• Quick-drying
• Resistant to moths, sunlight, oil, and


chemicals


Apparel: Dresses, infant wear, knitted garments, skiwear, socks,
sportswear, sweaters
Fabrics: Fleece and pile fabrics, facing fabrics in bonded fabrics,
simulated furs, jerseys
Home Furnishings: Blankets, carpets, draperies, upholstery
Other: Auto tops, awnings, hand-knitting and craft yarns,
industrial and geotextile fabrics


Aramid • Does not melt
• Highly flame resistant
• Great strength
• Great resistance to stretch
• Maintains shape and form at high


temperatures


Hot-gas filtration fabrics, protective clothing, military helmets,
protective vests, structural composites for aircraft and boats,
sailcloth, tires, ropes and cables, mechanical rubber goods,
marine and sporting goods


Bicomponent • Thermal bonding
• Self-bulking
• Very fine fibers
• Unique cross-sections
• The functionality of special polymers


or additives at reduced cost


Uniform distribution of adhesive; fiber remains a part of
structure and adds integrity; customized sheath materials to
bond various materials; wide range of bonding temperatures;
cleaner, environmentally friendly (no effluent); recyclable;
lamination/molding/densification of composites


Lyocell • Soft, strong, absorbent
• Good dyeability
• Fibrillates during wet processing to


produce special textures


Dresses, slacks, and coats


Rayon • Highly absorbent
• Soft and comfortable
• Easy to dye
• Versatile
• Good drapability


Apparel: Blouses, coats, dresses, jackets, lingerie, linings,
millinery, rainwear, slacks, sports shirts, sportswear, suits, ties,
work clothes
Home Furnishings: Bedspreads, blankets, carpets, curtains,
draperies, sheets, slipcovers, tablecloths, upholstery
Other: Industrial products, medical-surgical products,
nonwoven products, tire cord


Spandex • Can be stretched 500 percent without
breaking


• Can be stretched repeatedly and
recover original length


• Lightweight
• Stronger and more durable than rubber
• Resistant to body oils


Articles (in which stretch is desired): Athletic apparel, bathing
suits, delicate laces, foundation garments, golf jackets, ski
pants, slacks, support and surgical hose


(Continued)
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TABLE 13–1
Major Generic Fibers (Continued)


Major
Generic Fiber Characteristics Major Domestic and Industrial Uses


Melamine • White and dyeable
• Flame resistance and low thermal


conductivity
• High-heat dimensional stability
• Processable on standard textile


equipment


Fire-Blocking Fabrics: Aircraft seating, fire blockers for
upholstered furniture in high-risk occupancies (e.g., to
meet California TB 133 requirements)
Protective Clothing: Firefighters’ turnout gear, insulating
thermal liners, knit hoods, molten metal splash apparel, 
heat-resistant gloves
Filter Media: High-capacity, high-efficiency, high-temperature
baghouse air filters


Modacrylic • Soft
• Resilient
• Abrasion and flame resistant
• Quick-drying
• Resists acids and alkalies
• Retains shape


Apparel: Deep-pile coats, trims, linings, simulated fur, wigs
and hairpieces
Fabrics: Fleece fabrics, industrial fabrics, knit-pile fabric
backings, nonwoven fabrics
Home Furnishings: Awnings, blankets, carpets, flame-resistant
draperies and curtains, scatter rugs
Other: Filters, paint rollers, stuffed toys


Nylon • Exceptionally strong
• Supple
• Abrasion resistant
• Lustrous
• Easy to wash
• Resists damage from oil and many


chemicals
• Resilient
• Low in moisture absorbency


Apparel: Blouses, dresses, foundation garments, hosiery,
lingerie and underwear, raincoats, ski and snow apparel, suits,
windbreakers
Home Furnishings: Bedspreads, carpets, draperies, curtains,
upholstery
Other: Air hoses, conveyor and seat belts, parachutes, racket
strings, ropes and nets, sleeping bags, tarpaulins, tents,
thread, tire cord, geotextiles


Olefin • Unique wicking properties that make
it very comfortable


• Abrasion resistant
• Quick-drying
• Resistant to deterioration from chemicals,


mildew, perspiration, rot, and weather
• Sensitive to heat
• Soil resistant
• Strong; very lightweight
• Excellent colorfastness


Apparel: Pantyhose, underwear, knitted sports shirts, men’s
half-hose, men’s knitted sportswear, sweaters
Home Furnishings: Carpet and carpet backing, slipcovers,
upholstery
Other: Dye nets, filter fabrics, laundry and sandbags, geotex-
tiles, automotive interiors, cordage, doll hair, industrial sewing
thread


Polyester • Strong
• Resistant to stretching and shrinking
• Resistant to most chemicals
• Quick-drying
• Crisp and resilient when wet or dry
• Wrinkle and abrasion resistant
• Retains heat-set pleats and creases
• Easy to wash


Apparel: Blouses, shirts, career apparel, children’s wear,
dresses, half-hose, insulated garments, ties, lingerie and
underwear, permanent-press garments, slacks, suits
Home Furnishings: Carpets, curtains, draperies, sheets and
pillowcases
Other: Fiberfill for various products, fire hose, power belting,
ropes and nets, tire cord, sail, V-belts


PBI • Extremely flame-resistant
• Outstanding comfort factor combined


with thermal and chemical stability
properties


• Will not burn or melt
• Low shrinkage when exposed to flame


Suitable for high-performance protective apparel such as fire-
fighters’ turnout coats, astronaut space suits, and applications
in which fire resistance is important


Source: American Fiber Manufacturers Assoc. Inc., Washington, D.C., http://www.fibersource.com/f-tutor/q-guide.htm.
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It would be a mistake to give the impression that all polymers are synthesized in the chemical
laboratory. Indeed, this is far from true, for nature has produced polymers that humans have not yet
been able to copy. For example, the proteins that form the basic structure of animal hairs, as well as
of all living matter, are polymers, composed of thousands of amino acids linked in a highly organized
arrangement and sequence. Similarly, cellulose, the basic ingredient of wood and cotton, and starch
are both natural polymers built by the combination of several thousand carbohydrate monomers, as
shown in Figure 13–10. Hence, the synthesis of manufactured fibers merely represents an extension
of chemical principles that nature has successfully used to produce hair and vegetable fibers.


Identification and Comparison 
of Manufactured Fibers
The evidential value of fibers lies in the criminalist’s ability to trace their origin. Obviously, if the
examiner is presented with fabrics that can be exactly fitted together at their torn edges, it is a
virtual certainty that the fabrics were of common origin. However, more often the criminalist
obtains a limited number of fibers for identification and comparison. Generally, in these situa-
tions, the possibilities for obtaining a physical match are nonexistent, and the examiner must
resort to a side-by-side comparison of the standard/reference and crime-scene fibers.


Microscopic Examination
The first and most important step in the examination is a microscopic comparison for color and
diameter using a comparison microscope. Unless these two characteristics agree, there is little
reason to suspect a match. Other morphological features that could be present to aid in the com-
parison are lengthwise striations on the surface of some fibers and the pitting of the fiber’s surface
with delustering particles (usually titanium dioxide) added in the manufacturing process to reduce
shine (Figure 13–11).


The cross-sectional shape of a fiber may also help characterize the fiber (Figure 13–12).5 In
the Wayne Williams case (see Chapter 3), unusually shaped yellow-green fibers discovered on a
number of the murder victims were ultimately linked to a carpet in the Williams home. This fiber
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FIGURE 13–10
Starch and cellulose are natural carbohydrate polymers consisting of a large number of
repeating units or monomers.


5 S. Palenik and C. Fitzsimons, “Fiber Cross-Sections: Part I,” Microscope 38 (1990): 187.


Monomer


FIGURE 13–9
The chain-link model of a segment of
a polymer molecule. The actual
molecule may contain as many as
several million monomer units or
links.
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FIGURE 13–11
Photomicrographs of synthetic fibers: (a) cellulose triacetate (450�) and (b) olefin fiber
embedded with titanium dioxide particles (450�).


Round


Dumbbell Flat


Multi-lobed


Trilobal


FIGURE 13–12
Cross-sectional shapes of fibers.
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was a key element in proving Williams’s guilt. A photomicrograph of this unusually shaped fiber
is shown in Figure 13–13.


Dye Composition
Although two fibers may seem to have the same color when viewed under the microscope, com-
positional differences may exist in the dyes that were applied to them during their manufacture.
In fact, most textile fibers are impregnated with a mixture of dyes selected to obtain a desired
shade or color. The significance of a fiber comparison is enhanced when the forensic examiner
can show that the questioned and standard/reference fibers have the same dye composition.


The visible-light microspectrophotometer (pages 173–175) is a convenient way for analysts to
compare the colors of fibers through spectral patterns. This technique is not limited by sample size—
a fiber as small as one millimeter or less in length can be examined by this type of microscope. The
examination is nondestructive and is carried out on fibers simply mounted on a microscope slide.


A more detailed analysis of the fiber’s dye composition can be obtained through a chro-
matographic separation of the dye constituents. To accomplish this, small strands of fibers are
compared for dye content by first extracting the dye off each fiber with a suitable solvent and then
spotting the dye solution onto a thin-layer chromatography plate. The dye components of the
questioned and standard/reference fibers are separated on the thin-layer plate and compared side
by side for similarity.6


Chemical Composition
Once this phase of the analysis is complete, and before any conclusion can be reached that two
or more fibers compare, they must be shown to have the same chemical composition. In this
respect, tests are performed to confirm that all of the fibers involved belong to the same broad
generic class. Additionally, the comparison will be substantially enhanced if it can be demon-
strated that all of the fibers belong to the same subclassification within their generic class. For
example, at least four different types of nylon are available in commercial and consumer markets,
including nylon 6, nylon 6-10, nylon 11, and nylon 6-6. Although all types of nylon have many
properties in common, each may differ in physical shape, appearance, and dyeability because of
modifications in basic chemical structure. Similarly, a study of more than two hundred different
samples of acrylic fibers revealed that they could actually be divided into 24 distinguishable
groups on the basis of their polymeric structure and microscopic characteristics.7


FIGURE 13–13
A scanning electron photomicrograph of the cross section of a nylon fiber removed
from a sheet used to transport the body of a murder victim. The fiber, associated with
a carpet in Wayne Williams’s home, was manufactured in 1971 in relatively small
quantities.
Courtesy Federal Bureau of Investigation, Washington, D.C.


6 D. K. Laing et al., “The Standardisation of Thin-Layer Chromatographic Systems for Comparisons of Fibre Dyes,”
Journal of the Forensic Science Society 30 (1990): 299.


7 M. C. Grieve, “Another Look at the Classification of Acrylic Fibres, Using FTIR Microscopy,” Science & Justice
35 (1995): 179.
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Textile chemists have devised numerous tests for determining the class of a fiber. However,
unlike the textile chemist, the criminalist frequently does not have the luxury of having a sub-
stantial quantity of fabric to work with and must therefore select tests that will yield the most
information with the least amount of material. Only a single fiber may be available for analysis,
and often this may amount to no more than a minute strand recovered from a fingernail scraping
of a homicide or rape victim.


Other Properties for Examination
A most useful physical property of fibers, from the criminalist’s point of view, is that many man-
ufactured fibers exhibit double refraction or birefringence (see page 100). Synthetic fibers are
manufactured by melting a polymeric substance or dissolving it in a solvent and then forcing it
through the fine holes of a spinneret. The polymer emerges as a fine filament, with its molecules
aligned parallel to the length of the filament (see Figure 13–14). Just as the regular arrangement
of atoms produces a crystal, so will the regular arrangement of the fiber’s polymers cause crys-
tallinity in the finished fiber. This crystallinity makes a fiber stiff and strong and gives it the
optical property of double refraction.


Polarized white light passing through a synthetic fiber is split into two rays that are perpen-
dicular to each other, causing the fiber to display polarization or interference colors when viewed
under a polarizing microscope (see Figure 13–15). Depending on the class of fiber, each polar-
ized plane of light has a characteristic index of refraction. This value can be determined by
immersing the fiber in a fluid with a comparable refractive index and observing the disappear-
ance of the Becke line under a polarizing microscope. Table 13–2 lists the two refractive indices


FIGURE 13–14
In the production of
manufactured fibers, the
bulk polymer is forced
through small holes to form
a filament in which all the
polymers are aligned in the
same direction.


FIGURE 13–15
A photomicrograph of nylon fibers displaying interference colors when observed
between the crossed polars of a polarizing microscope (50�).
Courtesy William Randle, Missouri State Highway Patrol Crime Laboratory, Jefferson City, Mo.
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of some common classes of fibers, along with their birefringence. The virtue of this technique is
that a single fiber, microscopic in size, can be analyzed in a nondestructive manner.


The polymers that compose a manufactured fiber, just as in any other organic substance, se-
lectively absorb infrared light in a characteristic pattern. Infrared spectrophotometry thus
provides a rapid and reliable method for identifying the generic class, and in some cases the sub-
classes, of fibers. The infrared microspectrophotometer combines a microscope with an infrared
spectrophotometer (see pages 173–174). Such a combination makes possible the infrared analysis
of a small single-strand fiber while it is being viewed under a microscope.8


Significance of a Match
Once a fiber match has been determined, the question of the significance of such a finding is
bound to be raised. In reality, no analytical technique permits the criminalist to associate a fiber
strand definitively to any single garment. Furthermore, except in the most unusual circumstances,
no statistical databases are available for determining the probability of a fiber’s origin. Consid-
ering the mass distribution of synthetic fibers and the constantly changing fashion tastes of our
society, it is highly unlikely that such data will be available in the foreseeable future. Neverthe-
less, one should not discount or minimize the significance of a fiber association.


An enormous variety of fibers exist in our society. By simply looking at the random individ-
uals we meet every day, we can see how unlikely it is to find two different people wearing iden-
tically colored fabrics (with the exception of blue denims or white cottons). There are thousands
of different-colored fibers in our environment. Combine this with the fact that forensic scientists
compare not only the color of fibers but also their size, shape, microscopic appearance, chemical
composition, and dye content, and one can now begin to appreciate how unlikely it is to find two
indistinguishable colored fibers emanating from randomly selected sources.


Furthermore, the significance of a fiber association increases dramatically if the analyst can
link two or more distinctly different fibers to the same object. Likewise, the associative value of
fiber evidence is dramatically enhanced if it is accompanied by other types of physical evidence
linking a person or object to a crime.


As with most class evidence, the significance of a fiber comparison is dictated by the
circumstances of the case; by the location, number, and nature of the fibers examined; and, most
important, by the judgment of an experienced examiner.


TABLE 13–2
Refractive Indices of Common Textile Fibers


Refractive Index


Fiber Parallel Perpendicular Birefringence


Acetate 1.478 1.477 0.001
Triacetate 1.472 1.471 0.001
Acrylic 1.524 1.520 0.004
Nylon


Nylon 6 1.568 1.515 0.053
Nylon 6-6 1.582 1.519 0.063


Polyester
Dacron 1.710 1.535 0.175
Kodel 1.642 1.540 0.102


Modacrylic 1.536 1.531 0.005
Rayon


Cuprammonium rayon 1.552 1.520 0.032
Viscose rayon 1.544 1.520 0.024


Note: The listed values are for specific fibers, which explains the highly precise values given. In identification
work, such precision is not practical; values within 0.02 or 0.03 of those listed will suffice.


8 M. W. Tungol et al., “Analysis of Single Polymer Fibers by Fourier Transform Infrared Microscopy: The Results of
Case Studies,” Journal of Forensic Sciences 36 (1992): 1027.
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Fatal Vision Revisited


Dr. Jeffrey MacDonald was convicted in 1979
of murdering his wife and two young daugh-
ters. The events surrounding the crime and
the subsequent trial were recounted in Joe
McGinniss’s best-selling book Fatal Vision.
The focus of MacDonald’s defense was that
intruders entered his home and committed
these violent acts. Eleven years after this con-
viction, MacDonald’s attorneys filed a petition
for a new trial, claiming the existence of “crit-
ical new” evidence.


The defense asserted that wig fibers
found on a hairbrush in the MacDonald resi-
dence were evidence that an intruder dressed
in a wig entered the MacDonald home on the
day of the murder. Subsequent examination
of this claim by the FBI Laboratory focused on
a blond fall frequently worn by MacDonald’s
wife. Fibers removed from the fall were shown
to clearly match fibers on the hairbrush. The


forensics at work
340 CHAPTER 13


K47 (Mrs. MacDonald’s fall)
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FIGURE 13–16
A fiber comparison made
with an infrared
spectrophotometer. The
infrared spectrum of a fiber
from Mrs. MacDonald’s fall
compares to a fiber recovered
from a hairbrush in the
MacDonald home. These
fibers were identified as
modacrylics, the most
common type of synthetic
fiber used in the manufacture
of human hair goods.
Courtesy SA Michael Malone, FBI
Laboratory, Washington, D.C.


Jeffrey MacDonald in 1995 at Sheridan, Oregon, Federal Correctional Institution.
Courtesy AP Wide World Photos
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examination included the use of infrared microspec-
trophotometry to demonstrate that the suspect wig
fibers were chemically identical to fibers found in the
composition of the MacDonald fall (see Figure 13–16).
Hence, although wig fibers were found at the crime
scene, the source of these fibers could be accounted
for—they came from Mrs. MacDonald’s fall.


Another piece of evidence cited by MacDonald’s
lawyers was a bluish-black woolen fiber found on the
body of Mrs. MacDonald. They claimed that this fiber
compared to a bluish-black woolen fiber recovered from
the club used to assault her. These wool fibers were cen-
tral to MacDonald’s defense that the “intruders” wore


dark-colored clothing. Initial examination showed
that the fibers were microscopically indistinguishable.
However, the FBI also compared the two wool fibers
by visible-light microspectrophotometry. Comparison
of their spectra clearly showed that their dye compo-
sitions differed, providing no evidence of outside in-
truders (see Figure 13–17). Ultimately, the U.S.
Supreme Court denied the merits of MacDonald’s pe-
tition for a new trial.


Source: B. M. Murtagh and M. P. Malone, “Fatal Vision Revisited,”
The Police Chief (June 1993): 15.


forensics at work
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FIGURE 13–17
The visible-light spectrum for the woolen fiber recovered from Mrs. MacDonald’s body
is clearly different from that of the fiber recovered from the club used to assault her.
Courtesy SA Michael Malone, FBI Laboratory, Washington, D.C.
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Collection and Preservation 
of Fiber Evidence
As criminal investigators have become more aware of the potential contribution of trace physical
evidence to the success of their investigations, they have placed greater emphasis on conducting
thorough crime-scene searches for evidence of forensic value. Their skill and determination at
carrying out these tasks is tested when it comes to the collection of fiber-related evidence. Fiber
evidence can be associated with virtually any type of crime. It cannot usually be seen with the
naked eye and thus can be easily overlooked by someone not specifically looking for it.


An investigator committed to optimizing the laboratory’s chances for locating minute strands
of fibers seeks to identify and preserve potential “carriers” of fiber evidence. Relevant articles of
clothing should be packaged carefully in paper bags. Each article must be placed in a separate bag
to avoid cross-contamination of evidence. Scrupulous care must be taken to prevent articles of
clothing from different people or from different locations from coming into contact. Such articles
must not even be placed on the same surface before packaging. Likewise, carpets, rugs, and
bedding are to be folded carefully to protect areas suspected of containing fibers. Car seats should
be carefully covered with polyethylene sheets to protect fiber evidence, and knife blades should be
covered to protect adhering fibers. If a body is thought to have been wrapped at one time in a
blanket or carpet, adhesive tape lifts of exposed body areas may reveal fiber strands.


Occasionally the field investigator may need to remove a fiber from an object, particularly if
loosely adhering fibrous material may be lost in transit to the laboratory. These fibers must be re-
moved with a clean forceps and placed in a small sheet of paper, which, after folding and label-
ing, can be placed inside another container. Again, scrupulous care must be taken to prevent
contact between fibers collected from different objects or from different locations.


In the laboratory, the search for fiber evidence on clothing and other relevant objects, as well
as in debris, is time consuming and tedious and will test the skill and patience of the examiner.
The crime-scene investigator can reduce this task to manageable proportions by collecting only
relevant items for examination. It is essential from the onset of an investigation that the crime-
scene investigator pinpoint areas where a likely transfer of fiber evidence occurred and then take
necessary measures to ensure proper collection and preservation of these materials.


Forensic Examination of Paint
Our environment contains millions of objects whose surfaces are painted. Thus, it is not surpris-
ing to observe that paint, in one form or another, is one of the most prevalent types of physical
evidence received by the crime laboratory. Paint as physical evidence is perhaps most frequently
encountered in hit-and-run and burglary cases. For example, a chip of dried paint or a paint smear
may be transferred to the clothing of a hit-and-run victim on impact with an automobile, or paint
smears could be transferred onto a tool during the commission of a burglary. Obviously, in many
situations a transfer of paint from one surface to another could impart an object with an identifi-
able forensic characteristic.


In most circumstances, the criminalist must compare two or more paints to establish their
common origin. For example, such a comparison may associate an individual or a vehicle with
the crime site. However, the criminalist need not be confined to comparisons alone. Crime labo-
ratories often help identify the color, make, and model of an automobile by examining small
quantities of paint recovered at an accident scene. Such requests, normally made in connection
with hit-and-run cases, can lead to the apprehension of the responsible vehicle.


Composition of Paint
Paint spread onto a surface dries into a hard film consisting of pigments and additives suspended
in a binder. Pigments impart color and hiding (or opacity) to paint and are usually mixtures of dif-
ferent inorganic and organic compounds added to the paint by the manufacturer to produce spe-
cific colors and properties. The binder provides the support medium for the pigments and
additives and is a polymeric substance. Paint is thus composed of a binder and pigments, as well
as other additives, all dissolved or dispersed in a suitable solvent. After the paint has been applied
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to a surface, the solvent evaporates, leaving behind a hard polymeric binder and any pigments that
were suspended in it.


One of the most common types of paint examined in the crime laboratory is finishes from auto-
mobiles. One interesting fact that is helpful in forensic characterization of automotive paint is that
manufacturers apply a variety of coatings to the body of an automobile. This adds significant diver-
sity to automobile paint and contributes to the forensic significance of automobile paint comparisons.
The automotive finishing system for steel usually consists of at least four organic coatings:


Electrocoat primer. The first layer applied to the steel body of a car is the electrocoat primer.
The primer, consisting of epoxy-based resins, is electroplated onto the steel body of the au-
tomobile to provide corrosion resistance. The resulting coating is uniform in appearance and
thickness. The color of these electrodeposition primers ranges from black to gray.


Primer surfacer. Originally responsible for corrosion control, the surfacer usually follows the
electrocoat layer and is applied before the basecoat. Primer surfacers are epoxy-modified
polyesters or urethanes. The function of this layer is to completely smooth out and hide any
seams or imperfections because the colorcoat will be applied on this surface. This layer is
highly pigmented. Color pigments are used to minimize color contrast between primer and
topcoats. For example, a light-gray primer may be used under pastel shades of a colored
topcoat; a red oxide may be used under a dark-colored topcoat.


Basecoat. The next layer of paint on a car is the basecoat or colorcoat. This layer provides the color
and aesthetics of the finish and represents the “eye appeal” of the finished automobile. The in-
tegrity of this layer depends on its ability to resist weather, UV radiation, and acid rain. Most
commonly, an acrylic-based polymer comprises the binder system of basecoats. Interestingly,
the choice of automotive pigments is dictated by toxic and environmental concerns. Thus, the
use of lead, chrome, and other heavy-metal pigments has been abandoned in favor of organic-
based pigments. There is also a growing trend toward pearl luster or mica pigments. Mica
pigments are coated with layers of metal oxide to generate interference colors. Also, the addi-
tion of aluminum flakes to automotive paint imparts a metallic look to the paint’s finish.


Clearcoat. An unpigmented clearcoat is applied to improve gloss, durability, and appearance.
Most clearcoats are acrylic based, but polyurethane clearcoats are increasing in popularity.
These topcoats provide outstanding etch resistance and appearance.


Microscopic Examination of Paint
The microscope has traditionally been and remains the most important instrument for locating
and comparing paint specimens. Considering the thousands of paint colors and shades, it is quite
understandable why color, more than any other property, imparts paint with its most distinctive
forensic characteristics. Questioned and known specimens are best compared side by side under
a stereoscopic microscope for color, surface texture, and color layer sequence. See Figure 13–18.


The importance of layer structure for evaluating the evidential significance of paint evidence
cannot be overemphasized. When paint specimens possess colored layers that match in number and
sequence of colors, the examiner can begin to relate the paints to a common origin. How many layers
must be matched before the criminalist can conclude that the paints come from the same source?
There is no one accepted criterion. Much depends on the uniqueness of each layer’s color and tex-
ture, as well as the frequency with which the particular combination of colors under investigation is
observed to occur. Because no books or journals have compiled this type of information, the crimi-
nalist is left to his or her own experience and knowledge when making this decision.


Unfortunately, most paint specimens presented to the criminalist do not have a layer struc-
ture of sufficient complexity to allow them to be individualized to a single source. See Figure 13–19.
However, the diverse chemical composition of modern paints provides additional points of
comparison between specimens. Specifically, a thorough comparison of paint must include a
chemical analysis of the paint’s pigments, its binder composition, or both.


Analytical Techniques Used in Paint Comparison
The wide variation in binder formulations in automobile finishes provides particularly significant in-
formation. More important, paint manufacturers make automobile finishes in hundreds of varieties;
this knowledge is most helpful to the criminalist who is trying to associate a paint chip with one car
as distinguished from the thousands of similar models that have been produced in any one year. For
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instance, there are more than a hundred automobile production plants in the United States and
Canada. Each can use one paint supplier for a particular color or vary suppliers during a model year.
Although a paint supplier must maintain strict quality control over a paint’s color, the batch formu-
lation of any paint binder can vary, depending on the availability and cost of basic ingredients.


CHARACTERIZATION OF PAINT BINDERS Pyrolysis gas chromatography has proven to be a
particularly invaluable technique for distinguishing most paint formulations. In this process, paint
chips as small as 20 micrograms are decomposed by heat into numerous gaseous products and are
sent through a gas chromatograph. As shown in Figure 13–20, the polymer chain is decomposed
by a heated filament, and the resultant products are swept into and through a gas chromatograph
column. The separated decomposition products of the polymer emerge and are recorded. The pat-
tern of this chromatogram or “pyrogram” distinguishes one polymer from another. The result is


FIGURE 13–19
Red paint chips peeling off a wall revealing underlying layers.
Courtesy Jack Hollingsworth, Getty Images, Inc. - Photodisc/Royalty Free 


FIGURE 13–18
A stereoscopic microscope comparison of two automotive paints. The questioned
paint on the left has a layer structure consistent with the control paint on the right.
Courtesy Leica Microsystems, Inc., Buffalo, N.Y., www.leica-microsystems.com
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a pyrogram that is sufficiently detailed to reflect the chemical makeup of the binder. Figure 13–21
illustrates how the patterns produced by paint pyrograms can differentiate acrylic enamel paints
removed from two different automobiles. Infrared spectrophotometry is still another analytical
technique that provides information about the binder composition of paint.9 Binders selectively
absorb infrared radiation to yield a spectrum that is highly characteristic of a paint specimen.


Carrier gas


Pyrolyzer


Column


Detector


Pyrogram


FIGURE 13–20
Schematic diagram of pyrolysis gas chromatography.


Time (minutes)
2 4 6 8 10 12


(a)
Time (minutes)


2 4 6 8 10 12


(b)


FIGURE 13–21
Paint pyrograms of acrylic enamel paints. (a) Paint from a Ford model and (b) paint
from a Chrysler model.
Courtesy Varian Inc., Palo Alto, Calif.


9 P. G. Rodgers et al., “The Classification of Automobile Paint by Diamond Window Infrared Spectrophotometry, Part
I: Binders and Pigments,” Canadian Society of Forensic Science Journal 9 (1976): 1; T. J. Allen, “Paint Sample Pre-
sentation for Fourier Transform Infrared Microscopy,” Vibration Spectroscopy 3 (1992): 217.
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CHARACTERIZATION OF PIGMENTS The elements that constitute the inorganic
pigments of paints can be identified by a variety of techniques—emission spec-
troscopy, neutron activation analysis, X-ray diffraction, and X-ray spectroscopy
(pages 176–178). The emission spectrograph, for instance, can simultaneously
detect 15 to 20 elements in most automobile paints. Some of these elements are
relatively common to all paints and have little forensic value; others are less
frequently encountered and provide excellent points of comparison between paint
specimens (see Figure 6–3).


Significance of Paint Evidence
Once a paint comparison is completed, the task of assessing the significance of
the finding begins. How certain can one be that two similar paints came from the
same surface? For instance, a casual observer sees countless identically colored
automobiles on our roads and streets. If this is the case, what value is a compar-
ison of a paint chip from a hit-and-run scene to paint removed from a suspect
car? From previous discussions it should be apparent that far more is involved in
paint comparison than matching surface paint colors. Paint layers present be-
neath a surface layer offer valuable points of comparison. Furthermore, forensic
analysts can detect subtle differences in paint binder formulations, as well as ma-
jor or minor differences in the elemental composition of paint. Obviously, these
properties cannot be discerned by the naked eye.


The significance of a paint comparison was convincingly demonstrated from
data gathered at the Centre of Forensic Sciences, Toronto, Canada.10 Paint chips
randomly taken from 260 vehicles located in a local wreck yard were compared
by color, layer structure, and, when required, by infrared spectroscopy. All were
distinguishable except for one pair. In statistical terms, these results signify that
if a crime-scene paint sample and a paint standard/reference sample removed
from a suspect car compare by the previously discussed tests, the odds against the
crime-scene paint originating from another randomly chosen vehicle are approx-
imately 33,000 to 1. Obviously, this type of evidence is bound to forge a strong
link between the suspect car and the crime scene.


Crime laboratories are often asked to identify the make and model of a car
from a very small amount of paint left behind at a crime scene. Such information
is frequently of use in a search for an unknown car involved in a hit-and-run in-


cident. Often, the questioned paint can be identified when its color is compared to color chips rep-
resenting the various makes and models of manufactured cars. However, in many cases it is not
possible to state the exact make or model of the car in question because any one paint color can
be found on more than one car model. For example, General Motors may use the same paint color
for several production years on cars in its Cadillac, Buick, and Chevrolet lines.


Color charts for automobile finishes are available from various paint manufacturers and refinish-
ers (see Figure 13–22). Starting with the 1974 model year, the Law Enforcement Standards Laboratory
at the National Institute of Standards and Technology collected and disseminated to crime laboratories
auto paint color samples from U.S. domestic passenger cars. This collection was distributed by Collab-
orative Testing Services, McLean, Virginia, through 1991. Since 1975, the Royal Canadian Mounted
Police Forensic Laboratories have been systematically gathering color and chemical information on
automotive paints. This computerized database, known as PDQ (Paint Data Query), allows an analyst
to obtain information on paints related to automobile make, model, and year. The database contains such
parameters as automotive paint layer colors, primer colors, and binder composition (see Figure 13–23).
A number of U.S. laboratories have access to PDQ.11 Also some laboratories maintain an in-house col-
lection of automobile paints associated with various makes and models (see Figure 13–24).


FIGURE 13–22
Automotive color chart of
various car models.
Courtesy Damian Dovanganes, AP
Wide World Photos


10 G. Edmondstone, J. Hellman, K. Legate, G. L. Vardy, and E. Lindsay, “An Assessment of the Evidential Value of
Automotive Paint Comparisons,” Canadian Society of Forensic Science Journal 37 (2004): 147.


11 J. L. Buckle et al., “PDQ—Paint Data Queries: The History and Technology behind the Development of the Royal
Canadian Mounted Police Laboratory Services Automotive Paint Database,” Canadian Society of Forensic Science
Journal 30 (1997): 199. An excellent discussion of the PDQ database is also available in A. Beveridge, T. Fung, and
D. MacDougall, “Use of Infrared Spectroscopy for the Characterisation of Paint Fragments,” in B. Caddy, ed.,
Forensic Examination of Glass and Paint (New York: Taylor & Francis, 2001), pp. 222–233.
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FIGURE 13–23
(a) Home screen for PDQ database. (b) Partial list of auto paints contained in the PDQ
database.
Courtesy Royal Canadian Mounted Police


Collection and Preservation 
of Paint Evidence
As has already been noted, paint chips are most likely to be found on or near people or objects in-
volved in hit-and-run incidents. The recovery of loose paint chips from a garment or from the road
surface must be done with the utmost care to keep the paint chip intact. Paint chips may be picked


(a)


(b)
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up with a tweezers or scooped up with a piece of paper. Paper druggist folds and glass or plastic
vials make excellent containers for paint. If the paint is smeared on or embedded in garments or
objects, the investigator should not attempt to remove it; instead, it is best to package the whole
item carefully and send it to the laboratory for examination.


When a transfer of paint occurs in hit-and-run situations, such as to the clothing of a pedes-
trian victim, uncontaminated standard/reference paint must always be collected from an un-
damaged area of the vehicle for comparison in the laboratory. It is particularly important that the
collected paint be close to the area of the car that was suspected of being in contact with the
victim. This is necessary because other portions of the car may have faded or been repainted.
Standard/reference samples are always removed so as to include all the paint layers down to the
bare metal. This is best accomplished by removing a painted section with a clean scalpel or knife
blade. Samples 1⁄4 inch square are sufficient for laboratory examination. Each paint sample
should be separately packaged and marked with the exact location of its recovery. When a cross-
transfer of paint occurs between two vehicles, again all of the layers, including the foreign as
well as the underlying original paints, must be removed from each vehicle. A standard/reference
sample from an adjacent undamaged area of each vehicle must also be taken in such cases. Care-
fully wipe the blade of any knife or scraping tool used before collecting each sample, to avoid
cross-contamination of paints.


Tools used to enter buildings or safes often contain traces of paints as well as other substances
such as wood and safe insulation. Care must be taken not to lose this type of trace evidence. The
scene investigator should not try to remove the paint; instead, he or she should package the tool
for laboratory examination. Standard/reference paint should be collected from all surfaces sus-
pected of having been in contact with the tool. Again, all layers of paint must be included in the
sample.


When the tool has left its impression on a surface, standard/reference paint is collected from
an uncontaminated area adjacent to the impression. No attempt should be made to collect the paint
from the impression itself. If this is done, the impression may be permanently altered and its
evidential value lost.


FIGURE 13–24
A crime laboratory’s automotive paint library. Paints were collected at an automobile
impound yard and then cataloged for rapid retrieval and examination.
Royal Canadian Mounted Police
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Hair is an appendage of the skin that grows out of an organ
known as the hair follicle. The length of a hair extends from
its root or bulb embedded in the follicle, continues into a
shaft, and terminates at a tip end. The shaft, which is com-
posed of three layers—the cuticle, cortex, and medulla—is
subjected to the most intense examination by the forensic sci-
entist. The comparison microscope is an indispensable tool
for comparing these morphological characteristics. When
comparing strands of hair, the criminalist is particularly in-
terested in matching the color, length, and diameter. A careful
microscopic examination of hair reveals morphological fea-
tures that can distinguish human hair from the hair of animals.
Scale structure, medullary index, and medullary shape are
particularly important in hair identification. Other important
features for comparing hair are the presence or absence of a
medulla and the distribution, shape, and color intensity of the
pigment granules present in the cortex. However, micro-
scopic hair examinations tend to be subjective and highly de-
pendent on the skills and integrity of the analyst. Recent
major breakthroughs in DNA profiling have extended this
technology to the individualization of human hair. The prob-
ability of detecting DNA in hair roots is more likely for hair
being examined in its anagen or early growth phase as op-
posed to its catagen or telogen phases. Often, when hair is
forcibly removed a follicular tag, a translucent piece of tissue
surrounding the hair’s shaft near the root, may be present.
This has proven to be a rich source of DNA associated with
hair. Also, mitochondrial DNA can be extracted from the hair


shaft. As a rule, all positive microscopic hair comparisons
must be confirmed by DNA analysis.


The quality of fiber evidence depends on the ability of the
criminalist to identify the origin of the fiber or at least to narrow
the possibilities to a limited number of sources. Microscopic
comparisons between questioned and standard/reference fibers
are initially undertaken for color and diameter characteristics.
Other morphological features that could be important in com-
paring fibers are striations on the surface of the fiber, the pres-
ence of delustering particles, and the cross-sectional shape of
the fiber. The visible-light microspectrophotometer provides a
convenient way to compare the colors of fibers through spectral
patterns. Infrared spectrophotometry is a rapid and reliable tool
for identifying the generic class of fibers, as is the polarizing
microscope.


Paint spread onto a surface dries into a hard film
consisting of pigments and additives suspended in the binder.
One of the most common types of paint examined in the crime
laboratory is finishes from automobiles. Automobile manu-
facturers normally apply a variety of coatings to the body of
an automobile. Hence, the wide diversity of automotive paint
contributes to the forensic significance of an automobile paint
comparison. Questioned and known specimens are best com-
pared side by side under a stereoscopic microscope for color,
surface texture, and color layer sequence. Pyrolysis gas chro-
matography and infrared spectrophotometry are invaluable
techniques for distinguishing most paint binder formulations,
adding further significance to a forensic paint comparison.


chapter summary


review questions


1. Hair is an appendage of the skin, growing out of an organ
known as the ___________.


2. The three layers of the hair shaft are the ___________,
the ___________, and the ___________.


3. True or False: The scales of most animal hairs can be
described as looking like shingles on a roof.
___________


4. The ___________ contains the pigment granules that
impart color to hair.


5. The central canal running through many hairs is known
as the ___________.


6. The diameter of the medulla relative to the diameter of
the hair shaft is the ___________.


7. Human hair generally has a medullary index of less than
___________; the hair of most animals has an index of
___________ or greater.


8. Human head hairs generally exhibit (continuous, absent)
medullae.


9. If a medulla exhibits a patterned shape, the hair is
(human, animal) in origin.


10. The three stages of hair growth are the ___________,
___________, and ___________ phases.


11. A single hair (can, cannot) be individualized to one per-
son by microscopic examination.


12. In making hair comparisons, it is best to view the hairs
side by side under a(n) ___________ microscope.


> > > > > > > > > > >


IS
B


N
 1


-2
5


6
-3


6
5


9
3


-9


, Tenth Edition, by Richard Saferstein. Published by Prentice Hall. Copyright © 2011 by Pearson Education, Inc.


R
O
D
D
Y
,
 
A
N
T
H
O
N
Y
 
I
S
A
A
C
 
3
7
2
7
B
U








350 CHAPTER 13


13. ___________ hairs are short and curly, with wide varia-
tion in shaft diameter.


14. It (is, is not) possible to determine when hair was last
bleached or dyed.


15. True or False: The age and sex of the individual from
whom a hair sample has been taken can be determined
through an examination of the hair’s morphological
features. ___________


16. Hair forcibly removed from the body (always, often) has
follicular tissue adhering to its root.


17. Microscopic hair comparisons must be regarded by po-
lice and courts as presumptive in nature, and all positive
microscopic hair comparisons must be confirmed by
___________ typing.


18. True or False: Currently, DNA typing can individualize
a single hair. ___________


19. A(n) ___________ hair root is a likely candidate for
DNA typing.


20. A minimum collection of ___________ full-length
hairs normally ensures a representative sampling of
head hair.


21. A minimum collection of ___________ full-length pu-
bic hairs is recommended to cover the range of charac-
teristics present in this region of the body.


22. ___________ fibers are derived totally from animal or
plant sources.


23. The most prevalent natural plant fiber is ___________.


24. True or False: Regenerated fibers, such as rayon and ac-
etate, are manufactured by chemically treating cellulose
and passing it through a spinneret. ___________


25. Fibers manufactured solely from synthetic chemicals are
classified as ___________.


26. True or False: Polyester was the first synthetic fiber.
___________


27. ___________ are composed of a large number of atoms
arranged in repeating units.


28. The basic unit of the polymer is called the ___________.


29. ___________ are polymers composed of thousands of
amino acids linked in a highly organized arrangement
and sequence.


30. True or False: A first step in the forensic examination of
fibers is to compare color and diameter. ___________


31. The microspectrophotometer employing ___________
light is a convenient way for analysts to compare the col-
ors of fibers through spectral patterns.


32. The dye components removed from fibers can be sepa-
rated and compared by ___________ chromatography.


33. Synthetic fibers possess the physical property of
___________ because they are crystalline.


34. The microspectrophotometer employing ___________
light provides a rapid and reliable method for identifying
the generic class of a single fiber.


35. Normally, fibers possess (individual, class) characteristics.


36. The two most important components of dried paint from
the criminalist’s point of view are the ___________ and
the ___________.


37. The most important physical property of paint in a foren-
sic comparison is ___________.


38. Paints can be individualized to a single source only when
they have a sufficiently detailed ___________.


39. The ___________ layer provides corrosion resistance
for the automobile.


40. “Eye appeal” of the automobile comes from the
___________ layer.


41. Pyrolysis gas chromatography is a particularly valuable
technique for characterizing paint’s (binder, pigments).


42. Emission spectroscopy can be used to identify the (inor-
ganic, organic) components of paint’s pigments.


43. True or False: Paint samples removed for examination
must always include all of the paint layers. ___________


application and critical thinking


1. Indicate the phase of growth of each of the following
hairs:


a. The root is club-shaped


b. The hair has a follicular tag


c. The root bulb is flame-shaped


d. The root is elongated


2. A criminalist studying a dyed sample hair notices that the
dyed color ends about 1.5 centimeters from the tip of the
hair. Approximately how many weeks before the exami-
nation was the hair dyed? Explain your answer.


3. Following are descriptions of several hairs; based on
these descriptions, indicate the likely race of the person
from whom the hair originated:


a. Evenly distributed, fine pigmentation


b. Continuous medullation


c. Dense, uneven pigmentation


d. Wavy with a round cross-section


4. Criminalist Pete Evett is collecting fiber evidence from a
murder scene. He notices fibers on the victim’s shirt and
trousers, so he places both of these items of clothing in a
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plastic bag. He also sees fibers on a sheet near the victim,
so he balls up the sheet and places it in separate plastic
bag. Noticing fibers adhering to the windowsill from
which the attacker gained entrance, Pete carefully re-
moves it with his fingers and places it in a regular enve-
lope. What mistakes, if any, did Pete make while
collecting this evidence?


5. You are investigating a hit-and-run accident and have
identified a suspect vehicle. Describe how you would
collect paint to determine whether the suspect vehicle
was involved in the accident. Be sure to indicate the tools
you would use and the steps you would take to prevent
cross contamination.
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Debora Green—Poisoning the American Dream


On the face of it, the Farrar family had it all.
Dr. Debora Green, a nonpracticing oncologist, and her
husband, Dr. Michael Farrar, had an opulent home in an
exclusive Kansas City suburb. Michael, a cardiologist, had a
successful practice that enabled Debora to stay home to
raise their three loving children, Tim, Kate, and Kelly.


In late 1995, Michael Farrar was hospitalized for a
mysterious illness. Michael entered a revolving door of
excruciating stomach pain and recovery, framed in the
context of his failing marriage. Unknown to outsiders,
Michael had initially asked Debora for a divorce
in 1994.


Michael’s suspicion of foul play was aroused
when he found a large number of castor bean
packets in Debora’s purse. She had used the
castor beans to poison Michael’s food; they
contain ricin, a deadly poison.


On the night of October 24, 1995, the
Green house became engulfed in flames and
was destroyed. Michael Farrar was sleeping
elsewhere while the couple were beginning


a legal separation preceding their divorce. Their
daughter Kate, then 10 years old, escaped the fire by exiting her


bedroom window, scaling the garage roof, and jumping to safety into the
arms of her mother, who was standing outside the house. Their son Tim, 13, and daughter


Kelly, 6, were killed in the blaze that consumed their home.
Fire investigators quickly realized that they were confronting a criminal case of arson. Unconnected


fires had occurred in various rooms of the house. Throughout the first floor of the house, pour patterns
were obvious where someone had spread accelerants—flammable substances used to spread the fire
more quickly—on the floors. Heavy soaking of the carpet on the stairways leading to the children’s rooms
would have created a wall of fire effectively blocking the children’s escape route. This arsonist was also
a murderer.


Police arrested Debora and charged her with two counts of first-degree murder and aggravated arson.
Psychological evaluation of the defendant concluded that she had a schizoid personality that was masked
by a high degree of intelligence. Debora Green is currently serving a life sentence in a Missouri prison.
Her psychotic behavior became the subject of Ann Rule’s novel Bitter Harvest.
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After studying this chapter you should be able to:
• List the conditions necessary to initiate and sustain combustion


• Understand the three mechanisms of heat transfer


• Recognize the telltale signs of an accelerant-initiated fire


• Describe how to collect physical evidence at the scene 
of a suspected arson


• Describe laboratory procedures used to detect and identify
hydrocarbon residues


forensic aspects 
of fire investigation


accelerant
combustion
endothermic reaction
energy
exothermic reaction
flammable range
flash point
glowing combustion
heat of combustion
hydrocarbon
ignition temperature
modus operandi
oxidation
pyrolysis
spontaneous


combustion


KEY TERMS
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oxidation
The combination of oxygen with
other substances to produce new
substances


modus operandi
An offender’s pattern of operation


354 CHAPTER 14


Forensic Investigation of Arson
Arson often presents complex and difficult circumstances to investigate. Normally these incidents
are committed at the convenience of a perpetrator who has thoroughly planned the criminal act
and has left the crime scene long before any official investigation is launched. Furthermore, prov-
ing commission of the offense is more difficult because of the extensive destruction that fre-
quently dominates the crime scene. The contribution of the criminalist is only one aspect of a
comprehensive and difficult investigative process that must establish a motive, the modus
operandi, and a suspect.


The criminalist’s function is limited; usually he or she is expected only to detect and identify
relevant chemical materials collected at the scene and to reconstruct and identify igniters. Although
a chemist can identify trace amounts of gasoline or kerosene in debris, no scientific test can deter-
mine whether an arsonist has used a pile of rubbish or paper to start a fire. Furthermore, a fire can
have many accidental causes, including faulty wiring, overheated electric motors, improperly
cleaned and regulated heating systems, and cigarette smoking—which usually leave no chemical
traces. Thus, the final determination of the cause of a fire must consider numerous factors and
requires an extensive on-site investigation. The ultimate determination must be made by an inves-
tigator whose training and knowledge have been augmented by the practical experiences of fire
investigation.


The Chemistry of Fire
Humankind’s early search to explain the physical concepts underlying the behavior of matter
always bestowed a central and fundamental role on fire. To ancient Greek philosophers, fire was
one of the four basic elements from which all matter was derived. The medieval alchemist thought
of fire as an instrument of transformation, capable of changing one element into another. One
ancient recipe expresses its mystical power as follows: “Now the substance of cinnabar is such
that the more it is heated, the more exquisite are its sublimations. Cinnabar will become mercury,
and passing through a series of other sublimations, it is again turned into cinnabar, and thus it
enables man to enjoy eternal life.”


Today, we know of fire not as an element of matter but as a transformation process during
which oxygen is united with some other substance to produce noticeable quantities of heat and
light (a flame). Therefore, any insight into why and how a fire is initiated and sustained must begin
with the knowledge of the fundamental chemical reaction of fire—oxidation.


Oxidation
In a simple description of oxidation, oxygen combines with other substances to produce new
products. Thus, we may write the chemical equation for the burning of methane gas, a major
component of natural gas, as follows:


CH4 � 2O2 CO2 � 2H2O
methane oxygen yields carbon dioxide water


However, not all oxidation proceeds in the manner that one associates with fire. For example,
oxygen combines with many metals to form oxides. Thus, iron forms a red-brown iron oxide, or
rust, as follows (see Figure 14–1):


4Fe � 3O2 2Fe2O3
iron oxygen yields iron oxide


Yet chemical equations do not give us a complete insight into the oxidation process. We must
consider other factors to understand all of the implications of oxidation or, for that matter, any
other chemical reaction. Methane burns when it unites with oxygen, but merely mixing methane
and oxygen does not produce a fire. Nor, for example, does gasoline burn when it is simply
exposed to air. However, lighting a match in the presence of any one of these fuel–air mixtures
(assuming proper proportions) produces an instant fire.


What are the reasons behind these differences? Why do some oxidations proceed with the
outward appearances that we associate with a fire, but others do not? Why do we need a match to
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energy
The ability or potential of a system
or material to do work


FORENSIC ASPECTS OF FIRE INVESTIGATION 355


FIGURE 14–1
Rust forming on iron is an
example of oxidation.
Courtesy Nicholas Gissing/Debut 
Art, Ltd.


initiate some oxidations, but others proceed at room temperature? The explanation lies in a
fundamental but abstract concept—energy.


Energy
Energy can be defined as the ability or potential of a system or material to do work. Energy takes
many forms, such as heat energy, electrical energy, mechanical energy, nuclear energy, light
energy, and chemical energy. For example, when methane is burned, the stored chemical energy
in methane is converted to energy in the form of heat and light. This heat may be used to boil water
or to provide high-pressure steam to turn a turbine. This is an example of converting chemical en-
ergy to heat energy to mechanical energy. The turbine can then be used to generate electricity,
transforming mechanical energy to electrical energy. Electrical energy may then be used to turn
a motor. In other words, energy can enable work to be done; heat is energy.


The quantity of heat from a chemical reaction comes from the breaking and formation of chem-
ical bonds. Methane is a molecule composed of one carbon atom bonded with four hydrogen atoms:


An oxygen molecule forms when two atoms of the element oxygen bond:


In chemical changes, atoms are not lost but merely redistributed during the chemical reaction;
thus, the products of methane’s oxidation will be carbon dioxide:


O “ C “ O


O “ O


H
ƒ


H ¬ C ¬H
ƒ


H
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endothermic reaction
A chemical transformation in which
heat energy is absorbed from the
surroundings


heat of combustion
The heat liberated during
combustion


exothermic reaction
A chemical transformation in which
heat energy is liberated


combustion
Rapid combination of oxygen with
another substance, accompanied
by production of noticeable heat
and light
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and water:


This rearrangement, however, means that the chemical bonds holding the atoms together
must be broken and new bonds formed. We now have arrived at a fundamental observation in our
dissection of a chemical reaction—that molecules must absorb energy to break apart their chem-
ical bonds, and that they liberate energy when their bonds are re-formed.


The amount of energy needed to break a bond and the amount of energy liberated when a
bond is formed are characteristic of the type of chemical bond involved. Hence, a chemical reac-
tion involves a change in energy content; energy is going in and energy is given off. The quanti-
ties of energies involved are different for each reaction and are determined by the participants in
the chemical reaction.


Combustion
All oxidation reactions, including the combustion of methane, are examples of reactions in which
more energy is liberated than is required to break the chemical bonds between atoms. Such reac-
tions are said to be exothermic. The excess energy is liberated as heat, and often as light, and is
known as the heat of combustion. Table 14–1 summarizes the heats of combustion of some
important fuels in fire investigation.


Although we will not be concerned with them, some reactions require more energy than they
eventually liberate. These reactions are known as endothermic reactions.


Thus, all reactions require an energy input to start them. We can think of this requirement as
an invisible energy barrier between the reactants and the products of a reaction (see Figure 14–2).
The higher this barrier, the more energy required to initiate the reaction. Where does this initial
energy come from? There are many sources of energy; however, for the purpose of this discus-
sion we need to look at only one—heat.


H ¬ O ¬ H


CH4 + 2O2 CO2 + 2H2O


FIGURE 14–2
An energy barrier must be hurdled before reactants such as methane and oxygen
can combine with one another to form the products of carbon dioxide and water.


TABLE 14–1
Heats of Combustion of Fuels


Fuel Heat of Combustiona


Crude oil 19,650 Btu/gal
Diesel fuel 19,550 Btu/lb
Gasoline 19,250 Btu/lb
Methane 995 Btu/cu ft
Natural gas 128–1,868 Btu/cu ft
Octane 121,300 Btu/gal
Wood 7,500 Btu/lb
Coal, bituminous 11,000–14,000 Btu/lb
Anthracite 13,351 Btu/lb


a A Btu (British thermal unit) is defined as the quantity of heat required to raise the temperature of 1 pound
of water 1°F at or near its point of maximum density.


Source: John D. DeHaan, Kirk’s Fire Investigation, 2nd ed. Upper Saddle River, N.J.: Prentice Hall, 1983.
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ignition temperature
The minimum temperature at
which a fuel spontaneously ignites
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HEAT The energy barrier in the conversion of iron to rust is relatively small, and it can be
surmounted with the help of heat energy in the surrounding environment at normal outdoor
temperatures. Not so for methane or gasoline; these energy barriers are quite high, and a high tem-
perature must be applied to start the oxidation of these fuels. Hence, before any fire can result,
the temperature of these fuels must be raised enough to exceed the energy barrier. Table 14–2
shows that this temperature, known as the ignition temperature, is quite high for common fuels.


Once combustion starts, enough heat is liberated to keep the reaction going by itself. In
essence, the fire becomes a chain reaction, absorbing a portion of its own liberated heat to gener-
ate even more heat. The fire burns until either the oxygen or the fuel is exhausted.


Normally, a lighted match provides a convenient igniter of fuels. However, the fire investi-
gator must also consider other potential sources of ignition—for example, electrical discharges,
sparks, and chemicals—while reconstructing the initiation of a fire. All of these sources have
temperatures higher than the ignition temperature of most fuels.


SPEED OF REACTION Although the liberation of energy explains many important features of
oxidation, it does not explain all characteristics of the reaction. Obviously, although all oxidations
liberate energy, not all are accompanied by a flame; witness the oxidation of iron to rust. There-
fore, one other important consideration will make our understanding of oxidation and fire
complete: the rate or speed at which the reaction takes place.


A chemical reaction, such as oxidation, takes place when molecules combine or collide
with one another. The faster the molecules move, the greater the number of collisions between
them and the faster the rate of reaction. Many factors influence the rate of these collisions. In
our description of fire and oxidation, we consider only two: the physical state of the fuel and
the temperature.


Physical State of Fuel A fuel achieves a reaction rate with oxygen sufficient to produce a flame
only when it is in the gaseous state because only in this state can molecules collide frequently
enough to support a flaming fire. This remains true whether the fuel is a solid such as wood, paper,
cloth, or plastic, or a liquid such as gasoline or kerosene.


For example, the conversion of iron to rust proceeds slowly because the iron atoms cannot
achieve a gaseous state. The combination of oxygen with iron is thus restricted to the surface area
of the metal exposed to air, a limitation that severely reduces the rate of reaction. On the other
hand, the reaction of methane and oxygen proceeds rapidly because all the reactants are in the
gaseous state. The speed of the reaction is reflected by the production of noticeable quantities of
heat and light (a flame).


Fuel Temperature How, then, does a liquid or solid maintain a gaseous reaction? In the case of
a liquid fuel, the temperature must be high enough to vaporize the fuel. The vapor that forms burns
when it mixes with oxygen and combusts as a flame. The flash point is the lowest temperature at
which a liquid gives off sufficient vapor to form a mixture with air that will support combustion.
Once the flash point is reached, the fuel can be ignited by some outside source of temperature to
start a fire. The ignition temperature of a fuel is always considerably higher than the flash point.


flash point
The minimum temperature at
which a liquid fuel produces
enough vapor to burn


TABLE 14–2
Ignition Temperatures of Some Common Fuels


Fuel Ignition Temperature, °F


Acetone 869
Benzene 928
Fuel oil #2 495
Gasoline (low octane) 536
Kerosene (fuel oil #1) 410
n-Octane 428
Petroleum ether 550
Turpentine 488


Source: John D. DeHaan, Kirk’s Fire Investigation, 4th ed. Upper Saddle River, N.J.: Prentice Hall, 1997.
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flammable range
The entire range of possible gas or
vapor fuel concentrations in air that
are capable of burning


pyrolysis
The decomposition of solid organic
matter by heat
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For example, gasoline has a flash point of �50°F; however, an ignition temperature of 495°F is
needed to start a gasoline fire.


With a solid fuel such as wood, the process of generating vapor is more complex. A solid fuel
burns only when exposed to heat intense enough to decompose the solid into gaseous products.
This chemical breakdown of solid material is known as pyrolysis. The gaseous products of
pyrolysis combine with oxygen to produce a fire (see Figure 14–3). Here again, fire can be
described as a chain reaction. A match or other source of heat initiates the pyrolysis of the solid
fuel, the gaseous products react with oxygen in the air to produce heat and light, and this heat in
turn pyrolyzes more solid fuel into volatile gases.


Typically, the rate of a chemical reaction increases when the temperature is raised. The mag-
nitude of the increase varies from one reaction to another and also from one temperature range to
another. For most reactions, a 10°C (18°F) rise in temperature doubles or triples the reaction rate.
This observation explains in part why burning is so rapid. As the fire spreads, it raises the tem-
perature of the fuel–air mixture, thus increasing the rate of reaction; this in turn generates more
heat, again increasing the rate of reaction. Only when the fuel or oxygen is depleted does this
vicious cycle come to a halt.


THE FUEL–AIR MIX As we have seen from our discussion about gaseous fuel, air (oxygen) and
sufficient heat are the basic ingredients of a flaming fire. There is also one other consideration—
the gas fuel–air mix. A mixture of gaseous fuel and air burns only if its composition lies within
certain limits. If the fuel concentration is too low (lean) or too great (rich), combustion does not
occur. The concentration range between the upper and lower limits is called the flammable range.
For example, the flammable range for gasoline is 1.3–6.0 percent. Thus, in order for a gaso-
line–air mix to burn, gasoline must make up at least 1.3 percent, and no more than 6 percent, of
the mixture.


GLOWING COMBUSTION Although a flaming fire can be supported only by a gaseous fuel, in
some instances a fuel can burn without a flame. Witness a burning cigarette or the red glow of hot


FIGURE 14–3
Intense heat causes solid fuels such as wood to decompose into gaseous products,
a process called pyrolysis.
Courtesy David Trood/Image Bank/Getty Images
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spontaneous combustion
A fire caused by a natural heat-
producing process in the presence
of sufficient air and fuel


glowing combustion
Combustion on the surface of a
solid fuel in the absence of heat
high enough to pyrolyze the fuel
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FIGURE 14–4
Red-hot charcoals are an example of glowing combustion.
Courtesy Paul Sisul/Stone/Getty Images


charcoals (see Figure 14–4). These are examples of glowing combustion or smoldering. Here
combustion occurs on the surface of a solid fuel in the absence of heat high enough to pyrolyze
the fuel. Interestingly, this phenomenon generally ensues long after the flames have gone out.
Wood, for example, tends to burn with a flame until all of its pyrolyzable components have been
expended; however, wood’s carbonaceous residue continues to smolder long after the flame has
extinguished itself.


SPONTANEOUS COMBUSTION One interesting phenomenon often invoked by arson suspects
as the cause of a fire is spontaneous combustion. Actually, the conditions under which sponta-
neous combustion can develop are rather limited and rarely account for the cause of a fire. Spon-
taneous combustion is the result of a natural heat-producing process in poorly ventilated
containers or areas. For example, hay stored in barns provides an excellent growing medium for
bacteria whose activities generate heat. If the hay is not properly ventilated, the heat builds to a
level that supports other types of heat-producing chemical reactions in the hay. Eventually, as the
heat rises, the ignition temperature of hay is reached, spontaneously setting off a fire.


Another example of spontaneous combustion involves the ignition of improperly ventilated
containers containing rags soaked with certain types of highly unsaturated oils, such as linseed oil.
Heat can build up to the point of ignition as a result of a slow heat-producing chemical oxidation
between the air and the oil. Of course, storage conditions must encourage the accumulation of the
heat over a prolonged period of time. However, spontaneous combustion does not occur with
hydrocarbon lubricating oils, and it is not expected to occur with most household fats and oils.


In summary, three requirements must be satisfied to initiate and sustain combustion:


1. A fuel must be present.
2. Oxygen must be available in sufficient quantity to combine with the fuel.
3. Heat must be applied to initiate the combustion, and sufficient heat must be generated to


sustain the reaction.


Heat Transfer
Consider how a structural fire begins. The typical scenario starts with heat ignition at a single
location. It may be an arsonist lighting a gasoline-soaked rag, a malfunctioning electric appliance
sparking, or an individual falling asleep while smoking a cigarette in bed. How does a flame initially
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confined to a single location spread to engulf an entire structure? Understanding the anatomy of a
fire begins with comprehending how heat travels through a burning structure.


The previous section stressed the importance of the role of heat in generating sufficient fuel
vapors to support combustion, as well as the requirement that the heat source be hot enough to
ignite the fuel’s vapor. Once the fire begins, the heat generated by the fuel’s reaction with air is
fed back into the fuel–air mix to keep the chemical reaction going.


As a fire progresses, the heat created by the combustion process tends to move from a high-
temperature region to one at a lower temperature. Understanding heat transfer from one location
to another is important for reconstructing the origin of a fire, as well as for understanding why
and how fire spreads through a structure. The three mechanisms of heat transfer are conduction,
radiation, and convection.


CONDUCTION Movement of heat through a solid object is caused by a process called
conduction, in which electrons and atoms within the heated object collide with one another. Heat
always travels from hot areas of a solid to cold ones by conduction. Solids whose atoms or mol-
ecules have loosely held electrons are good conductors of heat. Metals have the most loosely held
electrons and are therefore excellent conductors of heat. Thus, when you insert one end of a metal
object into an open flame, the entire object quickly becomes hot to the touch.


Materials that have electrons firmly attached to their molecules are poor conductors of
heat. Poor conductors are called insulators. Wood is a good insulator; for that reason, metal
objects that are subject to intense heat (such as skillets and saucepans) often have wooden
handles (see Figure 14–5).


In reconstructing a fire scene, it’s important to keep in mind that heat may be transported
through metals such as beams, nails, fasteners, bolts, and other good conductors to a location far
from the initial heat source. Any fuel in contact with the conductor may be ignited, creating a new
fire location. On the other hand, the conductivity of wood, plastic, and paper is very low, mean-
ing that heat emanating from these surfaces does not spread well and does not cause ignitions far
from the initial heat source.


RADIATION Radiation is the transfer of heat energy from a heated surface to a cooler surface
by electromagnetic radiation. A hot surface emits electromagnetic radiation of various
wavelengths, and in a fire scene the electromagnetic radiation moves in a straight line from one
surface to another. Radiant heat plays a key role in understanding how fire spreads throughout a


FIGURE 14–5
The wooden handle on this saucepan is a poor conductor of heat.
Courtesy Topham, The Image Works
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Any material used to start or
sustain a fire


FORENSIC ASPECTS OF FIRE INVESTIGATION 361


structure. For example, all surfaces that face the fire are exposed to radiant heat and burst into
flames when the surface reaches their ignition temperature. In very large fires, nearby structures
and vehicles are often ignited at a distance by radiant heat.


CONVECTION Convection is the transfer of heat energy by movement of molecules within a
liquid or gas. Water being heated on a stove illustrates the concept of convection. As the water
molecules on the bottom of the pot move faster, they spread apart and become less dense, caus-
ing them to move upward. Denser, cooler water molecules then migrate to the bottom of the pot.
In this way convection currents keep the fluid stirred up as warmer fluid moves away from the
heat source and cooler fluid moves toward the heat source. Likewise, warm air expands, becom-
ing less dense and causing it to rise and move toward the cooler surrounding air.


In a structural fire, the gaseous hot products of combustion expand, and convection moves
the hot gases to the upper portions of the structure (see Figure 14–6). The convected hot gases
become a source of heat, radiating heat energy downward onto all the surfaces below them. The
hot surfaces of the exposed objects often pyrolyze or break down, releasing gaseous molecules.
The phenomenon known as flashover occurs when all the combustible fuels simultaneously
ignite, engulfing the entire structure in flame.


Searching the Fire Scene
The arson investigator should begin examining a fire scene for signs of arson as soon as the fire has
been extinguished. Most arsons are started with petroleum-based accelerants such as gasoline or
kerosene. Thus, the presence of containers capable of holding an accelerant arouse suspicions of
arson. Discovery of an ignition device ranging in sophistication from a candle to a time-delay
device is another indication of possible arson. A common telltale sign of arson is an irregularly


FIGURE 14–6
Convection causes flames
to rise to the upper floor of
a burning structure.
Courtesy Dave Frazier, Danita Delimont
Photography
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shaped pattern on a floor or on the ground (see Figure 14–7) resulting from pouring an accel-
erant onto the surface. In addition to these visual indicators, investigators should look for
signs of breaking and entering and theft, and they should begin interviewing any eyewitnesses
to the fire.


Timeliness of Investigation
Time constantly works against the arson investigator. Any accelerant residues that remain
after a fire is extinguished may evaporate within a few days or even hours. Furthermore,
safety and health conditions may necessitate that cleanup and salvage operations begin as
quickly as possible. Once this occurs, a meaningful investigation of the fire scene is
impossible. Accelerants in soil and vegetation can be rapidly degraded by bacterial ac-
tion. Freezing samples containing soil or vegetation is an effective way to prevent this
degradation.


The need to begin an immediate investigation of the circumstances surrounding a fire
even takes precedence over the requirement to obtain a search warrant to enter and search the
premises. The Supreme Court, explaining its position on this issue, stated in part:


. . . Fire officials are charged not only with extinguishing fires, but with finding their
causes. Prompt determination of the fire’s origin may be necessary to prevent its recur-
rence, as through the detection of continuing dangers such as faulty wiring or a defec-
tive furnace. Immediate investigation may also be necessary to preserve evidence from
intentional or accidental destruction. And, of course, the sooner the officials complete
their duties, the less will be their subsequent interference with the privacy and the
recovery efforts of the victims. For these reasons, officials need no warrant to remain
in a building for a reasonable time to investigate the cause of a blaze after it has been
extinguished. And if the warrantless entry to put out the fire and determine its cause is
constitutional, the warrantless seizure of evidence while inspecting the premises for
these purposes also is constitutional. . . .


In determining what constitutes a reasonable time to investigate, appropriate recognition
must be given to the exigencies that confront officials serving under these conditions, as well as
to individuals’ reasonable expectations of privacy.1


Locating the Fire’s Origin
A search of the fire scene must focus on finding the fire’s origin, which will prove most produc-
tive in any search for an accelerant or ignition device. In searching for a fire’s specific point of
origin, the investigator may uncover telltale signs of arson such as evidence of separate and
unconnected fires or the use of “streamers” to spread the fire from one area to another. For
example, the arsonist may have spread a trail of gasoline or paper to cause the fire to move rapidly
from one room to another.


There are no fast and simple rules for identifying a fire’s origin. Normally a fire tends to move
upward, and thus the probable origin is most likely closest to the lowest point that shows the most
intense characteristics of burning. Sometimes as the fire burns upward, a V-shaped pattern forms
against a vertical wall, as shown in Figure 14–8. Because flammable liquids always flow to the
lowest point, more severe burning found on the floor than on the ceiling may indicate the pres-
ence of an accelerant. If a flammable liquid was used, charring is expected to be more intense on
the bottom of furniture, shelves, and other items rather than the top.


However, many factors can contribute to the deviation of a fire from normal behavior.
Prevailing drafts and winds; secondary fires due to collapsing floors and roofs; the physical
arrangement of the burning structure; stairways and elevator shafts; holes in the floor, wall, or
roof; and the effects of the firefighter in suppressing the fire are all factors that the fire investiga-
tor must consider before determining conclusive findings.


Once located, the point of origin should be protected to permit careful investigation. As
at any crime scene, nothing should be touched or moved before notes, sketches, and photo-
graphs are taken. An examination must also be made for possible accidental causes, as well as


1 Michigan v. Tyler, 436 U.S. 499 (1978).


FIGURE 14–7
Irregularly shaped pattern
on the ground resulting
from a poured ignitable
liquid.
Courtesy Franklin County Crime
Scene Unit, N.C.
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FIGURE 14–8
Typical V patterns illustrating upward movement of the fire.
Courtesy John Lentini


for evidence of arson. The most common materials used by an arsonist to ensure the rapid
spread and intensity of a fire are gasoline and kerosene or, for that matter, any volatile
flammable liquid.


Searching for Accelerants
Fortunately, only under the most ideal conditions will combustible liquids be entirely consumed
during a fire. When the liquid is poured over a large area, a portion of it will likely seep into a
porous surface, such as cracks in the floor, upholstery, rags, plaster, wallboards, or carpet. Enough
of the liquid may remain unchanged to permit its detection in the crime laboratory. In addition,
when a fire is extinguished with water, the evaporation rate of volatile fluids may be slowed
because water cools and covers materials through which the combustible liquid may have soaked.
Fortunately, water does not interfere with laboratory methods used to detect and characterize
flammable liquid residues.


The search for traces of flammable liquid residues may be aided by the use of a sensitive
portable vapor detector or “sniffer” (see Figure 14–9). This device can rapidly screen suspect
materials for volatile residues by sucking in the air surrounding the questioned sample. The air is
passed over a heated filament; if a combustible vapor is present, it oxidizes and immediately
increases the temperature of the filament. The rise in filament temperature is then registered as a
deflection on the detector’s meter.


Of course, such a device is not a conclusive test for a flammable vapor, but it is an excellent
screening device for checking suspect samples at the fire scene. Another approach is to use dogs
that have been trained to recognize the odor of hydrocarbon accelerants.


FIGURE 14–9
Portable hydrocarbon detector.
Courtesy Sirchie Finger Print Laboratories, Inc., Youngsville, N.C., www.sirchie.com
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Collection and Preservation 
of Arson Evidence
Two to three quarts of ash and soot debris must be collected at the point of origin of a fire when
arson is suspected. The collection should include all porous materials and all other substances
thought likely to contain flammable residues. These include such things as wood flooring, rugs,
upholstery, and rags.


Packaging and Preservation of Evidence
Specimens should be packaged immediately in airtight containers so possible residues are not
lost through evaporation. New, clean paint cans with friction lids are good containers because
they are low cost, airtight, unbreakable, and available in a variety of sizes (see Figure 14–10).
Wide-mouthed glass jars are also useful for packaging suspect specimens, provided that they
have airtight lids. Cans and jars should be filled one-half to two-thirds full, leaving an air space
in the container above the debris.


Large bulky samples should be cut to size at the scene as needed so that they will fit into
available containers. Plastic polyethylene bags are not suitable for packaging specimens because
they react with hydrocarbons and permit volatile hydrocarbon vapors to be depleted. Fluids
found in open bottles or cans must be collected and sealed. Even when such containers appear
empty, the investigator is wise to seal and preserve them in case they contain trace amounts of
liquids or vapors.


Substrate Control
The collection of all materials suspected of containing volatile liquids must be accompanied by a
thorough sampling of similar but uncontaminated control specimens from another area of the fire
scene. This is known as substrate control. For example, if an investigator collects carpeting at the
point of origin, he or she must sample the same carpet from another part of the room, where it can
be reasonably assumed that no flammable substance was placed.


In the laboratory, the criminalist checks the substrate control to be sure that it is free of
any flammables. This procedure reduces the possibility (and subsequent argument) that the
carpet was exposed to a flammable liquid such as a cleaning solution during normal mainte-
nance. In addition, laboratory tests on the unburned control material may help analyze the
breakdown products from the material’s exposure to intense heat during the fire. Common
materials such as plastic floor tiles, carpet, linoleum, and adhesives can produce volatile
hydrocarbons when they are burned. These breakdown products can sometimes be mistaken
for an accelerant.


Igniters and Other Evidence
The scene should also be thoroughly searched for igniters. The most common igniter is a match.
Normally the match is completely consumed during a fire and is impossible to locate. However,
there have been cases in which, by force of habit, matches have been extinguished and tossed


FIGURE 14–10
Various sizes of paint cans
suitable for collecting debris at
fire scenes.
Courtesy Sirchie Finger Print
Laboratories, Inc., Youngsville, N.C.,
www.sirchie.com
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aside only to be recovered later by the investigator. This evidence may prove valuable if the
criminalist can fit the match to a book found in the possession of a suspect.


Arsonists can construct many other types of devices to start a fire. These include burning
cigarettes, firearms, ammunition, a mechanical match striker, electrical sparking devices, and a
“Molotov cocktail”—a glass bottle containing flammable liquid with a cloth rag stuffed into it
and lit as a fuse. Relatively complex mechanical devices are much more likely to survive the fire
for later discovery. The broken glass and wick of the Molotov cocktail, if recovered, must be
preserved as well.


One important piece of evidence is the clothing of the suspect perpetrator. If this individual
is arrested within a few hours of initiating the fire, residual quantities of the accelerant may still
be present in the clothing. As we will see in the next section, the forensic laboratory can detect
extremely small quantities of accelerants, making the examination of a suspect’s clothing a fea-
sible investigative approach. Each item of clothing should be placed in a separate airtight
container, preferably a new, clean paint can.


Analysis of Flammable Residues
Criminalists are nearly unanimous in judging the gas chromatograph to be the most sensitive and
reliable instrument for detecting and characterizing flammable residues. Most arsons are initiated
by petroleum distillates, such as gasoline and kerosene, that are composed of a complex mixture
of hydrocarbons. The gas chromatograph separates the hydrocarbon components of these liquids
and produces a chromatographic pattern characteristic of a particular petroleum product.


The Headspace Technique
Before accelerant residues can be analyzed, they first must be recovered from the debris collected
at the scene. The easiest way to recover accelerant residues from fire-scene debris is to heat the
airtight container in which the sample is sent to the laboratory. When the container is heated, any
volatile residue in the debris is driven off and trapped in the container’s enclosed airspace. The
vapor or headspace is then removed with a syringe, as shown in Figure 14–11.


When the vapor is injected into the gas chromatograph, it is separated into its components,
and each peak is recorded on the chromatogram. One way of classifying ignitable liquids is by
their boiling point range, which is related to the number of carbon molecules that are present in
the mixture of hydrocarbons that make up an ignitable fuel. A common classification system
characterizes ignitable liquids based on their boiling point ranges and number of carbon mole-
cules as light, medium, and heavy petroleum distillates. Figure 14–12 illustrates examples of
chromatograms for light, medium, and heavy petroleum distillates. The identity of the volatile
residue is determined when the pattern of the resultant chromatogram is compared to patterns
produced by known petroleum products. For example, in Figure 14–13, a gas chromatographic
analysis of debris recovered from a fire site shows a chromatogram similar to a known gasoline
standard, thus proving the presence of gasoline.


In the absence of any recognizable pattern, the individual peaks can be identified when the
investigator compares their retention times to known hydrocarbon standards (such as hexane,
benzene, toluene, and xylenes). The brand name of a gasoline sample cannot currently be
determined by gas chromatography or any other technique. Fluctuating gasoline markets and
exchange agreements among the various oil companies preclude this possibility.


Vapor Concentration
One major disadvantage of the headspace technique is that the size of the syringe limits the vol-
ume of vapor that can be removed from the container and injected into the gas chromatograph.
To overcome this deficiency, many crime laboratories augment the headspace technique with a
method called vapor concentration. One setup for this analysis is shown in Figure 14–14.


A charcoal-coated strip, similar to that used in environmental monitoring badges, is placed
within the container holding the debris that has been collected from the fire scene.2 The container


hydrocarbon
Any compound consisting of only
carbon and hydrogen


FIGURE 14–11
Removal of vapor from an
enclosed container for gas
chromatographic analysis.


2 R. T. Newman et al., “The Use of Activated Charcoal Strips for Fire Debris Extractions by Passive Diffusion. Part 1:
The Effects of Time, Temperature, Strip Size, and Sample Concentration,” Journal of Forensic Sciences 41 (1996): 361.
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is then heated to about 60°C for about one hour. At this temperature, a significant quantity of
accelerant vaporizes into the container airspace. The charcoal absorbs the accelerant vapor with
which it comes into contact. In this manner, over a short period of time a significant quantity of the
accelerant will be trapped and concentrated onto the charcoal strip.


Once the heating procedure is complete, the analyst removes the charcoal strip from the con-
tainer and recovers the accelerant from the strip by washing it with a small volume of solvent
(carbon disulfide). The solvent is then injected into the gas chromatograph for analysis. The ma-
jor advantage of using vapor concentration with gas chromatography is its sensitivity. By ab-
sorbing the accelerant into a charcoal strip, the forensic analyst can increase the sensitivity of
accelerant detection at least a hundredfold over that of the conventional headspace technique.


An examination of Figure 14–13 shows that identifying an accelerant such as gasoline by
gas chromatography is an exercise in pattern recognition. Typically a forensic analyst compares
the pattern generated by the sample to chromatograms from accelerant standards obtained
under the same conditions. The pattern of gasoline, as with many other accelerants, can easily
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FIGURE 14–12
Chromatograms of ignitable liquids: (a) light petroleum distillate, (b) medium
petroleum distillate, and (c) heavy petroleum distillate.
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2 4 6 8 10 12 14 16 18
Time (minutes)


FIGURE 14–13
(top) Gas chromatograph of vapor from a genuine gasoline sample. (bottom) Gas
chromatograph of vapor from debris recovered at a fire site. Note the similarity of the
known gasoline to vapor removed from the debris.


be placed in a searchable library. An invaluable reference known as the Ignitable Liquids Ref-
erence Collection (ILRC) is found on the Internet at http://ilrc.ucf.edu. The ILRC is a useful
collection showing chromatographic patterns for approximately five hundred ignitable liquids.


Gas Chromatography/Mass Spectrometry
On occasion, discernible patterns are not attainable by gas chromatography. This may be due to
a combination of accelerants, or to the mixing of accelerant residue with heat-generated break-
down products of materials burning at the fire scene. Under such conditions, a gas chromato-
graphic pattern can be difficult if not impossible to interpret. In these cases, gas chromatography
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combined with mass spectrometry (discussed in Chapter 5) has proven valuable for solving
difficult problems in the detection of accelerant residues.


Complex chromatographic patterns can be simplified by passing the separated components
emerging from the gas chromatographic column through a mass spectrometer. As each compo-
nent enters the mass spectrometer, it is fragmented into a collection of ions. The analyst can then
control which ions will be detected and which will go unnoticed. In essence, the mass spectrom-
eter acts as a filter allowing the analyst to see only the peaks associated with the ions selected for
a particular accelerant. In this manner, the chromatographic pattern can be simplified by elimi-
nating extraneous peaks that may obliterate the pattern.3 The process is illustrated in Figure 14–15.


Lid


Charcoal-coated
strip


Heating
mantle


Debris


FIGURE 14–14
Apparatus for accelerant
recovery by vapor
concentration. The vapor in
the enclosed container is
exposed to charcoal, a
chemical absorbent, where
it is trapped for later
analysis.


Known gasoline


(a)


GC


GC


GC


Unknown


(b)


Unknown


Gasoline


(c)


MS


FIGURE 14–15
Chromatogram of a residue sample collected at a fire scene (a) shows a pattern
somewhat like that of gasoline (b). However, a definitive conclusion that the unknown
contained gasoline could be obtained only after extraneous peaks were eliminated
from the unknown by the use of GC/MS (c).


3 M. W. Gilbert, “The Use of Individual Extracted Ion Profiles versus Summed Extracted Ion Profiles in Fire Debris
Analysis,” Journal of Forensic Sciences 43 (1998): 871.
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When a fire occurs, oxygen combines with a fuel to produce
noticeable quantities of heat and light (flames). Three require-
ments must be satisfied to initiate and sustain combustion:
(1) a fuel must be present, (2) oxygen must be available in
sufficient quantity to combine with the fuel, and (3) sufficient
heat must be applied to initiate the combustion and generated
to sustain the reaction. A fuel achieves a reaction rate with
oxygen sufficient to sustain a fire only when it is in the gaseous
state.


As a fire progresses, the heat created by the combustion
process tends to move from a high-temperature region to one
at a lower temperature. Heat transfer during a fire can occur in
a number of ways. Conduction is movement of heat through an
object caused by electrons and atoms colliding within the
heated object. Radiation is the transfer of heat energy from a
heated surface to a cooler surface by electromagnetic radia-
tion. Convection is the transfer of heat energy by movement of
molecules within a liquid or gas.


The arson investigator must begin examining a fire scene
for signs of arson as soon as the fire has been extinguished.
Some telltale signs of arson include evidence of separate and
unconnected fires, the use of “streamers” to spread the fire


from one area to another, and evidence of severe burning
found on the floor as opposed to the ceiling of a structure.


The search of the fire scene must focus on finding the
fire’s origin. There are no fast and simple rules for identifying
a fire’s origin. Normally a fire tends to move upward, and thus
the probable origin is most likely closest to the lowest point
that shows the most intense characteristics of burning. Some-
times as the fire burns upward, a V-shaped pattern forms
against a vertical wall. At the suspect point of origin of a
fire, porous materials should be collected and stored in airtight
containers.


In the laboratory, the gas chromatograph is the most sen-
sitive and reliable instrument for detecting and characterizing
flammable residues. Most arsons are initiated by petroleum
distillates such as gasoline and kerosene. The gas chromato-
graph separates the hydrocarbon components and produces a
chromatographic pattern characteristic of a particular petro-
leum product. By comparing select gas chromatographic
peaks recovered from fire-scene debris to known flammable
liquids, a forensic analyst may be able to identify the acceler-
ant used to initiate the fire.


chapter summary


review questions


1. True or False: The absence of chemical residues always
rules out the possibility of arson. ___________


2. The combination of oxygen with other substances to pro-
duce new chemical products is called ___________.


3. True or False: All oxidation reactions produce noticeable
quantities of heat and light. ___________


4. ___________ is the capacity for doing work.


5. Burning methane for the purpose of heating water to pro-
duce steam in order to drive a turbine is an example
of converting ___________ energy to ___________
energy.


6. The quantity of heat evolved from a chemical reaction
arises out of the ___________ and ___________
of chemical bonds.


7. Molecules must (absorb, liberate) energy to break their
bonds and (absorb, liberate) energy when their bonds
are re-formed.


8. All oxidation reactions (absorb, liberate) heat.


9. Reactions that liberate heat are said to be ___________.


10. Excess heat energy liberated by an oxidation reaction is
called the ___________.


11. A chemical reaction in which heat is absorbed from the
surroundings is said to be ___________.


12. True or False: All reactions require an energy input to
start them. ___________


13. The minimum temperature at which a fuel burns is
known as the ___________ temperature.


14. A fuel achieves a sufficient reaction rate with oxygen to
produce a flame only in the (gaseous, liquid) state.


15. The lowest temperature at which a liquid fuel produces
enough vapor to burn is the ___________.


16. ___________ is the chemical breakdown of a solid
material to gaseous products.


17. ___________ is a phenomenon in which a fuel burns
without the presence of a flame.


< < < < < < < < < < <
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18. The rate of a chemical reaction (increases, decreases) as
the temperature rises.


19. ___________ describes a fire caused by a natural heat-
producing process.


20. A fire moves away from the original point of ignition
because the ___________ created by the combustion
process tends to move from a high-temperature region to
one at a lower temperature.


21. Electrons and atoms within a solid object exposed to heat
collide with one another, causing movement of heat
through the object in a process called ___________.


22. In a process known as ___________, a heated surface
emits electromagnetic radiation of various wavelengths
that moves in a straight line from one surface to another,
helping the fire to spread throughout a structure.


23. True or False: An immediate search of a fire scene can
commence without obtaining a search warrant.
___________


24. A search of the fire scene must focus on finding the fire’s
___________.


25. True or False: The probable origin of a fire is most likely
closest to the lowest point that shows the most intense
characteristics of burning. ___________


26. The collection of debris at the origin of a fire should
include all (porous, nonporous) materials.


27. ___________ containers must be used to package all
materials suspected of containing hydrocarbon residues.


28. The most sensitive and reliable instrument for detecting
and characterizing flammable residues is the (gas chro-
matograph, infrared spectrophotometer).


29. The identity of a volatile petroleum residue is deter-
mined by the (size, pattern) of its gas chromatogram.


30. True or False: The major advantage of using the vapor
concentration technique in combination with gas chro-
matography is its extreme sensitivity for detecting
volatile residues from fire-scene evidence. ___________


31. True or False: A forensic analyst typically compares the
gas chromatographic pattern generated from a fire-scene
sample to a library of patterns in order to identify the
accelerant. ___________


32. The criminalist (can, cannot) identify gasoline residues
by brand name.


33. Complex chromatographic patterns can be simplified by
passing the components emerging from the gas chro-
matographic column through a(n) ___________.


1. Indicate which method of heat transfer is most likely to
be responsible for each of the following:


a. Ignition of papers in the room where a fire starts


b. Ignition of electrical wiring in a room adjoining the
fire’s point or origin


c. Ignition of roof timbers


d. Ignition of a neighboring house


2. It is late August in Houston, Texas, and you are investi-
gating a fire that occurred at a facility that stores motor
oils and other lubricating oils. A witness points out a man
who allegedly ran from the structure about the same time
that the fire started. You question the man, who turns out
to be the owner of the facility. He tells you that he was
checking his inventory when barrels of waste motor oil
stored in an unventilated back room spontaneously burst
into flames. The owner claims that the fire spread so rap-
idly that he had to flee the building before he could call
911. After speaking with several employees, you learn


that the building has no air conditioning and that the oil
had been stored for almost a year in the cramped back
room. You also learn from a detective assisting on the
case that the owner increased his insurance coverage on
the facility within the past three months. Should you be-
lieve the owner’s story, or should you suspect arson? On
what do you base your conclusion?


3. Criminalist Mick Mickelson is collecting evidence from
a fire scene. He gathers about a quart of ash and soot de-
bris from several rooms surrounding the point of origin.
He stores the debris in a new, clean paint can, filled about
three-quarters full. Seeing several pieces of timber that
he believes may contain accelerant residues, he cuts
them and places them in airtight plastic bags. A short
time later, a suspect is arrested and Mick searches him
for any signs of an igniter or accelerants. He finds a cig-
arette lighter on the suspect and seizes it for evidence be-
fore turning the suspect over to the police. What
mistakes, if any, did Mick make in collecting evidence?
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